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Tech News & New Tech（技术前沿）
Competing forces coax nanocubes into helical structures
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SEM image of a well-defined double helix.

Nanocubes are anything but child’s play. Weizmann Institute scientists have used them to create surprisingly yarn-like strands: They showed that given the right conditions, cube-shaped nanoparticles are able to align into winding helical structures. Their results, which reveal how nanomaterials can self-assemble into unexpectedly beautiful and complex structures, were recently published in Science.   

Dr. Rafal Klajn and postdoctoral fellow Dr. Gurvinder Singh of the Institute’s Organic Chemistry Department used nanocubes of an iron oxide material called magnetite. As the name implies, this material is naturally magnetic: It is found all over the place, including inside bacteria that use it to sense the Earth’s magnetic field.

Magnetism is just one of the forces acting on the nanoparticles. Together with the research group of Prof. Petr Král of the University of Illinois, Chicago, Klajn and Singh developed theoretical models to understand how the various forces could push and pull the tiny bits of magnetite into different formations. “Different types of forces compel the nanoparticles to align in different ways,” says Klajn. “These can compete with one another; so the idea is to find the balance of competing forces that can induce the self-assembly of the particles into novel materials.” The models suggested that the shape of the nanoparticles is important—only cubes would provide a proper balance of forces required for pulling together into helical formations.

The researchers found that the two main competing forces are magnetism and the van der Waals force. Magnetism causes the magnetic particles to both attract and repel one another, prompting the cubic particles to align at their corners. Van der Waals forces, on the other hand, pull the sides of the cubes closer together, coaxing them to line up in a row. When these forces act together on the tiny cubes, the result is the step-like alignment that produces helical structures.

In their experiments, the scientists exposed relatively high concentrations of magnetite nanocubes placed in a solution to a magnetic field. The long, rope-like helical chains they obtained after the solution was evaporated were surprisingly uniform. They repeated the experiment with nanoparticles of other shapes but, as predicted, only cubes had just the right physical shape to align in a helix. Klajn and Singh also found that they could get chiral strands—all wound in the same direction—with very high particle concentrations in which a number of strands assembled closely together. Apparently the competing forces can “take into consideration” the most efficient way to pack the strands into the space.

Although the nanocube strands look nice enough to knit, Klajn says it is too soon to begin thinking of commercial applications. The immediate value of the work, he says, is that it has proven a fundamental principle of nanoscale self-assembly. “Although magnetite has been well-studied—also its nanoparticle form—for many decades, no one has observed these structures before,” says Klajn. “Only once we understand how the various physical forces act on nanoparticles can we begin to apply the insights to such goals as the fabrication of previously unknown, self-assembled materials.”

Klajn’s research is supported by the Abramson Family Center for Young Scientists; the estate of Olga Klein Astrachan; and the European Research Council.

Source: Weizmann Institute
竞争驱使同轴纳米立方体变成螺旋结构
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明确定义的双螺旋结构的SEM图像。

纳米立方体不是孩子们的游戏。魏茨曼研究所的科学家用他们来创造令人惊讶的纱缕：他们发现，在适当条件下，立方形纳米立方体能够对齐至缠绕着的螺旋结构。其结果表明纳米材料可以自组成未预料的美丽和复杂结构，并于最近发表在《科学》上。

学院有机化学部的Rafal Klajn博士和博士后研究员Gurvinder Singh使用了被称为磁铁矿的铁氧化物材料纳米立方体。顾名思义，这种材料具有天然磁性：到处都能发现它，包括用来感知地球磁场的内细菌。

磁性是作用于纳米立方体的力。芝加哥伊利诺伊大学的Petr Král教授和Klajn及Singh开发了理论模型来理解各种力量，其可以推拉磁铁矿小块成不同的形态。“不同类型的力迫使纳米立方体的排列方式不同，”Klajn说。“这些可以互相竞争；这样的想法可以找到相互竞争的力量，并诱导颗粒自组成新的物料平衡。”模型表明，纳米立方体形状是重要的多维数据，并将提供一个拉成螺旋结构所需力量的适当平衡。

研究人员发现，两个主要竞争力的磁性和范德瓦尔斯力。磁引起的磁性颗粒会彼此吸引和排斥，并促使立方颗粒在角上对齐。另一方面，范德瓦尔斯的力量将立方体拉至靠近两侧，并让他们排成一排。当这些力作用在一小块上，结果就是呈阶梯状排列，并产生螺旋结构。

在他们的实验中，科学家们将暴露在相对高浓度的磁铁矿纳米立方体放在一个磁场中。长、绳状螺旋链与他们之后得到的蒸发溶液出奇的一致。他们用其他形状的纳米立方体重复了实验，但是据预测，只有立方体能刚好让物理形状正确地对齐在一个螺旋上。Klajn和Singh还发现他们可以得到同向手性链的所有缺陷，并具有非常高颗粒浓度的股数并紧密组装联系在一起。显然，竞争力可“考虑”最有效的方式，让线进入空间。

虽然纳米线看起来很好编织，Klajn说，开始思考其商业应用还为时过早。他说，该研究的直接价值在于它证明了纳米自我组装的基本原则。“虽然人们已经很好地研究磁铁矿（及其纳米颗粒形式）已经有好几十年了，但之前几乎没人发现这些结构，”Klajn称。“只有我们了解了各种物理力是如何作用于纳米立方体之后，我们才能开始应用该见解来达到以前未知的、关于制备自组材料的目标。”

Klajn的研究受到了Abramson年轻科学家中心、奥尔加克莱因魁房地产（the estate of Olga Klein Astrachan）以及欧洲研究委员会的支持。

来源：魏茨曼研究所

Supermaterials: Five reasons to embrace synthetic diamond

Five reasons to embrace synthetic diamond according to Element Six:

·Super Strength Drives Down Operating Costs & Carbon Footprint: Synthetic diamond’s molecular structure makes it the world’s most versatile supermaterial. With greater hardness than all other materials, its strength is ideal for cutters used in oil and gas drilling, where it enables longer tool lifetime by minimizing wear, reduces downtime and drives down operating costs and carbon footprints.

·Extreme Sensitivity for Use in Biomedical Sciences and More: In electroanalytical applications, including biomedical sensors, synthetic diamond sensing material provides stable electrochemical properties that enable the highest levels of sensitivity, selectivity and responsiveness. Synthetic diamond holds the potential to transform electroanalysis for industries such as pharmaceuticals, oil and gas, mining, agriculture, and biomedical sciences.

·Highest Thermal Conductivity for Optimal Heat Management: With the highest known thermal conductivity (four times higher than copper), synthetic diamond is the ideal material for thermal management applications. Considering 50% of electronic failures occur as a result of heat, the supermaterial is valuable in all types of electronic and electrical applications, including telecommunications and microelectronic devices, where the build-up of heat can destroy delicate circuitry or severely impair performance.

·World’s Widest Spectral Band for R&D, Defense and Laser Applications: Synthetic diamond has the widest spectral band of any known material—extending from ultraviolet to far infrared and the millimeter-wave microwave band. Coupled with its mechanical and thermal properties, this makes it the ideal ‘window’ material for many industrial, R&D, defense and laser applications, particularly in the production of laser optics. For instance, high-power resistant synthetic diamond optical windows are a key enabler of Laser Produced Plasma (LPP) extreme ultraviolet (EUV) lithography systems.

·Superior Survival Skills and Water Purification: Synthetic diamond is chemically and biologically inert and can survive in severe physical, chemical and radioactive environments that would destroy lesser materials. Its unique electrochemical properties enable the efficient oxidation of organic and inorganic compounds and Element Six investment has resulted in the successful application of a synthetic diamond-based product in industrial and household water treatment. A small electrical current passing through synthetic diamond creates Ozone, which is a powerful disinfectantand environmentally friendly alternative to bleach.
In addition to the list above, the synthetic diamond supermaterial has the highest known resistance to thermal shock, a very low coefficient of friction and can be used for ultra-precision machining of metals, polymers and optical materials. Also, the synthetic diamond has recently emerged as a candidate for a range of quantum-based applications, including: secure quantum communication, quantum computing and magnetic/electric field sensing.
超级材料：接受人造金刚石的五个理由

根据第六元素公司，我们有五个理由去接受人造金刚石：

•超强度引起降低营运成本及碳足迹：人造金刚石的分子结构使它成为世界上最通用的超级材料。由于它有比其他所有材料更高的硬度，因此它是用于石油天然气钻井刀具的理想材料，它具有较长的刀具寿命，并能减少磨损，减少停机时间并且降低运营成本和碳足迹。

•极端敏感性，可用于生物医学及更多：在分析应用，其包括生物传感器、合成金刚石的传感材料，为其提供了稳定的电化学性能，具有最高水平的灵敏度、选择性及反应力。人造金刚石在电解制药、石油和天然气、采矿、农业和生物医学科学等产业具有发展潜力。

•热导率最高，可用于优化热管理：具有已知最高的热导率（比铜高四倍），合成金刚石是热管理应用的理想材料。考虑到50%的电子故障是由于热，超级材料在所有类型的电子和电气应用中是最有价值的，其包括通信和微电子器件；其中，积聚的热可以摧毁或严重损害精密电路的性能。

世界上最宽的研发谱带，防御和激光应用：合成金刚石具有任何宽带的材料，包括从紫外线到远红外毫米波微波波段的宽谱带。再加上其机械和热性能，这使得其成为许多工业研发、国防和激光的应用——特别是激光光学生产的理想“窗口”材料。例如，耐大功率人造金刚石光学窗口的关键因素是激光等离子体（LPP）的极端紫外线（EUV）光刻系统。

•优越的生存技能和水净化：人造金刚石具有化学和生物惰性，并且能在严重的物理化学和放射性环境下生存，而这种环境会破坏较弱的材料。其独特的电化学性能让有机和无机化合物有效，而六元投资已导致合成金刚石成功应用于工业和家用水处理的高效氧化基础产品。微弱电流通过合成金刚石并产生臭氧，这是一个功能强大的、环境友好的漂白替代品。

除了上面所列原因外，合成金刚石超级材料具有已知最高的抗热震性，极低的摩擦系数，其可用于超精密金属、聚合物和光学材料的加工。同时，合成金刚石最近出现了一系列的量子应用，潜在应用包括：安全量子通信、量子计算和量子磁/电场传感。
Proteins: New class of materials discovered
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Arrangement of protein concanavalin A molecules in two different protein crystalline frameworks. Credit: Fudan University/HZB 

Scientists at the Helmholtz Center Berlin along with researchers at China's Fudan University have characterized a new class of materials called protein crystalline frameworks. 

Thanks to certain helper substances, in PCFs proteins are fixated in a way so as to align themselves symmetrically, forming highly stable crystals. Next, the HZB and Fudan University researchers are planning on looking into how PCFs may be used as functional materials. Their findings are being published today in the scientific journal Nature Communications.

