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Tech News & New Tech（技术前沿）
How Scientists Design New Materials

When Thomas Edison wanted a filament for his light bulb, he scoured the globe collecting thousands of candidates before settling on bamboo. (It was years before people were able to make tungsten work properly.) That’s our traditional way of getting materials. We picked up stones for axes, chopped wood for housing and carved tools out of bone.

Then we learned to synthesize new materials out of old ones, like shaping clay into bricks or pots and baking them into stone. Plastics entered our repertoire as a concoction of cotton, acid and wood tar.

Much of the quest for novel materials has moved into science labs. The search is more efficient than when Albertus Magnus (allegedly) synthesized the Philosopher’s Stone, but the game is still intelligent serendipity. We try combinations of ingredients, combinations of heating, mixing and other processes, and hope that one of them works. During the last few decades, a scaled-up, highly organized and automated search system called “combinatorial chemistry” has produced new drugs and materials including automotive coatings, hydrogen storage materials, materials for solar cells, metal alloys and organic dyes.

Architects and engineers do not wait on search or serendipity to produce a novel bridge that doesn’t collapse under a 10-ton truck. They use established principles, paper and pencil (and software) to produce a design that they can confirm, by computation and deduction, will meet the necessary specifications. Today’s chemists and materials scientists are taking a similar approach, pushing forward a materials revolution.
The challenges of design-build planning

One of the great technological challenges of this century is to design novel materials to satisfy given specifications – and then, when the material is synthesized, have it meet those specifications. Just as builders can make a house out of bricks and beams and mortar using a blueprint indicating where the bricks and beams go, scientists conceive of synthesizing a material out of molecules using a blueprint indicating where the “molecular building blocks” go.

But there is a problem. Unlike bricks, beams and mortar, people cannot pick up atoms or molecules with their hands and place them in a structure. This must be done indirectly, rather like modern construction: just as we have cranes, pulleys and other devices for manipulating beams, panels and prefabricated modules, we need devices for manipulating the atoms or molecules to get them into place – and then welding them together.

Working with DNA

Let’s consider one (very nice) example: DNA. With current technology, DNA is much more easily manipulated than other materials; during the past few decades, we have developed many ways to manipulate DNA molecules. In 1980, Nadrian Seeman looked at M.C. Escher’s “Depth,” an infinite regular array of fish, and decided to make it – which he ultimately didthree decades later. In between, he made a cube of DNA; Paul Rothemunde made a DNA smiley face, Leonard Adleman showed how DNA can compute things and a whole community arose making nano-things out of DNA.

Rothemunde’s smiley face is a likely harbinger of things to come. It is a sort of nano-textile, with a very long DNA strand, folded back and forth so that it covers a circle. Two hundred short strands – “staples” – hold the long strand together. It isn’t just the outline (the long strand with its folds and staples) that is designed in advance. Each DNA strand has its own code, which can be used to control how different DNA strands bond to each other. The codes of the long strand and the staples are computed in advance, and from these designs, strands are synthesized and mixed together to produce the intended structure.

Expanding to more difficult compounds

Meanwhile, chemists and materials scientists are making progress on less controllable materials, like proteins and crystals. For example, a decade ago, Omar Yaghi, Michael O’Keeffe and four colleagues published a manifesto on “reticular synthesis” in nature. They observed that crystals have regular molecular structures, and proposed that chemists should design a structure and then make crystals from the design.

One of the major efforts is making a porous crystal that can serve as a safe and stable storage tank for hydrogen powered cars. (Porous crystals, with nanoscale channels and chambers, are not oddities: you may find some in the catalytic converter in your car or even your cat’s litter box.)

Many of our major technological challenges will require new materials with specific properties, whether for a new drug, a solar panel, a computer chip or airplane skin. When we see progress in medicine, energy, computing power and transportation, the materials revolution is an integral part of the scientific process of discovery.
科学家如何设计新材料

当托马斯•爱迪生想要为他的灯泡提供灯丝,在他选定竹子之前在满世界寻找收集成千上万的备选材料。(这是人们能够使钨正常工作的几年前。)这是我们的传统获取材料的方式。我们为制造斧子挑选了石头，为制造房屋砍伐木头和用骨头雕刻工具。

之后,我们学会了从旧材料中合成新材料,如将黏土塑造为砖或锅,然后烤制成石头。塑料作为一种棉、酸和木焦油的混合物成为我们的材料。

新颖材料的大部分探索已经进入科学实验室。这种寻找相比Albertus Magnus(据称)合成魔法石时 更有效率,但是游戏仍旧只是意外发现。我们尝试不同成分的组合,不同的加热温度、混合比例和其他因素的组合,希望其中一个成功。在过去的几十年里,一个高规格的,高度有组织的和自动的称为“组合化学”的搜索系统创造了新的药物和材料包括汽车涂料、储氢材料、太阳能电池材料,金属合金和有机染料。

