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Tech News & New Tech（技术前沿）
Researchers uncover new origins of radiation-tolerant materialss
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Los Alamos National Laboratory scientists are exploring how certain materials fall apart under irradiation, while others retain their stability. Both nuclear fuels and nuclear waste storage could be improved with these insights. Image: Los Alamos National Laboratory

A new report from Los Alamos National Laboratory in Nature Communications provides new insight into what, exactly, makes some complex materials radiation tolerant.

The goal of such projects is to understand at a fundamental level just how materials respond to being irradiated, and how that response depends on fundamental properties of the material, such as its crystal structure and crystal chemistry. Focusing on oxide ceramics that have potential application for storing nuclear waste and the development of advanced nuclear fuels, the researchers discovered that fundamental differences in the structure of the material play a key role in how those materials respond to irradiation.

“There has been a lot of research on understanding what makes a complex ceramic suitable for nuclear energy applications. Our results generalize the previous understanding and provide a new path for developing radiation-tolerant materials,” said Blas Uberuaga, lead author of the paper.

Relative ease in swapping cations is key to rad tolerance

Using a combination of experimental characterization and a variety of simulation techniques, the Los Alamos researchers determined that different types of complex oxides have a fundamentally different response to irradiation. Decades of work on one class of complex oxides, pyrochlore (A2B2O7), have revealed that there are correlations between the ability of the cations (A and B) to swap position and the radiation tolerance of the material. That is, for pyrochlores in which A and B can easily be swapped (such as when A=Er and B=Zr), the material is radiation tolerant.

In contrast, for pyrochlores in which this swapping is difficult (A=Er and B=Ti), the material quickly amorphizes under irradiation. This transformation from a crystalline to an amorphous structure is inherently bad for performance as it is accompanied by changes in volume and the ability of other species to diffuse out of the material.

But different oxides, different results

The Los Alamos researchers turned their attention to another class of complex oxides, spinels (AB2O4) to see if the same relationship holds. They irradiated three different chemistries of spinel and examined how the spinels responded to the irradiation damage. To their surprise, they found the exact opposite behavior as was observed in pyrochlores: in spinels, if the A and B cations are hard to swap, the material is more, not less, radiation tolerant. Using atomistic simulation methods, they attribute this difference to the fundamental manner in which the A and B atoms are arranged.

“In pyrochlores, the A and B atoms are packed very tightly and there is no room to move around. In spinels, however, they are not so tightly packed. There are holes in the structure that facilitate rearrangement of the atoms. This is the key difference between spinels and pyrochlores, a difference we believe extends to other classes of complex oxides,” said Uberuaga.

The new insight from this combined experimental and modeling effort generalizes the understanding that had been developed from the study of pyrochlores and provides new opportunities for identifying radiation tolerant oxides for nuclear applications. This work was supported by the U.S. Dept. of Energy Office of Science.

Source: Los Alamos National Laboratory 

研究人员发现了耐辐射材料的新来源
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洛斯阿拉莫斯国家实验室的科学家们正在探索某些材料如何在照射条件下分解，而另一些材料则保持其稳定性。利用这一研究，核燃料和核废料的储存可以得到改善。图片来源：美国洛斯阿拉莫斯国家实验室 

发表在《自然通信》杂志上的洛斯阿拉莫斯国家实验室的最新报告对于究竟是什么使得一些复杂的材料具有耐辐射提供了新的认识。

这些项目的目标是在一个基础水平上理解材料被照射后做出如何反应，以及这些响应与材料的基本性能，如它的晶体结构和晶体化学，有什么样的关系。着眼于具有潜在的存储核废料应用的氧化物陶瓷和先进核燃料的开发，研究人员发现，材料结构的根本差异对于这些材料如何响应照射发挥着关键作用。

 “目前已经有很多的研究，来了解是什么让复合陶瓷适合于核能应用。我们的研究形成了以前的理解，并为开发抗辐射材料开发了新的路径，“论文的主要作者Blas Uberuaga说。

阳离子交换相对容易的是具有耐辐射性的关键

利用实验表征和各种模拟技术的组合，洛斯阿拉莫斯的研究者确定不同类型的复合氧化物对于照射具有一个根本的不同响应。几十年来对于一类复合氧化物的工作，烧绿石（A2B2O7），已揭示有阳离子（A与B）交换位置的能力与该材料耐辐射性能之间的相关性。即，对于烧绿石来说，它的A和B可以很容易地被交换（例如当A = Er和B = Zr），该材料是耐辐射的。

相反地，对于交换困难的烧绿石来说（A = Er和B = Ti），该材料在照射下很快分解。这种由结晶到非晶结构的转化对于性能来说是本质上是不好的，因为它伴随着体积的变化和其他物质从该材料中扩散出来的能力的变化。

但是，不同的氧化物，不同的结果

洛斯阿拉莫斯的研究人员把注意力转向另一个类别的复合氧化物，尖晶石（AB 2 O 4），来看看同样的关系是否成立。他们照射三种不同化学成分的尖晶石和研究尖晶石如何回应辐射损伤。令他们吃惊的是，他们发现观察到与烧绿石完全相反的行为：在尖晶石中，如果A和B阳离子很难交换，材料是具有更多而不是更少的耐辐射。使用原子模拟方法，他们将这一差异归因于A和B原子排列的基本方式。

“在烧绿石中，A和B原子排列的非常紧密，没有空间走动。然而，在尖晶石中，它们不那么紧凑。结构中的孔隙促进了原子重排。这是尖晶石和烧绿石之间的主要区别，我们认为这一差别可以扩大到其他类别的复合氧化物，“Uberuaga说。

来自这一实验和建模组合工作的新见解概括出从烧绿石的研究中发展起来的理解，并为核应用中识别耐辐射氧化物提供了新的机遇。这项工作得到了美国能源科学办公室部门的支持。

资料来源：美国洛斯阿拉莫斯国家实验室 
Halloysite: Finally a promising natural nanomaterial?
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a) This image shows loading clay nanotubes with drug from saturation solution. b,c) Mixing with drug solution, pumping out air, and pulling in drug molecules, washing, and loaded tubes. (Credit: Courtesy of the researchers)

Yuri Lvov and Rawil Fakhrullin of Bionanotechnology Lab, Kazan Federal Univ., in cooperation with Wencai Wang and Liqun Zhang of State Key Laboratory of Organic-Inorganic Composites, Beijing Univ. of Chemical Technology have recently presented in Advanced Materials a broad scope of application of halloysite clay tubes .

Halloysite is a natural biocompatible nanomaterial available in thousands of tons at low price, which makes it a good candidate for nanoarchitectural composites. In chemical composition they are similar to kaolin and can be considered as rolled kaolin sheets with inner diameter of 10-20 nm, outer diameter of 40-70 nm and a length of 500-1500 nm. The internal side of halloysite is composed of Al2O3 while the external is mainly SiO2.

The inner lumen of halloysite may be adjusted by etching to 20-30% of the tube volume and used as natural nanocontainer for loading and sustained release of chemical agents. These ceramic nanotubes form a "skeleton" in the bulk polymers, enhancing the composite strength and adhesivity. These "skeleton bones" may be loaded with active compounds, like real bones are loaded with marrow, providing additional functionality for polymers (antimicrobial, anti-aging, anticorrosion, and flame-retardancy).

Halloysite tubes can encase enzymes for longer storage, higher temperature, and extended functionality, while the tube's opening allows for delivery of small substrate molecules into the tube interior for biocatalysis. Loading DNA into halloysite is another prospective research direction. As functional nanoblocks, halloysite tubes may be used for building on biological cells, like the formation of spore-like microbial shells providing microorganisms with additional functions.

In vitro and in vivo studies on biological cells and worms indicate the safety of halloysite, and furthermore, it can store and release molecules in a controllable manner, making these tiny containers attractive for applications in drug delivery, antimicrobial materials, self-healing polymeric composites, and regenerative medicine.

The material, however, is not biodegradable, as there are no biological mechanisms to degrade this alumosilicate clay in the body, and it cannot be injected in the blood intravenously, but rather may be used for external medical treatment with slow release of encapsulated drugs (e.g., in creams, implants, or wound treatment of tissues).

Source: Kazan Federal Univ. 

埃洛石：最后一种有前途的天然纳米材料？
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a) 本图显示了通过饱和溶液向粘土纳米管装载药物。b, c) 与药物溶液混合，抽出空气，并且提取药物分子，洗涤，以及装载管。（来源：研究人员提供）

喀山联邦大学生物纳米技术实验室的尤里•利沃夫和拉维尔•法克儒林与北京化工大学国家重点有机-无机复合材料实验室的王文才和张立群进行合作，他们已经在最近的《先进材料》（Advanced Materials）上刊文呈现了埃洛石粘土管广泛的应用。

埃洛石是能够以低价获得上千吨的自然生物相容的纳米材料，这令其成为一个纳米技术复合材料的良好候选品。在化学组成方面，它们类似于高岭土，并且能够被视为轧制的内径为10-20纳米、外径为40-70纳米、长度为500-1500纳米的高岭土片。埃洛石的内侧是Al2O3，而外侧则主要是SiO2。

埃洛石的内腔也许能够通过蚀刻20-30%的管体积来得到调整，并且被用作化学试剂的装载及持续释放的天然纳米容器。这些陶瓷纳米管在本体聚合物中形成一个“骨架”，提高了复合材料的强度和粘合性。这些“骨架骨头”可以装载具有活性的化合物，就像真正的装有骨髓的骨头一样，为聚合物提供额外的功能（抗微生物、抗老化、抗腐蚀、以及阻燃性）。

埃洛石管能够为更长的储存、较高的温度以及扩展的功能包住酶，同时管的开口令小底物分子输送进管内部进行生物催化。在埃洛石中装载DNA是另一项前瞻性的研究方向。作为功能型纳米块，埃洛石管也许能够用于在生物细胞上进行建造，就像孢子似的提供具有附加功能的微生物的微生物炮弹的形成。

有关生物细胞和蠕虫的体外及体内研究表明了埃洛石的安全性，此外，它能够以可控的方式存储和释放分子，令这些微小的容器在药物输送、抗菌材料、自修复聚合物复合材料及再生医学的应用中具有吸引力。

但是，该材料并不是可生物降解的，因为在体内没有生物学机制来降解这种铝硅酸盐粘土，并且它不能够在血液中通过静脉注射，相反能够通过包封药物的缓慢释放而用于外部药物的治疗（例如，霜剂、植入物，或者是组织的伤口治疗）。

资料来源：喀山联邦大学
Nanotech: The new alchemy
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In the computer simulation, shapes are set into a structure. Then, the simulation changes the shapes until they naturally form that structure. Image: Greg van Anders, Glotzer Lab, Univ. of Michigan

Alchemy left the mainstream centuries ago, but one of its core concepts, transmuting the elements, is experiencing a revival in nanotechnology.

Researchers at the Univ. of Michigan are charting a path toward materials with new properties by cleverly altering the nanoparticles used to build them.

"Today, scientists achieve something akin to alchemy when we change materials' building blocks by adding atoms or molecules to them, or even changing their shape. Such changes affect how the building blocks fit together, which in turn controls material's behavior and properties," said Sharon Glotzer, the John Werner Cahn Distinguished University Professor of Engineering and the Stuart W. Churchill Collegiate Professor of Chemical Engineering.

"We've developed a new theoretical tool that can be used by computers to carry out 'alchemy' on the fly, rapidly searching for the best building block for a given application. Digital alchemy will transform the way we design materials."

Nanoparticles have the potential to redefine the "elements" available to materials scientists, going from the 90 stable elements to an infinite palette of tiny synthetic particles, just a few hundred times the size of the atoms themselves. The researchers propose a way to navigate the new frontier of nanoscale building blocks not by making and measuring each particle, but by exploring why particles build certain types of structures. Then, the important attributes can be identified and applied to design particles that will produce those structures.

"It seems like having an infinitude of new 'elements' to make materials from is a great thing. But if we don't know the rules they use to organize themselves, and we can't determine the rules by trial and error because we can't make all the different elements, then we need to approach developing materials in a new way," said Greg van Anders, a research fellow in the Glotzer group and first author of the study.

"Rapidly scanning through building blocks is not just a useful way of finding good candidates for new materials, but a necessary step to deal with the tremendous flexibility we now have in making particles."

To demonstrate the concept, the team used a computer simulation that arranged a set of particles into a structure and then allowed the shape of the particles to change.

"We just stick the particles into a structure and say 'find a shape that you're happy with if you have to sit in that structure,'" van Anders said.

It had been assumed that the best shape for self-assembling into a particular structure is the one that packs into that structure most efficiently, leaving very little empty space. To test this, the team simulated the self-organization of four-sided pyramids (known as tetrahedra). They pack efficiently into a diamond structure—the structure produced by carbon atoms in a diamond—if their points are cut off. But if the diamond structure is the goal, how much of the points should be removed?

Not as much as needed for the closest packing, van Anders said. The shapes self-assembled best if the points were left a little longer, better preserving the tetrahedral character.