Proteins are sensitive molecules. Everyone knows that – at least from having boiled eggs. Under certain circumstances – like immersion in boiling water – they denature, losing their natural shape, and becoming hard. True, researchers have been able to handle these substances for some time now, even to the point of crystallizing them in their native state. Admittedly, though, this does require considerable effort, but it is the only way how researchers can find out the structure of these substances at high resolution. Moreover, protein crystals are extremely fragile, highly sensitive and hard to handle.
Now, for the first time ever, scientists at China's Fudan University have managed to work around these downsides by linking the protein concanavalin A to helper molecules belonging to the sugar family, and to the dye rhodamin. The concanavalin molecules that have been thus fixated tended to arrange themselves symmetrically within the helper molecule framework, forming crystals, in which the proteins achieve high stability and are intricately interconnected – into a protein crystalline framework.
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Arrangement of protein concanavalin A molecules in two different protein crystalline frameworks. Credit: Fudan University/HZB 

Developing molecular structures like these is pointless unless you know exactly how they form and what their structure looks like at the level of the atoms. During the quest for suitable experimental methods, the Shanghai researchers turned to a Chinese scientist working at the HZB for help. She called her colleagues' attention to the MX beamlines at the HZB's electron storage ring BESSY II.

"Here at the HZB, we were able to offer them our highly specialized crystallography stations – the perfect venue for characterizing PCFs at high resolutions," says Dr. Manfred Weiss, one of the leading scientists working at the HZB-MX laboratory. It quickly became clear that the helper molecules even allowed the researchers to decide how powerfully they wanted them to penetrate the protein frameworks. "This gives the PCFs a great deal of flexibility and variability, which we'll always keep in mind when doing research on potential applications," says Manfred Weiss.
More information: Sakai, F. et al. Protein crystalline frameworks with controllable interpenetration directed by dual supramolecular interactions. Nat. Commun. 5:4634 DOI: 10.1038/ncomms5634 (2014).
蛋白质：发现新类型材料
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蛋白质伴刀豆球蛋白分子A在两种不同蛋白质晶体框架中的排列。图片提供：柏林亥姆霍兹中心/复旦大学

柏林亥姆霍兹中心的科学家与中国复旦大学的研究人员，已经表征了一种叫做蛋白质结晶的框架（PCF）的新型材料。

由于某些稳定的物质，在PCF中，蛋白质的固定方式是相互对称的，从而形成了具有高稳定性的晶体。此外，柏林亥姆霍兹中心和复旦大学的研究人员，正在计划研究如何将蛋白质结晶的框架应用于功能材料中。他们的发现刊载于今日的科技期刊《自然通信》上。

蛋白质是敏感的分子。每个人都知道这个道理——至少从水煮蛋中可以明白。在特定的环境下——比如浸泡在开水中，它们会变性，失去其自然形状并变硬。确实，研究人员已经能够处理这些物质有一段时间了,甚至可以结晶出它们的原生状态。不过,不可否认,这确实需要相当大的努力,但这是研究人员如何在高分辨率下发现这些物质的结构的唯一方法。此外,蛋白质晶体非常脆弱，并且高度敏感,很难处理。

现在,有史以来第一次,中国复旦大学的科学家通过连接蛋白质伴刀豆球蛋白A和糖类辅助分子，以及染料，已经成功地解决了这些缺点。伴刀豆球蛋白分子，在蛋白质结晶结构中,一直倾向于在辅助分子框架内对称排列,形成晶体,蛋白质达到高稳定状态杂乱连接。
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两种不同蛋白质晶体框架内蛋白质伴刀豆球蛋白分子A的排列。图片提供：柏林亥姆霍兹中心/复旦大学

除非你知道它们是如何形成的，以及它们的原子结构是什么样子的，否则研究这样的分子结构是毫无意义的。在寻求合适的实验方法过程中，复旦大学的研究人员求助了在HZB工作的中国科学家。她叫她的同事把注意力放在HZB电子储存环BESSY II上。

“在HZB,我们能够为他们提供高度专业化的结晶学平台——是以高分辨率描述PCF的完美场所，”MX 实验室的主要研究员HZBManfred Weiss博士说。显而易见，这些辅助分子甚至允许研究人员决定如何按着他们希望的去研究透蛋白质框架。这就赋予了PCF灵活性和可变性, 在做潜在应用研究时，我们要永远记住这一点,” Manfred Weiss说。

更多信息：Sakai, F等；“蛋白质晶体框架与可控渗透由双超分子的相互作用”；《自然通讯》杂志， 5:4634 DOI: 10.1038/ncomms5634 (2014).
Metal Alloy（金属合金）
Stronger with Aluminum
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2014 R&D 100 Winner

Thermal fatigue is one of the most important properties in materials used as automobile’s exhaust parts, particularly near the hotter manifold section. When the exhaust gas passes through these parts, they thermally expand or shrink. But they can’t do this freely because of surrounding parts, which leads them to deform or fracture. The solution has long been to add molydenum to the ferritic heat-resistant stainless steels typically used for automobile exhausts. JFE Steel Corp., however, has achieved resistance to thermal fatigue fracture without the use of high-cost molydenum in its JFE-TF1 steel.

The new steel is based on the fact that aluminum has a large effect on high-temperature properties through so-called solid solution hardening. One of the primary alloying elements in JFE-TF1 steel is copper, which provides strength by precipitating as fine particles. However, copper’s benefits are limited beyond 800 C where it instead solutes into the steel matrix. JFE Steel’s engineers discovered that by adding a small percentage of silicon, they enhance the anti-corrosion ability of aluminum, providing protection beyond 800 C. The result substantially reduces alloying costs, increases fatigue limits and permits a gauge reduction of 30% for steel exhaust parts.

Developers：JFE Steel Corp.
有铝更强大
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2014年研发前100名获奖者

热疲劳是汽车排气装置等材料应用方面最重要的特性之一，尤其是靠近热箱的部分。当排气筒经过这些部位时，它们会扩张或者收缩。但是由于周围的部件，设计者们不能随心所欲的去做这些，这使得它们发生变形甚至是破裂。长期以来的解决办法是，在通常用于汽车排气筒的铁素体耐热不锈钢中加入钼。日本钢铁工程公司在它的JFE-TF1型钢材中成功完成了不适用高价的钼来抵抗热疲劳导致的裂缝。

这种新型钢材是基于所谓的固溶强化原理中铝对于高温特性具有较大的影响设计的。JFE-TF1钢材中的第一种合金元素是铜，其通过颗粒的沉淀提供力量。然而，同的有点只有在温度超过800摄氏度时才能起作用，此时它代替溶质进入钢结构。JFE的工程师发现通过加入少量的硅，它们可以提高铝的防腐蚀能力，在高于800摄氏度时提供保护。其结果是，显著降低了合金的价格，增强了疲劳界限，也减少了30%的钢制排气部件的使用。

Developers：JFE Steel Corp.

开发商：日本钢铁工程公司（JFE Steel Corp.）

Super Superelastic Alloys

2014 R&D 100 Winner
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Corrosion, denting, abrasive wear and fatigue often lead to life-limiting bearing and gear failure in harsh conditions. Existing materials, such as hard steels, are prone to corrosion and rust; ceramics are non-conductive, difficult to manufacture and brittle; and superalloys are soft and susceptible to wear and damage. Working with Abbott Ball Company, NASA’s Glenn Research Center has successfully developed a set of methods to create high-performance alternatives to conventional bearing materials. Superelastic Intermetallic Nickel Titanium Alloys and Manufacturing Techniques for Advanced Bearing Applications builds on work that began in the 1950s to develop nickel-titanium alloys for military use. In 2004, the Abbott Ball-NASA partnership began to develop and refine the binary compound 60NiTi, which contains 60% nickel and 40% titanium. Bearing-grade 60NiTi is manufactured via a patented high-temperature powder metallurgy (PM) process. Pre-alloyed NiTi alloy powder is hot isostatic pressed into various shapes and sizes, such as spherical ball blanks, that are then ground, polished and lapped. Because the PM process yields ball blanks that have isotropic mechanical properties, high-quality bearing balls can be readily produced. The finished result has a variety of desirable properties: immunity to corrosion and rust, large strain endurance (greater than 5%), high hardness, up to 20% lighter than steel and wear- and shock-resistance.

Developers

Abbott Ball Company

NASA Glenn Research Center
超弹性合金
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腐蚀、下凹、磨损以及疲劳经常会导致轴承和齿轮在严酷环境下发生故障，从而缩短使用寿命。目前的材料：比如硬钢容易腐蚀和生锈；陶瓷是不导电的，难以制造业易碎；超合金较软但容易磨损和损坏。美国国家航空局格伦研究中心与Abbott Ball公司合作研发了一系列的方法，来制造高性能的传统轴承材料替代品。针对高级的轴承应用的超弹性金属间化合物镍钛合金以及制造技术在19世纪50年代开始制作镍钛合金以用作军事用途。2004年美国国家航空局格伦研究中心与Abbott Ball公司合作开始合作提炼二元化合物60NiTi，其包括60%的镍和40%的钛。轴承级别的60NiTi是通过一种高温粉末冶金专利技术制作的。之前的镍钛合金粉末是通过热等静压机获得不同的形状和尺寸，例如球形空格，然后研磨、抛光。由于PM过程生产的球形空格具有各向同性，高质量的轴承颗粒可以容易的得到。最后的结果是获得了各种我们期望的成果：抗腐蚀能力，大应变承受力（大于5%），高硬度，比硬钢轻20%以及耐磨和抗冲击力。
开发商：

Abbott Ball公司
美国国家航空局格伦研究中心

Laser pulse turns glass into a metal

[image: image11.jpg]\
v &




Computer simulations show the electron flux from one atom to the others.

For tiny fractions of a second, quartz glass can take on metallic properties when it is illuminated by a laser pulse. This has been shown by calculations at the Vienna University of Technology. The effect could be used to build logical switches which are much faster than today’s microelectronics.

Quartz glass does not conduct electric current, it is a typical example of an insulator. With ultra-short laser pulses, however, the electronic properties of glass can be fundamentally changed within femtoseconds (1 fs = 10-15 seconds). If the laser pulse is strong enough, the electrons in the material can move freely. For a brief moment, the quartz glass behaves like metal. It becomes opaque and conducts electricity. This change of material properties happens so quickly that it can be used for ultra-fast light based electronics. Scientists at the Vienna University of Technology (TU Wien) have now managed to explain this effect using large-scale computer simulations.

Watching small things on ultra-fast time scales

In recent years, ultra-short laser pulses of only a few femtoseconds have been used to investigate quantum effects in atoms or molecules. Now they can also be used to change material properties. In an experiment (at the Max-Planck Institute in Garching, Germany) electric current has been measured in quartz glass, while it was illuminated by a laser pulse. After the pulse, the material almost immediately returns to its previous state. Georg Wachter, Christoph Lemell and Professor Joachim Burgdörfer (TU Wien) have now managed to explain this peculiar effect, in collaboration with researchers from the Tsukuba University in Japan.

Quantum mechanically, an electron can occupy different states in a solid material. It can be tightly bound to one particular atom or it can occupy a state of higher energy in which it can move between atoms. This is similar to the behaviour of a little ball on a dented surface: when it has little energy, it remains in one of the dents. If the ball is kicked hard enough, it can move around freely.

