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Tech News & New Tech（技术前沿）
Atomic Vibrations in Nanomaterials
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Researchers at ETH have shown for the first time what happens to atomic vibrations when materials are nanosized and how this knowledge can be used to systematically engineer nanomaterials for different applications. Using both experiment, simulation, and theory, they explain how and why vibriations at the surface of a nanomaterial (q) can interact strongly with electrons (k and k'). Source: ETH Zurich

All materials are made up of atoms, which vibrate. These vibrations, or 'phonons', are responsible, for example, for how electric charge and heat is transported in materials. Vibrations of metals, semiconductors, and insulators in are well studied; however, now materials are being nanosized to bring better performance to applications such as displays, sensors, batteries, and catalytic membranes. What happens to vibrations when a material is nanosized has until now not been understood.

Soft Surfaces Vibrate Strongly

In a recent publication in Nature, ETH Professor Vanessa Wood and her colleagues explain what happens to atomic vibrations when materials are nanosized and how this knowledge can be used to systematically engineer nanomaterials for different applications.

The paper shows that when materials are made smaller than about 10 to 20 nanometers -- that is, 5,000 times thinner than a human air -- the vibrations of the outermost atomic layers on surface of the nanoparticle are large and play an important role in how this material behaves.

"For some applications, like catalysis, thermoelectrics, or superconductivity, these large vibrations may be good, but for other applications like LEDs or solar cells, these vibrations are undesirable," explains Wood.

Indeed, the paper explains why nanoparticle-based solar cells have until now not met their full promise. The researchers showed using both experiment and theory that surface vibrations interact with electrons to reduce the photocurrent in solar cells.

"Now that we have proven that surface vibrations are important, we can systematically design materials to suppress or enhance these vibrations," say Wood.

Improving Solar Cells

Wood's research group has worked for a long time on a particular type of nanomaterial -- colloidal nanocrystals -- semiconductors with a diameter of 2 to 10 nanometers. These materials are interesting because their optical and electrical properties are dependent on their size, which can be easily changed during their synthesis.

These materials are now used commercially as red- and green-light emitters in LED-based TVs and are being explored as possible materials for low cost, solution-processed solar cells. Researchers have noticed that placing certain atoms around the surface of the nanocrystal can improve the performance of solar cells. The reason why this worked had not been understood. The work published in the Nature paper now gives the answer: a hard shell of atoms can suppress the vibrations and their interaction with electrons. This means a higher photocurrent and a higher efficiency solar cell.

Big Science to Study the Nanoscale

Experiments were conducted in Professor Wood's labs at ETH Zurich and at the Swiss Spallation Neutron Source at the Paul Scherrer Institute. By observing how neutrons scatter off atoms in a material, it is possible to quantify how atoms in a material vibrate. To understand the neutron measurements, simulations of the atomic vibrations were run at the Swiss National Supercomputing Center (CSCS) in Lugano. Wood said, "without access to these large facilities, this work would not have been possible. We are incredibly fortunate here in Switzerland to have these world class facilities."

Source: ETH Zurich
纳米材料的原子振动
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ETH的研究人员首次展示了在材料纳米化的同时原子振动的变化以及如何使用该知识来系统地设计用于不同应用的纳米材料。同时使用实验、模拟和理论，他们解释了纳米材料（q）表面的振动为什么会与电子（k和k’）产生强烈的相互作用，以及如何产生相互作用的。资料来源：苏黎世联邦理工学院

所有的材料都是由振动的原子构成的。例如，这些振动，或“声子”，促成了电荷和热量在材料中输送的方式。金属、半导体以及绝缘子内的振动得到了很好地研究；然而，目前材料被纳米化，用以为应用带来更好的性能，这些应用包括显示器、传感器、电池和催化膜。当材料纳米化之后，振动会发生什么样的变化我们尚不了解。

柔软表面的强烈震动

在《自然》最近一个出版物中，ETH的教授瓦妮莎•伍德和她的同事解释了在材料纳米化时原子振动的变化以及如何使用该知识来系统地设计用于不同应用的纳米材料。

该论文表明，当材料被制造成少于10-20纳米的尺寸时——也就是说，比一根人类的头发细5000倍——纳米颗粒表面最外原子层的振动非常大，并且在这种材料的行为模式方面起着重要的作用。

 “对于一些应用，例如催化、热电或超导，这些大的振动可能是好的，但是对于像LED或太阳能电池等其他应用来说，这些振动并不是期望获得的性能，”伍德解释称。

事实上，该论文解释了纳米粒子基太阳能电池为什么直到现在还没有兑现它们的全部承诺。研究人员同时用实验和理论表明，表面振动与电子产生相互作用，从而降低了太阳能电池的光电流。

 “现在我们已经证明，表面振动是非常重要的，我们能够系统地设计材料，从而抑制或增强这些振动，”伍德表示。

改善太阳能电池

伍德的研究小组在很长一段时间内都在研究一种特殊类型的纳米材料——胶体纳米晶——一种直径2-10纳米的半导体。这些材料非常有趣，因为它们的光学和电学性质取决于它们的尺寸，而尺寸能够在它们的合成过程中得到轻易地改变。

这些材料目前被商业用于LED基TV中的红-和绿灯发射器，并且被作为低成本的溶液加工型太阳能电池的可能材料而得到研究。研究人员已经注意到，在纳米晶体表面周围放置某些原子能够提高太阳能电池的性能。其中的工作原理尚不清楚。《自然》论文中发表的研究给出了答案：原子坚硬的外壳可以抑制振动以及它们与电子产生的相互作用。这意味着更高的光电流和较高效率的太阳能电池。

研究纳米尺度的大科学

该实验是在苏黎世联邦理工学院伍德教授实验室以及保罗谢勒研究所瑞士散裂中子源进行的。通过观察中子是如何在材料中散射离开原子的，我们有可能会量化材料中原子振动的方式。为了了解中子测量，在卢加诺的瑞士国家超级计算中心（CSCS）进行了原子振动的模拟。伍德表示，“没有这些大型设施，这项工作是不可能进行的。在瑞士，我们非常幸运地拥有这些世界一流的设施。”

资料来源：苏黎世联邦理工学院
New Mechanism of Spontaneously Self-Layering Coatings Revealed 

Researchers from the University of Surrey in collaboration with the Université Claude Bernard, Lyon, used computer simulation and materials experiments to show how when coatings with different sized particles, such as paints dry, the coating spontaneously forms two layers.

This mechanism can be used to control the properties at the top and bottom of coatings independently, which could help increase performance of coatings across industries as diverse as beauty and pharmaceuticals.

Andrea Fortini, of the University of Surrey and lead author explained: “When coatings such as paint, ink or even outer layers on tablets are made, they work by spreading a liquid containing solid particles onto a surface, and allowing the liquid to evaporate. This is nothing new, but what is exciting is that we’ve shown that during evaporation, the small particles push away the larger ones, remaining at the top surface whilst the larger are pushed to bottom. This happens naturally.”

Fortini continued, “This type of ‘self-layering’ in a coating could be very useful. For example, in a sun screen, most of the sunlight-blocking particles could be designed to push their way to the top, leaving particles that can adhere to the skin near the bottom of the coating. Typically, the particles used in coatings have sizes that are 1000 times smaller than the width of a human hair, so engineering these coatings takes place at a microscopic level.”

The team is continuing to work on such research to understand how to control the width of the layer by changing the type and amount of small particles in the coating and explore their use in industrial products such as paints, inks, and adhesives.

The funding for this work comes from the EU project BARRIERPLUS, which aims at the reduction of environmentally damaging volatile organic compounds in paints.
新发现：涂料的自然分层原理
悉尼大学和里昂第一大学的研究员联手进行了一项实验研究，他们通过计算机模拟和材料试验，测试像油漆这类构成颗粒大小不一的涂料变干时，如何自然分成两层。

这一原理可以用来分别控制涂料的表层与底层的性质，使得涂料无论在工业，还是美妆和药物等行业的应用中，都能发挥更大的效用。

悉尼大学的Andrea Fortini，也是报告的主要撰写人解释道：“在像是油漆、墨水或者胶囊外壳的制作过程中，会将含有固体微粒的液体喷洒至表面，然后再使液体挥发。这并不稀奇，然而我们所观察到的令人惊讶的现象是，在液体挥发的过程中，小型微粒会推开大型微粒，从而留在最上面，与此同时，大型微粒自然而然也就被挤到了底部。这一现象是自然发生的。”

Fortini紧接着又说：“涂料的这种'自我分层现象'用途很广。例如，在防晒霜的制作过程中，可以使得大部分防紫外线的微粒留在表层，而将剩下对皮肤起到保护作用的微粒置于底层。通常，涂料的构成微粒比人类头发的宽度还要小1000倍，因此，此类涂料制作过程都是在显微镜下进行的。”

该研究团队目前正在致力于研究如何通过改变涂料中小型微粒的种类和数量，来实现控制分层宽度的方法，此外，还针对该原理在油漆、墨水及粘合剂等工业产品制作中的应用进行探索。

该项研究由欧盟发起的BARRIERPLUS项目提供资助，该项目致力于减少油漆中所含对环境造成威胁的挥发性有机化合物成分。
Wrinkles and Crumples Make Graphene Better

[image: image3.jpg]



Wrinkles and crumples, introduced by placing graphene on shrinky polymers, can enhance graphene's properties. Courtesy of Hurt and Wong Labs / Brown University

Crumple a piece of paper, and it’s probably destined for the trash can; but new research shows that repeatedly crumpling sheets of the nanomaterial graphene can actually enhance some of its properties. In some cases, the more crumpled the better.

The research by engineers from Brown University shows that graphene, wrinkled and crumpled in a multi-step process, becomes significantly better at repelling water—a property that could be useful in making self-cleaning surfaces. Crumpled graphene also has enhanced electrochemical properties, which could make it more useful as electrodes in batteries and fuel cells.

The results are published in the journal Advanced Materials.

Generations of wrinkles

This new research builds on previous work done by Robert Hurt and Ian Wong, from Brown’s School of Engineering. The team had previously showed that by introducing wrinkles into graphene, they could make substrates for culturing cells that were more similar to the complex environments in which cells grow in the body. For this latest work, the researchers led by Po-Yen Chen, a Hibbit postdoctoral fellow, wanted to build more complex architectures incorporating both wrinkles and crumples. “I wanted to see if there was a way to create higher-generational structures,” Chen said.

To do that, the researchers deposited layers of graphene oxide onto shrink films—polymer membranes that shrink when heated (kids may know these as Shrinky Dinks). As the films shrink, the graphene on top is compressed, causing it to wrinkle and crumple. To see what kind of structures they could create, the researchers compressed the same graphene sheets multiple times. After the first shrink, the film was dissolved away, and the graphene was placed in a new film to be shrunk again.

The researchers experimented with different configurations in the successive generations of shrinking. For example, sometimes they clamped opposite ends of the films, which caused them to shrink only along one axis. Clamped films yielded graphene sheets with periodic, basically parallel wrinkles across its surface. Unclamped films shrank in two dimensions, both length- and width-wise, creating a graphene surface that was crumpled in random shapes.

The team experimented with those different modes of shrinking over three successive generations. For example, they might shrink the same graphene sheet on a clamped film, then an unclamped film, then clamped again; or unclamped, clamped, unclamped. They also rotated the graphene in different configurations between shrinkings, sometimes placing the sheet perpendicular to its original orientation.

The team found that the multi-generational approach could substantially compress the graphene sheets, making them as small as one-fortieth their original size. They also showed that successive generations could create interesting patterns along the surface—wrinkles and crumples that were superimposed onto each other, for example.

“As you go deeper into the generations, you tend to get larger wavelength structures with the original, smaller wavelength structure from earlier generations built into them,” said Robert Hurt, a professor of engineering at Brown and one of the paper’s corresponding authors.

A sheet that was shrunk clamped, unclamped, and then clamped looked different from ones that were unclamped, clamped, unclamped, for example.

“The sequence matters,” said Wong, also a corresponding author on the paper. “It’s not like multiplication where 2 times 3 is the same as 3 times 2. The material has a ‘memory,’ and we get different results when we wrinkle or crumple in a different order.”

The researchers generated a kind of taxonomy of structures born from different shrinking configurations. They then tested several of those structures to see how they altered the properties of the graphene sheets.

Enhanced properties

They showed that a highly crumpled graphene surface becomes superhydrophobic—able to resist wetting by water. When water touches a hydrophobic surface, it beads up and rolls off. When the contact angle of those water beads with an underlying surface exceeds 160 degrees—meaning very little of the water bead’s surface touches the material—the material is said to be superhydrophobic. The researchers showed that they could make superhydrophobic graphene with three unclamped shrinks.

The team also showed that crumpling could enhance the electrochemical behaviors of graphene, which could be useful in next-generation energy storage and generation. The research showed that crumpled graphene used as a battery electrode had as much as a 400 percent increase in electrochemical current density over flat graphene sheets. That increase in current density could make for vastly more efficient batteries.

“You don’t need a new material to do it,” Chen said. “You just need to crumple the graphene.”

In additional to batteries and water resistant coatings, graphene compressed in this manner might also be useful in stretchable electronics—a wearable sensor, for example.

The group plans to continue experimenting with different ways of generating structures on graphene and other nanomaterials.

“There are many new two-dimensional nanomaterials that have interesting properties, not just graphene,” Wong said. “So, other materials or combinations of materials may also organize into interesting structures with unexpected functionalities.”