The team also explored what happens when ripples of attraction and repulsion run through a collection of spherical particles. This causes the particles to arrange themselves with respect to their neighbors. When these ripples are timed in a certain way, the particles form an icosahedral quasicrystal, an intricate structure that is symmetrical but doesn't have a repeating structural unit.

"It's one of the most complicated structures we know," van Anders said. "If we could understand how to control the interactions so that this structure forms better, then chances are, we could also figure out how to make less complicated structures in systems that use a different set of interactions."

This could help researchers build structures by exposing a fluid containing nanoparticles to forces such as light, electric fields and magnetic fields. These capabilities could lead to many interesting advances. One of Glotzer's particular interests is in materials that can change color on command, creating the ultimate camouflage.

Source: Univ. of Michigan
纳米技术：新的炼金术
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在计算机模拟中，形状被设置成一种结构。然而，该模拟改变该形状，直到它们自然形成该结构。图片：密歇根大学格劳策实验室的格雷•范•安德

炼金术在几个世纪前已经失传了，但是其中一个核心概念——令其元素改变——正在纳米技术中经历着复兴。

密歇根州立大学的研究人员巧妙地通过改变用于构建属性的纳米颗粒绘制了一条构建具有新属性的材料的路径。

“今天，科学家们通过向材料的组成部分增加原子或分子，或者甚至是改变它们的形状，实现了一个类似于炼金术的技术。这种变化影响了组成部分结合的方式，这反过来控制了材料的行为和属性，”约翰•沃纳卡恩特聘工程系教授兼斯图尔特•丘吉尔学院的化学工程系教授沙龙•格劳策表示。

“我们已经开发出一种能够供电脑使用来进行飞行‘炼金术’的新型理论工具，迅速为给定的应用找到最好的组成部分。数码炼金术将改变我们设计材料的方式。”

纳米颗粒能够重新定义供材料科学家使用的“元素”，从90个稳定的元素发展为一个微小合成颗粒的无限调色板，仅仅是原子本身尺寸的几百倍。研究人员并不是通过制造及测量每一个粒子来提供一种纳米组成部分在新前沿的导航方式，而在通过探索粒子建立某种类型的结构的原因。那么，重要的属性能够得到确定，并且应用于设计将产生这种结构的粒子。

“这就好像，拥有了制造材料的一个无限量的‘元素’是一件伟大的事情。但是，如果 我们不知道他们用于自我组织的规则，以及我们无法通过试错来了解这些规则，因为我们无法制作所有不同的元素，那么我们需要以新的试开发材料的方法，”格劳策小组的一位研究员兼该感觉的第一作者格雷格•范•安德表示。

“快速扫描组成部分不仅是为新的材料寻找良好候选品的一种有用的方式，而且是牌我们目前在制造颗粒时所拥有的极大灵活性的必要步骤。”

为了证明这一概念，该小组利用一个计算机模拟，在一个结构中安置了一组粒子，然后令颗粒的形状发生改变。

“如果你必须替代该结构，那么我们只能将颗粒粘成一个结构，然后称‘找到了您满意的形状’，”范•安德表示。

假定，自我组装成特定结构的最好形状是组成该结构最为有效的方式，令留下非常小的空间。为了测试这一点，该小组模拟了四边金字塔（称为四面体）的自我组织。如果它们的点被切断，它们就有效地组装成一个金刚石结构——该结构是通过金字塔内的碳原子所产生的。但是如果金刚石结构是目标，那么要去除多少点呢？

并不会像最接近的组织所需的那么多，范•安德表示。如果该点留下了较长、更好地维护四面体性质，那么形状能够得到最好地自我组装。

该小组还研究了在科学会堂排斥的涟漪穿过一组球形颗粒时会发生些什么。这将导致这些颗粒相对于它们的邻居而排列自身。当这些波纹以一种特定的方式得到定时，那么颗粒会形成一种准晶，一种对称但不具有重复结构单元的复杂结构。

“这是我们所知识的最为复杂的结构之一，”范•安德表示。“如果我们能够理解控制令这种结构更好地形成的相互作用的方式，那么就会有机会，我们也能够想出如何在使用一组不同的相互作用的系统中生产不太复杂的结构。”

这能够帮助研究人员通过向例如光、电场和磁场这样的力暴光一种含有纳米颗粒的流体而构建结构。这些功能可能会产生许多有趣的进步。格劳策对材料的一个特殊兴趣在于能够根据命令改变颜色，从而创造出最终的伪装。

资料来源：密歇根州立大学
Metal Alloy（金属合金）
Cyclic healing removes defects in metals while maintaining strength

[image: image7.jpg]



Abrupt de-pinning and de-stabilization of a dislocation line due to repeated cyclic loading. (a) Evolution of nominal tensile stress during two selected cycles: 10 and 11 in loading sequence G4, described in Table 1. Figures (b) to (f) are still frames extracted from the recorded movie that corresponds to the stress state marked in (a). The direction of tensile straining is indicated by the arrows in Figs. (c) and (e). The scale bars in (b) to (f) represent 200 nm.

When designing a new material, whether for an airplane, car, bridge, mobile device or biological implant, engineers strive to make the material strong and defect-free. However, methods conventionally used to control the amount of defects in a material, such as applying heat or mechanical stress, can also have undesirable consequences in terms of the material's strength, structure and performance.

An international team of researchers, including Carnegie Mellon Univ. President Subra Suresh, Zhiwei Shan and colleagues from Xi'an Jiaotong Univ. in China, Ming Dao and Ju Li from Massachusetts Institute of Technology (MIT) and Evan Ma from Johns Hopkins Univ., has developed a new technique called cyclic healing that uses repetitive, gentle stretching to eliminate pre-existing defects in metal crystals. Their results have been published online in the Proceedings of the National Academy of Sciences.

Most materials are made of crystals. When materials fail, it is usually the result of defects in the crystal or in the arrangement of multiple crystals in a polycrystalline structure. While much research has been done on metal fatigue at larger scales, new technologies are just now allowing researchers to see how atomic-scale defects nucleate, multiply and interact in materials subjected to monotonic or fatigue loading inside a high-resolution microscope.

In this study, the researchers used transmission electron microscopy to look inside sub-micrometer-sized specimens of aluminum crystals as they subjected the samples to stressors like repeated, small-amplitude deformation or fatigue loading. They found that gentle cyclic deformation, a process that repetitively stretches the crystal, helps to unpin or shakedown rows of atomic defects known as dislocations in the metal and move these dislocations closer to free surfaces in the sample. Image forces, which act to minimize the energy of the defects, attract the dislocations closer to the free surfaces and force them out of the crystal. As a result, the crystal "heals," becoming essentially free of pre-existing dislocations, thereby significantly increasing its strength.

This finding was surprising to researchers because cyclic deformation has an opposite effect in micro- and macro-scale metal crystals. In these larger samples, repeated stretching generally leads to the creation, accumulation and interaction of defects, which can lead to cracking and failure.

"This work demonstrates how cyclic deformation, under certain controlled conditions, can lead to the removal of defects from crystals of small volume," says Suresh, who holds the Henry L. Hillman President's Chair at CMU. "It also points to potential new pathways for engineering the defect structure of metal components in a variety of sub-micro-scale systems."

Source: Carnegie Mellon Univ.
环状愈合去除金属缺陷，同时保持强度

反复循环载荷导致的错位线的突然钉扎和稳定。（a）在两个选定的周期中名义拉应力的演变：G4加载顺序中的10和11，如表1中所述。图（b）至（f）是来自记录电影的静态帧，它对应于（a）标记的应力状态。拉伸应变的方向由图中的箭头指示，如图（c）和（e）所示。图（b）至（f）的比例条代表200纳米。

当设计一个新材料时，无论是为飞机、汽车、桥梁、移动设备或生物植入物，工程师都力求使材料强度高和无缺陷。但是，以往用于控制材料中缺陷的方法，如施加热或机械应力，也可以在材料的强度、结构和性能方面带来不希望的后果。

由卡内基•梅隆大学校长Subra Suresh、中国西安交通大学Zhiwei Shan和其同事、麻省理工学院（MIT）Ming Dao 和Ju Li，以及约翰•霍普金斯大学Evan Ma组成的一个国际研究小组，已经开发出一种称为循环愈合的新技术，它使用重复的、温和的伸展来消除金属晶体中预先存在的缺陷。他们的研究结果已经在《美国国家科学院院刊》（Proceedings of the National Academy of Sciences）网站上发表。

大多数材料由晶体制成。当材料失败了，这通常是晶体缺陷或多晶结构中多种晶体排列的结果。虽然对金属疲劳已经完成了许多深度的研究，新技术现在刚刚可以使研究人员能够看到，在高分辨率显微镜下，当经受单调或疲劳负载时，材料的原子级缺陷如何形成、成长和相互作用。

在这项研究中，研究人员利用透射电子显微镜，来观察铝晶体亚微米级别的标本，当他们给样品施加重复的、小幅度的变形或疲劳载荷压力。他们发现，温和的循环形变，这一过程反复绵延晶体，有助于消除和安定原子缺陷，被称为金属位错缺陷，同时移动这些错位更接近样本的自由表面。镜像力，其作用是尽量减少缺陷的能量，吸引错位更接近自由表面，并迫使其从晶体中出来。其结果是，晶体“愈合”，变成基本上不含预先存在的错位，从而显著增加其强度。

这一发现是令研究人员吃惊的，因为循环变形对于微观和宏观的金属晶体具有相反的作用。在这些较大的样品中，重复拉伸通常导致缺陷的出现、积累和相互作用，这可能导致断裂和失效。

“这项工作演示，在一定的控制条件下，循环变形如何促使从体积小晶体中去除缺陷，” CMU的Henry L. Hillman主席Suresh说。 “这也指出了潜在的新途径，来处理各种亚微米级系统中金属部件的缺陷结构。”

资料来源：卡内基梅隆大学
Metal alloy could yield green cooling technologies

A promising new metal alloy system could lead to commercially viable magnetic refrigerants and environmentally friendly cooling technologies, according to a scientist at Rochester Institute of Technology (RIT).

Casey Miller, head of RIT's materials science and engineering program, and his colleagues published their findings in Scientific Reports. Miller's work in this area also led to an international collaboration that published in Applied Physics Letters.

The study published in Scientific Reports explores an iron-based alloy as a component of next-generation cooling technologies. The materials use magnetic fields to change a refrigerant's temperature without the coolant gases associated with global warming. The thermodynamic phenomenon, called "magnetocaloric effect," makes magnetic refrigeration an environmentally friendly and efficient alternative to current cooling technologies.

The alloy is a substitute for metals made from rare-earth elements, predominantly produced in China and increasingly used in modern magnets. The supply and cost of rare-earth metals are susceptible to geopolitical tensions that hamper the commercial viability of new magnetic refrigeration technologies, the authors reported. Transition metals typically offer supply chain stability and are cheaper by weight than rare-earths, they said.

"Our work is a great example of President Obama's Materials Genome Initiative in action," Miller said. "We created alloys containing four and five different elements whose properties helped our theory collaborators develop a calculation that predicts the magnetic properties of a larger set of compounds that have not yet been synthesized. Now we have identified hundreds of new alloy combinations that could be useful."

Miller and his colleagues investigated the family of metal compounds known as "high entropy alloys." This class of emergent materials holds potential for advanced manufacturing and possess hardness and resistance to wear and corrosion, the authors found.

Source: Rochester Institute of Technology
金属合金能产生绿色冷却技术

罗切斯特理工学院一位科学家指出，一个有前途的新金属合金系统或被用于生产商业上可行的磁制冷剂和环保冷却技术（RIT）。

罗切斯特理工学院RIT材料科学与工程项目负责人凯西·米勒和他的同事们在《科学报告》上发表了他们的研究成果。米勒在这一领域的工作也使一个发表在《应用物理快报》（Applied Physics Letters）的国际合作成型。

这项发表在《科学报告》上的研究探讨了铁基合金将作为下一代冷却技术的一个组成部分。材料使用磁场来改变制冷剂的温度，没有与全球变暖有关的冷却气体。被称为“磁致热的效应”的热力学现象,使磁制冷环保和高效的替代当前冷却技术。

作者报道，该合金可代替稀土制成的金属，稀土主要生产于中国，并越来越多地用于现代磁铁。稀土金属的供应和成本易受地缘政治紧张关系制约,阻碍新磁制冷技术的商业可行性。过渡金属的供应链比较稳定且比同等重量的稀土便宜。

“我们的研究工作是奥巴马总统材料基因组计划行动一个很好的例子,”米勒说。“我们创建了包含四和五个不同元素的合金，帮助我们的合作者开发理论计算预测尚未合成的化合物的磁特性。现在我们已经确定了数以百计的可能有用的新合金的组合。”

米勒和他的同事们调查了被称为“高熵合金的金属化合物”的一组材料。作者发现，这类紧急材料拥有先进的生产潜力，具有硬度并耐磨损和腐蚀。”

来源:罗切斯特理工学院

The ductility of magnesium explained
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Zhaoxuan Wu and William Curtin of the Laboratory for Multiscale Mechanics Modeling (LAMMM) have solved the 40-year-old scientific riddle of the low ductility magnesium.