“The laser pulse is an extremely strong electric field, which has the power to dramatically change the electronic states in the quartz,” says Georg Wachter. “The pulse can not only transfer energy to the electrons, it completely distorts the whole structure of possible electron states in the material.”

That way, an electron which used to be bound to an oxygen atom in the quartz glass can suddenly change over to another atom and behave almost like a free electron in a metal. Once the laser pulse has separated electrons from the atoms, the electric field of the pulse can drive the electrons in one direction, so that electric current starts to flow. Extremely strong laser pulses can cause a current that persists for a while, even after the pulse has faded out.

Several quantum processes at the same time

“Modelling such effects is an extremely complex task, because many quantum processes have to be taken into account simultaneously,” says Joachim Burgdörfer. The electronic structure of the material, the laser-electron interaction and also the interactions between the electrons has to be calculated with supercomputers.

“In our computer simulations, we can study the time evolution in slow motion and see what is actually happening in the material,” says Burgdörfer.
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A laser pulse hits the quartz glass between two electrodes.

In the transistors we are using today, a large number of charge carriers moves during each switching operation, until a new equilibrium state is reached, and this takes some time. The situation is quite different when the material properties are changed by the laser pulse. Here, the switching process results from the change of the electronic structure and the ionization of atoms. “These effects are among the fastest known processes in solid state physics”, says Christoph Lemell. Transistors usually work on a time scale of picoseconds (10^-12 seconds), laser pulses could switch electric currents a thousand times faster.

The calculations show that the crystal structure and chemical bonds in the material have a remarkably big influence on the ultra-fast current. Therefore, experiments with different materials will be carried out to see how the effect can be used even more efficiently.

Ab Initio Simulation of Electrical Currents Induced by Ultrafast Laser Excitation of Dielectric Materials

Source: Vienna Univ. of Technology
激光脉冲将玻璃变成金属
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计算机模拟显示从一个原子到另一个原子的电子通量

通过激光脉冲的照射，在不到一秒钟内，石英玻璃就可以表现出金属的特性。这已经在维也纳理工大学由计算机所证实。这种效应可以用于逻辑转换器，它会比现在的微电子学速度设备更快。

石英玻璃不会传导电子流，它是典型的绝缘体。然而，利用极短的激光脉冲，在飞秒内（1fs=10-15秒），玻璃的导电特性可以完全的被改变。如果激光束足够强的话，材料中的电子就可以自由移动。在段时间内，石英玻璃表现出玻璃特性。它变化成不透明的以及导电的。这种快速的材料特性变化可以用于基于电子的超高速光。维也纳理工大学的科学家现在正在尝试努力使用大规模的计算机模拟。 

在超快的时间尺度观察小的事情

在最近几年，几飞秒的超短激光脉冲已经被用于原子和分子的量子效应反应。现在它还可以被用作改变材料特征。在一个实验（在德国加尔新马克斯-普朗克学院）中测量了石英玻璃中的电流，它被激光脉冲照亮了。在脉冲之后，材料马上回到了原来的状态。Georg Wachter，Christoph Lemell以及Joachim Burgdörfer教授（维也纳工会）与日本筑波大学的研究人员将进行合作，尝试解释这种特殊的效应。

量子物理中，固体材料中的一个电子可以表现出不同的状态。它可以紧紧的束缚在一个原子附近也可以表现出一种高能的状态，它可以在原子间移动。这就像一个个小球在有凹痕的表面上滑动：当它有较小的能量时，它停留在一个凹痕中。当小球被严重撞击时，它可以自由的移动。

“激光束是一个超强的电场，它有巨大的能量可以改变石英的电子状态，”Georg Wachter说。“脉冲不仅可以将能量传递给电子，它可以使得材料的可能电子状态的整体结构发生变形。”

这样，石英玻璃中要与氧原子结合的电子就可以马上与另一个原子交换，具备金属中自由电子的特性。一旦激光脉冲将原子与电子分离，脉冲的电场就可以驱动电子向同一个方向移动，这样，电流就开始流动。极端强劲的激光脉冲可产生能持续一段时间的电流，即使没有脉冲作用后也一样。

同时发生的几个量子化过程

“模拟这种效应是个非常复杂的工作，因为很多量子化的过程被认为是同时发生的，”Joachim Burgdörfer说。材料的电子结构，激光电子相互作用以及电子间的相互作用必须被超级计算机同时计算。

“在我们的计算机模拟中，我们可以通过慢镜头分析时间演化并观察材料中究竟发生了什么，”Burgdörfer说。

在两极用激光束轰击石英玻璃

我们现在用的晶体管中，在任意的转换操作中，在一个新的平衡状态达到以前，都会有大量的在载荷子发生移动，而这需要花费一定的时间。而在发现材料的特性在激光束下发生变化后现状则发生了变化。这里，转换过程由电子结构和原子的离子化导致。“这种效应是被最快认识到的固体状态物理学过程，” Christoph Lemell说。晶体光一般在微微秒时间段内发生作用，而激光束可以使得电流转化快上几千倍。

计算表明材料中的晶体结构和化学键对于超快电流有很大的影响。因此，针对不同材料进行的实验有助于发现如何更加高效地应用这种效应。

来源：维也纳理工大学
Composite Materials（复合材料）
Rubber meets the road with ORNL carbon, battery technologies
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ORNL researchers’ goal is to scale up the recovery process and demonstrate applications as anodes for lithium-ion batteries in large-format pouch cells.Recycled tires could see new life in lithium-ion batteries that provide power to plug-in electric vehicles and store energy produced by wind and solar, say researchers at the U.S. Dept. of Energy (DOE)’s Oak Ridge National Laboratory.

By modifying the microstructural characteristics of carbon black, a substance recovered from discarded tires, a team led by Parans Paranthaman and Amit Naskar is developing a better anode for lithium-ion batteries. An anode is a negatively charged electrode used as a host for storing lithium during charging.

The method, outlined in a paper published in RSC Advances, has numerous advantages over conventional approaches to making anodes for lithium-ion batteries.

“Using waste tires for products such as energy storage is very attractive not only from the carbon materials recovery perspective but also for controlling environmental hazards caused by waste tire stock piles,” Paranthaman said.

The ORNL technique uses a proprietary pretreatment to recover pyrolytic carbon black material, which is similar to graphite but man-made. When used in anodes of lithium-ion batteries, researchers produced a small, laboratory-scale battery with a reversible capacity that is higher than what is possible with commercial graphite materials.

In fact, after 100 cycles the capacity measures nearly 390 milliamp hours per gram of carbon anode, which exceeds the best properties of commercial graphite. Researchers attribute this to the unique microstructure of the tire-derived carbon.

“This kind of performance is highly encouraging, especially in light of the fact that the global battery market for vehicles and military applications is approaching $78 billion and the materials market is expected to hit $11 billion in 2018,” Paranthaman said.

Anodes are one of the leading battery components, with 11 to 15% of the materials market share, according to Naskar, who noted that the new method could eliminate a number of hurdles.

“This technology addresses the need to develop an inexpensive, environmentally benign carbon composite anode material with high-surface area, higher-rate capability and long-term stability,” Naskar said.

ORNL plans to work with U.S. industry to license this technology and produce lithium-ion cells for automobile, stationary storage, medical and military applications.

Source: Oak Ridge National Laboratory
橡胶在橡树岭国家实验室的碳、电池技术中大显身手
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橡树岭国家实验室的研究人员的目标是扩大恢复过程的规模，并且在大型袋电池中演示出在锂离子电池中作为阳极的应用程序。回收的轮胎可以在锂离子电池中看到新的生命力，其为插电式电动汽车提供动力，并且将风能和太阳能产生的能量储存起来，美国能源部（DOE）橡树岭国家实验室的研究人员表示。

通过修改从废旧轮胎中回收的一种物质——炭黑——的微观结构特征，由帕朗•帕朗斯曼和艾米特•纳斯卡领导的一个研究小组为锂离子电池开发出了一个更好的阳极。阳极是一个带负电荷并且在充电期间作为储存锂的宿主的电极。

这项在《RSC进展》期刊中发表的一篇论文所描述的方法拥有许多超出传统制作锂离子电池阳极的方式的优点。

“对于像能源储存这样的产品来说，使用废旧的轮胎是非常具有吸引力的，这不仅是从碳材料回收的角度来看，也是从控制由废旧轮胎堆存量所引起的环境危害方面来考虑的，”帕朗斯曼表示。

橡树岭国家实验室的技术使用的一种专有的预处理方式来回收热解炭黑材料，该材料类似于石墨，但是它是人造的。当在锂离子电池的阳极中使用时，研究人员产生了一个小的、实验室规模的电池，而该电池所具有的可逆容量比的商业石墨材料所具有的可逆容量更高。

事实上，在循环100次后，每克碳阳极所测量的容量接近390毫安，这超过了商用石墨的最佳性能。研究人员将此归功于轮胎衍生出的碳所具有的独特的微观结构。

“这样的性能是非常令人鼓舞的，特别在根据一个事实来看，即用于汽车和军事应用的全球电池市场将逼近780亿美元，并且材料市场预计将在2018年达到110亿美元，”帕朗斯曼表示。

据指出该新方法能够消除一些障碍的纳斯卡表示，阳极是电池主要组件之一，在材料市场份额中占11-15%。

“这样的技术解决了开发一种廉价的、对环境无害的拥有高表层面积、高倍率性能和长期稳定性的碳复合负极的需求，“纳斯卡表示。

橡树岭国家实验室计划与美国产业界合作，以授权该技术来为汽车、固定的存储、医疗和军事应用生产锂离子电池。

资料来源：橡树岭国家实验室

Less Petroleum Required for Plastics Production Thanks to Bayer’s CO2 research

In laboratory tests, Bayer Material Science's research into carbon dioxide as a new raw material for making plastics has succeeded in significantly further reducing the need for petroleum at precursor level through the incorporation of CO2.

Plastics and their components are normally based entirely on oil. The new process also extends the range of plastics that CO2 can be used to produce. This is the result of the Dream Polymers research project in which Bayer Material Science says it is continuing its activities to find new uses for CO2.

According to Bayer, a technology using the greenhouse gas to produce a key component for high-quality foam (polyurethane) is already moving toward commercial use. The proportion of petroleum in this chemical is 80 percent. "We have now succeeded in reducing the petroleum content for making other plastics to just 60 percent," says Project Manager at Bayer, Dr. Christoph Gürtler.

Carbon dioxide is used twice in the new process. First, the greenhouse gas is incorporated directly into a new kind of precursor (polyoxymethylene polycarbonate polyol), replacing 20 percent of the petroleum. Second, it is also used indirectly, producing a chemical that is also incorporated into the precursor for a further 20 percent saving in petroleum. "As a result, the proportion of alternative raw materials is already 40 percent," remarks Gürtler.

In addition to this, the number of plastics that can be produced using carbon dioxide is increasing. "It is now also possible to manufacture thermoplastic polyurethanes, films and casting elastomers in this way," says Gürtler. Such plastics are used in all kinds of applications, including automotive interiors, cable sheathing and sporting goods such as ski boots.