The work was supported by a seed grant from Brown University. Po-Yen Chen was supported by the Hibbit Engineering Fellows Program, which supports outstanding postdoctoral researchers as they transition to an independent career. Jaskiranjeet Sodhi, Dr. Yang Qiu, Thomas M. Valentin, Ruben Spitz Steinberg and Dr. Zhongying Wang were coauthors on the paper.
皱纹和皱褶使石墨烯性能更佳

[image: image4.jpg]



皱纹和皱褶、通过引入将石墨烯置于收缩聚合物，可以提高石墨烯的性质。由布朗大学Hurt和Wong实验室提供。

揉皱一张纸，可能会扔进垃圾桶，但新的研究表明，反复揉搓的纳米石墨薄片可以增强了它的一些特性。在某些情况下，越皱越好。

来自布朗大学的工程师们研究表明，石墨烯，在一个多步骤的过程褶皱，排斥水性质变得更好-该特性能够用于自洁表面。褶皱的石墨烯还具有增强的电化学性质，可以使其在电池和燃料电池中更有用。

研究结果发表在先进材料杂志

多层皱纹

这项新的研究建立在来自布朗工程学院的Robert Hurt和Ian Wong先前工作基础上。该团队此前曾表明，通过引入皱纹到石墨烯，他们可以培养细胞，更类似于细胞生长在体内的复杂环境中。这个新的工作，由研究员Hibbit博士后Po-Yen Chen领导，希望建立更复杂结合了皱纹和皱褶的架构。 陈先生说：“我想看看是否有可能创造更高的层结构”。

要做到这一点，研究人员在收缩薄膜聚合物膜沉积石墨烯氧化物-层加热时收缩（孩子们可能知道这些Shrinky Dinks）。由于薄膜收缩，在顶部的石墨烯被压缩，导致它皱皱。为了看到能创造出什么样的结构，研究者多次压缩相同石墨烯片。第一次收缩后，膜片被溶解掉，而石墨烯被放置在一个新的膜片要再次收缩。

研究人员在持续收缩后期尝试用不同的配置。例如，他们有时夹膜的两端，这导致他们收缩只能沿一条轴线。被夹持薄膜产生周期性的石墨烯片，在其表面基本平行的皱纹。松开薄膜收缩两尺寸方向，长度和宽度，石墨烯表面褶皱成任意形状。

团队采用那些不同形式的收缩实验超过三批次。例如，他们可能会在夹持膜上收缩相同的石墨烯片，然后松开薄膜，然后重新夹紧或松开，夹紧，松开。他们在各次收缩间旋转石墨烯不同的配置，有时会放置于垂直于其原来的方向。

该团队发现，多次的方法可以大幅度压缩石墨薄片，使其仅为原始大小的四十分之一。他们还发现，持续压缩能沿皱纹和褶皱表面创造出有趣的图案，例如互相叠加。

在布朗工程教授和论文的通讯作者Robert Hurt 说：“深入多次压缩，你会获得与原波长较大的结构，从先前的压缩获得较小的波长结构”。

收缩夹紧片，松开，然后夹紧看起来不同于那些被松开的，例如夹紧，松开。

同是论文通讯作者Wong 说“顺序重要，它不是像乘法，2乘以3和3乘以2相同。该材料具有“记忆”， 当我们的皱纹或揉按不同的顺序，我们得到不同的结果。”

研究者们产生了一种分类的结构来自于从不同的收缩配置。然后他们测试了这些结构如何改变石墨烯片的性质。

增强的性能

他们发现，一个高度皱巴巴的石墨烯表面变得疏水能抵抗润湿。当水接触表面，成为珠子滚下来。当那些水珠与基础表面的接触角大于160度-意味很少水接触的材料-称为超疏水材料。研究人员展示他们可以用三组未夹紧收缩制作疏水性石墨烯。

该小组还展示褶皱可以提高石墨烯的电化学行为，这可能对下一代能源存储和生成是有用的。研究表明，作为电池的电极在电化学电流密度较平面石墨烯增加400%。在电流密度的增加会使电池更高效。

“你不需要新的材料来做，”陈先生说。”你只需要把石墨烯褶皱。”

除了电池和防水涂料镀层，石墨烯这种压缩方式也可能在例如拉伸电子元件-穿戴式传感器是有用的。

团队计划继续尝试不同结构的石墨烯和其他纳米材料的方法

Wong 说“有很多新的二维纳米材料，具有一些有趣的性质，不只是石墨烯，所以其他的材料或材料的组合也可以组织成带有意想不到的功能的有趣结构。”

这一工作得到了布朗大学的种子资助金的支持。Po-Yen Chen由hibbit工程院士的计划支持，该计划支持优秀博士后研究人员当他们过渡到一个独立的职业生涯。jaskiranjeet Sodhi Yang Qiu博士Thomas M. Valentin、Ruben Spitz Steinberg和Zhongying Wang是论文的合著者。
Metal Alloy（金属合金）
Innovative Device Studies Gold Nanoparticles In-Depth 

EPFL researchers have developed a way to explore and optimize gold nanoparticles, which are used in medicine, biology and solar cells.

Artists have used gold nanoparticles for centuries, because they produce vibrant colors when sunlight hits them. Their unique optical-electronics properties have put gold nanoparticles at the center of research, solar cells, sensors, chemotherapy, drug delivery, biological and medical applications, and electronic conductors. The properties of gold nanoparticles can be tuned by changing their size, shape, surface chemistry etc., but controlling these aspects is difficult.

Publishing in Nano Letters, researchers led by Fabrizio Carbone at EPFL have made an unprecedented study into the structure of gold nanoparticles. Working with Francesco Stellacci’s lab (EPFL), the researchers achieved this using a device called “small-angle time-resolved electron diffractometer”, which allowed them to study the structural arrangements of gold nanoparticles at ultrafast speeds – quadrillionths of a second.

The diffractometer itself is interesting because it uses a cheap alternative to a very expensive technique: the free electron laser (FEL). The FEL uses electrons to generate X-rays that can “study” molecules down to the atomic level – in billionths of a meter. Such a powerful tool normally comes at the cost of over a billion dollars. But in 2010, researchers from the Netherlands developed an alternative method jokingly called “poor-man’s FEL”, which looks at materials with an electron beam of ultrafast pulses, and achieve similar results.

In this study, the researchers developed a diffractometer device that uses the “poor-man’s FEL” and exploits the high sensitivity that electrons have for interacting with matter. The device can study monolayers and very thin samples containing light elements, e.g. hydrogen and carbon. And when it comes to dense aggregates and small molecules, the small-angle time-resolved electron diffractometer can achieve the extreme sensitivity of a traditional FEL, but at a fraction of the cost: less than a million dollars.

Looking for gold

Using this approach, the EPFL researchers were able to obtain a movie in which the structural changes of gold nanoparticles triggered by light were captured with atomic resolution in both time and space.

These experiments show that ligand molecules attached to gold nanoparticles can self-assemble and order themselves into preferential orientations, which is central for creating ordered nanostructures. Even more striking was the discovery that that light itself can induce such ordering phenomena, providing a unique tool for controlling the physics of gold nanoparticles, with great potential for optoelectronic applications such as organic photovoltaic (OPV) solar cells etc.

The study provides proof-of-concept evidence that the small-angle time-resolved electron diffractometer enables the systematic investigation of structural properties of nano-assembled materials”. The authors expect this to bear significantly onto multiple applications, including signal processing, biology and even future drug delivery.

Source: EPFL
创新设备深入研究金纳米粒子

瑞士联邦理工学院研究人员开发了一种方法来探索和优化金纳米粒子,用于医学、生物学和太阳能电池。

艺术家们几个世纪以来都用金纳米粒子,因为阳光照射时产生鲜明的色彩。他们独特的光电子属性将金纳米粒子作为研究、太阳能电池、传感器、化疗、药物输送、生物和医疗应用程序和电子导体的中心。金纳米粒子的性质可以通过改变它们的大小、形状、表面化学等进行调优, ,但控制这些方面是很困难的

出版在纳米快报, 瑞士联邦理工学院 Fabrizio Carbone领导的研究者进行了前所未有的金纳米粒子的结构研究。与Francesco Stellacci的实验室(EPFL)一起工作,研究者们使用一种叫“小角度的时间分辨电子衍射仪” 设备获得这一点,他们在超快速度研究金纳米粒子的结构布置-千万亿分之一秒。

衍射仪本身很有趣,因为它使用一个廉价替代非常昂贵的技术:自由电子激光(FEL)。自由电子激光使用电子产生x射线可以“研究”分子直至原子层面上—在十亿分之一米。这样一个强大的工具通常是超过十亿美元的成本。但在2010年,荷兰的研究人员开发了一个替代方法开玩笑地称为“穷人的自由电子激光”,看起来是带有超快脉冲电子束材料,并达到类似的结果。

在这项研究中,研究人员开发了一个衍射仪装置,利用“穷人的自由电子激光”,利用电子与物质相互作用高灵敏度。设备可以研究单层膜和很薄的含有光元素样品,例如氢和碳。当密集的聚合物和小分子,小角度的时间分辨电子衍射仪可以实现传统自由电子激光极端敏感性,但在成本的一小部分:少于一百万美元。

寻找黄金

洛桑联邦理工学院的研究人员使用这种方法,能够获得一个光在时间和空间捕获原子分辨率引发金纳米粒子结构变化的图像。

这些实验表明配体分子与金纳米粒子自组装和优先方向自己排序,这是创建有序的纳米结构中心。更引人注目的是,发现光本身可以引起这样的排序现象,提供了控制金纳米粒子的物理一个独特的工具,对于例如有机光伏(OPV))太阳能电池等等光电应用潜力巨大。

研究提供了概念证明的证据,小角度的时间分辨电子衍射仪使纳米合成材料的结构特性系统的调查成为可能”。作者希望这能够充分运用到多种用途,包括信号处理、生物学甚至未来的药物输送。

来源：瑞士联邦理工学院
Composite Materials（复合材料）
“Tailoring” Silk: Hybrid Fibers for Next Generation Implants
A new study from Prof. Seema Agarwal and her colleagues from University of Bayreuth, Germany, shows that mechanical properties of Bombyx mori silk fibroin can be tuned by coupling it with another biocompatible polymer for further implementation in tissue engineering. Remarkably hybrid fibers can be processed without affecting the surface morphology of silk fibroin, the new study argues.

Recently, there is an increasing number of areas in biomedical science in which silk fibers are exploited, as a result of their biocompatibility, biodegradability, mechanical properties and elasticity. These properties of silk fibers are especially useful for regenerative medicine. In terms of mechanical strength, silk fibers offer an interesting combination of toughness and ductility, which makes these fibers very attractive for load-bearing tissue engineering like bone regeneration. Nevertheless, scaffolds engineered from silk fibers do not possess the same mechanical properties; hence they are weak and brittle.
In their paper “Two-in-One Composite Fibers with Side-by-Side Arrangement of Silk Fibroin and Poly(ʟ-Lactide) by Electrospinning”, Prof. Agarwal and her colleagues succeeded to produce hybrid fibers in side-by-side arrangement via electrospinning, which is a well-known and robust method for fiber production. By electrospinning silk fibroin (SF) together with poly(ʟ-lactide) (PLLA) to produce hybrid fibers and subjecting these hybrid fibers to a post-treatment procedure of 80°C annealing under methanol atmosphere, Agarwal and her colleagues demonstrated that the hybrid fibers carry more than double the strength of pure silk fibers: hybrid fibers exhibited a breaking strength of around 16.5 MPa, while pristine silk fibers were in the range of 7.19 MPa.
Yet, “the challenge is to get defect-free side-by-side morphology along the fiber,” said Prof. Agarwal. Excellent biomaterial properties of silk fibroin originate from its secondary structure. The precise control of size, distribution, orientation and arrangement of non-crystalline and crystalline domains and the chain conformation in nanometer scale is necessary for the required cell activity on the surface, for elasticity, mechanical strength and for biodegradation. Hence, post-treatment methods are utilized to manipulate fiber morphology for specific applications. “The fiber morphology of each component should not be influenced by each other during post-treatment.” Prof. Agarwal added.

By studying the morphology of the hybrid fibers, it was confirmed that silk fibroin and poly(ʟ-lactide) sides of two-in-one fibers retained their individual secondary morphologies after the post-treatment, with silk fibroin side maintaining a β-sheet structure and poly(ʟ-lactide) side providing high crystallinity.

“These two-in-one hybrid fibers are yet to be tested for regenerative medicine purposes” Prof. Agarwal said. “Such fibers, however, have a promising future in many different applications, such as scaffolds for tissue co-culture by utilizing surface properties of individual sides and dual-release drug delivery systems.”
“裁缝”丝绸：用于下一代植入物的混杂纤维
德国拜罗伊特大学的希玛·阿加瓦尔教授及其同事进行的一项新的研究表明，家蚕丝素蛋白的机械性能可以通过为组织工程的进一步实施将其与另一种生物相容性聚合物偶联而得到调整。值得注意的是，该新的研究认为，混杂纤维可以在不影响丝素蛋白的表面形态的情况下进行处理。

最近，由于蚕丝纤维的生物相容性、生物可降解性、机械性能及弹性，生物医学越来越多的领域开始利用蚕丝纤维。蚕丝纤维的这些性能对于再生医学非常有用。在机械强度方面，蚕丝纤维提供了韧性和延展性的一个有趣组合，这使得这些纤维对于像骨再生这样的承重组织工程非常具有吸引力。但是，由蚕丝纤维制成的工程支架并不具有相同的机械性能；因此它们是软弱和脆弱的。
在他们名为“通过静电并排安置的丝素和聚（ʟ-丙交酯）的二合一复合纤维”的论文中，阿加瓦尔教授和她的同事们通过静电纺丝成功地生产出并排安置的混杂纤维，静电纺丝是纤维生产的一种公认的可靠方法。通过对丝纤蛋白（SF）和聚（ʟ-丙交酯）（PLLA）进行静电纺丝以生产混合纤维，并且令这些混合纤维在甲醇气氛下接受80℃的退火后处理，阿加瓦尔及其同事展示了具有比真丝纤维强度高一倍的混合纤维：混合纤维展示出大约16.5MPa的断裂强度，而原始的丝纤维的强度范围在7.19MPa。

然而，“面临的挑战是获得无缺陷并排形态的纤维，”阿加瓦尔教授表示。丝素蛋白优良的生物材料性能源自于其二级结构。尺寸、分布、方向和非结晶和结晶域的排列以及纳米尺度的链构象的精确控制对于表面所需的细胞活性、弹性、机械强度和生物降解都是必要的。因此，后处理办法被用来为特定的应用操纵纤维形态。“各成分的纤维形态不应该在后处理过程中受到彼此的影响，”阿加瓦尔教授补充道。
通过研究混杂纤维的形态可以确认，丝纤蛋白和聚（ʟ-丙交酯）侧的二合一纤维在后处理之后保留了它们单独的次级形态，其中丝纤蛋白侧保留了β-片而聚（ʟ-丙交酯）侧提供了高结晶。
 “这些二合一混杂纤维还没有为再生医学目的进行测试”阿加瓦尔教授表示。“但是，这样的纤维在许多不同的应用中都具有潜在的未来，例如利用单侧表面特性为组织共培养提供支架以及双释放药物输送系统。”

Practical Application（实际应用）
Scientists Work on Reconfigurable Magnetic Nanopatterns

A team of international scientists led by researchers of the CUNY Advanced Science Research Center (ASRC) and the Politecnico of Milan in Italy has demonstrated a novel approach for designing fully reconfigurable magnetic nanopatterns whose properties and functionality can be programmed and reprogrammed on-demand. 

The method—published in Nature Nanotechnology and led by Elisa Riedo, professor of Physics with the ASRC's Nanoscience Initiative, and Riccardo Bertacco, a professor with the Politecnico of Milan—is based on thermal scanning probe lithography and uses a hot nano-tip to perform a highly localized field heating and cooling in antiferromagnetic and ferromagnetic thin films. The hot tip is then used to align the spins in the material in any desired direction with nanoscale resolution.

"The proposed technique is straightforward and combines the full reversibility and stability of exchange bias, as the same pattern can be written and reset many times, with the resolution and versatility of scanning probe lithography," said Riedo. "In particular, this work demonstrates how thermal scanning probe lithography is gaining momentum as a key nanofabrication method for the next generation of nanodevices, from biomedical sensing to sprintronics."

This approach offers researchers the opportunity to control magnetism at the nanoscale as never before. The authors used this method to fabricate channels where spin waves can propagate. Spin waves are a propagating re-ordering of the magnetization in a material. A new generation of computing and sensing devices can be fabricated based on the propagation of spin waves instead of the more conventional electric current.

Bertacco noted these findings will allow for the development of novel metamaterials with finely-tuned magnetic properties, as well as a reconfigurable computing device architectures.