Magnesium is the lightest metal found on earth; it is four times lighter than steel and a third lighter than aluminum. It is also abundantly available, being the eight most common element in the earth's crust. These features should make it the ideal material for all kinds of uses, particularly in the automotive industry where fuel efficiency is greatly improved by reduced vehicle weight. However, the use of this metal remains marginal. "Magnesium has low ductility, that is, it cannot be stretched very much before it breaks. It also shows unusual behavior, such as a regime of increasing strength with increasing temperature, which is the opposite of most metals", said Prof. Curtin. The Director of the Institute of Mechanical Engineering and his collaborator Zhaoxuan Wu, a long-term visitor in LAMMM from the Institute for High Performance Computing in Singapore, were able to identify the atomistic origins of Magnesium's low ductility and unusual behavior.

This breakthrough, published in the journal Nature, could open the way to many applications of this lightweight metal.

Simulations to explain 40 years of experiments

Solving this mystery had an interesting history: long struggles, tangential advances, a new collaboration, and a "Eureka" moment. "I worked for 7 years on magnesium", says Curtin. "We had some accomplishments, but not on the most crucial issues, and I was about to give up, having exhausted what I thought we could do. But then Wu came from Singapore and brought renewed energy, an array of necessary technical skills, and exceptional motivation". Fast forward two years and the mystery is solved: they managed to establish a picture that unified decades of experimentation.

The real progress started with the development of a new description of the atomic interactions in magnesium, a feature essential if atomistic models are to reveal any true material behavior. "We came across a rarely-used description of magnesium, and were able to tweak it and arrive at a new interatomic potential that predicted many well-established properties of magnesium with high accuracy." Most importantly, this new potential accurately predicted the structure of an important dislocation, the "c a" dislocation, which is essential for magnesium to flow easily. This dislocation, observed experimentally, could not previously be predicted.

Then came the "Eureka" moment. "We were performing atomic simulations of the normal "c a" dislocation to better understand its behavior, and suddenly it changed". The atomic structure of the "c a" dislocation became entirely different, morphing into several possible geometries that locked it in place so that it could not move. Without "c a" motion, magnesium cannot flow plastically and so has low ductility. The new "c a" structures had been observed experimentally but how they occurred, whether they were real or experimental anomalies, and why there were several different structures, were all mysteries in the community. The work of Wu and Curtin showed that these new structures were intrinsic to magnesium, and they described why the different structures arise in different situations, and showed that all of these structures are more stable than the desirable "c a" structure. Thus, they found that it was inevitable that the new "c a" structures would form and kill the ductility of magnesium.

A path to creating ductile magnesium

"To make magnesium malleable, we must fight against the forces of nature," said Wu. If science does not yet have a miracle solution to prevent the phenomenon, he notes that it is still possible to slow the morphing process of the "c a" dislocations. "At room temperature, the morphing occurs almost instantly but when immersed in liquid nitrogen (temperature -195.79 ° C), it could take several months or one year." If the process could be delayed for a few seconds at normal temperatures, this could be enough to allow an industrial use.

Several recent experimental studies in Germany have shown that it is possible to increase the ductility of magnesium by creating alloys with rare elements, such as yttrium, erbium, or holonium. Curtin believes these alloying elements bind to the normal "c a" and stabilize it somewhat, relative to the immovable "c a" dislocations. So, this is very promising, but these rare materials are very expensive and therefore unlikely to be used extensively by the automotive industry. Curtin and Wu are starting new research on how the expensive alloys, and other cheaper alloys, might stabilize the normal "c a" . "We must find a compromise between the cost of the alloy and the material performance" says Prof. Curtin. While he cannot predict when magnesium will be used heavily, he believes that the insights revealed by this new work will generate new ideas and approaches because the underlying origin of the poor behavior of magnesium is now more clearly understood.

Source: Ecole Polytechnique Federale de Lausanne
对镁延展性的解释
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多尺度力学模拟实验室（LAMMM）的吴照宣和威廉•柯廷已经解开了40年之久的有关低延展性镁的科学之谜。

镁是世界上所发现的最轻的金属；它比钢要轻四倍，并且比铝还要轻三倍多。它还能够大量获得，它是地壳中第八大最常见的元素。这些特征应该能够令其成为各种用途中的理想材料，特别是在通过降低车辆重量就能够大大提升燃料效率的汽车行业。但是，该金属的使用仍然处于边缘化。“镁具有较低的延展性，也就量说，它在断裂之前不能进行过多的拉伸。它还显示出异常行为，例如随着温度的升高而增加强度，这与大多数金属的性质相反，”柯廷教授表示。这位机械工程学院的主任以及他的合作者——来自新加坡高性能计算研究所的LAMMM长期访问者吴照宣——能够确定镁的低延展性和异常行为的原子论的起源。

这一发表于《自然》(Nature)杂志的上突然能够打开这种轻量级金属的多种就用之门。

模拟讲解40年来的实验

解开这个谜拥有一个有趣的历史：长期斗争、次要进步、一个新的协作、以及“尤里卡”的时刻。“我用七年的时间来研究镁，”柯廷表示。“我们获得了一些成就，但都不是最重要的问题，我原本打算放弃，用尽了我认为我们能够做到的所有事情。但是随后来自新加坡的吴带来了新的活力以及一组必要的技术技能，还出色的动机。”一晃两年，这个奥秘被解开了：他们成功地创建了十年实验的统一图画。

真正的进步开始于镁原子相互作用的新描述的发展，这是原子模型展示任何真实材料的行为时所必不可少的一个功能。“我们遇到了一个很少使用的镁的描述，并能能够调整它，然后提出能够预测一个具有高精度的镁的这么多行之有效的属性的新原子潜能。”最重要的是，这个新的潜能准确地预测出重要位错的结构，即“c a”错位，这对于镁的轻易流动是必不可少的。这种在实验中观察到的错位之前是无法预测的。

之后就来到了“尤里卡”时刻。“我们正在进行正常‘c a’错位的原子模拟以更好地理解其行为，突然它就改变了。”“c a”错位的原子结构变得完全不同，演变成锁定在其位置上的多个可能的几何形状，从而其无法移动。如果没有“c a”动作，那么镁就无法塑性流动，因此其具有较低的延展性。新的“c a”结构已经在实验室过程中观察到了，但是它们是如何发生的、它们是否是真实的或是实验异常的、以及为什么会有几个不同的结构，这些都是该领域的谜团。吴和柯廷的工作表明，这些新的结构是镁固有的，并且他们描述了为什么在不同的情况下会出现不同的结构，并且表明，所有这些结构都比理想的“c a”结构更加稳定。因此他们发现，新的“c a”结构将形成并且扼杀镁的延展性是不可避免的。

创建韧性镁的途径

“为了令镁具有延展性，我们必须与大自然的力量相抗衡，”吴表示。如果科学有还没有一个奇迹般的解决方案来防止这一现象的发生，他指出，那么仍然有可能放缓“c a”错位的变形过程。“在室温情况下，这种变形几乎会立即发生，但是当浸入液态氮（温度为-195.79° C），其可能还需要数月或是一年才会发生。”如果该过程能够在正常温度下推迟几秒钟，这都有可能足以产生一个工业用途。

德国几个最近的实验研究已经表明，通过创建具有稀有元素的合金，例如钇、铒或是钬，有可能会提高镁的延展性。柯廷认为，相对于不可移动的“c a”位错，这些合金元素会与正常的“c a”相结合，并且令其稳定。所以，这是非常有途的，但是这些稀有材料非常昂贵，也因此不太可能得到汽车工业的广泛使用。柯廷和吴将开始新的研究以了解昂贵的合金以及其他更便宜的合金以何种方式令正常的“c a”保持稳定的。“我们必须在合金的成本与材料性能之间进行权衡”柯廷教授表示。虽然他无法预测镁何时能够得到大量使用，但他认为，这项新的工作所表明的见解将产生新的想法和做法，因为镁的不佳行为的根本起源目前得到了更清晰地了解。

资料来源：洛桑联邦理工学院
Composite Materials（复合材料）
ACMA and IACMI Combine Forces to Grow the Composite Industry

The American Composite Manufacturers Association (ACMA) and the Institute for Advanced Composites Manufacturing Innovation (IACMI) have entered a new agreement to work together to develop and promote composites.

According to both parties, they have entered into a unique partnership agreement. Both organisations recognise their complementary skills and mission to grow and foster the composites industry. The agreement outlines ways in which the two organisations will work together to support membership development in both organisations and promote the overall composites industry.

Specifically, ACMA and IACMI will align their interests to:

·partner on workforce development efforts, including the support and promotion of the ACMA Certification Composites Technician Program (CCT),

·agree to have IACMI present at ACMA meetings and events, and to collaborate on joint events on selected topics,

·explore other opportunities to collaborate on different topics, such as composites recycling, modeling and simulation, and

·promote memberships in each other's organisations.

"At ACMA we are proud to partner with the IACMI as it will benefit our members and the breadth of the composites Industry," says Tom Dobbins, President of ACMA. "The last few months our team has been working diligently to see this agreement come to life. The new synergies between our organisations are unprecedented and will create new dynamics and channels for ACMA members."

IACMI, a public-private partnership created as part of the National Network for Manufacturing Innovation, focuses on developing lower-cost, higher-speed, and more efficient manufacturing and recycling processes for advanced composite materials.

"IACMI has brought together unprecedented commitment from state governments, industry and research institutions committed to leveraging their resources and technology to develop a workforce, create jobs and increase global manufacturing competitiveness in the rapidly growing use of advanced polymer composites," said Dr. Craig Blue, CEO of IACMI. "ACMA provides the most current training and information available in the composites industry. IACMI's partnership with ACMA for workforce training and education will enable IACMI members to strengthen industry integration and advance composite commercialisation opportunities."

ACMA和IACMI合作发展复合材料产业

美国复合材料工业协会（ACMA）和先进复合材料工业创新研究所（IACMI）已经就合作发展促进复合材料问题达成一致。

通过合作双方了解到他们已经签订了一个独特的合作协议。双方都同意互补技术和交流任务来发展并促进复合材料产业。这个协议内容包括了如何促进双方间的合作方式和合作关系以及如何全面提高复合材料产业的发展。

具体来说，ACMA和IACMI双方将就以下几点利益方面达成共识：

·劳动力的发展工作上合作，包括对ACMA认证复合材料技术人员项目的支持与提升，
·同意IACMI出席ACMA的会议和活动，在挑选出的一些主题上共同主办活动。
·探索一些其他可以合作的不同主题，比如复合材料的回收利用、塑模和模仿，并
·促进双方在对方组织中的合作关系。
“我们ACMA对于与IACMI合作之事是感到很荣幸的，因为它会给我们的会员和复合材料产业的发展宽度带来好处，” ACMA董事长Tom Dobbins说。“为了让协议产生功效，最近几个月我们的团队都很勤奋的工作，我们两个组织合作的协同效应是史无前例的并且会给我们ACMC成员带来新的活力和机会。”

IACMI是一家公私合营公司，是作为制造业创新的全国联网的部分而成立的，主要集中发展成本低、速度快和效率高的制造行业和先进复合材料的回收利用工艺。

“IACMI从州政府得到了史无前例的支持，工业和研究机构也承诺在这先进聚和复合材料使用量快速增长的背景下利用他们的资源和技术来发展劳动力、创造工作岗位和增强全球制造业竞争力，”IACMI的首席执行官Dr. Craig Blue说。“ACMA公司有着复合材料产业中最新的培训方式和信息，两家公司就劳动力培训和教育这方面的合作可以使IACMI成员加强产业集合并提前预知复合材料商业化的机会。”
Making Glass Stronger than Steel

It’s almost everywhere you look. When you glance at your phone, peer upwards at high-rise buildings or check your right and left before making a turn in your automobile. Glass is fairly ubiquitous. And the journey to strengthen the material just made some strides.

Univ. of Tokyo and Japan Synchrotron Radiation Research Institute researchers have developed a glass material with high elasticity and hardness, making it stronger than many metals.

“Glasses with high elastic moduli and high hardness values have been in demand for years because the thickness of sheet glass with these properties can be decreased while maintaining its strength,” write the researchers in Scientific Reports. “Thinner and lighter glass are desired for windows in buildings and cars, substrates for (thin-film transistor) displays and covers of smart-phones.”

Most glasses are based on the compound silica, a principal component of sand. However, the newly developed glass is infused with significant amounts of alumina, which is an oxide that has one of the highest dissociation energies. Traditionally, the glass forming ability of a composition decreases as alumina quantities increase, the researchers report. Such compositions also prove difficult to work with due to high melting temperatures.

According to Popular Science, when the team first attempted to produce glass with alumina in it, opaque silicon dioxide crystals formed on the glass inside the container, causing it to lose its transparent quality.   