Bayer claims its researchers have already proved in laboratory tests that the manufacturing process works in principle. "Initial application tests have been positive," confirms Gürtler, but he adds that there is some way to go before the process is commercially viable.

Dream Polymers is being supported by the German Federal Ministry of Education and Research. External institutions in Germany such as the CAT Catalytic Center, the Leibniz Institute for Catalysis and the Fraunhofer Institute for Chemical Technology are also involved.

Bayer sees itself as a pioneer when it comes to future applications for CO2. As part of its Dream Production project, which has already been in progress for some time, the company aims to use carbon dioxide as a component for flexible polyurethane foam at the Dormagen site from 2016 onward. The new material will initially be used to make mattresses.
多亏拜耳公司的CO2研究，塑料的生产所需的石油减少

在实验室的测试中，拜耳材料科学公司将二氧化碳作为制造塑料的新原料的研究已经在通过二氧化碳的混合来进一步显著减少对前驱水平中石油的需求量方面取得了成功。

塑料及其复合物通常完全是基于石油来生产的。新的程序也延伸了可用二氧化碳来进行生产的塑料的范围。这是梦聚合物研究项目的一个研究结果，在该研究项目中拜耳材料科技公司表示，其将继续该项目的活动以发现二氧化碳的新用途。

据拜耳公司表示，一项利用温室气体来为高品质泡沫（聚氨酯）生产一个重要组成部分的技术已经走向了商业用途。石油在这一化学品中所占的比例是80%。“我们现在已经在制造其他塑料方面成功地将石油量减少到了60%，”拜耳的项目经理克里斯托夫•哥特勒表示。

二氧化碳在新的程序中被使用了两次。首先，温室气体被直接掺入到一种新的前体中（聚甲醛聚碳酸酯多元醇），这取代了20%的石油量。其次，它还被用于直接生产一种同样被掺入到前体中进一步节约了20%的石油量的化学物质。“这样一来，替代原料的比例就达到了40%，”哥特勒声称。

除了这个，可以利用二氧化碳来生产的塑料的数量也正在增加。“现在也可以使用这种方式来生产热塑性聚氨酯、薄膜和浇铸弹性体，”哥特勒表示。这种塑料被广泛用于各种应用中，包括汽车内饰件、电缆护套以及像滑雪靴这样的体育用品。

拜耳公司声称其研究人员已经在实验室测试中证明了该制造过程的工作原理。“最初的应用测试是积极的，”哥特勒证实称，但是他补充道，在这种程序在商业上可行之前还需要很长的一段时间。

梦聚合物受到了德国联邦教育与研究部的支持。在德国的外部机构，例如CAT催化中心、莱布尼茨催化研究所以及弗劳恩霍夫化学技术也参与其中。

当涉及到二氧化碳的未来应用时，拜耳将自身看作是一个先行者。作为其已经进行了一段时间的梦生产项目的一部分，该公司旨在从2016年起将二氧化碳作为其多马根工厂的软质聚氨酯泡沫塑料的一个组成部分。新的材料将首先被用于制造床垫。
Registrations Now Open for Event to Highlight Opportunities for FRP Materials in Mass Transport Applications

Registrations for the Opportunities for FRP Materials in Mass Transport Applications one-day event are now open; set to offer a unique meeting of minds, discussing key innovations in using FRP's in transport applications.

NetComposites, the event's organiser, explains that in an industry where light weighting is crucial, FRP (Fibre-Reinforced Polymer) composites can offer many advantages over more traditional materials. It says "Opportunities for Fibre-Reinforced Polymer Composites in Mass Transport Applications" will explore the current innovations within FRP materials, specifically within the transport sector, through a range of speaker presentations.

The event will bring together delegates from different areas of the transport industry, from designers to manufacturers, to exchange ideas and information on the material's successes and challenges. Key topics which will be covered during the conference include light weighting, component design, crashworthiness and examples of good practice.

Sue Keighley, Events and Communications Specialist at NetComposites, commented "We're delighted to be able to present such a wide variety of topics at this event. Delegates will also be given a unique and invaluable networking opportunity, as this event will provide an exchange of ideas from members throughout many disciplines within the transport industry."

目前对于强调在大宗运输中应用玻璃钢材料的机遇的活动已经展开了注册

目前对于大宗运输应用中玻璃钢材料的机遇所举办的为期一天的活动已经开放注册了；旨在为心灵提供一个独特的会议，讨论在交通中使用玻璃钢的关键创新。

该活动的组织者NetComposites解释称，在一个轻量化是至关重要的行业中，玻璃钢（纤维增强聚合物）复合材料能够提供用过许多传统材料的许多优势。其称，“纤维增强聚合物复合材料在大宗运输应用中的机遇”将通过一系列的演讲文稿来探讨当前在FRP材料中的创新，特别是在交通运输行业中。

本次活动将汇集来自运输行业不同领域的与会代表，从设计师到制造商，从而将近关于该材料的成功的挑战方面的意见和信息。在大会期间将覆盖的主要议题包括轻量化、组件设计、防撞性以及良好做法的例子。

NetComposites的活动和通信专家苏•基斯利表示：“我们很高兴能够在这次活动中提出这么广泛的议题。代表们也将被赋予一个唯一的以及宝贵的交流机会，因为本次活动将为遍及运输行业中许多学科方面的成员提供一次思想的交流。”
Practical Application（实际应用）
Researchers create engineered energy-absorbing material
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A silicone cushion with programmable mechanical energy absorption properties was produced through a 3-D printing process using a silicone-based ink by Lawrence Livermore National Laboratory researchers. 
Materials like solid gels and porous foams are used for padding and cushioning, but each has its own advantages and limitations. Gels are effective as padding but are relatively heavy; gel performance can also be affected by temperature, and possesses a limited range of compression due to a lack of porosity. Foams are lighter and more compressible, but their performance isn’t consistent due to the inability to accurately control the size, shape and placement of the voids (or air pockets) during the foam manufacturing process.

To overcome these limitations, a team of engineers and scientists at Lawrence Livermore National Laboratory (LLNL) has found a way to design and fabricate, at the microscale, new cushioning materials with a broad range of programmable properties and behaviors that exceed the limitations of the material's composition, through additive manufacturing, also known as 3-D printing.

The research is the subject of a paper published in Advanced Functional Materials. 

Livermore researchers, led by engineer Eric Duoss and scientist Tom Wilson, focused on creating a micro-architected cushion using a silicone-based ink that cures to form a rubber-like material after printing. During the printing process, the ink is deposited as a series of horizontally aligned filaments (which can be fine as a human hair) in a single layer. The second layer of filaments is then placed in the vertical direction. This process repeats itself until the desired height and pore structure is reached.

LLNL researchers constructed cushions using two different configurations, one in an inline stacked configuration and the other in a staggered configuration. While both architectures were created out of the same constituent material and have the same degree of porosity, they each exhibited markedly different responses under compression and shear. The stacked architecture is stiffer in compression and, with increased compression, undergoes a buckling instability. The staggered architecture is softer in compression and undergoes more of a bending type of deformation. The stacked structure has solid columns of material beneath it to offer more support, while the staggered structure has voids under each filament that offer much less resistance to compression.

With the help of LLNL engineer Todd Weisgraber, the team was able to model and predict the performance of each of the architectures under both compression and shear. This feat would be difficult or impossible to replicate with foams due to their random structure.

"The ability to dial in a predetermined set of behaviors across a material at this resolution is unique, and it offers industry a level of customization that has not been seen before", said Eric Duoss, research engineer and lead author. 

The researchers envision using their novel energy absorbing materials in many applications, including shoe and helmet inserts, protective materials for sensitive instrumentation and in aerospace applications to combat the effects of temperature fluctuations and vibration.

Source: Lawrence Livermore National Laboratory
研究人员生产出改造的能量吸收型材料 
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劳伦斯利物莫国家实验室的研究人员使用硅基墨水利用3D打印技术生产出了具有可编程功能的机械能量吸收特性的硅质垫。

固体凝胶和多孔泡沫常常用于垫子的制作，但是各有自己的优势和局限性。凝胶作为垫料是有效的但是却很笨重，凝胶的特性也容易受温度影响、同时由于其具有较小的孔隙度而只具有较小的伸展性。泡沫较轻，也更容易压缩，但是由于其在生产过程中没有固定其形状、尺寸的能力而往往性质不能持久。

为了克服这些限制条件，劳伦斯利物莫国家实验室的一群工程师和科学家小组已经发现了一种在微观尺度利用3D打印技术，通过添加剂生产，超越对材料成分的限制，扩展其特性的设计和制造一种新的弹性垫料的方法。

这个研究是发表在《高级功能材料》上的一篇文章的主体内容。

由工程师Eric Duoss和科学家Tom Wilson引导的利物莫的研究人员专注与研究利用在打印后表现为橡皮状的硅基墨水制造微结构垫子。在打印过程中，墨水在水平层面上单层沉淀出一系列的细丝（如人的头发一样细）。第二层在垂向上叠加。该过程不断叠加，直到获得理想的厚度以及孔隙结构。

劳伦斯利物莫国家实验室的研究人员应用两种不同的结构生产垫子，一种是内联堆叠结构，另一种是交错结构。两者应用相同的材料制作而成并且拥有相同的孔隙度，但是两者在拉伸和剪切作用下表现出完全不同的反应。堆叠结构在拉伸中显得更硬，随着持续的拉伸，表现出曲率的不稳定性。交错结构相对而言在拉伸中比较软，同时也更多的表现出了弯曲形变。堆叠结构下方有固体栏，它可以提供更多的支持,而交错结构在每个细丝下的孔隙可以将压缩阻力降低的小的多。

在劳伦斯利物莫国家实验室工程师Todd Weisgraber,的帮助下，该小组可以模拟并预测在拉伸个剪切作用下不同结构的表现。而由于泡沫的任意结构，这对其而言是很难的甚至是不可能的。

 “在业界已经决定的领域对材料达到此种研究精度的能力是独一无二的,同时它为行业提供了之前没有见过的定制水平” 研究工程师和第一作者Eric Duoss说

研究人员预想他们新奇的能量吸收材料在其它方面有广泛的应用，包括鞋子和钢盔衬垫，敏感仪器的防护材料以及在航空中有效应对温度的涨落以及摆动。

来源：劳伦斯利物莫国家实验室

New biomaterial coats tricky burn wounds by acting like cling wrap
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Super-thin nanosheets could help transform the treatment of burn wounds. Image: Yosuke Okamura
Wrapping wound dressings around fingers and toes can be tricky, but for burn victims, guarding them against infection is critical. Today, scientists are reporting the development of novel, ultra-thin coatings called nanosheets that can cling to the body's most difficult-to-protect contours and keep bacteria at bay.

The researchers are speaking about their materials, which they've tested on mice, at the 248th National Meeting & Exposition of the American Chemical Society (ACS), the world's largest scientific society. The meeting features nearly 12,000 presentations on a wide range of science topics and is being held through Thursday.

Yosuke Okamura, Ph.D., explains that existing wound dressings work well when it comes to treating burns on relatively flat and broad areas. But the human body has curves, wrinkles and ridges that present problems for these dressings. So Okamura's team developed a novel biomaterial out of tiny pieces of nanosheets that are super-flexible and sticky.