建筑师和工程师不会等这搜索或意外来使建造一个可以承重10吨卡车的桥梁成为现实。他们使用已经确立的原则,纸和笔(软件)来完成设计,他们可以通过计算和推导证实这个设计将满足必要的条件。今天的化学家和材料科学家们采取了类似的方式,推动材料革命。

设计、规划的挑战

本世纪最伟大的技术挑战之一是创造新材料满足给定的条件——然后,当材料合成,它需要满足这些规范。正如建筑商可以用砖块、梁和砂浆建造房子，使用蓝图表明,砖和梁将被用在哪里,科学家构思如何用分子合成材料，使用蓝图表示“用分子构建的模块”用到哪里。

但是有一个问题。不像砖头,梁和砂浆,人们不能用双手移动原子或分子，并将其放在一个结构里。这个必须间接来做,就像现代建筑:正如我们起重机、滑轮和其他操纵梁、板和预制模块的设备,我们需要设备操纵原子或分子，把他们放在适合的位置,然后焊接在一起。

使用DNA

让我们考虑一个(很好)的例子:DNA。利用现有技术,DNA是比其他材料更容易操纵;在过去的几十年里,我们已经开发出许多操纵DNA分子的方法。1980年,Nadrian Seeman看着贝拉埃舍尔的“深度”,一个鱼的无限常规数组,并决定制造它——他最终完成了在三十年后。这之间,他做了一个立方体的DNA;保罗Rothemunde做了一个 DNA笑脸,伦纳德Adleman表明DNA怎样可以计算，然后致力于用DNA制造纳米级事物的团体出现了。

Rothemunde的笑脸是一个可能的预兆。它是一种纳米纺织品,DNA链很长,被来回折叠以形成一个圈。二百个短链-“订书钉”-使长链保持在一起。不仅仅是被提前设计的轮廓(有折叠和订书钉的长链)。每个DNA链都有自己的编码,可用于控制不同的DNA链如何被连在一起的。长链和订书钉的编码是被提前计算的,从这些设计中,链被合成和混合在一起来产生预期的结构。

扩大到更困难的化合物

与此同时,化学家和材料科学家们正在取得进展在可控性较小的材料,像蛋白质和晶体。举例来说,十年前,Omar Yaghi, Michael O’Keeffe和四个同事在自然杂志发表了一份关于“网状合成”的宣言。他们观察到晶体有规律的分子结构,并提出,化学家们应该设计一个结构，然后利用这个设计创造晶体。

一个主要的努力是制造多孔晶体,这种晶体可以作为氢动力汽车的安全、稳定的的储罐。(多孔晶体,纳米通道和空间,并不奇怪:你可能会在汽车催化转化器或者甚至你的猫砂盒里发现一些。)

我们的许多重大技术挑战需要拥有特定属性的新材料,不管是一种新药,一个太阳能电池板,一个计算机芯片或 飞机蒙皮。当我们看到医药、能源、计算能力和运输方面的进展，材料革命是科学的发现过程不可分割的一部分。
Robots Could Get 'Touchy' with Self-Powered Smart Skin
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Smart synthetic skins have the potential to allow robots to touch and sense what's around them, but keeping them powered up and highly sensitive at low cost has been a challenge. Now scientists report in the journal ACS Nano a self-powered, transparent smart skin that is simpler and less costly than many other versions that have been developed.

Endowing robots and prosthetics with a human-like sense of touch could dramatically advance these technologies. Toward this goal, scientists have come up with various smart skins to layer onto devices. But boosting their sensitivity has involved increasing the numbers of electrodes, depending on the size of the skin. This leads to a rise in costs. Other systems require external batteries and wires to operate, which adds to their bulk. Haixia Zhang and colleagues wanted to find a more practical solution.
The researchers created a smart skin out of ultra-thin plastic films and just four electrodes made from silver nanowires. Other prototypes contain up to 36 electrodes. Additionally, one component harvests mechanical energy—for example, from the movement of a prosthetic hand's fingers—and turns it into an electric current. Therefore, the skin wouldn't need an external power source. Testing showed that the skin was highly sensitive. It could "feel" a honeybee as it flew toward and away from the device. It also demonstrated electrical stability, maintaining the same level of output over 30,000 cycles.