"Equally promising is the creation of structures with high response to external magnetic fields, as they can be used as sensors in new architectures of spintronic devices," he said. "The potential target market for these devices is extremely large—especially with the advent of the age of the 'Internet of things'—in which every object has a growing need for integrated sensors and computational capacity."

Edoardo Albisetti, postdoctoral research associate at the Politecnico of Milan and the paper's first author, said the new magnetic nanostructure patterning method gives researchers an increased amount of control.

"So far, the patterning of magnetic nanostructures has been mainly achieved through irreversible structural or chemical modifications," Albisetti said. "On the contrary, by using this new thermal assisted magnetic scanning probe lithography (tam-SPL) method, the magnetic nanopatterns are fully reconfigurable and obtained without modifying the film chemistry and topography."

The ability to draw new meta-magnetic materials opens the way for the development of innovative devices for information processing based on logic cells as well as on the propagation and manipulation of spin waves in magnonic structures.
科学家们研究重新配置的纳米图案

由纽约市立大学尖端科学技术研究中心（ASRC）和意大利米兰都灵理工大学的研究人员领导的国际科学家小组已经展示出一种新的方法，其用于设计完全可重新配置的纳米图案，其性质和功能可以按需进行编程以及重新编程。

该方法——发表于《自然纳米技术》并且是由ASRC纳米倡议的物理学教授伊丽莎•列多和米兰都灵理工大学的教授里卡多•贝尔塔科领导的——是根据热扫描探针光刻法，利用热纳米尖端在反铁磁和铁磁薄膜中进行高度局部化的场加热和冷却。之后，该热尖端在任何期望的方向下通过纳米级分辨率对准该材料的自旋。

 “所提出的技术是直接的，并且将交换偏置的充分可逆性和稳定性在相同的图案可重复写入和复位的同时与扫描探针光刻的分辨率和多功能性相结合，”列多表示。“特别是，这项研究表明了热扫描探针光刻是如何作为下一代纳米器件的一个主要的纳米加工方法来获得动量的，从生物传感到自旋电子学。”

这种方法为研究人员提供了前所未有的机会，从纳米级来控制磁性。作者利用这种方法制造出自旋波可以传播的通道。自旋波是材料中对磁化强度进行的传播重新排序。新一代的计算和传感装置可以根据自旋波的传播来代替更传统的电流来进行制造。

贝尔塔多指出，这些研究结果将产生新的具有精调磁特性的超材料以及可 计算设备架构 的开发。

 “同样有望产生具有对外部磁场的高响应的结构的创建，因为它们可以在新的自旋电子器件 的结构中被用作传感器，”他表示。“这些设备的潜在目标市场是非常大的——特别是在‘物联网’的时代到来时——在这个时代中，每样物品对于集成的传感器和计算能力均具有日益增长的需求。”

米兰都灵理工大学的博士后研究助理兼该论文的第一作者爱德华多•阿尔比塞蒂表示，新的磁性纳米构图方法为研究人员提供了控制增加量。

 “到目前为止，磁性纳米结构的构图一直主要是通过不可逆的结构或化学修饰实现的，”阿尔比塞蒂表示。“相反，通过使用这种新的热辅助磁扫描探针光刻（tam-SPL）方法，磁性纳米图案是完全可重新配置的，并且可以在不修改薄膜的化学和形貌性能的情况下获得。”

根据逻辑单元以及磁性结构中自旋波的操纵，绘制新的元磁性材料的能力为用于信息处理的创新设备的开发开辟了道路。
Researchers Turn Carbon Dioxide into Sustainable Concrete 

Imagine a world with little or no concrete. Would that even be possible? After all, concrete is everywhere—on our roads, our driveways, in our homes, bridges and buildings. For the past 200 years, it's been the very foundation of much of our planet.

But the production of cement, which when mixed with water forms the binding agent in concrete, is also one of the biggest contributors to greenhouse gas emissions. In fact, about 5 percent of the planet's greenhouse gas emissions comes from concrete.

An even larger source of carbon dioxide emissions is flue gas emitted from smokestacks at power plants around the world. Carbon emissions from those plants are the largest source of harmful global greenhouse gas in the world.

A team of interdisciplinary researchers at UCLA has been working on a unique solution that may help eliminate these sources of greenhouse gases. Their plan would be to create a closed-loop process: capturing carbon from power plant smokestacks and using it to create a new building material—CO2NCRETE—that would be fabricated using 3D printers. That's "upcycling."

"What this technology does is take something that we have viewed as a nuisance—carbon dioxide that's emitted from smokestacks—and turn it into something valuable," said J.R. DeShazo, professor of public policy at the UCLA Luskin School of Public Affairs and director of the UCLA Luskin Center for Innovation.

"I decided to get involved in this project because it could be a game-changer for climate policy," DeShazo said. "This technology tackles global climate change, which is one of the biggest challenges that society faces now and will face over the next century."

DeShazo has provided the public policy and economic guidance for this research. The scientific contributions have been led by Gaurav Sant, associate professor and Henry Samueli Fellow in Civil and Environmental Engineering; Richard Kaner, distinguished professor in chemistry and biochemistry, and materials science and engineering; Laurent Pilon, professor in mechanical and aerospace engineering and bioengineering; and Matthieu Bauchy, assistant professor in civil and environmental engineering.

This isn't the first attempt to capture carbon emissions from power plants. It's been done before, but the challenge has been what to do with the carbon dioxide once it's captured.

"We hope to not only capture more gas," DeShazo said, "but we're going to take that gas and, instead of storing it, which is the current approach, we're going to try to use it to create a new kind of building material that will replace cement."

"The approach we are trying to propose is you look at carbon dioxide as a resource—a resource you can reutilize," Sant said. "While cement production results in carbon dioxide, just as the production of coal or the production of natural gas does, if we can reutilize CO2 to make a building material which would be a new kind of cement, that's an opportunity."

The researchers are excited about the possibility of reducing greenhouse gas in the U.S., especially in regions where coal-fired power plants are abundant. "But even more so is the promise to reduce the emissions in China and India," DeShazo said. "China is currently the largest greenhouse gas producer in the world, and India will soon be number two, surpassing us."

Thus far, the new construction material has been produced only at a lab scale, using 3-D printers to shape it into tiny cones. "We have proof of concept that we can do this," DeShazo said. "But we need to begin the process of increasing the volume of material and then think about how to pilot it commercially. It's one thing to prove these technologies in the laboratory. It's another to take them out into the field and see how they work under real-world conditions."

"We can demonstrate a process where we take lime and combine it with carbon dioxide to produce a cement-like material," Sant said. "The big challenge we foresee with this is we're not just trying to develop a building material. We're trying to develop a process solution, an integrated technology which goes right from CO2 to a finished product.

"3-D printing has been done for some time in the biomedical world," Sant said, "but when you do it in a biomedical setting, you're interested in resolution. You're interested in precision. In construction, all of these things are important but not at the same scale. There is a scale challenge, because rather than print something that's 5 centimeters long, we want to be able to print a beam that's 5 meters long. The size scalability is a really important part."

Another challenge is convincing stakeholders that a cosmic shift like the researchers are proposing is beneficial—not just for the planet, but for them, too.

"This technology could change the economic incentives associated with these power plants in their operations and turn the smokestack flue gas into a resource countries can use, to build up their cities, extend their road systems," DeShazo said. "It takes what was a problem and turns it into a benefit in products and services that are going to be very much needed and valued in places like India and China."

DeShazo cited the interdisciplinary team of researchers as a reason for the success of the project. "What UCLA offers is a brilliant set of engineers, material scientists and economists who have been working on pieces of this problem for 10, 20, 30 years," he said. "And we're able to bring that team together to focus on each stage."

According to Sant, UCLA is the perfect place to tackle sustainability challenges.

"As one of the leading universities in the world, we see ourselves as having a blue-sky approach," Sant said. "We see ourselves wanting to develop technologies that might be considered fanciful at one point but become reality very quickly. So we see ourselves looking at a blue sky and saying, well then, let's come up with ideas which will change the world."
研究员将二氧化碳转变为可持续混凝土

想象一下这个世界上没有一点混凝土的影子，这可能吗？混凝土无处不在——道路、车道、房子、大桥和建筑物，都由混凝土构成。在过去的200年间，混凝土建构起人类生活空间的一大半。

水泥也是导致温室气体排放加剧的的罪魁祸首之一，与水混合搅拌即可作为混凝土的粘合剂。实际上，地球上大约5%的温室气体排放均来自混凝土。

更大一部分二氧化碳排放量来源于世界各地的电站烟囱所排放出来的废气。那些来自电站的碳排放量是危害全球气候的温室气体的最主要来源。

各个学科的专家组建了一个研究小组，在加州大学洛杉矶分校进行一项研究，有望找到消除这些温室气体来源的特别解决办法。他们计划创造一种闭环程序：即将电站烟囱排放出来的碳收集起来，用以制造一种新型建筑材料——二氧化碳混凝土——需要使用3D打印机完成制作。简直就是“高级回收”。

“这项技术就是将烟囱中排放出来的恼人的二氧化碳回收利用，使之变为有存在价值的东西”，加州大学洛杉矶分校罗斯金公共事务学院公共政策教授，兼加州大学洛杉矶分校罗斯金创新中心主任J.R. DeShazo教授说道。

“我之所以决定参与此项工程的研究，是因为我认为这将成为气候政策的制胜法则”， DeShazo说。“这项政策旨在应对全球气候变化这个人类社会目前正面临，并且在未来的一个世纪里仍将继续面临的最大的挑战之一。”

DeShazo为此项研究提供了公共政策及经济向导方面的支持。由副教授Gaurav Sant和 Henry Samueli学院城市环境管理专业；化学与生物化学专业，以及材料科学与工程学专业特聘教授Richard Kaner；机械与航空航天工程与生物工程专业Laurent Pilon教授;和土木与环境工程专业助理教授Matthieu Bauchy共同进行科学研究。

这已不是第一次尝试收集电站排放出来的二氧化碳。之前也有过先例，而真正的挑战在于收集到二氧化碳之后该怎样继续。

 “我们不仅仅希望收集更多废气”，DeShazo说，“不同于目前将废弃收集起来的做法，我们是想要收集它用以制造一种可以代替水泥的新型建筑材料。”

 “我们所提出的解决办法是将二氧化碳视作一种可以加以再利用的资源”，Sant说。“正如煤炭和天然气那样，水泥也会导致二氧化碳的排放，如果我们能够收集二氧化碳用以制造一种可以代替水泥的新型建筑材料，这将是一次很好的机遇。”

研究员十分看好此项研究，认为它可以大大减少美国的温室气体排放量，尤其是在那些布满燃煤发电站的地区。“更难得的是它还可被用于减少中国和印度的温室气体排放量”， DeShazo说。“中国是目前全球温室气体排放量最大的国家，而印度眼看就要超过我国，排名第二。”

截至目前，这种新型建筑材料仅限于实验室研发，使用3D打印机将其制作为小型锥体。“我们可以通过理论依据证明我们可以完成这项任务”， DeShazo说。“但是，我们首先必须从增加材料用量开始，接下来才会考虑如何进行商业化生产试点。在实验室验证此项技术是一回事，将其带到现实生活条件下接受检验又是另一回事了。”

“我们可以将石灰与二氧化碳混合制成与水泥相仿的材料这一过程展示出来”，Sant说。“最大的难点就在于我们不仅仅是试图发明一种新型建筑材料。我们是在尝试研发一种解决途径，也就是一项可以将二氧化碳直接变为成品的综合技术。”

“3D打印在生物医药领域的应用已有一段时间了”，Sant说。“但当你进行生物医药设置时，你感兴趣的只是分辨率与准确性。而在建筑领域，这些同样很重要，只是程度不同。刻度也是一项挑战，因为我们要的不是打印5厘米长的某物，我们要的是打印5米长的电波，尺寸的可测量性是非常重要的。”

另一个面临的挑战就是要说服股东们相信研究员们提出的计划不仅仅是为了造福地球，也是对他们有利的。

“这项计划将改变这些电站运作的经济动力，使得这些烟囱排放出来的废气变为国家可持续利用的资源，用以建设城市，扩大道路系统”，DeShazo说。“该项技术将使得原本的问题转变为像中国和印度这些地方十分需要并看重的有利可图的产品和服务。”

DeShazo将该多学科团队的研究者们视作这一计划取得圆满成功的原因。“加州大学洛杉矶分校提供了一批杰出的工程师，材料科学家以及经济学家，他们皆在这个问题的各个方面上有过10，20甚至30年的研究经验”，他说。“我们则得以将侧重不同领域的人才汇聚在这同一个团队之中。”

据Sant称，加州大学洛杉矶分校是研究解决可持续发展难题的最佳宝地。

“作为世界领先的大学之一，我们清楚地明白自己的起点很高”，Sant说。“我们想要研发看似不可能，而却可被我们变为可能的技术。这样我们就可以仰望蓝天，对自己说，让我们以思想来改变世界吧。”
New Method Prints Nanomaterials with Plasma
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The nozzle firing a jet of carbon nanotubes with helium plasma off and on. When the plasma is off, the density of carbon nanotubes is small. The plasma focuses the nanotubes onto the substrate with high density and good adhesion. Courtesy of NASA Ames Research Center

Printing has come a long way since the days of Johannes Gutenberg. Now, researchers have developed a new method that uses plasma to print nanomaterials onto a 3D object or flexible surface, such as paper or cloth. The technique could make it easier and cheaper to build devices like wearable chemical and biological sensors, flexible memory devices and batteries, and integrated circuits.

One of the most common methods to deposit nanomaterials—such as a layer of nanoparticles or nanotubes—onto a surface is with an inkjet printer similar to an ordinary printer found in an office. Although they use well-established technology and are relatively cheap, inkjet printers have limitations. They can't print on textiles or other flexible materials, let alone 3D objects. They also must print liquid ink, and not all materials are easily made into a liquid.

Some nanomaterials can be printed using aerosol printing techniques. But the material must be heated several hundreds of degrees to consolidate into a thin and smooth film. The extra step is impossible for printing on cloth or other materials that can burn, and means higher cost for the materials that can take the heat.

The plasma method skips this heating step and works at temperatures not much warmer than 40 degrees Celsius. "You can use it to deposit things on paper, plastic, cotton or any kind of textile," said Meyya Meyyappan of NASA Ames Research Center. "It's ideal for soft substrates." It also doesn't require the printing material to be liquid.

The researchers, from NASA Ames and SLAC National Accelerator Laboratory, describe their work in Applied Physics Letters, from AIP Publishing.

They demonstrated their technique by printing a layer of carbon nanotubes on paper. They mixed the nanotubes into a plasma of helium ions, which they then blasted through a nozzle and onto paper. The plasma focuses the nanoparticles onto the paper surface, forming a consolidated layer without any need for additional heating.

The team printed two simple chemical and biological sensors. The presence of certain molecules can change the electrical resistance of the carbon nanotubes. By measuring this change, the device can identify and determine the concentration of the molecule. The researchers made a chemical sensor that detects ammonia gas and a biological sensor that detects dopamine, a molecule linked to disorders like Parkinson's disease and epilepsy.

But these were just simple proofs-of-principle, Meyyappan said. "There's a wide range of biosensing applications." For example, you can make sensors that monitor health biomarkers like cholesterol, or food-borne pathogens like E. coli and Salmonella.