"The nanosheets can adhere not only to flat surfaces, but also to uneven and irregular surfaces without adding any adhesives," he says.

That would make a big difference in the way burn victims are treated. According to the Centers for Disease Control and Prevention, someone is injured by fire every 30 minutes. Burn wounds are vulnerable to infection, and keeping them sealed off from bacteria is essential for a successful recovery.

Okamura's team at Tokai University makes the nanosheets out of a biodegradable polyester called poly(L-lactic acid), or PLLA. They put the material into a test tube with water and spin it, which breaks up the sheets into even smaller pieces. When they pour the liquid onto a flat surface, the tiny fragments overlap in a patchwork and dry as a single nanosheet.

They tested out the nanosheets' ability to coat small and irregular shapes by dipping different things into the mixture, including a metal needle and a mouse's fingers. The nanosheet patchwork effectively covered even the smallest bumps and wrinkles on the mouse's digits, and after the material dried, it clung in place.

When the researchers tested the nanosheets on burns, the dressing effectively kept out the common bacteria, Pseudomonas aeruginosa. This species of pathogen is often a culprit in skin infections and is notorious for causing hospital-acquired infections that can be deadly. Multi-drug resistant strains are also a serious concern.

The dressing protected wounds from infection for three continuous days. With an additional coating, the nanosheets kept bacteria out for a total of six days. That means the material, if eventually approved for human patients, could cut down the number of times dressings have to be changed. With an eye toward human clinical trials, the researchers are currently planning large-scale animal tests and safety tests.

In addition to PLLA nanosheets, Okamura's group has recently started developing a novel set of similar, super-flexible, patchwork coatings composed of polymers with a phosphorylcholine group. They have shown that these materials are compatible with blood and could act as coatings for medical devices, such as catheters.

Citation: Development of fragmented nanosheets and patchwork coating as aqueous surface modifiers for biomedical applications

1) Okamura, Y. et al. Adv. Mater. 21, 4388-92 (2009).

2) Okamura, Y. et al. Adv. Mater. 25, 545-51 (2013).

3) Nagase Y. et al. Biomedical Engineering - Frontiers and Challenges, Chapter 11, 217-232, InTech, Croatia (2011).

Source: American Chemical Society
新的生物材料外套可像保鲜膜一样处理烧伤伤口

[image: image19.jpg]



超薄的纳米片有助于改变针对烧伤的治疗方法。图片：洋介岗村

将绷带缠绕在手指和脚趾上可能会非常棘手,但对烧伤患者而言,保护它们免受感染是至关重要的。今天，科学家们报道了一种新的发展，一种被称为纳米片的超薄外套可以依附在身体上难以被保护的部位，使其远离细菌。

在世界上最大的科学学会，第248届美国化学学会全国会议和博览会上，研究人员阐述了这种材料，他们已经用老鼠上做了实验。会议在星期四举行，会议展示了针对不同的科学主题的近12000份报告。

洋介岗村博士解释说,现有的治疗烧伤伤口的绷带，在相对平坦的和宽阔的部位比较好。但是现在的绷带在遇见人的身体是有弧线的，皱纹以及角度的时候就会存在问题。所以岗村的团队应用小块纳米片的超强弹性和粘性开发了一个新的生物材料。

“纳米片不仅可以粘附平坦的表面,而且在没有添加任何粘合剂的情况下载不均匀和不规则的表面上也可以粘附，”他说。

这将在烧伤患者的治疗方式上产生很大的影响。据疾病控制和预防中心, 每30分钟就有人会因火受伤。烧伤的伤口很容易感染,让它们隔绝细菌并成功恢复至关重要。

冈村在东海大学的团队利用被称为聚(乳酸),或丙交脂的可生物降解聚酯制作了这种纳米片。他们把材料与水放进试管，并旋转它，使其薄片分解为更小的碎片。当他们将液体倒在一个平的表面上后,零散的小片段重叠干了之后作为一个纳米片。

他们将包括一个金属针和鼠标的手指在内等小而不规则形状通过浸渍不同混合物测试了纳米片的能力。纳米片拼凑物有效覆盖了甚至是最小的疙瘩和老鼠的皱纹，而在材料干之后，它会固定在原地。

研究人员在烧伤处测试纳米片时,绷带可有效排除常见细菌如铜绿假单胞菌。这种病原体通常是皮肤感染的罪魁祸首,在引起医院感染中是臭名昭著的,也可以是致命的。耐多药菌株也是一个严重的问题。

绷带可以连续三天对伤口的感染进行保护。应用额外的涂层,纳米片可以有效隔绝细菌六天。这意味着材料,如果最终被批准用于人类患者,可以减少必须改变的敷料次数。着眼于人类临床试验,研究人员正在计划大规模动物测试和安全测试。

除了丙交脂纳米片,冈村的小组最近开始发展一组新的相似的由聚合物与磷酰胆碱组成的,超级柔韧、拼凑涂料。他们表明,这些材料都是与血液兼容的，可以作为导管等医疗器械的涂料。

引用：“分碎纳米片与拼接外套作为生物医学应用领域水表面改性剂的进展”

1) 洋介岗村，等；Adv. Mater. 21, 4388-92 (2009).

2) 洋介岗村，等； Adv. Mater. 25, 545-51 (2013).

3) 日本永濑，等；《生物医学工程 –前景及挑战》，第 11章, 217-232, InTech, 克罗地亚 (2011).

来源；美国化学协会
Organic & Polymer（有机高分子材料）
The fluorescent fingerprint of plastics

LMU researchers have developed a new process which will greatly simplify the process of sorting plastics in recycling plants. The method enables automated identification of polymers, facilitating rapid separation of plastics for re-use. 

A team of researchers led by Professor Heinz Langhals of LMU's Department of Chemistry has taken a significant step which promises to markedly expedite the recycling of plastic waste. They have developed a technique which provides for automated recognition of their polymer constituents, thus improving the efficiency of recycling and re-use of the various types of plastic. The technique takes advantage of the polymer-specific nature of the intrinsic fluorescence induced by photoexcitation. "Plastics emit fluorescent light when exposed to a brief flash of light, and the emission decays with time in a distinctive pattern. Thus, their fluorescence lifetimes are highly characteristic for the different types of polymers, and can serve as an identifying fingerprint," Langhals explains. Details of the new method appear in the latest issue of the journal "Green and Sustainable Chemistry".

The new technique, which is the subject of a patent application, involves exposing particles of plastic to a brief flash of light which causes the material to fluoresce. Photoelectric sensors then measure the intensity of the light emitted in response to the inducing photoexcitation to determine the dynamics of its decay. Because the different polymer materials used in the manufacture of plastics display specific fluorescence lifetimes, the form of the decay curve can be used to identify their chemical nature. "With this process, errors in measurement are practically ruled out; for any given material, one will always obtain the same value for the fluorescence half-life, just as in the case of radioactive decay," says Langhals.

Turning bottles into windcheaters

Unlike metals, the quality of which often suffers during the recycling process itself, recycled plastics can be processed quite efficiently. "Polymers represent an interesting basis for the sustainable cycling of technological materials. The crucial requirement is that the recycled material should be chemically pure. In that case, bottles made of PET, for example, can be relatively easily turned into synthetic fiber for use in waterproof windcheaters," says Langhals. 

The vast majority of technical polymers are processed as thermoplastics, i.e., they are melted at high temperature and the finished article is produced by injecting the molten material into an appropriate mold, where it allowed to set. Reheating of recycled plastic can, however, lead to deleterious alterations in its properties of the material unless the sorted material is of high purity. Contamination levels as low as 5% are sufficient to significantly reduce the quality of the reformed product. The reason for this "down-cycling" effect is that, as a general rule, polymers tend to be immiscible, as they are chemically incompatible with one another. Remelting of polymer mixtures therefore often leads to partitioning of the different polymers into distinct domains separated by grain boundaries, which compromises the quality of the final product. For this reason, high-quality plastics are always manufactured exclusively from pristine precursors – never from recycled material.

The new method developed by the LMU team could, however, change this. "The waste problem can only be solved by chemical means, and our process can make a significant contribution to environmental protection, because it makes automated sorting feasible," says Langhals. Indeed, the use of fluorescence lifetime measurements permits the identification and sorting of up to 1.5 tons of plastic per hour. In other words, the method in its present form already meets the specifications required for its application on an industrial scale.

More information: Green and Sustainable Chemistry, 2014. www.scirp.org/journal/PaperInf… n.aspx?PaperID=48915
塑料荧光指纹

慕尼黑大学的研究人员已经开发出一种新方法，其将大大简化回收厂塑料分选过程。该方法让聚合物可以自动识别，以便于塑料再利用及快速分离。

由慕尼黑大学化学系Heinz Langhals教授领导的研究小组（的研究）已迈出了重要的一步，它将明显加快废旧塑料的回收利用。他们已经开发出一种技术，可提供了对聚合物成分的自动识别，从而提高各种塑料类型的回收和再利用效率。该方法能利用激光发引起固有荧光聚合物的特殊性质。“塑料暴露在短暂闪光下能发出荧光，并且放射衰减时间具有独特的模式。因此，其不同类型聚合物的荧光寿命可以作为识别指纹的重要特征，”Langhals解释。新方法的细节将登在最新一期的《绿色与可持续化学》杂志上。

新技术是一项专利申请的主题，其包括让颗粒塑料的短暂闪光产生材料的荧光。光电传感器测量可对诱导光作出相应，以确定其放射光强的衰变动力学。因为在塑料制造过程中会使用的不同的聚合物材料，其显示特定形式的荧光寿命衰减曲线，因此可用于确定它们的化学性质。”在这个过程中，测量误差几乎都被排除；对于任何给定的材料，你永远将得到相同的荧光半衰期值，这就像放射性衰变的情形一样”Langhals说。

把瓶子放进风衣

不同于金属，其质量往往受控于循环过程，再生塑料可以非常有效地被加工。”以聚合物为代表的材料技术为可持续循环的一个基础。关键是要要求回收材料应是化学纯的。在这种情况下，例如PET瓶，就可以相对容易地变成了用于防水风衣的合成纤维了，”Langhals说道。

聚合物技术的绝大多数都是作为热塑性塑料加工，即，他们在高温下熔化制成品并注入到熔融材料适当的模具制作中。然而，加热再生塑料可能导致在其材料性能产生有害的改变，除非是材料是高纯度的。5%的污染水平就可以显著降低改进产品质量。这个“循环”效应的原理是，通常而言，聚合物往往是不相容的，因为他们彼此的化学性不相容。聚合物混合物因此往往会导致分区不同的聚合物由晶界隔开而重熔，从而影响最终产品的质量。因此，高品质的塑料都是从原始前体专门制造的–而不可以用回收材料制成。

然而，LMU团队开发的新方法却改变这一点。“废物问题只能通过化学手段解决，我们的方法对环境保护有重要贡献，因为它让自动分类变得可行的，”Langhals说。实际上，使用荧光寿命测量允许每小时识别并分拣高达1.5吨的塑料。换句话说，其目前的形式已经满足了工业应用所需的规格。

更多信息：《绿色与可持续化学》杂志，2014；www.scirp.org/journal/PaperInf… n.aspx?PaperID=48915

Turning waste from rice, parsley and other foods into biodegradable plastic
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Your chairs, synthetic rugs and plastic bags could one day be made out of cocoa, rice and vegetable waste rather than petroleum, scientists are now reporting. The novel process they developed and their results, which could help the world deal with its agricultural and plastic waste problems, appear in the ACS journal Macromolecules.