The progress of smart skin technology presents unprecedented opportunities for artificial intelligence. Resolution enhancement and energy conservation are critical to improve the perception and standby time of robots. Here, we present a self-powered analogue smart skin for detecting contact location and velocity of the object, based on a single-electrode contact electrification effect and planar electrostatic induction. Using an analogue localizing method, the resolution of this two-dimensional smart skin can be achieved at 1.9 mm with only four terminals, which notably decreases the terminal number of smart skins. The sensitivity of this smart skin is remarkable, which can even perceive the perturbation of a honey bee. Meanwhile, benefiting from the triboelectric mechanism, extra power supply is unnecessary for this smart skin. Therefore, it solves the problems of batteries and connecting wires for smart skins. With microstructured poly(dimethylsiloxane) films and silver nanowire electrodes, it can be covered on the skin with transparency, flexibility, and high sensitivity. 

Source: American Chemical Society
机器人的自供电智能皮肤会变得“敏感”
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智能合成皮有可能让机器人触摸和感知它们周围的东西，但是保持它们的供电和对低成本的高度敏感一直的是一个挑战。现在科学家在《ACS Nano》杂志中报道了一个自供电的、透明的智能皮肤，该皮肤比已经开发很多其他版本更简单和更低成本。

赋予机器人和假肢类似人类的触觉可以大大促进这些技术。朝着这一目标，科学家已经想出了各种在设备上的智能皮肤层。但是提高它们的敏感度涉及到增加电极的数量，根据皮肤大小。这导致成本的上升。其他系统需要外部电池和电线来操作，这会增加它们的体积。张海霞和她的同事们想找到一个更实际的解决方案。

研究人员创造了一个超薄塑料薄膜的智能皮肤和四个由银纳米线制成的电极。其他原型包括多达36个电极。此外，一个元件会收获机械能—例如，从一个假肢手的手指的运动—并把它变成电流。因此，皮肤就不需要一个外部电源。测试表明，皮肤是高度敏感的。它可以“感觉”到一只蜜蜂，当蜜蜂飞向和飞离该装置的时候。它还表现出电子的稳定性，保持超过30000个周期的同一水平的输出。

智能皮肤技术的进步为人工智能提供了前所未有的机遇。分辨率增强和节能对于改进机器人的感知和待命时间是至关重要的。在这里，我们提出了一个检测物体的接触位置和速度的自供电的模拟智能皮肤，根据一个单电极接触带电效应和平面静电感应。使用模拟定位方法，该二维智能皮肤的分辨率可以达到1.9毫米，且只有四个终端，这明显降低了智能皮肤的终端数量。这种智能皮肤的敏感性是显著的，它甚至可以感知到密封的扰动。同时，受益于摩擦起电机制，额外的电源供应对于这一智能皮肤是没必要的。因此，它解决了智能皮肤的电池和连接线的问题。拥有微结构的聚（二甲基硅氧烷）薄膜和银纳米线电极，它就可以覆盖在具有透明度、灵活性和高敏感度的皮肤上。

来源：美国化学学会
Nanotubes Assemble! Introducing 'Teslaphoresis'
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Nanotube assemblies are drawn to the source of a Tesla field in an experiment at a Rice University lab. Credit: Jeff Fitlow/Rice University
Scientists at Rice University have discovered that the strong force field emitted by a Tesla coil causes carbon nanotubes to self-assemble into long wires, a phenomenon they call "Teslaphoresis."

The team led by Rice chemist Paul Cherukuri reported its results this week in ACS Nano.

Cherukuri sees this research as setting a clear path toward scalable assembly of nanotubes from the bottom up.

The system works by remotely oscillating positive and negative charges in each nanotube, causing them to chain together into long wires. Cherukuri's specially designed Tesla coil even generates a tractor beam-like effect as nanotube wires are pulled toward the coil over long distances.
This force-field effect on matter had never been observed on such a large scale, Cherukuri said, and the phenomenon was unknown to Nikola Tesla, who invented the coil in 1891 with the intention of delivering wireless electrical energy.

"Electric fields have been used to move small objects, but only over ultrashort distances," Cherukuri said. "With Teslaphoresis, we have the ability to massively scale up force fields to move matter remotely."

The researchers discovered that the phenomenon simultaneously assembles and powers circuits that harvest energy from the field. In one experiment, nanotubes assembled themselves into wires, formed a circuit connecting two LEDs and then absorbed energy from the Tesla coil's field to light them.

Cherukuri realized a redesigned Tesla coil could create a powerful force field at distances far greater than anyone imagined. His team observed alignment and movement of the nanotubes several feet away from the coil. "It is such a stunning thing to watch these nanotubes come alive and stitch themselves into wires on the other side of the room," he said.