Because the method uses a simple nozzle, it's versatile and can be easily scaled up. For example, a system could have many nozzles like a showerhead, allowing it to print on large areas. Or, the nozzle could act like a hose, free to spray nanomaterials on the surfaces of 3D objects.

"It can do things inkjet printing cannot do," Meyyappan said. "But anything inkjet printing can do, it can be pretty competitive."

The method is ready for commercialization, Meyyappan said, and should be relatively inexpensive and straightforward to develop. Right now, the researchers are designing the technique to print other kinds of materials such as copper. They can then print materials used for batteries onto thin sheets of metal such as aluminum. The sheet can then be rolled into tiny batteries for cellphones or other devices.

Citation: R. Gandhiraman, E. Singh, D. Diaz-Cartagena, D. Nordlund, J. Koehne and M. Meyyappan. Plasma jet printing for flexible substrate. Applied Physics Letters, March 22, 2016 DOI: 10.1063/1.4943792
用等离子体打印纳米材料的新方法
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喷嘴用氦离子断断续续发射一束碳管。当等离子体脱落时，碳纳米管的密度变小。等离子体以高密度和良好的粘附性将碳纳米管聚集在基质上。美国宇航局艾姆斯研究中心提供

从约翰内斯•古腾堡（Johannes Gutenberg）那一代开始，开始印刷已经走过了漫长的道路。现在，研究人员已经开发出一种新的方法，使用等离子体纳米材料印刷到三维物体或柔性表面，如纸或布。该技术可以使它更容易和更便宜的制造设备，如可穿戴的化学和生物传感器、灵活的存储设备和电池，以及集成电路。

在一个表面存积如纳米粒子或奈米碳管的纳米材料最常见的方法之一，是用喷墨打印机，就和办公室常见的普通打印机一样。虽然他们使用的是行之有效的技术，并且相对便宜，但喷墨打印机有局限性。它们不能印刷在纺织品或其他柔软的材料上打印，更不用说三维物体。他们还必须打印液体墨水，但并不是所有的材料都容易制成液体。

一些纳米材料可以使用气溶胶印刷技术来印刷。但材料必须加热几百度，以巩固成一个薄而光滑的薄膜。这一额外的步骤是不可能应用在印刷布料或其他可以燃烧的材料上，并且并意味着由于材料需要承受加热而带来的更高的成本。

等离子体法跳过此加热步骤，并在温度不高于40摄氏度下工作。“你可以用它来在纸、塑料、棉或任何一种纺织上存放印刷的物质，”美国宇航局艾姆斯研究中心的Meyya Meyyappan说。“对于软基片来讲它是的理想的。”它也不需要印刷材料必须是液体。

来自美国宇航局艾姆斯研究中心和SLAC国家加速器实验室的研究人员在应用物理快报上描述了他们的成果，该刊物由美国物理学会（AIP）出版。

他们通过在纸上印刷一层碳纳米管展示了他们的技术，。他们将碳纳米管混合到一种氦离子中，然后通过喷嘴喷射到纸上。等离子将纳米粒子集中到纸张表面，在不需要额外的加热情况下形成一个固定的层。

该小组印刷2个简单的化学和生物传感器。某些分子的存在可以改变碳纳米管的电阻。通过测量这种变化，该设备可以识别和确定分子的浓度。研究人员提出了一种化学传感器，该传感器可以检测到氨气，以及一个生物传感器，该传感器可以检测到多巴胺，这是一种与帕金森病、癫痫等失调症相关的分子。

但这些都只是简单的原则性证据，Meyyappan说，“它有着广泛的生物传感方面的应用。例如，您可以使传感器监测如胆固醇之类的健康生物标志物，或如大肠杆菌和沙门氏菌食源性病原体。

因为该方法使用一个简单的喷嘴，它是多功能的，并可以很容易地缩小。例如，系统可以像莲蓬头一样有多个喷头，允许它大面积印刷。或者，喷嘴可以像一个软管，自由地将纳米材料喷涂在三维物体表面。

“它可以做喷墨印刷不能做的事情，”Meyyappan说，“但能做到喷墨印刷可以做到的，它是具有相当的竞争力的。”

这种方法正在准备商业化，Meyyappan说，它应该是相对便宜而简单地发展。现在，研究人员正在设计如铜之类的其他材料的印刷技术。然后他们可以印刷材料用于电池的薄金属板，如铝。这种薄片可以被卷成小电池应用到手机或其他设备中。
Organic & Polymer（有机高分子材料）
Researchers Invent Tougher Plastic
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ORNL's tough new plastic is made with 50 percent renewable content from biomass. (Credit: Oak Ridge National Laboratory, U.S. Dept. of Energy; conceptual art by Mark Robbins)

Your car's bumper is probably made of a moldable thermoplastic polymer called ABS, shorthand for its acrylonitrile, butadiene and styrene components. Light, strong and tough, it is also the stuff of ventilation pipes, protective headgear, kitchen appliances, Lego bricks and many other consumer products. Useful as it is, one of its drawbacks is that it is made using chemicals derived from petroleum.

Now, researchers at the Department of Energy's Oak Ridge National Laboratory have made a better thermoplastic by replacing styrene with lignin, a brittle, rigid polymer that, with cellulose, forms the woody cell walls of plants. In doing so, they have invented a solvent-free production process that interconnects equal parts of nanoscale lignin dispersed in a synthetic rubber matrix to produce a meltable, moldable, ductile material that's at least ten times tougher than ABS. The resulting thermoplastic—called ABL for acrylonitrile, butadiene, lignin—is recyclable, as it can be melted three times and still perform well. The results, published in the journal Advanced Functional Materials, may bring cleaner, cheaper raw materials to diverse manufacturers.

"The new ORNL thermoplastic has better performance than commodity plastics like ABS," said senior author Amit Naskar in ORNL's Materials Science and Technology Division, who along with co-inventor Chau Tran has filed a patent application for the process to make the new material. "We can call it a green product because 50 percent of its content is renewable, and technology to enable its commercial exploitation would reduce the need for petrochemicals."

The technology could make use of the lignin-rich biomass byproduct stream from biorefineries and pulp and paper mills. With the prices of natural gas and oil dropping, renewable fuels can't compete with fossil fuels, so biorefineries are exploring options for developing other economically viable products. Among cellulose, hemicellulose and lignin, the major structural constituents of plants, lignin is the most commercially underutilized. The ORNL study aimed to use it to produce, with an eye toward commercialization, a renewable thermoplastic with properties rivaling those of current petroleum-derived alternatives.

To produce an energy-efficient method of synthesizing and extruding high-performance thermoplastic elastomers based on lignin, the ORNL team needed to answer several questions: Can variations in lignin feedstocks be overcome to make a product with superior performance? Can lignin integrate into soft polymer matrices? Can the chemistry and physics of lignin-derived polymers be understood to enable better control of their properties? Can the process to produce lignin-derived polymers be engineered?

"Lignin is a very brittle natural polymer, so it needs to be toughened," explained Naskar, leader of ORNL's Carbon and Composites group. A major goal of the group is producing industrial polymers that are strong and tough enough to be deformed without fracturing. "We need to chemically combine soft matter with lignin. That soft matrix would be ductile so that it can be malleable or stretchable. Very rigid lignin segments would offer resistance to deformation and thus provide stiffness."

All lignins are not equal in terms of heat stability. To determine what type would make the best thermoplastic feedstock, the scientists evaluated lignin from wheat straw, softwoods like pine and hardwoods like oak. They found hardwood lignin is the most thermally stable, and some types of softwood lignins are also melt-stable.

Next, the researchers needed to couple the lignin with soft matter. Chemists typically accomplish this by synthesizing polymers in the presence of solvents. Because lignin and a synthetic rubber containing acrylonitrile and butadiene, called nitrile rubber, both have chemical groups in which electrons are unequally distributed and therefore likely to interact, Naskar and Chau Tran (who performed melt-mixing and characterization experiments) instead tried to couple the two in a melted phase without solvents.

In a heated chamber with two rotors, the researchers "kneaded" a molten mix of equal parts powdered lignin and nitrile rubber. During mixing, lignin agglomerates broke into interpenetrating layers or sheets of 10 to 200 nanometers that dispersed well in and interacted with the rubber. Without the proper selection of a soft matrix and mixing conditions, lignin agglomerates are at least 10 times larger than those obtained with the ORNL process. The product that formed had properties of neither lignin nor rubber, but something in between, with a combination of lignin's stiffness and nitrile rubber's elasticity.

By altering the acrylonitrile amounts in the soft matrix, the researchers hoped to improve the material's mechanical properties further. They tried 33, 41 and 51 percent acrylonitrile and found 41 percent gave an optimal balance between toughness and stiffness.

Next, the researchers wanted to find out if controlling the processing conditions could improve the performance of their polymer alloy. For example, 33 percent acrylonitrile content produced a material that was stretchy but not strong, behaving more like rubber than plastic. At higher proportions of acrylonitrile, the researchers saw the materials strengthen because of the efficient interaction between the components. They also wanted to know at what temperature the components should be mixed to optimize the material properties. They found heating components between 140 and 160 degrees Celsius formed the desired hybrid phase.

Using resources at ORNL including the Center for Nanophase Materials Sciences, a DOE Office of Science User Facility, the scientists analyzed the morphologies of the blends. Scanning electron microscopy, performed by Chau Tran, explored the surfaces of the materials. Jihua Chen and Tran characterized soft matter phases using transmission electron microscopy, placing a thin slice of material in the path of an electron beam to reveal structure through contrast differences in the lignin and rubber phases. Small-angle x-ray scattering by Jong Keum revealed repeated clusters of certain domain or layer sizes. Fourier transform infrared spectroscopy identified chemical functional groups and their interactions.

Future studies will explore different feedstocks, particularly those from biorefineries, and correlations among processing conditions, material structure and performance. Investigations are also planned to study the performance of ORNL's new thermoplastic in carbon-fiber-reinforced composites.

"More renewable materials will probably be used in the future," Naskar said. "I'm glad that we could continue work in renewable materials, not only for automotive applications but even for commodity usage."

The title of the paper is "A New Class of Renewable Thermoplastics with Extraordinary Performance from Nanostructured Lignin-Elastomers."
研究人员发明了更加坚硬的塑料
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橡树岭国家实验室（ORNL）强硬的新型塑料的百分之五十是用从生物质中提取的可再生成分制成的。（致谢：美国橡树岭国家实验室，美国能源部；Mark Robbins的概念艺术）

你的车保险杠可能是被称为ABS的可塑造热塑性聚合物制成的，ABS是丙烯腈、丁二烯和苯乙烯成份的简写。由于其轻巧而坚硬，因此也是通风管道、防护帽、厨房用具、乐高积木和许多其他消费产品的原料。尽管它很有用，它的缺点之一是它是使用从石油中提取的化学物质制造的。

现在，橡树岭国家实验室的研究人员已经用木质素替代苯乙烯制造了更好的热塑性塑料，这种木质素是含有组成植物木质细胞壁的纤维素的易脆刚性聚合物。在这种情况下，他们已经发明了一种无溶剂生产工艺，在此过程中将分布在合成橡胶体中的纳米木质素的均等成分互相联系，使其产生可熔化、可塑造的韧性材料，至少比ABS要坚硬十倍。所得热塑性称为ABL，即包括丙烯腈、丁二烯和木质素，它是可循环利用的，并在融化三次的情况下仍能表现良好。这项研究结果发表在先进功能材料杂志上，可以为不同的制造商带来更清洁便宜的原材料。

“ORNL的新型热塑性塑料比如ABS商品塑料具有更好的性能，”橡树岭国家实验室的材料科学和技术部门的资深作者Amit naskar说，他和共同发明人Chau Tran已为制造新材料的工艺提交了专利申请书。“我们可以称之为绿色产品，因为50%的成分是可再生的，而这项技术使其商业开发减少对石化产品的需求。”

这项技术可以使用来自生物精炼厂和纸浆和造纸厂的富有木质素的生物质副产品流。随着价天然气和石油价格的下降，可再生燃料不能与化石燃料竞争，所以生物精炼正在探索其他经济上可行的产品开发选择。在纤维素、半纤维素和木质素中，作为植物的主要结构成分，木质素是在商业上最没有得到充分利用的。ORNL将视野投向了商业化，研究目的旨在使用它来制作能与目前的石油衍生的替代品相媲美的可再生热塑性性能。

为了生产基于木质素的高性能热塑性弹性体的合成及挤压的高效节能方法，ORNL团队需要回答几个问题：能够克服木质素原料的变动来制造一种性能优越的产品吗？木质素能融入软聚合物基体中吗？木质素衍生的聚合物的化学和物理性能够被认识以更好地控制它们的性能？生产木质素衍生聚合物的过程能被设计出来吗？

木质素是一种很脆的天然聚合物，因此它需要硬化，” ORNL碳复合材料组组长Naskar解释说。该研究组的一个主要目标是生产足够坚硬的工业聚合物使其能够变形而不会断裂。”我们需要将木质素与木质素进行化学结合。这种软基是柔软的，因此可被锻造或伸展。非常坚硬的木质素段将提供变形阻力，从而提供了坚硬度。

所有的木质素在热稳定性方面是不平等的。为了确定哪种类型可以生成最好的热塑性原料，科学家们评估了小麦秸秆，如松树一样的软木材和如橡树一样的硬木材。他们发现硬木木质素是最具热稳定的，和某些类型的软木木质素也具有熔体稳定性。

下一步，研究人员需要将木质素与软物质结合。化学家通常在溶剂的存在下合成聚合物。由于木质素和称被为丁腈橡胶的含有丙烯腈和丁二烯的合成橡胶的化学基团组的电子都由于分布不均匀而易于互动，Naskar和Chau Tran（进行了熔融混合和表征实验）反而在无溶剂的熔融相中将这两样结合。

在具有两个转子的加热室中，研究人员将木质素和丁腈橡胶粉末的相等成分混合物“揉合”在一起。在混合过程中，木质素颗粒闯入贯穿层10到200个纳米，分散性好，并与橡胶相互作用。没有软基和混合条件的适当选择，木质素团聚体在比橡树岭国家实验室工艺中所获取的至少要大10倍。所形成产品的特性木质素和橡胶性都没有，但是却介于两者之间，即将木质素的坚硬和丁腈橡胶的弹性相结合。

通过改变在软基体中的丙烯腈量，研究人员希望进一步提高材料的力学性能。他们尝试了33%、41%和51%的丙烯腈，发现了41%可以达到韧性和刚度之间的最佳平衡。

接下来，研究人员想找出控制加工条件是否能提高聚合物合金的性能。例如，33%的丙烯腈含量产生有弹性但不坚硬的材料，其表现更像是橡胶而不是塑料。在丙烯腈的比例较高时，研究人员发现由于成分之间的有效互动材料得以加强。他们也想知道在什么温度下混合成分可以优化的材料性能。他们发现在140到160摄氏度之间加热成分会形成所需的混合相。

利用包括纳米材料科学中心在内的橡树岭国家实验室的资料，该中心为一个用户科学设施的实验设计办公室，科学家分析了混合物的形态。利用扫描电子显微镜检查法，Chau Tran探索了材料的表面。Jihua Chen和Tran利用透射电子显微镜，在电子束的路径上放置一个材料薄片，通过木质素和橡胶相的对比差异揭示其结构，最终得出软物质相的特征。Jong Keum的小角X射线散射的显示了某一域或层粒度的重复集群。傅立叶变换红外光谱识别化学官能组及其相互作用。

未来的研究将探讨不同的原料，特别是那些从生物精炼厂和加工条件、材料结构与性能相关性的材料中。调查还计划研究的橡树岭国家实验室的新型热塑性塑料在碳纤维增强复合材料中的性能。

“更多的可再生材料在未来可能会被用到，”Naskar说，“我很高兴，我们可以继续致力于可再生材料的工作，不仅是汽车应用，甚至也有商品使用。”

本文的标题是“来自纳米木质素弹性体的具有卓越性能的新一类可再生能源热塑性塑料”。
Persistent Phosphorescence for Targeted Imaging

Imaging technologies that exploit emitting probes have clarified a variety of information for in-vivo environments, because the emission can be detected with high sensitivity and high resolution. Typical readouts are obtained as fluorescence signals from the emitting probes when under excitation.
Recently, materials with persistent luminescence have become increasingly important for use as emitting probes for the in-situ visualization of in-vivo environments. Imaging using persistent emission has the advantages of being independent of both the fluorescence from living tissues themselves and the scattering of excitation light, because persistent emission lasts long after ceasing photoexcitation.