Athanassia Athanassiou, Ilker S. Bayer and colleagues at the Italian Institute of Technology point out that plastic's popularity is constantly growing. In 2012, its production reached 288 million tons worldwide, but its ubiquity comes at a cost. Synthetic plastics persist for hundreds or thousands of years while releasing toxic components with the potential to harm the environment and human health. Also, plastics are made out of petroleum, which is a nonrenewable source. The shift to more environmentally friendly bioplastics has been challenging and expensive. Athanassiou's team wanted to find a simple, less costly way to make the transition.
They turned to an organic acid that also occurs naturally and can process cellulose, which is the main building component of plants and also the most abundant polymer in nature. They mixed the acid with parsley and spinach stems, and husks from rice and cocoa pods. Then, they poured the resulting solutions into lab dishes. When tested, the films that formed showed a promising range of traits from brittle and rigid to soft and stretchable—similar to commercial plastics. "This opens up possibilities for replacing some of the non-degrading polymers with the present bioplastics obtained from agro-waste," the researchers conclude.

More information: Direct Transformation of Edible Vegetable Waste into Bioplastics, Macromolecules, 2014, 47 (15), pp 5135–5143. DOI: 10.1021/ma5008557
Abstract

Bioplastics with a wide range of mechanical properties were directly obtained from industrially processed edible vegetable and cereal wastes. As model systems, we present bioplastics synthesized from wastes of parsley and spinach stems, rice hulls, and cocoa pod husks by digesting in trifluoroacetic acid (TFA), casting, and evaporation. In this way, amorphous cellulose-based plastics are formed. Moreover, many other natural elements present in these plants are carried over into the bioplastics rendering them with many exceptional thermo-physical properties. Here, we show that, due to their broad compatibility with cellulose, amorphous cellulose can be naturally plasticized with these bioplastics by simply mixing during processing. Comparison of their mechanical properties with that of various petroleum based synthetic polymers indicates that these bioplastics have equivalent mechanical properties to the nondegrading ones. This opens up possibilities for replacing some of the nondegrading polymers with the present bioplastics obtained from agro-waste.
Provided by American Chemical Society 
利用大米、欧芹和其他食品的废物制造生物降解塑料
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目前，科学家们的报告显示，我们的椅子、合成地毯和塑料袋有一天都可能用可可粉、大米和蔬菜废物制造出来，而不必使用石油。他们研发的一种新方法可以帮助世界解决农业和塑料垃圾问题，其研究结果刊载于ACS期刊《大分子》上。

Athanassia Athanassiou、Ilker S. Bayer和意大利技术研究所的同事指出，塑料人气不断上涨。2012年，其在世界范围内产量达到2.88亿吨，但其普遍性是有代价的。合成塑料会保留数百或数千年而释放有毒成分，会潜在危害环境和人类健康。同时，塑料来自于石油，而石油是一种不可再生的来源。更环保的产品具有转变成本高的挑战。Athanassiou团队想找到一个简单的、低成本的方式来完成过渡。

他们转变为一种自然存在的有机酸，其可以处理纤维素——这是植物最主要构件、也具有最丰富的聚合物性质。他们将酸与香菜、菠菜茎、大米稻壳和可可豆荚混合。然后，他们在实验室得到溶液。测试时，形成的薄膜表现出具有潜在的脆性和刚性，而伸缩性类似于商业塑料范围。”这创造了从农业废物的非降解聚合物获得生物塑料的可能性，”研究人员总结说。

更多信息：“将食用蔬菜废物直接转化成生物塑料”，《生物大分子》，2014，47（15），5135–5143页。DOI：10.1021/ma5008557

摘要

具有广泛机械性能的生物塑料直接来自于工业加工的食用蔬菜和谷物废物。在模型系统中，我们提出了从欧芹和菠菜茎、稻壳和可可荚壳废物通过三氟乙酸（TFA）消化、铸造和蒸发合成塑料。在这种方式中，会形成无定形纤维素塑料。此外，这些植物中的许多其他自然元素让生物塑料有许多特殊的热物理性能。在这里，我们表明，由于纤维素适应性广，无定形纤维素在加工过程中通过简单的混合可以自然增塑这些产品。与各种以石油为基础的合成聚合物的力学性能对比表明，这些产品具有相同的机械性能。这创造了农业废弃物中的非降解聚合物替换目前生物塑料的可能性。

由美国化学协会网站提供

Highly conductive organic metal looks promising for disposable electronic devices
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(b-d) Images of the organic metal, TATA, are shown with different imaging techniques. (e) X-ray scattering of a thin film of TATA. (f) Side view (i) and top view (ii) of the proposed stacking structure of TATA. Credit: Armao, et al. ©2014 American Chemical Society 

Although organic materials are often used as semiconductors, such as in organic LEDs and organic transistors, organic materials that have an electrical conductivity as high as that of metals are still very scarce. One problem with developing organic metals is that there is a tradeoff in terms of their crystalline structure: a high crystallinity is required for high conductivity, but is detrimental to the materials' processability. 

Now in a new paper published in the Journal of the American Chemical Society, researchers Joseph J. Armao, IV, et al., at the University of Strasbourg in France, have demonstrated a way to overcome this problem by developing a new class of organic materials that are highly conductive yet very soft and flexible. When irradiated with a light pulse, the material reorganizes its molecules to correct structural defects. The new material can therefore be assembled with low crystallinity and then transformed via a light pulse into a material with high electrical conductivity.

"Historically, electronic devices have been developed with inorganic materials such as doped silicon, copper, silver, etc.," Nicolas Giuseppone, professor at the University of Strasbourg, told Phys.org. "These materials come from limited natural resources which are expensive to extract and process before even being suitable for manufacturing. Additionally, a big problem we have is electronic waste, as many of the inorganic materials used in electronics are quite toxic for the environment, and recycling these materials is difficult and expensive. Organic metals provide an alternative material which is cheaper, easier to produce, and environmentally friendly. In addition to replacing inorganic materials in the electronic devices we currently use, we may be able to create devices with novel properties and architectures through a combination of synthetic modification (at the molecular level) as well as control over the supramolecular organization (at the bulk level)."

The new material is a one-dimensional supramolecular polymer composed of stacks of molecular units called tris-amide triarylamines (TATA). Although these organic nanowires may originally suffer from the same structural defects as other organic materials, the application of a relatively low-energy light pulse can correct misalignments of the TATA stacks, essentially giving the polymers the ability to self-heal. 

The results showed that light irradiation increased the conductivities of the suparmolecular polymers by up to four orders of magnitude, reflecting the effectiveness of the photoinduced supramolecular self-optimization. The study marks the first demonstration of supramolecular polymers that achieve electronic, magnetic, and optical signatures similar to those measured in the best conjugated polymers.

"I would say the greatest significance is (a) the ability to demonstrate metallic properties in a supramolecular system without the need to crystallize the material or resort to other processing techniques, (b) the demonstration that supramolecular systems, i.e. ensembles of molecules which are non-covalently bound, can possess characteristics found in conjugated polymers, (c) the ability to remotely trigger the healing mechanism and doping process with light, which creates a responsive material, and (d) the demonstration of a novel error correction mechanism driven by supramolecular polaron diffusion (charge-transfer interactions) within the assembled structures," Giuseppone said.

Highly conductive organic metals could have a variety of novel applications in organic electronics due to their advantages of being lightweight, low cost, and disposable. Applications include transparent electrodes, printed electronic circuits, thermoelectric materials, and memory devices.

"Future research plans include both applications of these materials in devices as well as further research into their fundamental properties," Giuseppone said. "In terms of applications, we are working towards incorporation of these organic assemblies as metallic interconnects for electronic circuitry, testing the efficacy of these materials in solar cells as well as trying to develop means for controlled vertical device architecture. Our fundamental work involves manipulation of optical and plasmonic fields as well as further elucidation and control over the conduction properties."

More information: Joseph J. Armao, IV, et al. "Healable Supramolecular Polymers as Organic Metals." Journal of the American Chemical Society. DOI: 10.1021/ja5044006
高导电性有机金属有望用于一次性电子装置
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(b-d）图为使用不同的成像技术形成的有机金属TATA的图像。（e）为对TATA薄膜的 X射线散射。f（i）和f（ii）分别为TATA金属堆叠结构的侧视图和顶视图。图片提供：美国化学学会©2014， Armao等。

尽管有机材料通常用作半导体，如有机发光二极管、有机晶体管，具有像金属一样高导电性的有机材料仍然是非常稀缺。开发有机金属的一个问题是，在其晶体结构方面的权衡：高结晶度需要高导电性，但不利于材料的加工性能。

现发表在《美国化学学会》杂志上的一项新研究，已经验证了一种方法来开发一个新的、高导电性的但非常柔软且灵活的有机材料来解决这个问题。研究者为法国斯特拉斯堡大学的Joseph J. Armao, IV等。当光脉冲照射时，材料会重组分子到正确的结构缺陷上。因此，通过光脉冲，新材料可以低结晶度组装为高电导率材料。

“历史上，电子设备已与如掺杂硅、铜、银等的无机材料一同发展。” 斯特拉斯堡大学的Nicolas Giuseppone教授告诉phys.org网，“这些材料从自然资源中获取有限，而在提取过程之前甚至制造会非常昂贵。此外，我们有一个大问题就是电子废物，许多电子产品中的无机材料是毒性很强，而回收这些材料非常困难且昂贵。有机金属提供了一种更便宜、更容易生产且环保的替代材料。除了取代在目前我们使用的电子器件中的无机材料，我们可以通过改性来合成并创造新性质及建筑设备（在分子水平上），并在超分子组织上控制（在大部分水平上）。”

这种新材料是一维超分子聚合物分子，由叫做三酰胺三芳胺（Tata）的物质组成。虽然这些有机纳米线最初可能遭受和其他有机材料同样的结构缺陷，但相对较低光脉冲的应用程序可以让修正失调的塔塔，并实际上赋予了聚合物自我疗愈的能力。

结果表明，光照射会增加超分子聚合物的电导率高达四个数量级，反射光会诱导超分子自优化的有效性。本研究是第一个实现类似于那些最佳共轭聚合物电性、磁性和光学特征的超分子聚合物事例。

“我要说，其最伟大的意义是（a）表明具有金属性质的超分子系统中不需要结晶材料或采取其他处理技术的能力，（b）显示超分子体系，即分子团是非共价结合，具有共轭聚合物的特点，（c）远程触发愈合机制并具有与光掺杂过程的能力，创造了一个敏感的材料，以及（d）演示了一种在组合结构中超分子极化子扩散驱动的新纠错机制（电荷转移相互作用），”Giuseppone说。

高导电性有机金属由于其质量轻、造价低、一次性存在应用于有机电子的可能。应用应包括透明电极、印刷电路、热电材料和存储设备。

“未来的研究计划包括了这些材料的设备应用以及其基本性质的进一步研究，”Giuseppone说。“在应用方面，我们正在将这些有机组合掺入金属互连的电子电路，并测试这些材料在太阳能电池方面的效果，并试图开发控制垂直器件结构的手段。我们的基本工作涉及到光学和电浆领域操作，需要进一步鉴定和控制导电性能。”

更多信息：Joseph J. Armao, IV，等。“作为有机金属的可修复超分子聚合物”；《美国化学学会杂志》；DOI：10.1021/ja5044006
E-Material（电子材料）
Scientists craft atomically seamless, thinnest-possible semiconductor junctions
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As seen under an optical microscope, the heterostructures have a triangular shape. The two different monolayer semiconductors can be recognized through their different colors. Image: Univ. of Washington
Scientists have developed what they believe is the thinnest-possible semiconductor, a new class of nanoscale materials made in sheets only three atoms thick.