Nanotubes were a natural first test material, given their heritage at Rice, where the HiPco production process was invented. But the researchers envision many other nanomaterials can be assembled as well.

Lindsey Bornhoeft, the paper's lead author and a biomedical engineering graduate student at Texas A&M University, said the directed force field from the bench-top coil at Rice is restricted to just a few feet. To examine the effects on matter at greater distances would require larger systems that are under development. Cherukuri suggested patterned surfaces and multiple Tesla coil systems could create more complex self-assembling circuits from nanoscale-sized particles.

Cherukuri and his wife, Tonya, also a Rice alum and a co-author of the paper, noted that their son Adam made some remarkable observations while watching videos of the experiment. "I was surprised that he noticed patterns in nanotube movements that I didn't see," Cherukuri said. "I couldn't make him an author on the paper, but both he and his little brother John are acknowledged for helpful discussions."

Cherukuri knows the value of youthful observation -- and imagination -- since he started designing Tesla coils as a teen. "I would have never thought, as a 14-year-old kid building coils, that it was going to be useful someday," he said.

Cherukuri and his team self-funded the work, which he said made it more meaningful for the group. "This was one of the most exciting projects I've ever done, made even more so because it was an all-volunteer group of passionate scientists and students. But because Rice has this wonderful culture of unconventional wisdom, we were able to make an amazing discovery that pushes the frontiers of nanoscience."

The teammates look forward to seeing where their research leads. "These nanotube wires grow and act like nerves, and controlled assembly of nanomaterials from the bottom up may be used as a template for applications in regenerative medicine," Bornhoeft said.

"There are so many applications where one could utilize strong force fields to control the behavior of matter in both biological and artificial systems," Cherukuri said. "And even more exciting is how much fundamental physics and chemistry we are discovering as we move along. This really is just the first act in an amazing story."
碳纳米管组件！引入“特斯拉电脉现象”
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碳纳米管组件按照莱斯大学实验室的特斯拉场的来源绘制   致谢：Jeff Fitlow /莱斯大学

莱斯大学的科学家们发现了由特斯拉线圈发射的强大力场使碳纳米管能够自组装成长线，他们称之为“特斯拉电脉现象。”（Teslaphoresis）

由莱斯大学化学家Paul Cherukuri领导的团队本周在ACS Nano报告了他们的成果。

Cherukur认为此次研究为碳纳米管的可测量组件自上而下进行设置了一个清晰的路径。

该系统的工作原理，是通过在每一个纳米管中远程振荡正电荷和负电荷，使得它们链结在一起形成长线。Cherukuri特别设计的特斯拉线圈甚至产生牵引光束，比如纳米管电线通过牵引形成线圈。

Cherukuri说这种作用在物质上的力场从来没有如此大的规模，这一现象是尼古拉特斯拉所未知的，1891年他在想要传递无线电能的时候发明了线圈。

   “电场已用于移动的小物体，但只有在超短距离中，”Cherukuri说。“利用特斯拉电脉现象，我们有能力大规模按比例扩大力场实现远程移动物质。”

研究人员发现，这一现象同时对从场中收获能量的电路进行聚集并提供动力。在一个实验中，碳纳米管自己组装成一条线，形成了一个连接2个发光二极管的电路，然后从特斯拉线圈的磁场中吸收能量来点亮它们。

Cherukuri意识到重新设计的特斯拉线圈可以在远远超过任何人想象的距离创造一个强大的力场。他的团队观察到了几英尺外的碳纳米管的排列和运动。“看这些碳纳米管活跃起来，并在空间的另一边把自己缝合成电线是一件令人震惊的事情，”他说。

考虑到它们在莱斯大学的继承物，纳米管是一个自然的第一个试验材料，莱斯大学发明了高压一氧化碳分解法生产工艺。但研究人员设想许多其他的纳米材料也可以被组装。

本论文的主要作者、德克萨斯农机大学生物医学工程研究生Lindsey Bornhoeft说，来自莱斯大学台式线圈的定向力场仅仅限于几英尺。要检查在更大的距离上对物质的影响，需要开发更大的系统。Cherukuri建议图案化表面和多个特斯拉线圈系统可以从纳米大小的颗粒中创建更复杂的自组装电路。

Cherukuri和他同样是莱斯大学毕业生和论文共同作者的妻子Tonya指出，他们的儿子亚当在观看实验视频时获得一些引入注意的观察。“让我惊讶的是，他注意到在纳米管移动的模式，这些是我没有看到的，”Cherukuri说。“我不能使他成为论文中的一个作者，但他和他的弟弟都被公认对于讨论有帮助。”