However, after the systemic injection of probes, images of persistent luminescent often range over a wide area in vivo because it is typically difficult to accurately target the probes. In this situation, the persistent luminescence from numerous other probes that move separately from or harmoniously with target probes often prevents the movement of the targets being detected.
S. Hirata (Tokyo Institute of Technology) and co-workers demonstrate that the reversible on–off switching characteristics of red persistent emission when used as a emitting probe is a candidate to resolve this problem. The emitting probes are host–guest composite materials composed of an aromatic deuterated carbon, a photochromic diarylethene, and an amorphous hydroxyl steroidal host. The red persistent emission function of this host–guest material is deactivated by UV irradiation and reactivated by irradiation with green light.

In samples labeled with the emitting materials, the persistent emitting function of a target can be activated using green irradiation and the movement of the target can be detected by tracking the persistent emission signal after ceasing blue excitation, without any effect from background fluorescence, even when numerous other persistent emitting samples move around the target.
用于有针对性的成像的持续性磷光
利用发光探针的成像技术已经为体内环境澄清了许多信息，因为该放射可以通过较高的灵敏度和高分辨率来得到检测。在刺激下，典型数据在发射探头产生荧光信号的过程中获得。
最近，具有持续性发光的材料作为体内环境原位可视发光探针的使用已经越来越重要了。利用持续性发射的成像具有独立于生物体组织自身的荧光以及激发光散射的优势，因为持续性发射在停止激发后持续时间较长。
但是，在探针的全身注射之后，持续性发光的图像在体内的范围往往非常广，因为通常很难准确定位探针。在这种情况下，与目标探针同向移动或反向移动的众多其他探针产生的持续性发光往往会阻止被检测目标的移动。
S.平田（东京技术学院）和同事证实了红色持续性发射在用作发光探针时所展现的可逆通断变换特性是解决这一问题的一个候选方案。发光探针是由芳香族氚化碳、光致变色二芳基乙烯和一种无定形的羟基甾宿主组成的主客体复合材料。这个主客材料红色持续发光的功能通过UV照射会失活，而通过绿光照射能够激活。
在标有发光材料的样品中，目标的持续发光功能可以使用绿色照射得到激活，并且目标的移动可以在停止蓝色激发之后通过追踪持续性发光信号而探测，而不会受到任何背景荧光的影响，即使是在许多其他持续性发光样品在目标周围移动的情况下。
Polymeric Micelles for Bioimaging

Fluorescent materials have drawn much attention as probes for imaging, diagnosis, and therapy in biological science. Compared to other fluorescent materials, conjugated polymers possess bright fluorescent properties, high photostability, low cytotoxicity and variable emission wavelength. However, emission quenching of conjugated polymers cannot be avoided in aqueous solution because of the strong interaction of the hydrophobic polymer backbones, which limits their wide application in biological area.

Xinyuan Zhu – at Shanghai Jiao Tong University – and Feng Qiu – at the Shanghai Institute of Technology – have recently highlighted the unique advantages offered by core-shell unimolecular conjugated polymeric micelles (UCPMs) for biomedical applications.

These micelles consist of a hydrophobic conjugated polymer core and a flexible hydrophilic polymer shell. Differently from traditional conjugated polymers, emission enhancement of UCPMs can be achieved in aqueous medium. The hydrophilic polymer shell of the UCPMs restrict intermolecular aggregation of the conjugated polymer cores. This represents a dramatic advance over previous systems for various biomedical fields.

In their article, the authors introduce typical architectures and synthetic methods of UCPMs. Generally, UCPMs have two main polymeric topological structures: wormlike unimolecular conjugated polymeric micelles and spherical unimolecular conjugated polymeric micelles. In both cases, the synthesis of UCPMs can be classified into three categories: grafting-onto, grafting-from, and grafting-through strategies.
The two researchers discuss the optical properties of the UCPMs and of their self-assembled aggregates. Benefiting from their unique core-shell structure, UCPMs can form stable unimolecular micelles in aqueous solution. Owing to the successful restriction of intermolecular stacking of conjugated polymer cores, these free-standing polymeric micelles show satisfactory fluorescent performance. At very high concentration, UCPMs can self-assemble into hierarchical aggregates by intermolecular interaction of flexible polymer shell. However, π-π stacking of the conjugated polymer cores is avoided during aggregation, resulting in emission enhancement of UCPMs.

Xinyuan Zhu and Feng Qiu point to the advantages offered by UCPMs for biomedical applications. While the conjugated polymer core possesses high fluorescence brightness, the flexible polymeric shell is usually biocompatible, biodegradable, stimuli-responsive and modifiable. Applications of UCPMs in cellular imaging, drug release monitoring, cell apoptosis detection, targeted protein staining, bacterial detection, gene transfection, and DNA sensors are exploited.

The two researchers state that novel synthetic strategies will lead in the future to embedding multifunctional and biocompatible groups onto UCPMs, thus making these unique polymeric systems attractive to scientists working in clinical diagnosis and treatment.
用于生物成像的聚合物胶束

荧光材料作为用于生物科学成像、诊断和治疗的探针备受关注。相比其它荧光材料，共轭聚合物具有明亮的荧光特性、高光性、低毒性及可变发射波长。然而，共轭聚合物在水溶液中的发光猝灭却不可避免，因为疏水性聚合物主链的强相互作用，这限制了其在生物领域的广泛应用。

Zhu Xinyuan - 上海交通大学 - 和Qiu Feng -上海科技研究所 - 最近强调了核 - 壳单分子共轭聚合物胶束（UCPMs）在生物医学应用中所提供的独特优势。

这些胶束包含疏水性共轭聚合物内核和一个柔性的亲水性聚合物外壳。不同于传统的共轭聚合物，UCPMs的发射增强可以在水性介质中来实现。该UCPMs的亲水性聚合物壳限制所述共轭聚合物芯的分子间聚合。对于各种生物医学领域，相比以前的系统这代表了一个引人注目的进展。

在他们的文章中，作者介绍了典型的结构和UCPMs的合成方法。一般来说，UCPMs有两个主要的聚合物拓扑结构：单分子蠕虫状共轭聚合物胶束和球形单分子共轭聚合物胶束。在这两种胶束中，UCPMs的合成可分为三类：偶联法、引发法和大单体法策略。

两个研究人员讨论了UCPMs的光学性质和它们的自组装聚集体。受益于他们独特的内核 – 外壳结构，UCPMs可以在水溶液中形成稳定的单分子胶束。由于共轭聚合物芯的分子间堆积的成功限制，这些独立的聚合物胶束显示出了令人满意的荧光性能。在非常高的浓度下，UCPMs可由柔性聚合物壳的分子间相互作用自组装成分层聚集体。然而，聚合过程中避免了共轭聚合物芯的π-π堆叠，导致UCPMs的发射增强。

Zhu Xinyuan和Qiu Feng指出了UCPMs生物医学应用带来的优势。尽管共轭聚合物内核具有高的荧光亮度，柔性聚合物外壳通常是生物相容、可生物降解、可刺激响应和修改得。UCPMs在细胞成像、药物释放监视、细胞凋亡检测、有针对性的蛋白质染色、细菌检测、基因转染和DNA传感器中的应用已被利用。

两位研究者指出新的合成策略将在未来导致嵌入多功能和生物相容性基团到UCPMs上，从而使这些独特的聚合物体系具备对临床诊断和治疗的科学家的吸引力。
A better memory: improving ReRAM to challenge NAND

Electronic memories have played a key role promoting humanity’s progress during the last four decades. Thanks to their ability of storing and processing large amounts of information in ultra-reduced spaces, memory devices allowed the design of super powerful working tools, and created plenty of new services and jobs. The most successful memory device ever designed is the NAND Flash, a technology that has almost monopolized the memory market since its first commercialization in 1989. Now, after more than a quarter-century of aggressive scaling down, a disruptive new family of memories, called resistive random access memories (ReRAM), may overcome the performance of the NAND flash in terms of switching speed, power consumption, data retention, cycling endurance, scalability, 3D integration capability and even fabrication costs. ReRAM devices store information by tuning the electrical resistance of an insulating film sandwiched by two electrodes. By applying controlled electronic stresses, two logic states (the high resistive state and the low resistive) can be cyclically induced. Nevertheless, studying the physical origin of the resistive switching is extremely complex, as it is a local phenomenon that usually takes place is areas of just few nanometers.
Professor Kin Leong Pey (from Singapore University of Technology and Design) and co-workers have recently presented a revolutionary approach for in-situ visualization of resistive switching. Electrode/insulator/electrode stack blankets were processed via focused ion beam to produce a thin membrane with multiple nanopillars, which served as independent memory cells. This structure is then transferred onto a grounded transmission electron microscope (TEM) copper grid, and an ultra sharp metallic tip is placed directly on the top electrodes of each cell. Using an external semiconductor parameter analyzer connected to the tip, each memory cell can be set and reset while the morphology and chemical composition of the sample is simultaneously imaged via TEM coupled with energy dispersive X-ray spectrometry (EDX) and electron energy loss spectroscopy (EELS).
In their Advanced Electronic Materials paper, it is found that the resistive switching in Ni/HfO2/SiOX/n+Si ReRAM devices is driven by the diffusion of Ni though the HfO2/SiOX  dielectric stack, rather than by oxygen vacancies migration, as it was previously believed. These experiments were performed at the extraordinary laboratories of the King Abdullah University of Science and Technology, in collaboration with professor Xixiang Zhang. Due to the unusual clarity of the results presented and thanks to the possibility of collecting electrical, morphological and chemical information at the  same time, this methodology may mark a before and after in the study of resistive switching memory devices.
更好的记忆：改善ReRAM，挑战NAND

过去的四十年，电子记忆在推动人类进步中发挥了关键作用。由于其存储和在超小空间处理大量信息的能力，存储设备带来了超级强大的工作工具的设计，创造了大量的新服务和新的就业机会。所有设计中最成功的存储设备是NAND闪存，自从1989年它的第一次商业化实现以后，该技术已经几乎垄断了内存市场。现在，经过四分之一世纪在缩小比例方面的努力，一个颠覆性的内存家族——被称为电阻式随机存取存储器（ReRAM），可能超越NAND闪存就开关速度、功耗、数据保存、循环耐力、可扩展性、3D整合能力甚至制造成本方面性能。ReRAM装置通过调谐由两个电极夹着绝缘膜的电阻存储信息。通过施加受控的电子应力，两个逻辑状态（高电阻状态和低电阻状态）可循环诱发。尽管如此，研究电阻开关的物理起源是极其复杂的，因为它是一个局部现象，通常发生在仅有几纳米的区域。

Kin Leong Pey教授（来自新加坡科技与设计大学）和他的同事最近提出了一种革命性的方法用于现场的电阻开关可视化。电极/绝缘体/电极堆叠毯子通过聚焦离子束加工产生具有多个纳米柱的薄膜，该薄膜作为一个独立的存储单元服务。然后该结构被转印到接地透射型电子显微镜（TEM）铜网格，然后一个超锋利金属尖端被直接放置在每个单元的顶部电极。使用连接到尖端的外部半导体参数分析仪，每个存储器单元可以被设置和重置，而样本的形态和化学组成通过透射电镜加上能量色散X射线光谱法（EDX）和电子能量损失谱（EELS）同时摄像。
在他们的先进电子材料论文中，可以发现，Ni/HfO2/SiOX/n+Si的ReRAM器件的电阻开关被Ni的扩散驱动，尽管HfO2/SiOx介电叠层，而不是由氧空位迁移驱动，正如之前坚信的那样。这些实验在阿卜杜拉国王科技大学的非凡实验室进行，与Zhang Xixiang教授合作。由于呈现结果不寻常的清晰，且多亏了同一时间收集电气，形态和化学信息的可能性，这种方法可能在阻变存储器器件研究中做出一个前后标记。
First transparent solar cells developed by physicists of Leipzig University
Solar cells harvest solar energy and convert them into electrical power. Solar energy arrives in the infrared, visible and ultraviolet spectral regions. For optimal power efficiency the band gap of the involved semiconductor is around 1-1.5 eV, making the solar cell absorb visible light and thus the cell is opaque. New applications are envisioned for transparent solar cells that harvest only the UV part, possibly also the infrared part, of the solar spectrum; they can be integrated on windows or the front pane of displays and could power local transparent electronic circuits from wide gap oxides or other connected devices such as sensors of WLAN repeaters.