The Univ. of Washington researchers have demonstrated that two of these single-layer semiconductor materials can be connected in an atomically seamless fashion known as a heterojunction. This result could be the basis for next-generation flexible and transparent computing, better light-emitting diodes, or LEDs, and solar technologies.

“Heterojunctions are fundamental elements of electronic and photonic devices,” said senior author Xiaodong Xu, a UW assistant professor of materials science and engineering and of physics. “Our experimental demonstration of such junctions between 2-D materials should enable new kinds of transistors, LEDs, nanolasers and solar cells to be developed for highly integrated electronic and optical circuits within a single atomic plane.”

The research was published online in Nature Materials.

The researchers discovered that two flat semiconductor materials can be connected edge-to-edge with crystalline perfection. They worked with two single-layer, or monolayer, materials—molybdenum diselenide and tungsten diselenide—that have very similar structures, which was key to creating the composite 2-D semiconductor.

Collaborators from the electron microscopy center at the Univ. of Warwick in England found that all the atoms in both materials formed a single honeycomb lattice structure, without any distortions or discontinuities. This provides the strongest possible link between two single-layer materials, necessary for flexible devices. Within the same family of materials it is feasible that researchers could bond other pairs together in the same way.

The researchers created the junctions in a small furnace at the UW. First, they inserted a powder mixture of the two materials into a chamber heated to 900 C (1,652 F). Hydrogen gas was then passed through the chamber and the evaporated atoms from one of the materials were carried toward a cooler region of the tube and deposited as single-layer crystals in the shape of triangles.

After a while, evaporated atoms from the second material then attached to the edges of the triangle to create a seamless semiconducting heterojunction.

“This is a scalable technique,” said Sanfeng Wu, a UW doctoral student in physics and one of the lead authors. “Because the materials have different properties, they evaporate and separate at different times automatically. The second material forms around the first triangle that just previously formed. That’s why these lattices are so beautifully connected.”

With a larger furnace, it would be possible to mass-produce sheets of these semiconductor heterostructures, the researchers said. On a small scale, it takes about five minutes to grow the crystals, with up to two hours of heating and cooling time.

“We are very excited about the new science and engineering opportunities provided by these novel structures,” said senior author David Cobden, a UW professor of physics. “In the future, combinations of 2-D materials may be integrated together in this way to form all kinds of interesting electronic structures such as in-plane quantum wells and quantum wires, superlattices, fully functioning transistors and even complete electronic circuits.”

The researchers have already demonstrated that the junction interacts with light much more strongly than the rest of the monolayer, which is encouraging for optoelectric and photonic applications like solar cells.

Source: Univ. of Washington
科学家利用自动无缝工艺生产最薄半导体结
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就像在光学显微镜下看到的一样，异质结构具有三角形外形。两个不同单层的半导体可以通过它们不同的颜色被区分出来。图片提供：华盛顿大学

科学家已经研制出了他们认为可能是最薄的半导体，这使一类利用仅有三个原子厚的薄片制成的纳米级材料。

华盛顿大学的研究人员已经证明，这种单层的半导体材料中有两种可以利用被熟知的异质结，进行原子无缝连接。这个研究结果是下一代灵活和透明的计算机、更好的发光二极管或者LED以及太阳能技术的基础。

“异质结是电子与光子设别的基础元素”，资深作者、华盛顿大学材料科学与工程助理教授、物理助理教授Xiaodong Xu称。“我们的试验证明2D材料之间存在这种联结，这有助于我们制造新型晶体管、LED、纳米激光以及太阳能电池，从而用于高度集成的一个单一原子面内的电子与光电路。”

该研究在发表在网络上的《自然材料》上。

研究人员发现两块平的二极管材料可以利用完美的结晶被边缘对边缘的连接。它们在两个单层间发生作用，钼联硒化物和钨联硒化物材料，它们具有十分相似的结构，是制作复合2-D半导体的关键。

英格兰沃里克大学电子显微镜中心的合作着发现材料中的所有原子形成了单个的蜂巢晶格结构，没有任何的变形。这为两个单层材料间提供了最强的连接可能性，而这是灵活设备所必要的性质。利用可能的相同类型的材料，研究人员可以通过相同的方式将另一对连接起来。

在华盛顿大学研究人员在一个小的熔炉中制造了接头。首先，他们在两个材料间的小腔体内插入了粉末混合物，然后加热到900摄氏度（1652华氏度）。之后氢气通过腔体，一种材料的浓缩原子向晶体管较冷的地区进行迁移并以三角形单层晶体形状沉积。

不一会，两种材料间的浓缩原子就会附在三角形的边缘，形成无缝的半导体异质结。

华盛顿大学物理学博士，同时也是主要的作者之一吴三峰（音译）说，“这是一项可以扩展的技术。”“由于材料具有不同的特性，它们会在不同的时期自动的聚合和分散。在首先形成的第一个三角形的边缘会形成第二种材料，这就是为什么这些晶格如此完煤的连接在一起的原因。”

研究人员说，用一个大的火炉，可以大规模的生产这种半导体异质结构晶片，在小范围上，需要5分钟长出晶体，然后需要2个小时加热和冷却。

高级作者、华盛顿大学物理学教授David Cobden 说，“我们对这些新奇的结构在新的理工中的应用前景非常兴奋；在未来，2-D材料组合可能以此方式整合在一起，从而将所有电子结构的优点整合在一起，如平面量子井和量子线,超晶格、功能齐全的晶体管甚至完整的电子电路。”

研究人员已经证明，接口与光的相互作用比与单层原子更加强烈。这鼓励了太阳能电池等光电和光子的应用。

来源：华盛顿大学

Promising ferroelectric materials suffer from unexpected electric polarizations
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Electrostatic potential landscapes reconstructed from electron holography data with 15 volts of positive or negative current applied to the substrate (Nb-STO). The much steeper potential drop from the +15 V signifies a higher electric field, whereas the -15 V yielded a much flatter curve—indicating the charge asymmetry within the material.

Electronic devices with unprecedented efficiency and data storage may someday run on ferroelectrics—remarkable materials that use built-in electric polarizations to read and write digital information, outperforming the magnets inside most popular data-driven technology. But ferroelectrics must first overcome a few key stumbling blocks, including a curious habit of "forgetting" stored data. 

Now, scientists at the U.S. Dept. of Energy (DOE)'s Brookhaven National Laboratory have discovered nanoscale asymmetries and charge preferences hidden within ferroelectrics that may explain their operational limits.

"The positive or negative polarizations in these ferroelectric materials should be incredibly easy to switch, but the reality is much stranger," said Brookhaven Lab physicist Myung-Geun Han, lead author on the new study. "To our surprise, opposing electronic configurations only allowed for polarization in one direction—a non-starter for reading and writing data." 

The researchers used a suite of state-of-the-art techniques—including real-time electrical biasing, electron holography, and electron-beam-induced current measurements—to reveal never-before-seen electric field distributions in ferroelectric thin films, which were custom-grown at Yale Univ. The results, published in Nature Communications, open new pathways for ferroelectric technology.

Physics of flipping

Most electronic devices rely on ferromagnetism to read and write data. Each so-called ferromagnetic domain contains a north or south magnetic polarity, which translates into the flipping 1 or 0 of the binary code underlying all digital information. But ferromagnetic operations not only require large electric current, but the magnets can flip each other like dominoes when packed together too tightly—effectively erasing any data.

Ferroelectrics, however, use positive or negative electric charge to render digital code. Crucially, they can be packed together with domains spanning just a few atoms and require only a tiny voltage kick to flip the charge, storing much more information with much greater efficiency.

"But ferroelectric commercialization is held up by material fatigue, sudden polarization reversal, and intrinsic charge preferences," said Brookhaven Lab physicist and study coauthor Yimei Zhu. "We suspected that the origin of these issues was in the atomic interactions along the material's interface—where the ferroelectric thin film sits on a substrate." 

Interface exploration

The scientists examined ferroelectric films of lead, zirconium and titanium oxide grown on conductive substrates of strontium, and titanium oxide with a small amount of niobium—chosen because it exhibits large polarization values with well-defined directions, either up or down. The challenge was mapping the internal electric fields in materials thousands of times thinner than a human hair under actual operating conditions.

Brookhaven scientists hunted down the suspected interface quirks using electron holography. In this technique, a transmission electron microscope (TEM) fired 200,000-volt electron wave packets through the sample with billionth-of-a-meter precision. Negative and positive electric fields inside the ferroelectric film then attracted or repelled the electron wave and slightly changed its direction. Tracking the way the beam bent throughout the ferroelectric film revealed its hidden charges. 

"Rather than an evenly distributed electric field, the bending electron waves revealed non-uniform and unidirectional electric fields that induced unstable, head-to-head domain configurations," Han said. "For the first time, we could see these unusual and jagged polarizations mapped out in real space and real time."

These opposing polarizations—like rival football teams squaring off aggressively at the line of scrimmage—surprised scientists and challenged assumptions about the ferroelectric phenomenon.

"These results were totally unexpected based on the present understanding of ferroelectrics," Han said. 

The asymmetries were further confirmed by measurements of electron-beam-induced current. When a focused electron beam struck the ferroelectric sample, electric fields within the film-substrate interface revealed themselves by generating additional current. Other techniques, including piezoresponse force microscopy—in which a sub-nanometer tip induces a reaction by pressing against the ferroelectric—also confirmed the strange domains.

"Each technique demonstrated this intrinsic polarization preference, likely the origin of the back-switching and poor coding performance in these ferroelectrics," Han said. "But these domain structures should require a lot of energy and thus be very unstable. The interface effect alone cannot explain their existence."

Missing oxygen 

The scientists used another ultra-precise technique to probe the material's interface: electron energy loss spectroscopy (EELS). By measuring the energy deposited by an electron beam in specific locations—a kind of electronic fingerprint—the scientists determined the material's chemical composition.

"We suspect that more oxygen could be missing near the surface of the thin films, creating electron pockets that may neutralize positive charges at the domain walls," Han said. "This oxygen deficiency naturally forms in the material, and it could explain the stabilization of head-to-head domains."