To avoid this problem, the researchers developed a container-less fabrication technique called aerodynamic levitation. “The new process involves causing the mix to be held in the air while it is forming, by pushing it from below with oxygen gas and then using a laser as a spatula to mix the materials together,” Phys.org reports.

The resulting glass is both transparent and reflective, and is composed of 50% alumina. Further, it was twice as strong as typical glass, and almost on par with steel.

“We will establish a way to mass-produce the new material shortly,” said study co-author Atsunobu Masuno to The Asahi Shimbun. “We are looking to commercialize the technique within five years.”

But those who shatter their smart phones on a regular basis may want to belay celebration. Carmen Drahl, a chemist contributor for Forbes, pointed out some sobering facts. First, the spherical glass pieces produced were about the size of candy sprinkles. Second, the glass wasn’t exactly unbreakable. Some samples developed radial cracks under certain forces, a fact the researchers acknowledged in their paper.

“What this report describes isn’t some miracle material, but a well-above-average performing glass that seems promising on a tiny scale,” writes Drahl.     

Still, the development is a step in the right direction. And iPhone users with shattered screens can look forward to a day when dropping their phone won’t inadvertently make Candy Crush more difficult to play.
让玻璃比钢更坚硬

玻璃几乎随处可见。当你看向手机，或向上看一眼高层建筑，或者在汽车转弯前检查左右交通时，都能看到玻璃。玻璃是相当普遍的。而强化这种材料的路途才刚刚有了一点进展。

东京大学和日本同步辐射研究所的研究人员已经开发了一种具有高弹性和高硬度的玻璃材料，使得玻璃比需要金属更坚硬。

“这些年来，人们一直需要具有高弹性模量和高硬度值的玻璃，因为拥有这些性能的板状玻璃，可以在厚度减少的情况下保持其强度不变，”科学报告中的研究人员写道，“大家希望可以将更轻更薄的玻璃用在建筑业和汽车的窗户上，（薄膜晶体管）显示器的基板上，以及智能手机的屏幕上。”

大部分眼镜是基于化合物二氧化硅——沙子的主要成分。但是，这种新开发的玻璃被注入了大量的氧化铝——具有最高离解能之一的一种氧化物。研究人员报告说，传统上来讲，随着氧化铝量的增加，玻璃形成合成物的能力就会降低。由于较高的熔点，这种合成物一般也很难利用。

据《科技新时代》（Popular Science）称，当该团队第一次试图将氧化铝加进去生产玻璃时，在容器内的玻璃上形成了不透明的二氧化硅晶体，导致玻璃失去了其透明的属性。

为了避免这个问题，研究人员开发了一种被称为气动悬浮的不用容器的制造技术。“新的方法包括在玻璃形成时，把混合物悬置在空气中，通过从下方用氧气推动它，然后把激光用作刮刀以将材料回合在一起。”Phys.org报道。

所形成的玻璃既是透明的，也具有反射性，并且由50%的氧化铝组成。此外，它比一般玻璃坚硬两倍，几乎相当于钢的强度。

“不久后，我们将建立一种方法以大规模生产这种新材料，”该研究的的共同作者Atsunobu Masuno对《朝日新闻》表示，“我们期望在五年内实现该技术的商业化。”

但是，那些定期摔坏自己智能手机的人可能得延缓庆祝活动了。福布斯中的化学家贡献者Carmen Drahl指出了一些发人深省的事实。首先，生产的球形玻璃碎片大约跟糖果洒的大小差不多。其次，该玻璃不可能完全牢不可破。有些样品在某些压力的作用下会产生径向裂纹，这也是研究人员在论文中所承认的一个事实。

Drahl写道，“该报告中所描述的并不是某个神奇的材料，而是性能远高于平均水平的玻璃，其在小范围内似乎是很有前景的。”

然而，这种发展仍然是朝着正确的方向迈出了一步。而碎屏的iPhone用户可以期待那一天的降临，即使不小心把手机掉在了地上，也很难再上演糖果粉碎传奇了。
Practical Application（实际应用）
“Molecular accordion” drives thermoelectric behavior in promising material
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Redistribution of electronic clouds causes a lattice instability and freezes the flow of heat in highly efficient tin selenide. The crystal lattice adopts a distorted state in which the chemical bonds are stretched into an accordion-like configuration, and makes an excellent thermoelectric because heat propagation is thwarted. Image: Oak Ridge National Laboratory

Engines, laptops and power plants generate waste heat. Thermoelectric materials, which convert temperature gradients to electricity and vice versa, can recover some of that heat and improve energy efficiency. A team of scientists at the U.S. Dept. of Energy (DOE)'s Oak Ridge National Laboratory (ORNL) explored the fundamental physics of the world's best thermoelectric material—tin selenide—using neutron scattering and computer simulations. Their new understanding of the origin of atomic dynamics in this material, published in Nature Physics, may aid research in energy sustainability and enable the design of materials that efficiently convert heat into electricity.

"We performed the first comprehensive measurements of atomic vibrations in this important new thermoelectric material," said senior author Olivier Delaire in ORNL's Materials Science and Technology Div. "We discovered the origin of its very low thermal conductivity, which leads to its high efficiency." It turns out unusual atomic vibrations help prevent "heat leaks," maximizing the conversion into electricity.

DOE's Office of Science, which advances materials for energy technologies, sponsored the study, which was led by an MIT-led Energy Frontier Research Center. The researchers used three DOE Office of Science User Facilities at ORNL—the Spallation Neutron Source, High Flux Isotope Reactor and Oak Ridge Leadership Computing Facility.

Through the Seebeck effect, thermoelectric devices produce a voltage and generate electric current when a temperature differential is maintained. Or, when powered with an external electricity source, the devices can actively pump the heat out for refrigeration applications.

To preserve a usable temperature gradient, thermoelectric materials need to be good conductors of electricity but bad conductors of heat. In 2014 researchers at Northwestern Univ. discovered that tin selenide, which is inexpensive, could be the world's most efficient thermoelectric material.

The ORNL researchers observed atomic vibrations that underpin heat flow—called phonons—and tried to understand their origins in terms of electronic structure and chemistry.

"What we found is that this particular phonon mode is the one that's unstable, that 'freezes,'" Delaire said. "If you cool down the material, it goes from undistorted to distorted, and when you heat it up the distortion goes away. That is the atomic mechanism behind the freezing in of this particular phonon mode."

Knowledge the team gained may aid efforts to control thermal transport in a wide range of energy-related technologies, including thermal barrier coatings, nuclear fuels and high-power electronics.

The key to tin selenide's high efficiency was revealed through exploring the dynamics of atoms in the crystal lattice. In a harmonic system, waves of atomic vibrations can propagate freely. Many waves, carrying a lot of heat, can travel through the material without sensing each other. In an anharmonic system, in contrast, atomic vibration waves feel a viscous friction against each other. The friction creates a sort of slush that prevents heat propagation, much like the vibration dampers in a vehicle's shock absorbers. Tin selenide at the temperatures tested was strongly anharmonic: The phonon waves were strongly damped and the heat was well contained, so the temperature gradient could be preserved.

Co-lead author Jiawang Hong, a postdoctoral fellow working with Delaire, ran quantum dynamics simulations at the OLCF using Eos, a Cray XC30 supercomputer. The simulations of phonon dispersions, when plugged into software developed by the team, showed good agreement with the neutron scattering measurements taken at the SNS and HFIR by co-lead author Chen Li, also a postdoctoral fellow on Delaire's team. The paper's other authors were Andrew May and Dipanshu Bansal of ORNL's Materials Science and Technology Div. and Songxue Chi, Tao Hong and Georg Ehlers of ORNL's Quantum Condensed Matter Division.

"With simulations we showed the strong underlying anharmonicity stems from a bonding instability," Delaire said. Below a phase transition of 810 K (about 540 C or 1,000 F), electronic orbitals spontaneously reorganize and the lattice assumes an accordion structure. Phonons feel this instability, which damps the oscillations—making tin selenide an outstanding thermoelectric material.

Fuller understanding of the fundamental principles that underpin useful properties could enable "materials by design." "Out of all the energy that goes into the U.S. economy every year, 60 percent is lost in the form of waste heat," Delaire said. "If you can recapture even a small fraction, you can have a big impact."

Improving energy sustainability

Thermoelectric materials can support sustainable energy. The MIT-led EFRC, with Oak Ridge and Brookhaven National Laboratories, Boston College and the Univ. of Houston, has demonstrated that thermoelectric materials can be placed under solar panels, where a temperature difference can generate electricity cheaply.

Photovoltaic panels can be expensive, and many are needed to generate useful amounts of electricity. "With thermoelectric materials, once you have the temperature differential, you only need a comparatively small amount of material to produce the electricity," Delaire said. "In thermoelectric devices, energy conversion is really a direct link because the material does all the work. There are no moving parts. It generates the voltage from a temperature gradient. So understanding and optimizing the materials is key."

Thermoelectric materials still need to reach higher efficiencies for widespread application, but recent discoveries like understanding the dynamics of tin selenide have achieved big steps in that direction. They have already been big successes in niches including very long-lasting space batteries developed by NASA and DOE.

"This technology is very reliable," Delaire said. "That's why thermoelectric materials still power NASA's Voyager spacecraft 30 years after its launch."

Source: Oak Ridge National Laboratory
“分子手风琴”推动了有前途的材料的热电行为
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电子云的再分配产生了晶格不稳定性，并且冻结了热量在高效硒化锡中的流动。晶格采用一种扭曲的状态，其中化学键拉伸成手分琴状的结构，并且由于热传播受挫而产生一个很好的热电。图片：美国橡树岭国家实验室

发动机、笔记本电脑和电厂会产生废热。将温度梯度转换为电能并且反之亦然的热电材料能够恢复一些废热，并且提高能源利用效率。美国能源部门（DOE）的橡树岭国家实验室（ORNL）的一组科学家利用中子散射和计算机模拟研究了世界上最好的热电材料——硒化锡——的基本物理。他们对于这种材料中原子动力学起源的新认识发表于《自然物理学》，并且有可能帮助能源可持续发展中的研究，并且产生高效将热能转化为电能的材料的设计。

“我们在这个重要的新热电材料中进行了原子振动的首次全面测试，”ORNL材料科学与技术事业部的资深作者奥利维尔•德莱尔表示。“我们发现了其非常低的导热性的起源，这产生了其较高的有效性。”事实上，寻常原子振动有助于防止“热的泄漏”，将电能的转换最大化。

DOE为能源技术推进材料的科学办公室赞助了这项由麻省理工学院为首的能源前沿研究中心领导的研究。研究人员利用了橡树岭国家实验室中三个DOE科学办公室用户设施——散裂中子源，高通量同位素反应堆，以及橡树岭领导计算设施。

通过塞贝克效应，热电装置在保持温差的情况下产生一个电压，并且产生电流。或者，当通过外部电源供电时，该设备能够积极地为制冷应用泵送热量。

为了保持一个可用的温度梯度，热电材料需要是一个电力的良导体，同时还要是一个散热的不良导体。美国西北大学的研究人员在2014年发现，廉价的硒化锡可能是世界上最高效的热电材料。

ORNL的研究人员发现了支撑热流的原子振动——称为声子，并且试图了解其电子结构和化学方面的起源。

“我们发现的是，这个特殊的声子模式是不稳定的，即‘冻结’，”德莱尔表示。“如果你给这种材料降温，那么它从不失真转变成了扭曲，而当你对你加热时，这种扭曲又消失了。这就是这个特定的声子模式冷冻背后的原子机制。”

该研究小组获得的知识可能有助于在广泛的能源相关的技术中控制热传导的工作，包括热障涂层、核燃料和高功率电子。

硒化锡高效率的关键是通过研究晶格中原子动力学而揭示的。在调和系统，原子振动的波能够自由传播。许多携带大量热量的波能够在未感测到彼此时通过材料穿行。与此相反，在非调谐系统中，原子振动能够感受到粘性摩擦。摩擦产生了一种防止热传播的搪塑，很像是汽车减震器中的振动阻尼器。在测试温度下的硒化锡呈现出强大的非调谐性：声子波具有较强的阻尼，并且热量得到了良好地控制，因此温度梯度能够得到保存。

与德莱尔一同工作的博士后兼共同第一作者洪嘉汪利用一种Cray XC360超级计算机——Eos——进行了量子动力学模拟。声子分散体的模拟，当插入该小组开发的软件时，显示出与德莱尔研究小组的一名博士后兼共同第一作者李陈在SNS和HFIR中采取的中子散射测量良好的一致性。该论文的其他作者包括，ORNL材料科学与技术事业部的安德鲁•梅和迪盼疏•邦萨尔，以及ORNL量子凝聚态分部的迟松雪、洪涛以及乔治•埃勒斯。

“通过模拟我们发现了源自于粘合不稳定性的强劲非谐调性，”德莱尔表示。低于810K（大约540度或1000华氏度）的相变，电子轨道自发重组，并且晶格呈现出手风琴式的结构。声子感受到这种不稳定性，从而阻尼振荡——令硒化锡成为了一种杰出的热电材料。

对巩固有用特性的基本原则的更全面的了解能够“令材料得到设计”。“每年进入美国经济的所有能源中，有60%的能源以废热的形式损失了，”德莱尔表示。“如果你能够夺回即使是一小部分，你都可能拥有巨大的影响。”

提高能源的可持续性

热电材料可以支撑可持续性能源。MIT领导的EFRC，与橡树岭和布鲁克海文国家实验室、波士顿学院以及休斯顿大学一同已经证明，热电材料能够放置在太阳能电池板下，在那里温度差能够廉价地进行发电。

光伏板可能非常昂贵，但是许多人都需要它来产生有用的电量。“通过热电材料，一旦你有温差，你只需要相对少量的材料来产生电力，”德莱尔表示。“在热电装置中，能量转换真的是一个直接的连接，因为该材料做了所有的工作。这里没有活动部件。它从一个温度梯度中产生了一个电压。因此，认识和优化该材料是一个关键。”

热电材料还需要为广泛的应用达到更高的效率，但是最近的发现，你是了解硒化锡的动力学，已经朝着这个方向取得了很大的进步。他们已经在利基中取得了巨大的成功，包括由美国宇航局（NASA）和DOE开发的非常持久的空间电池。

“这项技术是非常可靠的，”德莱尔表示。“这就是为什么热电材料在其推出三十年后仍然推动着NASA的旅行者号探测器。”

资料来源：橡树岭国家实验室
Graphene nano-coils are natural electromagnets
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A nano-coil made of graphene could be an effective solenoid inductor for electronic applications, according to researchers at Rice Univ. Image: Yakobson Research Group

In the drive to miniaturize electronics, solenoids have become way too big, say Rice Univ. scientists who discovered the essential component can be scaled down to nano-size with macro-scale performance.