Prof. Marius Grundmann from Universität Leipzig and his PhD student Robert Karsthof, MSc, and further coworkers have presented the first such transparent solar cell in a recent article in physica status solidi (a). It is made from the oxides of the abundant and cheap metals zinc and nickel. The absorption edge at 380 nm, just beyond the visible spectral range, is defined by the n-type ZnO. It makes the cell UV-sensitive and transparent in the visible. The generated electrons and holes are separated at a pn-junction made from ZnO/NiO using physical deposition methods. The cell has an external quantum efficiency of 55% and an efficiency of 3.1% for the absorbed light. Thus energy for powering transparent circuits can now be harvested with a transparent device. Further performance gains of the presented ZnO/NiO cells regarding larger transparency and higher efficiency for the harvest of the invisible UV part of the solar spectrum, offering about 36 W/m2, seem possible.
莱比锡大学的物理学家研制出第一个透明太阳能电池
太阳能电池收集太阳能并将其转化为电能。太阳能到达红外线、可见光和紫外线光谱区域。为了达到最佳的功率效率所涉及的半导体的带隙大约是1-1.5电子伏特，使得太阳​​能电池吸收可见光，因此该细胞是不透明的。新的应用设想为只吸收太阳光谱紫外线部分，可能还有红外部分的透明太阳能电池;他们可以在Windows或显示器的前面板集成，并可以从较大差距氧化物或其他连接设备，如无线局域网中继器的传感器，为局部透明的电子电路供电。 

来自莱比锡大学的Marius Grundmann教授和他的博士研究生Robert Karsthof及另一个同事在物理学凝固状态（a）在最近的一篇文章中呈现出第一次这样的透明太阳能电池。它从丰富和廉价的金属锌和镍的氧化物中制成。吸收边缘在380nm处，超出了可见光谱范围，由n型ZnO限定。它使UV敏感和透明的细胞可见。所产生的电子和空穴由ZnO / NiO使用物理沉积方法制成的一个pn结分开。该电池具有55％的外部量子效率，吸收光的效率为3.1％。透明电路供电从而可以用一个透明器件吸收。进一步的性能提升获得了关于用于太阳能光谱的不可见紫外部分，ZnO / NiO细胞就较大的透明度和更高的效率方面的提高。
Season the soup: the important role of salt additives
Season_the_soupSynthetic polymers enable the design of well-defined molecules for various applications. Controlled, so-called living polymerization techniques like RAFT (reversible addition-fragmentation chain transfer) or ATRP (atom transfer radical polymerization) are common synthetic techniques to generate functional (co)polymers with a narrow molecular weight distribution (MWD).
The highlighted article from Haddleton and coworkers describes a synthetic strategy for the synthesis of methacrylic zwitterionic, thermoresponsive and hydrophilic (co)polymers via copper-mediated polymerization within short time. The synthesis of zwitterionic polymers via controlled living polymerization needs to be studied more extensively, because these polymers have a high potential for bioapplications due to their antifouling properties. The key steps for these well-designed methacrylic polymers relies on the predisproportionation of an in situ formed metal-ligand complex like [CuI(PMDETA)Cl] as well as the addition of supplementary halide salts, e.g. NaCl. The copper catalyst allows good control over the polymerization for low and medium conversions, but a MWD broadening is still visible for high conversions of the monomer. The addition of a halide salt source narrows down the MWD as low as Ð = 1.3 for poly[poly(ethylene glycol)methyl ether methacrylate] (PEGMA475) by reducing the extent of complex dissociation. The halide salt should contain the same halogen as the Cu-complex to avoid unsatisfactory halogen-exchange. Metal-ligand catalyzed polymerizations retain the end-group fidelity even for block copolymers of acrylamides and (meth)acrylates at high conversions without additional purification steps. In aqueous media low dispersities (1.05 < Ð < 1.38) at quantitative conversions can be achieved.
In their recently published article, Simula et al. investigate controlled polymerizations at quantitative conversions (>99%) for a wider range of monomers like functional methacrylates and zwitterionic monomers. The optimization of the synthesis relies on two crucial points: the ratio of initiator (I) to ligand (L) to Copper(I) halide (CuIX) and the halide salt concentration. For a defined ratio of I:L:CuIX applies the general rule: the higher the salt concentration, the lower the dispersity (Ð) of the polymer for the same degree of polymerization. As a consequence, very short polymerization times from 30 minutes for high molecular weight PEGMA (up to Mn ≈ 60 000 g*mol-1) to 2.5 h for functional telechelic polymers were sufficient.

给汤调味：盐添加剂中的重要作用

给汤调味合成聚合物使得能够为各种应用程序设计定义良好的分子。类似RAFT（可逆加成-裂解链转移）或ATRP（原子转移自由基聚合）的受控制的、所谓的活性聚合技术是常见的合成技术，可以用来产生具有狭窄的分子量分布的功能（共）聚合物。

Haddleton及其同事强调的文章描述了一种合成策略，可以通过铜介导的聚合在短时间内合成甲基丙烯酸两性离子的、温敏和亲水的（共）聚合物。通过受控的活性聚合物合成两性离子聚合物需要进行更广泛的研究，因为这些聚合物有很高的生物应用的可能性，由于它们具有防污性能。这些精心设计的甲基丙烯酸聚合物的关键步骤依赖于一个原位形成的类似[CuI(PMDETA)Cl]的金属-配体复合物的预歧化作用以及补充卤化物盐的添加，比如氯化钠。铜催化剂可用于对聚合物进行很好的控制以实现低级和中级的转换，但是，一个MWD扩大对于单体的高转化仍然是可见的。添加卤化物盐源通过降低复合体解离的程度，可将MWD缩窄到对于聚合物【聚（乙二醇）甲基醚甲基丙烯酸酯】（PEGMA 475）而言低至Ð = 1.3。卤化物盐应该包含相同的卤素作为该铜配合物，以避免发生令人不满意的卤素交换。金属-配体催化的聚合反应甚至为丙烯酰胺和（甲基）丙烯酸酯的嵌段共聚物在高转化上保留了端基精确度，而无需额外的纯化步骤。在水介质中可以实现定量转化的低分散度（1.05 < Ð < 1.38）。

在他们近期发表的文章中，Simula等人为更大范围的类似功能甲基丙烯酸酯和两性离子单体的单体在定量转化（>99％）中研究了受控的聚合作用。合成的优化取决于两个关键点：引发剂（I）与配体（L）以及铜（I）卤化物（CuIX）的比率以及卤化物盐的浓度。定义的I、L与CuIX的比率适用一般的规则：盐浓度越高，对于相同程度的聚合反应来说，聚合物的分散度（Ð）越低。其结果是，从30分钟（对于高分子量PEGMA，高达Mn锰60000 G *摩尔-1）到2.5小时（对于功能远螯聚合物）的非常短的聚合反应时间就足够了。
2D Materials – Beyond Silicone and Graphene
In the last 40 years, computers have shrunk from bulky, loud and slow boxes to everyday items we carry in messenger bags, in our pockets, and on our wrists. In each of these devices, silicon has been processed into thin, semiconducting layers. Doom is looming for the silicon-based integrated circuit, though: at the 2015 International Solid-State Circuits Conference (ISSCC) microprocessor giant Intel declared the coming end of the miniaturisation process we all took for granted.
Taking ever-thinner layers to the extreme, single-atom thin graphene comes to mind as a successor for silicon. And indeed for the last decade, IBM and Samsung have worked on graphene transistors, but they have been all held up by the physical reality that graphene has no band gap.

Michael J. Bojdys, head of the Functional Nanomaterials group at the Charles University in Prague, describes a class of analogous, two-dimensional sheets made from a mix of carbon and nitrogen that are here to complement the one property that the wonder material graphene has not: a useful electronic band gap.
Modular design principles known from organic and polymer chemistry are put to use to arrange and to link-up molecular building blocks as two-dimensional and stacked assemblies. The materials are made up of sp2-hybridized carbon and nitrogen atoms and, hence, feature an inherently planar geometry and aromaticity. The introduction of nitrogen atoms into these layers is accompanied by a widening of the band gap as compared to pristine, unmodified graphene. Thus, materials like triazine-based graphitic carbon nitride (TGCN) were achieved, a 2014-addition to the exclusive “graphene family” of hitherto five metal-free substances: graphene, hBN, BCN, fluorographene, and graphene oxide. Device-like application of these 2D materials has yet to be demonstrated. However, the sheer abundance of potentially useful, flat, organic building blocks and the elegance of a bottom-up synthesis of intrinsic, narrow band gap semiconductors offer an attractive avenue in the quest for materials “beyond graphene and silicon”.
二维材料 - 超越硅和石墨烯

在过去的40年中，电脑已经从笨重的、嘈杂的、并且缓慢的盒子缩减成了我们随身携带的日常用品，我们把它放进邮差包里，放到口袋中，甚至戴在手腕上。在每个这些设备中，硅都被加工成薄的、半导电层。尽管，对于基于硅的集成电路而言，末日已经迫在眉睫：在2015年国际固态电路会议（ISSCC）上，微处理巨头企业英特尔宣布了我们都认为理所当然的小型化过程的结束即将到来。

把越来越薄的导电层缩减到极致，人们想到了用单原子的石墨烯薄层作为硅的继任者。而且事实上，在过去的十年中，IBM和三星就已经针对石墨烯晶体管进行了相关工作，但是他们都被石墨烯没有带隙这样一个物理现实给耽误了。

布拉格查理大学功能纳米材料组的组长Michael J. Bojdys描述了一类由碳和氮混合制成的类似的二维薄片，用在这里来补偿这一奇迹的材料石墨烯所不具备的一个属性：有用的电子带隙。

从有机和高分子聚合物所知的模块化设计原则被用来安排和连接分子结构单元作为二维和堆叠组件。这些材料是由sp2杂化的碳原子和单原子制成的，因此，以一个固有的平面的几何形状和芳香为特色。与原始的、未修改的石墨烯相比，将氮原子引入到这些层中伴随着不断扩大的带隙。因此，就实现了类似三嗪石墨氮化碳（TGCN）这样的材料，2014年被添加到作为迄今为止5大免费的金属物质的独有的“石墨烯家族”中：石墨烯、hBN、BCN、氟石墨烯和石墨烯氧化物。这些二维材料在类似设备中的应用尚未得到证实。但是，潜在有用的、平坦的、有机结构单元的绝对丰富性和自下而上合成的内在的、狭窄的带隙半导体的优雅则提供了在追求“石墨烯和硅之外”的材料上的一个有吸引力的途径。
Fixing Carbon Dioxide – Doing Something Fast and Economically Sensible

There’s no end in sight for abating global greenhouse emissions. We need fresh insights into how we can rapidly and realistically fix the problem once and for all, using viable methods for stabilizing the amount of CO2 in the atmosphere. This should be our primary global goal and task, which we’ve already agreed to act on to achieve the 2015 Paris Agreement http://mission-innovation.net/.

Now is the time for a massive influx of patient and flexible government funding and private investment from visionary countries, to create new tools that can power the world without the accompanying production of CO2.
Two basic strategies exist in principle for putting a safe cap on atmospheric CO2 in the next 20-30 years. One uses CO2 capture and storage, the other utilizes the captured CO2 for making value-added chemicals and fuels.
In the wake of the Paris conference a great deal of hope has been placed on the large number of CO2 capture and storage, and biomass projects underway. Unfortunately, their economic viability and ability to meaningfully decrease our greenhouse gas emissions and solve our energy issues in the foreseeable future are in serious doubt.
It is touted that captured CO2, rather than being stored can be used as a carbon-negative solution for the enhanced recovery of oil. While technically feasible, it is not a permanent solution as it does not account for CO2 leakage and the liberation of CO2 by dissolution of carbonates. Moreover, it is enormously expensive, not to mention the fact that it’s very difficult to justify using CO2 to get more fossil fuels out of the ground. I mean, the public raises its eyebrow and grimaces: Is this really a climate-friendly solution?
Advocates of biomass and bioenergy technologies also claim that biological CO2 fixation is key to sustainability being carbon-negative. If the US was to replace gasoline with biodiesel they would need seven times the area of the USA to plant corn. Yet, do the energy and economic flows account for the massive loss of food productive land and justify the overall gain in CO2 from growing, harvesting, processing, storing and transporting the biological feedstock and products?
Sources of renewable solar and wind energy are expanding at an ever increasing pace around the world. The question is how long will we have to live with the adverse effects of climate change caused by the continuous rise of anthropogenic CO2 from our continued reliance on the use of fossil energy?

In the urgent search for the innovation solution to fix CO2, there does however appear to be agreement that the economic viability of CO2 capture and storage can be improved by working hand-in-hand with utilization of the CO2 for producing value-added chemicals and fuels. This strategy is under development in a range of established and emerging industries around the world that productively fix CO2 in the form of fertilizers, cement, chemicals and polymers, and aviation and diesel fuels, at the mega ton scale. If we already have commercialized technologies that utilize CO2 at the mega ton scale what’s stopping us from expanding the capacity of these industries to a globally-significant, climate-friendly scale?
It is important to keep in mind that any utilization process based upon hydrogenation of CO2 will necessitate a large-scale source of inexpensive H2 other than fossil-based steam reforming of methane, coal gasification or partial oxidation of oil. Ultimately, this will likely have to come from H2O electrolysis powered by renewable forms of electricity or photoelectrolysis using sunlight.
With a world “drowning” in CO2 and H2O, this all seems like a no-brainer! Clearly, there is an urgent need for a large and rapid injection of public and private funds into research and development aimed at ironing out the scientific and technological challenges of bringing CO2 utilization industries on stream. Isn’t the key to economical, sociological and political success, to prove that it is possible to scale CO2 utilization processes to proportions that can make a difference to climate change?

Success-breeds-success. Demonstration of technologically and economically sensible ways of fixing CO2 to value-added chemicals and fuels, in a reasonable time frame, will breed confidence in further private and public investment that will facilitate globally significant quantities of CO2 to be converted from a liability to an asset.
Transformative ideas are emerging from academic, industry and government research institutions aimed at discovering molecules, materials and processes that can transition our energy future to a near zero emissions world. The question is how do we get the most innovative and promising research ideas from the lab-to-market to protect us from the adverse effects of climate change?

It is exciting that Bill Gates and an impressive list of billionaire private investors, with collective holdings of $350B, have founded “The Breakthrough Energy Coalition”, http://www.breakthroughenergycoalition.com/en/index.html. Their mandate is to work with a growing list of visionary countries who collective agree that a solution to climate change will require faster action than the energy sector has ever mustered before. They have committed to double government spending on basic and applied energy research in the next five years to fix climate change.
This is because transitions in energy generation historically take more than fifty years to implement and he warned “the climate threat is too serious to allow technology to evolve at the usual slow pace”. It is exciting that on their list of “cool” energy innovations includes, solar-chemical technology, which converts the sun’s energy into hydrocarbons that can be stored and used as fuel, https://www.washingtonpost.com/news/energy-environment/wp/2015/11/30/bill-gates-on-climate-change-we-need-to-move-faster/.