This electron-swapping oxygen deficiency—and its negative effects on reliably storing data—might be corrected by additional engineering, Han said. For example, incorporating a "sacrificial layer" between the ferroelectric and the substrate could help block the interface interactions. In fact, the study may inspire new ferroelectrics that either exploit or overcome this unexpected charge phenomenon.

Source: Brookhaven National Laboratory
前景广阔的铁电材料遭受突发电极化之苦
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由电子全息数据重建的具有正负15V电流的静电势格局应用于铁电材料的基片上（Nb-STO）。从+15V到-15V的电压降产生了一个更强的电厂，在该电场中-15V电流的波形更平滑，这表明了铁电材料中的电荷的不对称性。

具有极高的存储效率和数据存储容量的电子设备可能在某一天会通过使用铁电材料实现，铁电材料是一种利用内置电子极化来读写数字信息的性能优异的材料，它胜过最常用的数据驱动技术中的磁性材料。但是铁电材料必须首先攻克几个关键性的难题，包括一种奇怪的“忘记”已存储数据的特点。

现在，美国能源局（DOE）布鲁克黑文国家实验室的科学家们已经发现了隐藏在铁电材料中的纳米级非对称性和电荷偏置，这可能会对其使用限制作出解释。

这项新研究的第一作者，布鲁克黑文国家实验室物理学家Myung-Geun Han称，“铁电材料中的正负极化应该非常容易转换，但是在实际操作中却不容易实现。令我们吃惊的是，相反的电子结构仅允许单一方向的极化，因而无法实现读写数据的功能。”

研究人员使用了一整套最先进的技术，包括实时电偏压、电子全息以及电子束诱导电流测量技术，来揭示铁电材料中我们前所未见的电场分布状况，这种测量技术已在耶鲁大学成熟应用。研究结果刊登在《自然通讯》杂志上，从而开辟了铁电材料技术的新道路。

翻转的物理现象

大多数电子设备依靠铁磁性来读写数据。每个所谓的铁磁畴内部都含有一个南/北磁极，该磁极转换为隐藏在所有数字信息中的翻转的1或0这种二进制代码。但是铁磁操作不仅需要大电流，而且当磁铁之间装配得太紧密时，它们会像多米诺骨牌一样互相碰撞，这样实际上是在删除数据。

然而，铁电材料是利用正/负电荷来生成数字代码。至为重要的是，它们可以装配至磁畴之间只有几个原子的宽度，并且仅需要很小的电压便能使电荷翻转，因而能更高效地存储更多的信息。

布鲁克黑文实验室的物理学家，该研究的合著者Yimei Zhu称，“但是材料的疲劳性、突然的极化反转以及其固有的电荷偏置特性阻碍了铁磁材料的商品化。我们怀疑这些问题的根源在于沿着材料界面的原子之间的相互作用，铁电薄膜通过此界面置于基片之上。”

界面探测

科学家对植于含有少量铌元素的锶和钛氧化物导电基片上的铅、锆和钛氧化物的铁电薄膜进行了检测，选择这些材料的原因是其具有较大的极化值和明确的方向（上或下）。在实际操作条件下绘制只有人的头发的几千分之一薄的材料中的内部电场图是个挑战。

布鲁克黑文实验室的科学家们利用电子全息技术找出了这个疑似的界面奇怪现象。在这项技术中，电子投射显微镜（TEM）发射出200000伏特的电子波束，以十亿分之一米的精度穿过样本物体。铁电薄膜内的正负电场便会吸引或排斥这些电子波，并稍微改变其方向。沿着电子束穿过铁电薄膜后弯曲的路径追踪便能显示出其隐藏的电荷。

Han称，“弯曲的电子波显示出不均匀且单向的电场，而不是一个均匀分布的电场，这些电场生成了不稳定的头接头式的磁畴结构。我们第一次能看到映射在实际空间和时间内的这些不同寻常且呈锯齿状的极化现象。”

这些对立的极化就像是两只在比赛线上激烈对抗的足球队一样，这令科学家们感到惊奇，并对铁电现象的假设形成了挑战。

Han称，“根据我们现在对铁电材料的理解，这些结果完全出乎我们的意料。”

这种不对称性被电子束诱导电流测量技术进一步证实。当一个电子集束照射到铁电材料样本上时，薄膜基片内的电场便会通过额外产生的电流将它们自己显示出来。其它技术，包括压电力显微镜——通过挤压铁电材料使亚纳米尖端引起反应，也证实了这种奇怪磁畴的存在。

Han称，“每种技术都证明了这种固有极化偏置，它可能就是铁电材料中的反向转换和糟糕的编码性能的根源。但是这些磁畴结构应当需要很大的能量且不是很稳定。单单靠界面影响无法解释它们的存在。”

散失的氧

科学家们使用另一种超精密技术对铁电材料界面进行了探测：电子能量损失能谱技术（EELS）。通过测量指定位置的电子束所存储的能量——一种电子指纹，科学家便能确定材料的化学组分。

Han称,“我们怀疑在薄膜表面附近会散失更多的氧，从而形成可能抵消畴壁上的正电荷的电子束。这种缺氧现象便自然而然地形成了铁电材料，并且能够解释头接头磁畴的稳定性。”

Han表示这种电子对换产生的缺氧现象，以及其对可靠地存储数据所产生的影响可以通过其它工程手段加以矫正。例如，在铁电材料和基片之间设置一个“牺牲层”便可以帮助防止界面的相互作用。事实上，这项研究可能会对新型铁电材料的探测或解决这种突发的电荷现象的研究起到抛砖引玉的作用。

来源：布鲁克黑文国家实验室

Test reveals purity of graphene

Rice and Osaka researchers have come up with a simple method to find contaminants on atom-thick graphene. By putting graphene on a layer of indium phosphide, which emits terahertz waves when excited by a laser pulse, they can measure and map changes in its electrical conductivity.

Graphene may be tough, but those who handle it had better be tender. The environment surrounding the atom-thick carbon material can influence its electronic performance, according to researchers at Rice and Osaka universities who have come up with a simple way to spot contaminants.

Because it’s so easy to accidently introduce impurities into graphene, laboratories led by physicists Junichiro Kono of Rice Univ. and Masayoshi Tonouchi of Osaka Univ.’s Institute of Laser Engineering discovered a way to detect and identify out-of-place molecules on its surface through terahertz spectroscopy.

They expect the finding to be important to manufacturers considering the use of graphene in electronic devices.

The research was published in Scientific Reports. It was made possible by the Rice-based NanoJapan program, through which American undergraduates conduct summer research internships in Japanese laboratories.

Even a single molecule of a foreign substance can contaminate graphene enough to affect its electrical and optical properties, Kono said. Unfortunately (and perhaps ironically), that includes electrical contacts.

“Traditionally, in order to measure conductivity in a material, one has to attach contacts and then do electrical measurements,” said Kono, whose laboratory specializes in terahertz research. “But our method is contact-less.”

That’s possible because the compound indium phosphide emits terahertz waves when excited. The researchers used it as a substrate for graphene. Hitting the combined material with femtosecond pulses from a near-infrared laser prompted the indium phosphide to emit terahertz back through the graphene. Imperfections as small as a stray oxygen molecule on the graphene were picked up by a spectrometer.

“The change in the terahertz signal due to adsorption of molecules is remarkable,” Kono said. “Not just the intensity but also the waveform of emitted terahertz radiation totally and dynamically changes in response to molecular adsorption and desorption. The next step is to explore the ultimate sensitivity of this unique technique for gas sensing.”

The technique can measure both the locations of contaminating molecules and changes over time. “The laser gradually removes oxygen molecules from the graphene, changing its density, and we can see that,” Kono said.

The experiment involved growing pristine graphene via chemical vapor deposition and transferring it to an indium phosphide substrate. Laser pulses generated coherent bursts of terahertz radiation through a built-in surface electric field of the indium phosphide substrate that changed due to charge transfer between the graphene and the contaminating molecules. The terahertz wave, when visualized, reflected the change.

The experimental results are a warning for electronics manufacturers. “For any future device designs using graphene, we have to take into account the influence of the surroundings,” said Kono. Graphene in a vacuum or sandwiched between noncontaminating layers would probably be stable, but exposure to air would contaminate it, he said.

The Rice and Osaka laboratories are continuing to collaborate on a project to measure the terahertz conductivity of graphene on various substrates, he said.

Source: Rice Univ.
试验揭示石墨烯纯度

美国赖斯大学和日本大阪大学的研究人员提出了一种简单方法，可用于发现原子厚度的石墨烯上的污染物。他们通过测试石墨烯上的一层磷化铟，在发射太赫兹波激发的脉冲激光时，就可以测量电导率变化图。

石墨烯可能很难，但那些处理最好是温柔的。周围原子层厚的碳材料环境会影响其电子性能，根据赖斯大学和大阪大学研究人员想出的发现污染物的简单方法描述称。

因为很容易不小心引入杂质进入实验室的物理学家的石墨烯，赖斯大学的小泉纯一郎河野和大阪大学的日本登内的激光工程研究所发现了一种方法来检测和识别的分子在其表面通过太赫兹光谱。

他们希望可以找到，因为考虑到石墨烯在电子器厂家中的重要性。

这项研究发表在《科学报告》中。赖斯大学NanoJapan项目让其成为可能，根据日本实验室实习的美国大学生研究称。

即便一个单分子的外来物质污染足以影响石墨烯的光学和电学性能，河野洋平说。不幸的是（也许是），这包括电触点。

“传统上，为了测量材料的导电性，需要高度接触并进行电气测量，”专门从事太赫兹波研究实验室的研究员科诺称。“但我们的方法几乎不需要接触。”

这可能是因为在激发时复合磷化铟会发射太赫兹波。研究人员用它作为石墨烯的衬底。近红外激光飞秒脉冲冲击复合材料促使磷化铟并通过石墨烯放射太赫兹波。石墨烯上像氧分子一样小的缺陷会由光谱仪检测出来。

“由吸附分子产生的太赫兹信号变化是显著的，”科诺说。“不只是强度，发射出太赫兹辐射的动态变化也响应于吸附的分子及解吸的波形。下一步是探索具有这种独特技术的气体传感器的终极灵敏度。”

该技术可以测量污染分子随时间变化的位置。“我们可以看到，激光逐步从石墨烯消除氧分子，改变其密度，”河野说。

实验包括通过化学气相沉积的生长纯净石墨烯，并转移到磷化铟衬底上。激光脉冲产生的太赫兹辐射相干脉冲通过一个内置的表面电场磷化铟基板，导致石墨烯和污染分子之间的电荷转移。可视化太赫兹波可以反映其变化。

实验结果是对电子产品制造商的警告。“对于未来采用石墨烯设计的任何设备，我们必须考虑周围环境对其的影响，”科诺说。真空或污染层之间夹的石墨烯可能是稳定的，但暴露于空气中它就会被污染，他说。

赖斯大学和日本大阪大学实验室继续在一个测量各种基材上石墨烯太赫兹的电导率项目中合作，他说。

来源：美国赖斯大学
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