The secret is in a spiral form of atom-thin graphene that, remarkably, can be found in nature, according to Rice theoretical physicist Boris Yakobson and his colleagues.

“Usually, we determine the characteristics for materials we think might be possible to make, but this time we’re looking at a configuration that already exists,” Yakobson said. “These spirals, or screw dislocations, form naturally in graphite during its growth, even in common coal.”

The researchers determined that when a voltage is applied, current will flow around the helical path and produce a magnetic field, as it does in macro inductor-solenoids. The discovery is detailed in Nano Letters.

“One can compare the structure to a high-rise parking lot for electrons—but without parking spaces, so the electrons just drive through,” Yakobson said. “Or you can say it resembles Archimedes’ screw—which rotates in order to pump water uphill—but filled with electricity instead.

“Perhaps this might work in reverse here: An electron current, pumped through by the applied voltage, at certain conditions may just cause the graphene spiral to spin, like a fast little electro-turbine,” he said.

Solenoids are wires coiled around a metallic core. They produce a magnetic field when carrying current, turning them into electromagnets. These are widespread in electronic and mechanical devices, from circuit boards to transformers to cars. They also serve as inductors, primary components in electric circuits that regulate current, and in their smallest form are part of integrated circuits. (The lump in power cables that feed electronic devices contains inductors.)

While transistors get steadily smaller, basic inductors in electronics have become relatively bulky, said Fangbo Xu, a Rice alumnus and lead author of the paper. “It’s the same inside the circuits,” he said. “Commercial spiral inductors on silicon occupy excessive area. If realized, graphene nano-solenoids could change that.”

The nano-solenoids analyzed through computer models at Rice should be capable of producing powerful magnetic fields of about 1 tesla, about the same as the coils found in typical loudspeakers, according to Yakobson and his team. They found the magnetic field would be strongest in the hollow, nanometer-wide cavity at the spiral’s center.

The spiral form is attributable to a simple topological trick, he said. Graphene is made of hexagonal arrays of carbon atoms. Malformed hexagons known as dislocations along one edge force the graphene to twist around itself, akin to a continuous nanoribbon that mimics a mathematical construct known as a Riemann surface.

The researchers demonstrated theoretically how energy would flow through the hexagons in nano-solenoids with edges in either armchair or zigzag formations. In one case, they determined the performance of a conventional spiral inductor of 205 microns in diameter could be matched by a nano-solenoid 70 nm wide—nearly 10,000,000 times smaller.

Because graphene has no energy band gap (which gives a material semiconducting properties), electricity should move through without any barriers. But in fact, the width of the spiral and the configuration of the edges—either armchair or zigzag—influences how the current is distributed, and thus its inductive properties.

The researchers suggested it should be possible to isolate graphene screw dislocations from crystals of graphitic carbon (graphene in bulk form), but enticing graphene sheets to grow in a spiral would allow for better control of its properties, Yakobson said.

Xu suggested nano-solenoids may also be useful as molecular relays or switchable traps for magnetic molecules or radicals in chemical probes.

Source: Rice Univ.
石墨烯纳米线圈是天然的电磁铁
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据莱斯大学的研究人员表示，由石墨烯制成的纳米线圈可能成为一种适用于电子应用的有效电磁感应器。图片提供：雅各布松研究小组

在发起小型化电子设备时，电磁阀已经变得过于庞大了，发现主要部件能够缩小至具有宏观尺度的性能的纳米尺寸范围的莱斯大学的科学家表示。

据莱斯的理论物理学家鲍里斯•雅各布松和他的同事表述，其秘诀在于螺旋形式的原子厚的石墨烯，值得注意的是，其能够在自然中发现。

“通常情况下，我们为材料确定我们认为有可能产生的特性，但是这一次，我们将寻找一个已经存在的格局，”雅各布松表示。“这些螺旋线或螺旋位错在其生长过程中在石墨甚至是普通的煤中自然形成。”

研究人员证实，当施加电压时，电流将围绕着螺旋路径流动并且产生一个磁场，正如它在宏电感螺线管中所做的一样。这一发现在《纳米快报》（Nano Letters）中有详细介绍。

“我们可以把该结构比喻成一个电子的高层停车场——但没有停车位，因此电子只能经过，”雅各布松表示。“或者你可以说它就像是阿基米德式螺旋抽水机——它旋转是为将水抽上来——但是用电子替代水。”

“也许这反过来也会有效：一个电子流，通过施加电压进行抽动，在一定条件下可能只会导致石墨烯螺旋进行旋转，就像是快速的小型电涡轮机，”他表示。

螺线管是绕着金属芯盘绕的导线。它们在载流时会产生磁场，将它们变成电磁铁。这些在电子和机构设备中非常普遍，从电路板到变压器，再到汽车。它们还充当电感器，电子电路中调节电流的主要组成部分，并且以它们最小的形式成为集成电路的一部分。（电力电缆中注入电子设备的肿块包含电感器。）

虽然晶体管越来越小，但电子的基本感应器已经变得比较笨重了，莱斯的校友兼该论文的主要作者许方博表示。“在电路中也是一样的，”他表示。“硅上的商业螺旋电感器占据了过大的区域。如果实现，石墨烯纳米电磁阀能够改变这种状况。”

据雅各布松和他的团队表示，通过莱斯的计算机模型分析的纳米螺线管应该能够产生约1特斯拉的强大磁场，相当于典型扬声器中发现的线圈。他们发现在螺旋中心中空的纳米宽的腔体的磁场是最强的。

螺旋形归功于一个简单的拓扑技巧，他表示。石墨烯是由六边形阵列的碳原子制成的。被认为是沿一边错位的畸形六边形迫使石墨烯扭转自身，类似于一个模仿所谓的黎曼曲面数学结构的纳米带。

研究人员展示了在理论上能量如何能够在具有扶手式或是锯齿形态边缘的纳米电磁阀中流经六边形。在一种情况中，他们确定了直径250微米的常规螺旋电感器的性能能够与70纳米宽的纳米螺旋管相匹配——近乎小了10,000,000倍。

由于石墨烯没有能带隙（它能够提供一个材料的半导体性质），电力能够在没有任何障碍的情况下穿行。但实际上，螺旋的宽度及边缘的结构——无论是手扶式或是锯齿状——影响了电流分配的方式，并且因此影响了它的电感特性。

研究人员建议称，石墨烯螺旋位错应该能够从石墨碳（块状形式的石墨烯）分享出来，但是诱使石墨烯片以螺旋形式生长将能够更好地控制其属性，雅各布松表示。

许建议称，纳米螺母管也许能够作为分子继电器或可切换的捕获器用作化学探针中的磁性分子或基团。

资料来源：莱斯大学
New Device Quickly Detects Gluten in Your Food 
A new portable sensor called Nima can help food allergy sufferers find traces of gluten in their food in two minutes.

The device requires users to, “place a sample of the food into a disposable, one-time use capsule and close it with a cap,” writes Entrepreneur.

Next, users would place the capsule into the sensor and turn it on to start the scanning process. A blue sad face indicates the food does contain gluten while a happy blue face will appear if the sample of food is gluten-free.

Nima is the first product from the two year old company, 6SensorLabs. The company is working on a variety of inventions to help diners gain a better understanding of what’s in their food.

Company founders Shireen Yates and Scott Sundvor, two graduates of the Massachusetts Institute of Technology (MIT), conceived the idea for Nima after their own dealings with food allergies.

Yates told Entrepreneur Nima’s advantage is that it takes two minutes for the device to find the gluten protein versus existing tests which take 15 to 20 minutes to give diners a definitive answer regarding the presence of gluten.

The company hopes to tackle tests for finding traces of peanuts and dairy, but is currently refining the experience for Nima.

The team at 6SensorLabs is working on app to be released with the device, according to Entrepreneur.

The program would allow users to check current information regarding whether a restaurant is allergy-friendly.

Customers can purchase a Nima starter kit and refill pack from 6SensorLabs’ website.
新设备快速检测你的食物中的谷蛋白

一种被称为Nima的新型便携式传感器，可以帮助食物过敏患者在两分钟之内发现其食物中谷蛋白的踪迹。

《企业家》写道，该设备要求用户“将食物的样品放置在一个可处理的、一次性使用的胶囊中，然后用个盖子盖上它” 。

接下来，用户将胶囊放入传感器中，并将传感器打开以开始扫描过程。悲伤的蓝色的脸表示食品中确实含有谷蛋白，而如果样品食物中没有谷蛋白，就会出现快乐的蓝色的脸。

Nima是6SensorLabs这个两岁的公司的第一款产品。该公司致力于进行各种发明创造，以帮助食客们更好地了解其食物中有什么。

公司的创始人Shireen Yates和Scott Sundvor——美国麻省理工学院（MIT）的两位毕业生——在处理了自己的食物过敏之后，构思了Nima的想法。

Yates告诉《企业家》，Nima的优势在于，该设备只需两分钟就能发现谷蛋白，而现有的测试需要15至20分钟才能就有无谷蛋白给食客一个明确的答案。

该公司希望可以解决对于发现花生和牛奶痕迹的测试，但目前还在完善Nima的经验。

据《企业家》说，6SensorLabs公司的团队正在开发与该设备一同发布的应用程序。

该项目将语序用户查看关于餐厅是否抗过敏的最新信息。

客户可以从6SensorLabs公司的网站上购买Nima入门套件和补充装。
Ultrasensitive sensors made from boron-doped graphene
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This is a drawing of boron-doped graphene. Image: Torones, Penn State

Ultrasensitive gas sensors based on the infusion of boron atoms into graphene—a tightly bound matrix of carbon atoms—may soon be possible, according to an international team of researchers from six countries.

Graphene is known for its remarkable strength and ability to transport electrons at high speed, but it is also a highly sensitive gas sensor. With the addition of boron atoms, the boron graphene sensors were able to detect noxious gas molecules at extremely low concentrations, parts per billion in the case of nitrogen oxides and parts per million for ammonia, the two gases tested to date. This translates to a 27 times greater sensitivity to nitrogen oxides and 10,000 times greater sensitivity to ammonia compared to pristine graphene. The researchers believe these results, reported in the Proceedings of the National Academy of Sciences, will open a path to high-performance sensors that can detect trace amounts of many other molecules.

"This is a project that we have been pursuing for the past four years," said Mauricio Terrones, professor of physics, chemistry and materials science at Penn State. "We were previously able to dope graphene with atoms of nitrogen, but boron proved to be much more difficult. Once we were able to synthesize what we believed to be boron graphene, we collaborated with experts in the United States and around the world to confirm our research and test the properties of our material."

Both boron and nitrogen lie next to carbon on the periodic table, making their substitution feasible. But boron compounds are very air sensitive and decompose rapidly when exposed to the atmosphere. One-centimeter-square sheets were synthesized at Penn State in a one-of-a-kind bubbler-assisted chemical vapor deposition system. The result was large-area, high-quality boron-doped graphene sheets.