The return on investment to fund a “fast-track” global energy transition that treats CO2 as a chemical resource rather than a waste product is beyond profit making. It’s a moral imperative. Implementing this energy transition will advance the common good by improving the quality of life for all of humankind.
固碳作用 – 做事快速且经济可行
缓和全球温室气体排放没有结束的迹象。关于我们如何能够采用可行的方法稳定大气中的CO2量，快速、切实并一劳永逸的解决这个问题，我们需要新鲜的见解。这应该是我们的首要全球目标和任务，我们已经同意采取行动，以实现2015年的巴黎协定http://mission-innovation.net/。
现在是耐心和灵活的政府资金和有远见的国家的私人投资大量涌入的时候，以创造新的工具，使其可以为世界供电，而不会伴随着二氧化碳的产生。
在未来20 - 30年，原则上存在的两个基本战略为大气中的二氧化碳带上了安全帽，。一个使用二氧化碳捕集和封存，另一个利用捕获的二氧化碳作出附加值的化学品和燃料。

在巴黎会议之后，大量的希望已经寄予大量的二氧化碳捕获和储存，而生物项目正在进行中。不幸的是，他们有意义地减少温室气体排放和解决我国能源问题的经济活力和能力，在可预见未来都受到严重怀疑。
吹捧的是对二氧化碳的捕获，而不是被存储为可被用作提高石油采收率的碳 - 负溶液。虽然在技术上是可行的，由于它不包括二氧化碳泄漏及由碳酸盐溶解的自由二氧化碳，所以这不是一个永久的解决办法。此外，它耗资巨大，更何况，利用二氧化碳，以获得更多的出地面的化石燃料，这是非常困难的。我的意思是，公众提高其眉，一脸苦相：这真的是一个气候友好的解决方案吗？
生物质和生物能源技术的倡导者还声称，生物固碳作用的关键是可持续性碳负。如果美国将用生物柴油取代汽油，他们需要七倍的美国种植玉米面积。然而，能源和经济流量占据粮食生产用地的大量流失，会证明从种植、收割、加工、存储和运输生物原料和产品过程中二氧化碳的总增益吗？

可再生的太阳能和风能的来源以不断加快的步伐在世界各地正在扩大。现在的问题是，我们继续依赖于化石燃料的使用，人为产生了二氧化碳持续上升，这引起了气候变化的不利影响，我们还要在这种环境下生存多久？

然而，对于解决二氧化碳的创新的解决方案的紧急搜索，确实似乎同意二氧化碳捕获和储存的经济可行性可以通过与使用二氧化碳生产有附加值的化学品和燃料密切合作来改善。这种策略是正在开发中，在开发范围内建立并形成位于世界各地的工业，以化肥、水泥、化学品和聚合物，以及航空和柴油燃料的形式高效地以兆吨规模生产固态二氧化碳。如果我们已经具备兆吨规模使用二氧化碳的商业化技术，那么是什么阻止我们把这些产业的能力扩大到全球显著、气候友好的大规模？
重要的是要记住，基于CO2加氢的任何利用过程将需要比基于化石蒸汽甲烷、煤的气化和石油部分氧化更加大规模的H2能源。最终，这可能将不得不来自于使用太阳光的可再生能源形式的电解水或光电解电力驱动。
随着CO2和H2O的世界“溺水”，这一切似乎是一个没有脑子的想法！显然，对于一个庞大而快速注入公共和私人资金投入研究和开发，旨在熨平带来CO2利用产业投产的科学和技术挑战，这是迫切需要的。经济、社会和政治上的成功，证明规模化的二氧化碳利用进程的比例，可以对气候变化产生影响难道不是关键吗？
成功 – 繁殖 - 成功。在一个合理的时间框架里，固态二氧化碳转化到具有附加值的化学品和燃料的技术和经济可行性展示，将会进一步滋生出私人和公共投资的信心，这将有利于二氧化碳的全球显著数量从负债转为资产。

转型的想法不断从学术、产业界和政府研究机构涌现，旨在发现在未来可转换我们的能源到一个近零排放的世界的分子，材料和工艺。现在的问题是我们如何从实验室到市场上获得最具创新性和有前途的研究思路，以保护我们免受气候变化的不利影响？
比尔·盖茨和一些亿万富翁私人投资者，增持者350亿美元，已经建了了“突破能源联盟”，http://www.breakthroughenergycoalition.com/en/index.html，这令人非常兴奋。他们的任务是与富有远见的国家合作，这些国家集体同意对气候变化的解决方案将需要比能源部门以往任何时候都更快地纠集行动。他们已经承诺在未来五年内政府对基础研究和应用研究能源消费翻一番，以解决气候变化问题。

这是因为能源发电转变历史上采取了五十余年来实现，他警告说，“气候威胁太严重，让技术进化的步伐异常缓慢”。它们的“酷”能源创新列表上包括太阳能化学技术，该技术将太阳的能量转换成可被存储和用作燃料的烃， https://www.washingtonpost.com/news/energy-environment/wp/2015/11/30/bill-gates-on-climate-change-we-need-to-move-faster/，这是非常令人兴奋的。
建立“快车道”全球能源过渡投资的回报，将二氧化碳作为一种化学资源而不是废弃产品，已经超出了盈利的范围。这是道义上的当务之急。实现这个能量转变将通过改善生活质量，促进全人类的共同利益。
Direct insertion of nanowires into living algal cells
The effective insertion of vertically aligned nanowires (NWs) into cells is critical for bioelectrical and biochemical devices, biological delivery systems, and photosynthetic bioenergy harvesting. The first study demonstrating the possibility of direct insertion of nanowires into living algal cells using inkjet printing technology is presented in Small, by authors from Yonsei University, Korea. While most cell printing technologies aim to print cells on a flat substrate, this work investigates whether living cells could be printed for insertion with nanowires at predetermined locations.
One of the major technical hurdles was how to prepare printable cell solutions while maintaining high cell viability. Another challenge was to guarantee nanowire insertion into cells without rupturing them. Slow jetting caused non-insertion, while jetting too fast resulted in cells bursting.  This study provides a fundamental understanding of the optimized cell solution for both printability and cell viability.  Optimum jetting conditions were predicted and demonstrated to insert nanowires into cells without cell rupture. With rapidly growing interest in monitoring subcellular activities within living cells, the ability of this printing technology to locate nanoscale sensors such as nanowires into the cytoplasm of living cells in a scalable manner is highly desirable.
纳米线直接插入活藻细胞

垂直对准的纳米线的有效插入（NWS）导入细胞是生物电生化设备、生物递送系统和光合生物能源收获的关键。第一项研究表明纳米线到使用喷墨印刷技术的活藻细胞的直接插入的可能性展现为小规模的，该研究由韩国延世大学作者进行。虽然大多数细胞印刷技术旨在打印平坦基板上的细胞，此工作调查了活细胞是否可以打印用于插入预定的位置纳米线。

其中主要的技术障碍是如何准备打印单元解决方案，同时保持较高的细胞活力。另一个挑战是保证纳米线插入细胞完整而不破裂它们。慢喷射引起无法插入，而喷射过快又会导致细胞爆裂。该研究为既可印刷性也为细胞生存力提供了最佳的细胞溶液的基本理解。对最佳喷射条件进行了预测，并证明纳米线插入到细胞无细胞破裂。在活细胞内监测亚细胞活动的兴趣迅速增长，这种印刷技术定位纳米传感器的能力，如纳米线以可伸缩方式进入活细胞的细胞质，受到了高度期望。
Anisotropic interlayer coupling in atomically thin ReS2



Atomically thin transition-metal-dichalcogenides (TMDCs) have recently attracted a lot of research interest. Like graphene, they can be prepared as two-dimensional crystals by exfoliation. Unlike graphene, they are semiconductors with large band gaps, which make them interesting for potential optoelectronic device applications. While TMDCs based on group-VI metals like Molybdenum and Tungsten, such as MoS2 and WSe2, have been intensely studied in recent years, atomically thin crystals of TMDCs containing Rhenium, such as ReS2 and ReSe2, are a very new field of research. In these materials, the additional valence electron of the group-VII element Rhenium leads to the formation of in-plane Re-Re bonds, which distort the crystal lattice and reduce its symmetry compared to the group-VI-based TMDCs, resulting in anisotropic electronic and optical properties.
A group of scientists at the University of Regensburg have studied the Raman spectrum of single- and few-layer ReS2 flakes in the ultralow frequency range. They were able to observe two Raman modes which are characteristic for layered materials: the interlayer shear (LSM) and breathing (LBM) modes, in which adjacent layers rigidly oscillate relative to each other within (LSM) or perpendicular (LBM) to the layer plane. The presence of these modes indicates that despite the reduced crystal symmetry, adjacent layers have a well-defined van-der-Waals coupling. Both Raman modes show large shifts to lower energy with increasing number of layers, and their intensity strongly depends on the laser polarization orientation with respect to the crystal axes. In remarkable contrast to other, higher-energy Raman modes, the energy of the LSM also depends on the laser polarization orientation, indicating that the in-plane shear modulus of few-layer ReS2 is highly anisotropic. These results demonstrate that ultralow-frequency Raman spectroscopy is a powerful tool for the study of few-layer ReS2 and may further the understanding of this novel two-dimensional crystal.
原子级薄度的RES2中的各向异性层间耦合




原子级薄度的过渡金属二硫属化物（TMDCs）最近吸引了很多的研究兴趣。像石墨烯一样，它们可以通过剥落被准备作为二维结晶。与石墨烯不一样的是，它们是带有大带隙的半导体材料，这使得它们在作为潜在的光电器件应用上备受关注。尽管基于类似钼和钨（比如MoS2和WSe2）的VI组金属的TMDCs近年来已经得到的认真的研究，但是包含铼（比如ReS2和ReSe2）的原子级薄度的TMDCs晶体仍然是一个非常新的研究领域。在这些材料中，第七组基团的附加的价电子会导致形成面内重新再债券，这会扭曲晶格并降低其对称性（与基于VI组金属的TMDCs相比），导致各向异性电子和光学性质。

一组雷根斯堡大学的科学家已经研究了单个和极少层的RES2片在超低频范围内的拉曼光谱。他们能够观察两个拉曼模式，其特征是层状材料：层间剪切（LSM）和呼吸（LBM）模式，其中相邻层牢牢地相对于彼此内层振荡（LSM），或垂直于层平面（LBM）。这些模式的存在表明，尽管降低了晶体的对称性，相邻的层仍然具有定义良好的范德瓦耳斯耦合。两个拉曼模式显示出随着层数的增加像较低能量的大幅度转移，而且它们的强度在很大程度上取决于与晶轴有关的激光偏振方向。在与其他的较高能量的拉曼模式的显著对比下，LSM的能量也取决于激光偏振方向，这表明极少层的RES2的面内剪切模量是高度各向异性的。这些结果表明，超低频谱拉曼光谱对于极少层RES2的研究而言是一个强有力的工具，也许还能进一步帮助理解这一新型的二维晶体。
E-Material（电子材料）
Nanomotors Could Help Electronics Fix Themselves
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Gold circuits and other electronic components could one day be healed by self-propelled nanomotors. Source: Wang lab (UCSD)

As electronics grow ever more intricate, so must the tools required to fix them. Anticipating this challenge, scientists turned to the body's immune system for inspiration and have now built self-propelled nanomotors that can seek out and repair tiny scratches to electronic systems. They could one day lead to flexible batteries, electrodes, solar cells and other gadgets that heal themselves.

The researchers present their work today at the 251st National Meeting & Exposition of the American Chemical Society (ACS). ACS, the world's largest scientific society, is holding the meeting here through Thursday. It features more than 12,500 presentations on a wide range of science topics.

"Electronic circuits are very sophisticated these days," said Jinxing Li. "But a crack, even an extremely small one, can interrupt the flow of current and eventually lead to the failure of a device. Traditional electronics can be fixed with soldering, but repairing advanced electronics on a nanoscale requires innovation."

Gadgets will soon be more ubiquitous than ever, appearing in our clothes, implants and accessories, said Li, a Ph.D. candidate in the lab of Joseph Wang, D.Sc., at the University of California at San Diego. But finding ways to fix nanocircuits, battery electrodes or other electronic components when they break remains a challenge.

Replacing whole devices or even parts can be tricky or expensive, particularly if they're integrated in clothes or located in remote places. Creating devices that can fix themselves would be ideal, according to Wang, whose lab develops nanoscale machines. To work toward this goal, his lab and others have turned to nature for ideas.

"If you cut your finger, for example, platelets will automatically localize at the wound location and help start the healing process," Li said. "So what we wanted to do is create and use extremely small robots to perform the same function, except in an electronic system."

To accomplish this, Wang's team collaborated with the group of Anna Balazs, Ph.D., who is at the University of Pittsburgh. They designed and built nanoparticles out of gold and platinum that are powered by hydrogen peroxide. The platinum spurs the fuel to break down into water and oxygen, which propels the particles. Testing showed that the nanomotors zoomed over the surface of a broken electronic circuit connected to a light-emitting diode, or LED. When they approached the scratch, they got lodged in it and bridged the gap between the two sides. Because the particles are made of conductive metals, they allowed current to flow again, and the LED lit up.

Li said the nanomotors would be ideal for hard-to-repair electronic components such as the conductive layer of solar cells, which are subject to harsh environmental conditions and prone to scratching. They could also be used to heal flexible sensors and batteries, which the Wang lab is also developing.

Additionally, the same concept with different materials and fuels could be used in medical applications for delivering drugs to specific locations. The lab is also developing new nanomotors that could potentially be deployed in the body to treat different diseases, such as stomach infections.

Source: American Chemical Society
纳米马达可能有助于电子的自我修复
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    黄金线路等电子元器件或许有一天能够通过自行纳米马达得到修复。资料来源：王实验室（UCSD）

    由于电子发展越来越复杂，因此必须需要工具来解决它们。在面对这一挑战之前，科学家们转向了人体的免疫系统以获得灵感，并且目前已经建造了自行纳米马达，这种纳米马达能够打出并且修复电子系统的细小划痕。他们可能有一天能够产生灵活的电池、电极、太阳能电池等其他自我修复的小工具。

    研究人员今日在美国化学学会（ACS）第251届全国会议暨博览会上展示了他们的研究。ACS是世界上最大的科学协会，举行了到周四的会议。它重点介绍了12500多个有关广泛科学课题的报告。

    “电子电路最近非常复杂，”李金星表示。“但是一个裂纹，即使是非常小的裂纹都有可能会中断电流的流动，并且最终导致设备出现故障。传统电子装置可以通过焊接来进行固定，但是在纳米尺度上修复先进的电子需要创新。”

    小工具将很快变得更加无处不在，出现在我们的衣服中、种植体中以及配件中，加州大学圣地亚哥分校约瑟夫•王科学博士的实验室的一位博士候选人李表示。但是，寻找方法在它们断裂时修复纳米电路、电池电极或其它电子组件仍然是一个挑战。

    整个更换设备甚至是部件可能会非常棘手或非常昂贵，特别是如何它们是集成在衣服中或是位于偏远的地方。创建一个可自我修复的设备是一个理想状态，据王表示，他的实验室在研制纳米级的机器。为了朝着这个目标努力，他的实验室和其他实验室已经转向自然以获得灵感。

    “例如，如果你割破手指，血小板会自动在伤口位置定位，并且帮助启动愈合过程，”李表示。“因此我们想要做的是创建和使用非常小的机器人来完成同样的功能，除了在电子系统中。”

    为了实现这一点，王的研究小组与美国匹兹堡大学的博士安娜•巴拉兹的小组进行了合作。他们通过氧化氢提供动力设计和建造出黄金和铂金的纳米粒子。铂金刺激该燃料分解成水和氧气，从而推进该颗粒。测试表明，该纳米发动机放大了与发光二极管或LED连接的破碎电子电路的表面。当它们接近划痕处，它们会固定其中并且在两边之间架桥。由于颗粒是由导电金属构成的，因此它们令电流重新流动，并且令LED点亮。

    李表示，纳米发动机对于难以修复的电子元件可能是一种理想状态，例如太阳能电池的导电层，其受到恶劣环境条件的影响并且有易于产生刮擦。它们也能够用于修复灵活的传感器和电池，这是王的实验室正在开发的功能。

    此外，对不同的材料和燃料运用相同的概念可能会被用于医学应用中，用以递送药物到特定的位置。该实验室也将开发新的纳米发动机，其有可能在身体中部署来治疗不同的疾病，例如胃部感染。

资料来源：美国化学协会
Beyond Silicon—The Search for New Semiconductors

Our modern world is based on semiconductors. In addition to your computer, cellphones and digital cameras, semiconductors are a critical component of a growing number of devices. Think of the high-efficiency LED lights you are putting in your house, along with everything with a lit display or control circuit: cars, refrigerators, ovens, coffee makers and more. You would be hard-pressed to find a modern device that uses electricity that does not have semiconductor circuits in it.