Once fabricated, the researchers sent boron graphene samples to researchers at the Honda Research Institute USA Inc., Columbus, Ohio, who tested the samples against their own highly sensitive gas sensors. Konstantin Novoselov's lab at the Univ. of Manchester, U.K., studied the transport mechanism of the sensors. Novoselov was the 2010 Nobel laureate in physics. Theory collaborators in the U.S. and Belgium matched the scanning tunneling microscopy images to experimental images, confirmed the presence of the boron atoms in the graphene lattice and their effect when interacting with ammonia or nitrogen oxide molecules. Collaborators in Japan and China also contributed to the research.

"This multidisciplinary research paves a new avenue for further exploration of ultrasensitive gas sensors," said Avetik Harutyunyan, chief scientist and project leader at Honda Research Institute USA Inc. "Our approach combines novel nanomaterials with continuous ultraviolet light radiation in the sensor design that have been developed in our laboratory by lead researcher Dr. Gugang Chen in the last five years. We believe that further development of this technology may break the parts per quadrillion level of detection limit, which is up to six orders of magnitude better sensitivity than current state-of-the-art sensors."

These sensors can be used for labs and industries that use ammonia, a highly corrosive health hazard, or to detect nitrogen oxides, a dangerous atmospheric pollutant emitted from automobile tailpipes. In addition to detecting toxic or flammable gases, theoretical work indicates that boron-doped graphene could lead to improved lithium-ion batteries and field-effect transistors, the authors report.

Source: Penn State Univ.

由掺硼石墨烯制成的超灵敏传感器
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这是掺硼石墨烯的图片。图片来源：宾夕法尼亚州立大学Torones

基于在石墨烯中掺入硼原子 – 一个紧密结合的碳原子矩阵 – 制成的超灵敏气体传感器可能很快就可以实现，根据由六个国家的研究人员所组成的国际团队。

石墨烯因为其显著的强度和在高速传输电子的能力被知晓，但它也是高度敏感的气体传感器。通过添加硼原子，硼石墨烯传感器能够探测到极低浓度的有害气体分子，氮氧化物为每百万分之一和氨为每十亿分之一的情况，两种气体都可以被检测到。相比于原始石墨烯，这意味着对氮氧化物的敏感度提升27倍，同时对氨的敏感性提升10000倍。研究人员认为，这些发表在《美国国家科学院进程》上的研究结果，将为高性能传感器开启一个道路，来检测微量的许多其他分子。

“这是一个在过去的四年我们一直在进行的项目，”宾夕法尼亚州立大学物理、化学和材料科学教授Mauricio Terrones说。 “我们以前能够在石墨烯中掺入氮原子，但硼被证明困难得多。在我们能够合成我们认为是硼石墨烯的材料后，我们与美国和世界各地的专家进行合作，来确认我们的研究和测试该材料的性能。“

在化学周期表中，硼和氮元素都位于碳元素得旁边，这使得他们的替代是可行的。但是硼的化合物具有十分活跃的空气敏感度，同时当暴露在大气中时会很快分解。利用一个类似起泡器的辅助化学气相沉积系统，一个一厘米见方的薄片在宾夕法尼亚州立大学被合成。其结果是大面积的、高品质的掺硼石墨烯片。

制造完成后，研究人员将硼石墨烯样品送到美国俄亥俄州哥伦布市本田美国公司研究所的研究人员那里，他们利用自己的高度敏感气体传感器测试样本。英国曼彻斯特大学的康斯坦丁•诺沃肖洛夫实验室研究传感器的传输机制。 Novoselov是2010年诺贝尔物理学奖获得者。美国和比利时的理论合作者匹配了扫描隧道显微镜图像和实验图像，证实了石墨烯晶格中存在硼原子，和与氨或氮的氧化物分子相互作用时它们的作用。日本和中国的合作者也促成了该研究。

“这项多学科的研究奠定了进一步探索的超灵敏气体传感器的新途径，” 本田美国公司研究所的首席科学家和项目负责人Avetik Harutyunyan说：“我们的方法在传感器设计中结合了新的纳米材料与连续紫外线辐射，首席研究员Gugang Chen博士已经在我们的实验室开发了五年。我们相信，这一技术的进一步发展，可能会打破万亿分之一的检出极限水平，这要比目前最先进传感器的灵敏度高出6个数量级。”

这些传感器可用于使用氨的实验室和行业中，氨是一种高度腐蚀性的健康危害，或者检测氮氧化物，它是从汽车排气管排出的危险大气污染物。除了检测有毒或易燃气体，理论工作表明，掺硼石墨烯可以用来改进锂离子电池和晶体管场效应，作者报告说。

资料来源：宾夕法尼亚州立大学
Organic & Polymer（有机高分子材料）
Researchers take cue from spider glue in efforts to create new materials

A taut tug on the line signals the arrival of dinner, and the leggy spider dashes across the web to find a tasty squirming insect. The spider, known as an orb weaver, must perfectly execute this moment, from a lightning-fast reaction to an artfully spun web glistening with sticky glue.

This glue—created when glycoproteins are secreted from a spider's abdomen and interact with the atmosphere—has been studied for the past 12 years by Brent Opell, a professor of biological sciences in the College of Science and a Fralin Life Science Institute affiliate.

Material scientists are interested in mimicking this glue—nature's great adhesive—for human products, and rely on biologists to determine factors involved in its creation, as well as its capabilities and limitations.

Opell's research team, which included Sarah Stellwagen, a 2015 biological sciences doctoral graduate, and Mary Clouse of Fairfax Station, Virginia, a senior majoring in biological sciences, recently determined that ultraviolet rays, specifically UVB rays, are an important environmental factor in the performance of spider glue.

They tested the webs of five local spider species—three that catch prey in broad daylight, and two that hunt at night or in deep forest shade shaded areas.

They found that the webs of sun-soaked spiders were far more resistant to UVB rays than the webs of those that hunt in the dark or shade, perhaps indicating an important adaptive trait. The results were published recently in the Journal of Experimental Biology and could inform efforts to develop new adhesives.

"Our study adds UVB irradiation to the list of factors known to affect the performance of spider glycoprotein glue, which includes humidity, temperature, and strain rate," Opell said. "It is important to more fully understand these effects as material science moves toward producing environmentally non-toxic and energy conservative adhesives inspired by spider thread glycoprotein."

"The work by Opell's research team provides insight on a novel approach used by spiders to withstand UVB light," said Ali Dhinojwala, H.A. Morton Professor in Polymer Science at the Univ. of Akron. "Currently, we add UV stabilizers to prevent degradation of polymers that are exposed to UVB light. Inspired by this study we can learn from the chemistry of spider glue to design new molecules to improve resistance to UVB light."

Source: Virginia Tech
研究人员从蜘蛛胶中获取新材料线索 

线的绷紧拖动意味着午餐的到来，同时长腿蜘蛛飞快的穿过整个网络来寻找美味的蠕动昆虫。蜘蛛，被称为天才织工，必须完美的执行这一刻，通过利用粘性胶对一个巧妙的闪闪发光的纺丝织物进行快如闪电的反应。

这种胶水-当糖蛋白从蜘蛛的腹部分泌时产生，并与环境相互作用，已经被科学学院和Fralin生命科学附属研究所生物科学教授Brent Opell研究了12年。

材料科学家很感兴趣来仿造这种胶-自然界的伟大粘合剂-成为人类的产品，并依靠生物学家来确定涉及其产生过程的因素，以及它的功能和局限。

Opell的研究团队，其中包括2015年生物科学专业博士研究生Sarah Stellwagen和主攻生物科学的弗吉尼亚州费尔法克斯站主任Mary Clouse，最近确定，紫外线，特别是紫外线B，是影响蜘蛛胶水性能的一个重要环境因素。

他们测试了五个地方蜘蛛的蛛网，三个是在白天的情况下取得的，另外两个是在夜间或者深林树荫阴影区域获得的蛛网。

他们发现，阳光照射的蛛网对紫外线B的抗性比那些在黑暗中或阴凉处获得蛛网要大得多，或许表明一个重要的适应性特征。这一结果最近将在实验生物学杂志上发表，并可能启发开发新的粘合剂的工作。

“我们的研究将UVB辐射增加到已知的影响蜘蛛糖蛋白胶性能的因素列表中，其中包括湿度、温度和应变速率，”Opell说。 “重要的是要更全面地了解这些影响，通过来自糖蛋白蜘蛛丝的灵感，促使材料科学向生产环保无毒和节能粘合剂的方向发展。”

“Opell研究小组的工作为一种创新方法提供了见解，这一方法被蜘蛛所使用来抵御紫外线光，”阿克伦大学高分子科学H.A. 莫顿教授Ali Dhinojwala说。 “目前，我们添加紫外线稳定剂，来防止暴露在紫外线光中的高分子材料的降解。通过这项研究，我们可以利用蜘蛛胶的化学反应来设计新的分子，以提高抗紫外线光性能。”

资料来源：弗吉尼亚理工大学

Innovative energy-absorbing materials have potential uses in buildings, helmets

Purdue University is collaborating with General Motors to develop a new type of energy-absorbing material that might be 3-D printed and that could have an impact in areas ranging from earthquake engineering to safer football helmets.

The honeycomb architecture of the "phase transforming cellular materials," or PXCMs, could be scaled to a range of sizes tailored for various applications. One size could be ideal for integration into helmets to reduce head impacts, while another size would be suited for installation in the walls of buildings to dampen earthquake forces. Being able to 3-D print the PXCMs would make them less expensive and more practical than other technologies, said Pablo Zavattieri, an associate professor in the Lyles School of Civil Engineering and a University Faculty Scholar at Purdue.

"The main advantage is that not only can it be used as an energy absorbing material, but unlike many other materials designed for this purpose the PXCMs would be reusable because there is no irreversible deformation," he said.

The structures can be made of metals or polymers or "anything that behaves elastically," he said.

The research has been detailed in a paper appearing in the journal Extreme Mechanics Letters. The paper was authored by doctoral candidate David Restrepo, staff researcher Nilesh D. Mankame from the Smart Materials & Structures Group at the General Motors Global Research & Development Center, and Zavattieri. The research team worked on the design and performed both experiments and modeling and introduced an analytical model that describes the behavior of the PXCMs.
"The ability to realize the energy absorption offered by PXCMs at various length scales makes it possible for engineers to integrate energy absorption as a secondary function into structures that are already in use," Mankame said. "It is currently in the realm of fundamental materials research and shows a lot of promise but is not yet ready for commercial applications."

The PXCMs contain "unit cells that have multiple stable configurations." The structures can flex back and forth and remain in either position indefinitely, not unlike a flexing playing card (youtube video).

"It has two stable positions," Zavattieri said. "I push it and it goes to the other position. If you remove the force and the card returns to the original position, the mechanism is said to be meta-stable. Then you could combine many of these building blocks and have bi-stable or meta-stable materials, which gives us the flexibility to design these materials for specific needs. For instance, you might need materials with meta-stable unit cells for head protection in helmets, but then maybe you would need materials with bi-stable unit cells for buildings to protect against earthquakes."

Each configuration of the unit cell corresponds to a "stable phase," and transitions between these phases are regarded as "phase transformations of the cellular material."

"The energy dissipation due to the mechanical behavior of the unit cells adds to the intrinsic energy dissipation of the base material," Mankame said. "Many emerging materials like aluminum, magnesium and fiber-reinforced composites, that play an increasingly important role in the transportation, defense and construction industries, suffer from low intrinsic energy dissipation. The energy absorption capability of structures that are made of such base materials can be increased by incorporating PXCMs into the structures. "

The work may be extended to a variety of geometric configurations such as cubes, tetrahedral or pentagonal for use in helmets. Like other phase-transforming materials such as shape-memory alloys, PXCMs could be controlled using heat or other external stimuli. This concept of actuation also could be used to make soft robots, which are flexible and able to conform to various shapes.

"The fact that we demonstrated that phase transforming cellular materials exhibit the same levels of energy dissipation as traditional metallic honeycombs opens the door to use these materials in a variety of applications ranging from passive dissipation dampers in high rise buildings, to human body protection," Restrepo said.

The research has been done in close collaboration with General Motors and is ongoing, recently receiving funding from the National Science Foundation.