While most people have heard of silicon and Silicon Valley, they do not realize that this is just one example of a whole class of materials.

But the workhorse silicon – used in all manner of computers and electronic gadgets – has its technical limits, particularly as engineers look to use electronic devices for producing or processing light. The search for new semiconductors is on. Where will these materials innovations come from?

What's a semiconductor?

As the name suggests, semiconductors are materials that conduct electricity at some temperatures but not others – unlike most metals, which are conductive at any temperature, and insulators like glass, plastic and stone, which usually don't conduct electricity.

However, this is not their most important trait. When constructed properly, these materials can modify the electricity moving through them, including limiting the directions it flows and amplifying a signal.

The combination of these properties is the basis of diodes and transistors which make up all our modern gadgets. These circuit elements perform a multitude of tasks, including converting the electricity from your wall socket to something usable by the devices, and processing information in the form of zeros and ones.

Light can also be absorbed into semiconductors and turned into electrical current and voltage. The process works in reverse as well, allowing for the emission of light. Using this property, we make lasers, LED lights, digital cameras and many other devices.

The rise of silicon
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A semiconductor chip fabricated in a Tufts University lab (Credit: Corey Shemelya and Tom Vandervelde, Tufts University)

While this all seems very modern, the original discoveries of semiconductors date back to the 1830s. By the 1880s, Alexander Graham Bell experimented with using selenium to transmit sound over a beam of light. Selenium was also used to make some of the first solar cells in the 1880s.

A key limitation was the inability to purify the elements being used. Tiny impurities – as small as one in a trillion, or 0.0000000001 percent – could fundamentally change the way a semiconductor behaved. As technology evolved to make purer materials, better semiconductors followed.

The first semiconducting transistor was made of germanium in 1948, but silicon quickly rose to become the dominant semiconductor material. Silicon is mechanically strong, relatively easy to purify, and has reasonable electrical prIt is also incredibly abundant: 28.2 percent of the Earth's crust is silicon. That makes it literally dirt cheap. This almost-perfect semiconductor worked well for making diodes and transistors and still is the basis of almost every computer chip out there. There was one problem: silicon is very inefficient at converting light into an electrical signal, or turning electricity back into light.

When the primary use of semiconductors was in computer processors connected by metal wires, this wasn't much of a problem. But, as we moved toward using semiconductors in solar panels, camera sensors and other light-related applications, this weakness of silicon became a real obstacle to progress.

Finding new semiconductors

The search for new semiconductors begins on the periodic table of the elements, a portion of which is in the figure at right.

In the column labeled IV, each element forms bonds by sharing four of its electrons with four neighbors. The strongest of these "group IV" elements bonds is for carbon (C), forming diamonds. Diamonds are good insulators (and transparent) because carbon holds on to these electrons so tightly. Generally, a diamond would burn before you could force an electrical current through it.

The elements at the bottom of the column, tin (Sn) and lead (Pb), are much more metallic. Like most metals, they hold their bonding electrons so loosely that when a small amount of energy is applied the electrons are free to break their bonds and flow through the material.

Silicon (Si) and germanium (Ge) are in between and accordingly are semiconductors. Due to a quirk in the way both of them are structured, however, they are inefficient at exchanging electricity with light.

To find materials that work well with light, we have to step to either side of the group IV column. Combining elements from the "group III" and "group V" columns results in materials with semiconducting properties. These "III-V" materials, such as gallium arsenide (GaAs), are used to make lasers, LED lights, photodetectors (as found in cameras) and many other devices. They do what silicon does not do well.

But why is silicon used for solar panels if it is so bad at converting the light into electricity? Cost. Silicon could be refined from a shovel full of dirt scooped up from anywhere on the Earth's surface; the III-V compounds' constituent elements are far rarer.

A standard silicon solar panel converts the sunlight with an efficiency of 10 to 15%. A III-V panel can be three times as efficient, but often costs more than three times as much. The III-V materials are also more brittle than silicon, making them hard to work with in wide panels.

However, the III-V materials' increased electron speeds enable construction of much faster transistors, with speeds hundreds of times faster than the ones you find in your computers. They may pave the way for wires inside computers to be replaced with beams of light, significantly improving the speed of data flow.

In addition to III-V materials, there are also II-VI materials in use. These materials include some of the sulfides and oxides researched in the 1800s. Combinations of zinc, cadmium, and mercury with tellurium have been used to create infrared cameras as well as solar cells from companies such as First Solar. These materials are notoriously brittle and very challenging to fabricate.

The future of semiconductors

How might new semiconductor materials be used?

High power III-V (gallium-nitride) semiconductor electronics will be the backbone of our electrical grid system, converting power for high voltage transmission and back again. New III-V materials (antimonides and bismuthides) are leading the way for infrared sensing for medical, military, other civilian uses, as well new telecommunication possibilities. Earth-abundant element combinations are being explored to make new semiconductors for high-efficiency, but inexpensive, solar cells.

And what of the old standby, silicon? Its inability to harness light efficiently does not mean that it is destined for the dust bin of history? Researchers are giving new life to silicon, creating "silicon photonics" to better handle light, rather than just shuttling electrons.

One method is the inclusion of small amounts of another group IV element, tin, into silicon or germanium. That changes their properties, allowing them to absorb and emit light more efficiently.

The act of including that tin turns out to be difficult, like many other challenges in material science. But as I tell my students all the time, "if it were easy, then it would not be research."

Source: The Conversation
除了硅——寻找新的半导体

我们的现代社会是建立在半导体之上的。除了你的电脑、手机和数码相机，半导体是越来越多的设备的重要组成部分。想想你在房间里安置的高效率LED灯，以及具有点亮显示或控制电路的一切事物：汽车、冰箱、烤箱、咖啡机等等。你很难找到一款现代设备所使用的电路不包含半导体电路。

虽然大多数人听说过硅和硅谷，但是他们并不知道，这仅仅是一个整个材料类别中的一个例子。

但是主力硅——以各种方式用于计算机和电子产品中——具有其机械限制，特别是在工程师们想要使用电子设备来生产或加工光时。现在开始寻找新的半导体。这样材料的创新来自于何方？

什么是半导体？

顾名思义，半导体是在某些温度下导电而在某些温度下不导电的材料——不像大多数在任何温度下均导电的金属，也不像是玻璃、塑料和石头等绝缘体那样通常不导电。

然而，这并不是他们最重要的性状。在获得适当的构造时，这些材料能够修改通过它们的电力，包括限制其流动的方向以及放大信号。

这些属性的结合是构成我们所有现代工具的二极管和晶体管的基础。这些电路元件能够执行大量的任务，包括将墙壁插座中的电力转换成设备可用的东西，以及以零和一的形式处理信息。

光也能够被吸收入半导体并且转换成电流和电压。这个过程也可以反过来操作，产生光的发射。利用这个特性，我们制造了激光、LED灯、数码相机和许多其他设备。

硅的崛起
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塔夫茨大学实验室制造的半导体芯片（来源：科瑞•舍梅亚和汤姆•德威尔，塔夫茨大学）

尽管这一切似乎很时髦，但是半导体的发现可以追溯到19世纪30年代。早在19世纪80年代，亚历山大•格雷厄姆•贝尔就曾利用硒做过实验，将声音在光束中进行传送。硒在19世纪80年代也被用于制造第一种太阳能电池。

一个主要的限制在于不能纯化所使用的元素。微小的杂质——小到万亿分之一，或是百分之0.0000000001——都有可能从根本上改变半导体的行为模式。随着制造更纯的材料的技术的发展，随后产生了更好的半导体。

第一个半导体晶体管是在1948年由锗制成的，但是随后硅迅速崛起，成为了主要的半导体材料。硅的机械强度上，比较易于纯化，并且具有合理的电属性。它也异常丰富：地壳中硅的含量达到了28.2%。这令它确实非常便宜。这种近乎完美的半导体对于制作二级管和晶体管方面非常有效，并且仍然是几乎所有世界中每一个电脑芯片的根本。有一个问题是：在将光转换成电信号或是将电力转换成光的方面，硅的效率非常低。

当半导体的主要用于与金属线连接的计算机处理器时，这并不是什么大问题。但是，当我们开始在太阳能电池板、摄像头传感器和其他与光相关的应用程序中使用半导体时，硅的这种弱点就成为了取得进展的一个实际阻碍。

寻找新的半导体

有关新的半导体的搜寻开始于元素周期表，在该表右边的部分。

在标记IV的栏中，每个元素都通过与四个邻居共享其四个电子而形成关联。这些“IV组”元素的最强连接是碳（C），形成钻石。钻石是很好的绝缘体（并且是透明的），这是因为碳将这些电子紧密地连接在了一起。通常，在你能够迫使电流穿过它之前，钻石就会燃烧。

在该列底部的元素，锡（Sn）和铅（Pb），含有较多的金属。像大多数金属一样，它们的成键电子非常松散，因此当施加少量的能量时，该电子能够自由地破坏它们的键花前月下流通该材料。

在这两者之间的是硅（Si）和锗（Ge），并且相应地都是半导体。但是由于它们构建的方式存在着巧合，它们在变换电和光方面的效率不高。

为了寻找与光反应良好的材料，我们必须迈入IV组栏的两侧。结合“III组”和“V组”栏的元素能够产生具有半导体性能的材料。这些“III-V”材料，例如砷化镓（GaAs），被用于制造激光、LED灯、光检测器（例如相机中使用的）以及许多其它的设备。它们完成了硅做得不好的工作。

但是，如果硅将光转换成电的性能如此之差，为什么太阳能电池板中仍然使用硅呢？成本。硅能够从地球表面任何地方挖出来的一铲污垢中细化出来：而III-V化合物的构成要素是非常罕见的。

标准的硅太阳能电池板转换太阳光的效率为10-15%。III-V电池板的效率可以达到硅电池板的效率的三倍，但是成本往往超过了硅的三倍。III-V材料也比硅更脆，这令它们难以与广泛的电池板协作。

然而，III-V材料增加的电子速度产生了更快的晶体管结构，其速度是计算机中晶体管速度的上百倍。它们可能会为计算机内部的线路由光束代替铺平道路，显著提高数据流的速度。

除了III-V材料，也可以使用II-VI材料。这些材料包括一些在19世纪初研究的硫化物和氧化物。锌、镉、汞和碲的结合已经被用于制造红外摄像机以及First Solar这样的公司生产的太阳能电池。这些材料出了名的脆，并且在制作过程中非常具有挑战性。

半导体的未来

新的半导体材料将如何得到使用？

高功率III-V（氮化镓）半导体电子将成为我们电网系统的骨干，为高压传输来回转换电力。新的III-V材料（锑和铋侧）为用于医疗、军事、民用等用途以及新的电信可能性的红外感应指引了方向。目前正在探索地球上丰富的元素组合用以为高效但廉价的太阳能电池制造出新的半导体。

那么老旧的备用品——硅呢？它没有有效利用光线的能力是否意味着它注定会被扔到历史的垃圾桶中？研究人员为硅赋予了新的生命，打造了“硅光子学”以更好地处理光，还不仅仅是穿梭电子。

一种方法是将少量的IV族元素锡加入硅或锗。这会改变它们的性质，令它们能够更加有效地吸收及发射出光。

包含锡的行为是非常困难的，就像材料科学中所面临的许多其他挑战一样。但是，在我告诉我的学生的时候我一直表示，“如果容易，就用不着研究了。”

资料来源：对话
Making Electronics Safer with Perovskites
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A team of scientists from Hokkaido University and the multinational electronics company TDK Corporation in Japan has developed a method to improve the insulating properties of the oxynitride perovskite SrTaO2N for potential use as a ceramic capacitor. Source: Tanusin Phunya/ 123rf

Ceramic capacitors are used in a wide variety of electronics, ranging from computers and mobile phones to telecommunications transmitter stations and high voltage laser power supplies. Capacitors act, in a way, like batteries. They are "dielectric" - they act as an electronic insulator in which an electric field can be sustained with minimum loss of power. Their dielectric properties allow them to store electricity and then release it. One of the most widely used ceramics in capacitors is lead zirconate titanate, but it is hazardous to the health and the environment once it's disposed. Scientists are trying to find other less hazardous ceramic materials for use in capacitors.

Perovskite oxynitrides - cheap and easily fabricated materials with a distinctive crystalline structure - are particularly promising. But ceramics manufactured from these materials need to be made denser to improve their insulating properties. This is usually done by applying intense heat; a process called "sintering". However, sintering the material can lead to a change in its chemical composition, turning it from an insulator to an electrical conductor.

The researchers sintered the perovskite powder SrTaO2N at a temperature of 1723 Kelvin (1450° Celsius) for three hours. They then "annealed" the material by heating it with flowing ammonia at 1223 Kelvin (950° Celsius) for 12 hours and then allowing it to slowly cool.

They found that the surface of the material after this process (but not its interior) displayed an important dielectric property called "ferroelectricity". This was the first time that a ferroelectric response has been observed on oxynitride perovskite ceramics, they say, making it promising as a new dielectric material for multi-layered ceramic capacitors.

Source: Hokkaido University
钙钛矿让电子工业更安全
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北海道大学和跨国电子公司日本TDK株式会社的科学家联合组建了一个研究小组，通过实验研究提升了碳氧化物钙钛矿SrTaO2N的绝缘性能，并计划将其应用于陶瓷电容器的生产制造之中。资料来源：Tanusin Phunya/ 123rf

陶瓷电容器在电子设备中的应用十分广泛，涉及计算机、手机、通讯讯号发射站和高压激光电站等等方面。一定程度上讲，起到的是电池的作用。而电容器是“不导电”的——因此被用作绝缘体，以此确保电场电量的流失控制在最小范围之内。这一绝缘属性使得电容器在放电之前，会先将电量储存起来。电容器制造中使用最为广泛的陶器材质就是锆钛酸铅，但是它在分解时会释放出有害身体健康且污染环境的物质。为此，科学家们正在积极探求更为安全环保的陶瓷材料用以制作电容器。

钙钛矿碳氧化物是一种廉价而又易生成的物质材料，呈特别的晶体构造，实用价值很高。但是用这种材料制作出来的陶瓷密度不高，还须提高其密度来增强绝缘性能。通常情况下是通过高温加热来完成的，这一过程也被称作是“烧结”。然而，烧结过程中会使得材料的化学构造发生改变，使得它从绝缘体变为导电体。

研究院将钙钛矿的粉末SrTaO2N放入温度为1723开氏度（1450摄氏度）的高火中烧结3小时，随后又将其置于温度高达1223开氏度（950摄氏度）的流动氨气中“焖火”烧制12小时，再取出待其冷却。

他们发现经过这一处理过程之后，该物质的表面（而非里层）产生了一种有效的绝缘属性，叫做“铁电性”。研究员表示，这是首次在碳氧化物钙钛矿陶瓷中发现铁电反应现象，这一发现对研制新型的多层陶瓷电容器具有重大意义。

资料来源：北海道大学
MCanxixun Information and News Service
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