More information: David Restrepo et al. Phase transforming cellular materials, Extreme Mechanics Letters (2015). DOI: 10.1016/j.eml.2015.08.001 
创新的能量吸收材料有望用于建筑和头盔

普渡大学正在与通用汽车公司一起合作开发一种新型吸能材料，该材料可以被3-D打印，并且可以影响从地震工程到更安全的橄榄球头盔等广泛的领域。

“相转变蜂窝材料” 的蜂窝状结构，或者PXCMs，可以针对各种应用进行尺寸范围的裁剪。一个尺寸可以非常理想的集成到头盔中，以降低头部的影响，而其它尺寸将是适合于安装在建筑物的墙壁中，以减弱地震的破坏力。如果能够利用3-D打印PXCMs会令他们更便宜，同时比其他技术更实用，普渡大学学院教授和莱尔斯学院土木工程副教授Pablo Zavattieri说。

“主要优点是，它不仅可以被用作能量吸收材料，但是又不像为此目的而设计的许多其他材料，PXCMs将可重复使用，因为它没有不可逆变形，”他说。

该结构可以由金属或聚合物或“任何具有弹性要求的材料”制成，他说。

这项研究已经在《极端力学快报》（Extreme Mechanics Letters）杂志上进行了详细介绍。本文作者是来自通用汽车全球研发中心智能材料与结构小组的博士候选人David Restrepo、研究员人员Nilesh D. Mankame，还有Zavattieri。该研究小组在实验和建模两个方面进行设计和实施，并介绍了描述PXCMs行为的分析模型。

“由PXCMs在不同的尺寸上所提供的，能够实现能量吸收的能力，使工程师能够将吸收能量作为一个辅助功能，而融合到已在使用的结构中，”Mankame说。“这目前仍处于基础材料研究领域，并显示出巨大的潜力，但还没有准备好用于商业应用。”

PXCMs包含“具有多个稳定配置的单位细胞。”该结构可以来回弯曲，并停留在任一明确的位置，就像一个可弯曲的扑克牌（YouTube视频）。

“它有两个稳定的位置，”Zavattieri说。“我推它进入到另一个位置。如果除去力和卡返回到原来的位置，该机制就被认为是亚稳定的。然后你可以组合许多这些积木，并具有双稳或亚稳材料，这提供给我们能够的灵活性来设计这些材料满足特定需求。例如，您可能需要具有亚稳定单位细胞的材料来实现头盔保护头部的作用，但也许你会需要给建筑物提供具有双稳单元细胞的材料，以防止地震。“

单元细胞的每个配置对应于一个“稳定的阶段”，同时这些阶段之间的过渡被视为“细胞材料的相变换。”

“由于细胞单元的力学行为带来的能量耗散增加了基体材料的固有能量耗散，”Mankame说。 “许多新兴材料，如铝、镁和纤维增强复合材料，它们在交通运输、国防和建筑等行业发挥着越来越重要的作用，都遭受着低固有能量消耗。这些基体材料所制造的结构的能量吸收能力可以得到增强，通过增加PXCMs到结构之中。”

该工作可以扩展到各种各样的几何结构，例如立方体、四面体或五边形，用于头盔。像其他相转化的材料，如形状记忆合金，PXCMs可以使用热或其它外部刺激进行控制。这一致动概念也可被用来制造软体机器人，它是柔性的，并能够转换为各种形状。

“我们已经证明，相转化蜂窝材料表现出和传统的金属蜂窝体相同水平的能量耗散，这一事实开启了在各种应用中使用这些材料，从在高层建筑物中作为被动耗散阻尼器到人体保护作用，”雷斯特雷波说。

通过与通用汽车的紧密合作，该研究已经开始进行，同时最近收到了美国国家科学基金会的资助。

更多信息：David Restrepo et al. Phase transforming cellular materials, Extreme Mechanics Letters (2015). DOI: 10.1016/j.eml.2015.08.001
E-Material（电子材料）
Novel “crumpling” of hybrid nanostructures increases SERS sensitivity

[image: image16.jpg]crumpled graphene-Au
rencphesmonio substres)




Illustration of SERS enhancement from a crumpled graphene-Au nanoparticles hybrid structure. Raman spectrum is enhanced the most when the target molecule is situated at the center of Au nanoparticles in valley of crumpled graphene as depicted in inset.

By "crumpling" to increase the surface area of graphene-gold nanostructures, researchers from the Univ. of Illinois at Urbana-Champaign have improved the sensitivity of these materials, opening the door to novel opportunities in electronics and optical sensing applications.

"I believe that this work will benefit researchers in the area of surface plasmonics by providing a new strategy/design for enhancing the surface enhanced Raman spectroscopy (SERS) detection limit," explained SungWoo Nam, an assistant professor of mechanical science and engineering at Illinois. "This mechanical self-assembly strategy will enable a new class of 3-D crumpled graphene gold (Au) nanostructures. The enhanced limit of detection will allow biomedical and environment monitoring of important molecules at high sensitivity by SERS."

SERS substrates are used to analyze the composition of a mixture at the nanoscale for environmental analysis, pharmaceuticals, material sciences, art and archeological research, forensic science, drug detection, food quality analysis, and single cell detection. Using a combination of gold and silver nanoparticles and Raman-active dyes, SERS substrates also can target specific DNA and RNA sequences.

"This work demonstrates the unique capability of micro-to-nanoscale topographies of the crumpled graphene-Au nanoparticles—higher density, 3-D optically active materials—that are further enhanced by the formation of hot spots, bringing the nanoparticles closer," explained Juyoung Leem, a graduate student and first author of the study published in Nano Letters. "We achieve a 3-D crumpled graphene-Au hybrid structure by the delamination and buckling of graphene on a thermally activated, shrinking polymer substrate. This process enables precise control and optimization of the size and spacing of integrated Au nanoparticles on crumpled graphene for higher SERS enhancement."

According to Nam, the 3-D crumpled graphene-Au nanostructure exhibits at least one order of magnitude higher SERS detection sensitivity than that of conventional, flat graphene-Au nanoparticles. The hybrid structure is further adapted to arbitrary curvilinear structures for advanced, in situ, nonconventional, nanoplasmonic sensing applications.

"One of the key advantages of our platform is its ability to shrink and adapt to complex 3-D surfaces, a function that has not been previously demonstrated," Nam stated. An earlier study by Nam's research group was the first to demonstrate graphene integration onto a variety of different microstructured geometries, including pyramids, pillars, domes, inverted pyramids, and the 3-D integration of gold nanoparticle/graphene hybrid structures.

Source: Univ. of Illinois, Urbana-Champaign
新的“褶皱”混合纳米结构提升了表面增强拉曼光谱的灵敏度
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以上是起皱的石墨烯-金纳米粒子混合结构的表面增强拉曼散射增强图片。如图所描绘，当目标分子位于皱巴巴的石墨烯金纳米粒子的中心时，拉曼光谱增强最大。

通过“折皱”增加了石墨烯金纳米结构的表面积，伊利诺伊大学香槟分校的研究人员改善了这些材料的敏感性，开启了电子和光学传感应用的新机会。

“我相信，这项工作将有利于表面等离子体激元领域的研究人员，通过提供新的战略/设计，来提高增强拉曼光谱（SERS）的检测限制，” 伊利诺伊大学机械科学与工程学院的助理教授SungWoo Nam解释说。 “这种机械自我组装策略将产生新一类别的3-D起皱石墨烯金（Au）纳米结构。提升的检测限制将允许通过增强拉曼光谱生物医学和环境监测高灵敏度的重要分子。”

SERS衬底可用于环境分析、药物、材料科学、艺术和考古研究、法医学、药物检查、食品质量分析、以及单细胞检测等方面的混合物组分的纳米级别分析。使用金、银纳米颗粒和拉曼活性染料的组合，SERS基材也可以标记特定的DNA和RNA序列。

“这项工作表明起皱石墨烯-金纳米颗粒微-纳米级形貌的独特能力，更高密度，三维光学活性物质 - 由热点的形成进一步提高，使得纳米粒子更接近”， 发表在《纳米快报》（Nano Letters）的这项研究的第一作者、研究生Juyoung Leem解释说。“通过在一个热激活、热收缩聚合物基材上进行石墨烯分层和弯曲，我们获得一个起皱石墨烯-金混合结构。这一过程在更高SERS增强的起皱石墨烯上实现了金纳米粒子融合空间和大小的精确控制和优化。“

根据Nam的研究，三维起皱石墨烯-金纳米结构表现出比常规的、扁平石墨烯-金纳米粒子高至少一个数量级的SERS检测灵敏度。混合结构进一步适于任意曲线结构，为先进的、原位的、非常规的、纳米等离子体激元感测的应用。

“我们平台的一个主要优势是它能够缩小和适应复杂的三维曲面，这是以前没有表现出来的功能，” Nam说。Nam的研究小组的先前研究首次证明石墨烯可以整合为各种不同微结构的几何形状，包括金字塔、柱子、圆顶、倒金字塔和金纳米粒子/石墨烯混合结构的3-D集成。

资料来源：伊利诺伊大学厄本那 - 香槟分校
Nanoquakes probe new 2-D material

In a step towards a post-graphene era of new materials for electronic applications, an international team of researchers, including scientists at the Univ. of California, Riverside, has found a new and exciting way to elucidate the properties of novel 2-D semiconductors. These materials have unique properties that promise better integration of optical communication with traditional silicon-based devices.

The researchers fabricated a single-atomic-layer-thin film of molybdenum disulfide (MoS2) on a substrate of lithium niobate (LiNbO3). LiNbO3 is used in many electronic devices dealing with high-frequency signals such as cell phones or radar installations. Applying electrical pulses to LiNbO3, the researchers created very high frequency sound waves—“surface acoustic waves”—that run along the surface of LiNbO3, akin to earthquake tremors on land. Cell phones, for example, use resonances of these surface waves to filter electric signals in a manner similar to a wine glass resonating when a voice hits it at exactly the right pitch.

Specifically, the research team used the surface waves of LiNbO3 to listen to how the illumination of LiNbO3 by laser light changes the electric properties of MoS2.

“The tone at which a wine glass resonates changes as you fill it up.  If you ping it with a spoon, you can hear that tone.  With practice you can guess from the tone how full the wine glass is without looking at the glass,” explained Ludwig Bartels, a professor of chemistry who led the team at UC Riverside.  “In a similar way, we can ‘hear’ the LiNbO3 sound waves and infer how much current the laser light allowed to flow in the MoS2. We also fabricated transistor structures onto the MoS2 films and proved that indeed our analysis is correct.”

Study results appeared online in Nature Communications.

“The well-established nature of the substrates and the processes to create surface acoustic waves makes the novel technique facile and ready to be applied,” Bartels said.  “In particular, even remote, wireless sensing applications appear to be within reach.”

The research project resulted from collaboration between students and researchers at UC Riverside and the Univ. of Augsburg, Germany.

For this project, Bartels’s lab greatly benefited from the complementary expertise between the two universities, allowing the researchers to explore new perspectives. Material fabrication proceeded at UCR in Bartels’s lab, followed by device integration in Bavaria.

“It was really exciting to see how our students obtained these fascinating results by combining the 2-D materials from California and our expertise in surface acoustic waves,” said Hubert Krenner, a member of the Cluster of Excellence Nanosystems Initiative Munich (NIM), Germany, who led the project at the Univ. of Augsburg together with Achim Wixforth. UCR graduate student Edwin Preciado and Univ. of Augsburg recent graduate Florian J. R. Schülein spearheaded the research project in the research laboratories of Bartels and Krenner, respectively.

“International collaboration and my being able to do research work in Germany was crucial for the success of this project,” Preciado said. “I learned much by staying for a few months in Augsburg. It provided me with experience and skills that otherwise I would not have been able to acquire easily.”

Likewise, Sebastian Hammer, a graduate student at the Univ. of Augsburg, worked in Bartels’s lab this summer fabricating a new batch of devices in an extension of the current project.

Source: Univ. of California, Riverside
Nanoquakes探索新型2D材料属性

在迈向新材料电子应用的后石墨烯时代时，一个包括加州大学河滨分校研究员的国际研究小组发现了一种新的、令人兴奋的方式来阐明新的2-D半导体的属性。这些材料有着独特的属性，有望实现光通信和传统的硅基器件的更好的集成。

研究者们在铌酸锂（LiNbO3）的基板上制造了一个二硫化钼的单原子层薄膜（MoS2）。铌酸锂在许多电子设备中被用于处理高频信号，比如手机或者雷达装置。通过给铌酸锂施加电脉冲，研究人员创造了非常高频的声波——“表面声波”——该声波沿着铌酸锂表面运动，类似于陆地上的地震震动。比如说，蜂窝电话可以使用这些表面声波的共振来过滤电子信号，这种方式就类似于当一个声音以正确的间距撞击酒杯时产生的酒杯共振。

具体来说，该研究小组利用铌酸锂的表面声波来听，由激光带来的铌酸锂的照射是如何改变二硫化钼的电性能的。

“当你把杯子填满时，酒杯共振的音调就会发生变化。如果你用勺子撞击它发出声音，你就能听到那个音调。通过练习，你就能通过音调猜测酒杯有多满，而不用看酒杯，”带领加州大学河滨分校团队的化学教授Ludwig Bartels解释说。“同样的道理，我们可以‘听’铌酸锂的声波，然后推断二硫化钼中目前允许流通的激光有多少。我们还在二硫化钼的薄膜上制作了晶体管结构，并证明了我们的分析确实是正确的。”

研究成果出现在网上的《自然通讯》杂志中。

“铌酸锂基板的既定性质以及创建表明声波的过程使得这种新的技术简便而随时可以被应用，”Bartels说，“尤其是，甚至是远程无线传感器应用似乎都指日可待。”

该研究项目来自于加州大学河滨分校以及德国奥格斯堡大学的研究人员与学生之间的合作。

为了这个项目，Bartels的实验室极大地受益于这两所大学之间互补的专业知识，从而使研究人员能够探索新的前景。材料制作的工作先在加州大学河滨分校的Bartels实验室进行，然后在Bavaria进行设备集成。

“看到我们的学生如何通过结合加利福利亚的2-D材料与我们在表明声波方面的专业知识得到了这个有趣的研究结果，真的很令人兴奋，”Hubert Krenner说，他是慕尼黑卓越纳米系统倡议团体中的一员，和Achim Wixforth一起领导了该项目在奥格斯堡大学的进行。加州大学河滨分校的研究生Edwin Preciado和奥格斯堡大学的应届毕业生Florian J. R. Schülein分别率先在Bartels和Krenner的研究实验室中进行了这个项目研究。

“国际和做以及我能够在德国进行研究工作对于该项目的成功是很关键的，”Preciado说，“在奥格斯堡待的这几个月中，我学到了很多。它为我提供了很多经验和技能，而这些，如果我不参与该项目是不能轻松获得的。”

同样地，奥格斯堡大学的研究生Sebastian Hammer今年夏天也在Bartels的实验室工作，在当前项目的扩展中制造了一批新设备。

资料来源：加州大学河滨分校
To infinity and beyond
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In this zero-index material—made of silicon pillar arrays embedded in a polymer matrix and clad in gold film—there is no phase advance. Instead zero-index material creates a constant phase, stretching out in infinitely long wavelengths. Image: Peter Allen, Harvard SEAS

Electrons are so 20th century. In the 21st century, photonic devices, which use light to transport large amounts of information quickly, will enhance or even replace the electronic devices that are ubiquitous in our lives today. But there's a step needed before optical connections can be integrated into telecommunications systems and computers: Researchers need to make it easier to manipulate light at the nanoscale.

Researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) have done just that, designing the first on-chip metamaterial with a refractive index of zero, meaning that the phase of light can travel infinitely fast.

This new metamaterial was developed in the lab of Eric Mazur, the Balkanski Professor of Physics and Applied Physics and Area Dean for Applied Physics at SEAS, and is described in Nature Photonics.

"Light doesn't typically like to be squeezed or manipulated but this metamaterial permits you to manipulate light from one chip to another, to squeeze, bend, twist and reduce diameter of a beam from the macroscale to the nanoscale," said Mazur. "It's a remarkable new way to manipulate light."

Although this infinitely high velocity sounds like it breaks the rule of relativity, it doesn't. Nothing in the universe travels faster than light carrying information—Einstein is still right about that. But light has another speed, measured by how fast the crests of a wavelength move, known as phase velocity. This speed of light increases or decreases depending on the material it's moving through.

When light passes through water, for example, its phase velocity is reduced as its wavelengths get squished together. Once it exits the water, its phase velocity increases again as its wavelength elongates. How much the crests of a light wave slow down in a material is expressed as a ratio called the refraction index—the higher the index, the more the material interferes with the propagation of the wave crests of light. Water, for example, has a refraction index of about 1.3.

When the refraction index is reduced to zero, really weird and interesting things start to happen.

In a zero-index material, there is no phase advance, meaning light no longer behaves as a moving wave, traveling through space in a series of crests and troughs. Instead, the zero-index material creates a constant phase—all crests or all troughs—stretching out in infinitely long wavelengths. The crests and troughs oscillate only as a variable of time, not space.

This uniform phase allows the light to be stretched or squished, twisted or turned, without losing energy. A zero-index material that fits on a chip could have exciting applications, especially in the world of quantum computing.

"Integrated photonic circuits are hampered by weak and inefficient optical energy confinement in standard silicon waveguides," said Yang Li, a postdoctoral fellow in the Mazur Group and first author on the paper. "This zero-index metamaterial offers a solution for the confinement of electromagnetic energy in different waveguide configurations because its high internal phase velocity produces full transmission, regardless of how the material is configured."

The metamaterial consists of silicon pillar arrays embedded in a polymer matrix and clad in gold film. It can couple to silicon waveguides to interface with standard integrated photonic components and chips.

"In quantum optics, the lack of phase advance would allow quantum emitters in a zero-index cavity or waveguide to emit photons which are always in phase with one another," said Philip Munoz, a graduate student in the Mazur lab and co-author on the paper. "It could also improve entanglement between quantum bits, as incoming waves of light are effectively spread out and infinitely long, enabling even distant particles to be entangled."

"This on-chip metamaterial opens the door to exploring the physics of zero index and its applications in integrated optics," said Mazur.

Source: Harvard Univ.
飞向无限
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在这种零折射率的材料中——把硅柱阵列嵌入到聚合物中并用金薄膜覆盖制成——没有相位提前。相反，零折射率的材料能产生一个恒定的阶段，在无限的长波长中延伸。图片：哈佛大学工程与应用科学学院Peter Allen。

电子带着20世纪的深深的烙印。在21世纪，使用光来快速传输大量信息的光子设备将增强甚至取代目前在我们生活中无处不在的电子设备。但是，在光连接可以被集成到电信系统和计算机中之前还需要一步：研究人员要能在纳米规模上更容易地操纵光。

美国哈佛大学John A. Paulson的工程与应用科学学院的研究人员已经做到了这一点，他们设计了第一个芯片试验的零折射率超材料，这意味着光的相位可以行驶地无限快。

这种新的超材料是在Eric Mazur的实验室中开发的，相关描述刊载于《自然光子学》（Nature Photonics）杂志。Eric Mazur是工程与应用科学学院物理与应用物理专业的巴尔坎斯基教授，也是应用物理专业的区域主任。

“光通常不喜欢被挤压或操纵，但是这种超材料可以让你把光从一个芯片操纵到另一个芯片上，无论是宏观层面到纳米级别范围内都可以挤压、弯曲、扭转和减低光速的直径，”Mazur说，“这个操纵光的一种了不起的新方式。”

虽然这种无限高的速度听起来像是打破了相对论的规则，但是它并没有。宇宙中没有没有什么能比光携带信息走得更快——在这一点上，爱因斯坦还是正确的。但是光还有另一种速度，用波峰移动速度的快慢来测量，被称为相位速度。光的这种速度的增加或减少取决于它移动通过的材料。

比如说，当光通过水时，由于它的波长被压扁在了一起，它的相位速度就降低了。一旦它离开了水，随着其波长的伸长，光的相位速度会再次增加。光波的波峰在一个材料中减速的多少被表述为一种比率，称作折射率——折射率越高，这种材料对于光波峰的传播的干扰性就越大。比如说水，它的折射率就大约为1.3。

当折射率降到零的时候，非常奇怪而有趣的事情就开始发生了。

在零折射率的材料中，没有相位超前，这意味着光不再像一个移动波那样移动，在一系列波峰和波谷中行驶。相反，零折射率材料创造了一个恒定相位——所有都是波峰或者所有都是波谷——在无线的长波长中延展。波峰和波谷的振荡仅仅是作为时间层面的变量，而不是空间上。

这种统一相位使得光可以被拉伸或压扁、扭曲或者转动，而不会失去能量。在芯片上适用的零折射率材料能够带来令人兴奋的应用，尤其是在量子计算的世界中。

“在标准的硅波导中，集成光子电路会受到虚弱、低效的光能量限制的阻碍，”该论文的第一作者、Mazur团队的博士后 Yang Li说，“这种零折射率超材料为不同波导配置中电磁能量的限制提供了一种解决方案，因为它较高的内部相位速度能产生全传输，而不论这种材料的配置如何。”

超材料由嵌入在聚合物基体中并被金薄膜覆盖的硅柱阵列组成。它可以耦合到硅导波中跟标准的集成光子元件及芯片相连接。

“在量子光学中，没有相位超前将允许零折射率腔或波导中的量子发射器发射出总是与其他光子在同一个相位的光子，”该论文的共同作者、Mazur实验室的研究生 Philip Munoz说，“这也可以增加量子位之间的缠绕，因为光的入射波可以有效地分散和无线延长，从而实现了更远处的粒子可以缠绕在一起。”

Mazur说：“这种芯片试验的超材料打开了探索零折射率的物理的大门，也打开了其在集成光学中应用的大门。”

资料来源：哈佛大学
Ultra-thin perovskite nanocrystals suitable for use in tunable, energy-efficient LEDs

Perovskites have recently emerged as a most promising material for low-cost production of highly efficient solar cells. In particular, the so-called organic-inorganic metal halide perovskites are among the most exciting recent discoveries in the field of photovoltaics. In less than five years, researchers have succeeded in increasing the energy-converting efficiency of perovskite-based solar cells from 4 to more than 20%. Indeed, in this respect, these relative newcomers have already overtaken many alternative photovoltaic materials, such as purely organic ones. Furthermore, perovskites are not only capable of absorbing light and converting it into electricity, they also display outstanding properties as light emitters.

Now a group of LMU researchers led by Alexander Urban and Carlos Cardenas-Daw at the Chair for Photonics and Optoelectronics of Professor Jochen Feldmann, has succeeded in synthesizing perovskite nanocrystals in the form of ultrathin nanoplatelets whose emission characteristics can be tuned by altering their thickness. The resulting nanoplatelets are some 300 times thinner than the perovskite films conventionally used in the fabrication of solar cells. "The platelets are so thin that I could hardly believe my eyes when I first saw them in the electron microscope," says Jasmina Sichert, a PhD student in Feldmann's department and first author of the new study.

By systematically altering the relative concentration of organic cations used in their synthesis, the Munich researchers were able to obtain nanoplatelets that were less than 1 nm thick, corresponding to a layered stack the height of a few atoms. "I was absolutely astonished that, in spite of their enormous surface area, these platelets emitted such an intense blue luminescence," adds Alexander Urban. In fact, the properties exhibited by these minuscule particles are inexplicable in the context of classical physics. They can be accounted for only by invoking the laws of quantum physics, as confirmed by theoretical calculations carried out by the team.

Moreover, not only could platelets of varying thickness be produced in a controlled manner by modifying the conditions of their synthesis, these changes also resulted in striking alterations in their optical properties: In fact, the light emitted by the perovskite nanoplatelets was found to depend on their thickness. By adding layers to the crystal lattice, the researchers were able to progressively change the color of the emitted photoluminescence from violet to blue and finally to green. "We now hope to extend the tunability of the radiation emitted by our perovskite nanocrystals over the entire visible range and beyond. This would make it possible to manufacture energy-efficient and economical LEDs that radiate light of virtually any desired color," says Jochen Feldmann. In addition, the novel nanoplatelets are ideally suited for use in lasers.

Source: Ludwig Maximilian Univ. of Munich
超薄钙钛矿纳米晶可用于可供调式的节能LED灯
最近，钙钛矿成为用于高效率太阳能电池低成本生产的最有希望的一种新材料。特别是，所谓的有机-无机金属卤化物钙钛矿是近期在光伏领域中最令人兴奋的发现之一。在不到五年的时间内，研究人员已经成功地将钙钛矿型太阳能电池的能量转换效率从4%提高到20%以上。事实上，在这个领域中，这些相对较新的材料已经超越了这么多替代型光电材料，例如纯有机材料。此外，钙钛矿不仅能够吸收光并将其转换成电能，它们还显示出如光发射器般的优异性能。

目前，一组由约亨•费尔德曼教授有光子学和电学董事会的亚历山大•厄本和卡洛斯•卡德纳斯领导的LMU研究人员已经成功地以超薄纳米片的形式合成了钙钛型纳米晶体，超薄纳米片的发射特性能够通过改变它们的厚度来进行调整。所得的纳米片比太阳能电池的常规制作中所使用的钙钛矿薄膜要薄300倍。“该小板如此之薄，以至于在我第一次在电子显微镜下看到它们时简直不改相信自己的眼睛，”费德曼部门的一位博士生兼这项新研究的第一作者亚斯米娜•西歇特表示。

通过系统地改变在它们的合成中所使用的有机阳离子的相对浓度，慕尼黑的研究人员能够获得小于1纳米厚的纳米片，与几个原子高的层状叠层相一致。“我非常惊讶地是，别看它们具有巨大的表面积，这些小板发出了这样一个强烈的蓝色荧光，”亚历山大•厄本补充道。事实上，这些微小颗粒表现出的性能在经典物理学的背景下是令人费解的。它们只有在调用量子物理学定律时才被考虑到，正如该小组在进行理论计算时所证实的。

此外，该小板的不同厚度不仅能够通过修改它们合成的条件这一受控的方式来进行生产，这些变化还会导致它们的光学性质出现惊人的改变：事实上，通过钙钛矿纳米片发射出的光被发现是取决于它们的厚度。通过增加晶格的层数，研究人员能够将发出的光荧光的颜色从蓝紫色改变成蓝色，最后变成绿色。“我们现在希望能够延长我们的钙钛矿纳米晶体在整个可见光范围内及范围之外所发射的辐射的可调谐性。这将令生产出高能效以及经济型的能够发射出几乎任何所希望的颜色的LED，”约亨•费德曼表示。此外，该新颖的纳米片非常适合用于激光器。

资料来源：慕尼黑路德维希马克西米利安大学
MCanxixun Information and News Service
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