Cherukuri知道年轻的观察和想象的价值——自从他作为一个十几岁的孩子时就开始设计特斯拉线圈。”我从来没有想到，作为一个构造线圈的14岁的孩子，将会有一天会有用的，”他说。

Cherukuri和他的团队对这个项目是自己筹集资金，他说，这让集团更有意义。“这是我做过的最激动人心的项目之一，更是如此，因为它是一个由充满激情的科学家和学生的完全志愿的小组。但由于莱斯大学具有非传统智慧的奇妙文化，我们才能够做出推动了纳米科学发展的惊人的发现。”

队友期待着看到他们的研究所引领的领域。“这些纳米线像神经一样生长，并且自下而上的纳米材料的控制组件可作为应用模板用于再生医学，”Bornhoeft说。

 “有这么多的应用中可以利用强大的力场控制在生物系统和人工系统中的物质的行为，“Cherukuri说。“更令人兴奋的是，随着我们向前移动，我们正在发现更多基本物理和化学。这真的只是一个惊人的故事的第一幕。”
Researchers Create 1-Step Graphene Patterning Method

Researchers from the University of Illinois at Urbana-Champaign have developed a one-step, facile method to pattern graphene by using stencil mask and oxygen plasma reactive-ion etching, and subsequent polymer-free direct transfer to flexible substrates.

Graphene, a two-dimensional carbon allotrope, has received immense scientific and technological interest. Combining exceptional mechanical properties, superior carrier mobility, high thermal conductivity, hydrophobicity, and potentially low manufacturing cost, graphene provides a superior base material for next generation bioelectrical, electromechanical, optoelectronic, and thermal management applications.
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a) This is a schematic illustration of the one-step polymer-free approach to fabricate patterned graphene on a flexible substrate. A stencil mask is designed by computer-aided design software and fabricated by a laser cutter. The fabricated mask is aligned on the as-grown CVD graphene on a Cu foil, and the exposed graphene region is removed by oxygen plasma. The patterned graphene is laminated onto a flexible substrate, followed by etching of the copper foil. b) Optical microscope images and photographs of various stencil masks with sophisticated micro-scale features (top row) and corresponding graphene array patterns transferred onto SiO2 substrate and flexible Kapton film (bottom row). All scale bars: 300 μm. Source: University of Illinois
"Significant progress has been made in the direct synthesis of large-area, uniform, high quality graphene films using chemical vapor deposition (CVD) with various precursors and catalyst substrates," explained SungWoo Nam, an assistant professor of mechanical science and engineering at Illinois. "However, to date, the infrastructure requirements on post-synthesis processing--patterning and transfer--for creating interconnects, transistor channels, or device terminals have slowed the implementation of graphene in a wider range of applications."

"In conjunction with the recent evolution of additive and subtractive manufacturing techniques such as 3D printing and computer numerical control milling, we developed a simple and scalable graphene patterning technique using a stencil mask fabricated via a laser cutter," stated Keong Yong, a graduate student and first author of the paper, "Rapid Stencil Mask Fabrication Enabled One-Step Polymer-Free Graphene Patterning and Direct Transfer for Flexible Graphene Devices appearing in Scientific Reports.

"Our approach to patterning graphene is based on a shadow mask technique that has been employed for contact metal deposition," Yong added. "Not only are these stencil masks easily and rapidly manufactured for iterative rapid prototyping, they are also reusable, enabling cost-effective pattern replication. And since our approach involves neither a polymeric transfer layer nor organic solvents, we are able to obtain contamination-free graphene patterns directly on various flexible substrates."

Nam stated that this approach demonstrates a new possibility to overcome limitations imposed by existing post-synthesis processes to achieve graphene micro-patterning. Yong envisions this facile approach to graphene patterning sets forth transformative changes in "do It yourself" (DIY) graphene-based device development for broad applications including flexible circuits/devices and wearable electronics.

"This method allows rapid design iterations and pattern replications, and the polymer-free patterning technique promotes graphene of cleaner quality than other fabrication techniques," Nam said. "We have shown that graphene can be patterned into varying geometrical shapes and sizes, and we have explored various substrates for the direct transfer of the patterned graphene."
研究人员创造出石墨烯结构图

伊利诺伊大学香槟分校的研究者研发了一种简易的方法制作石墨烯，即模板掩码，氧等离子体反应离子刻蚀，然后无聚合物直接转化为柔性基板。

石墨烯是一种二维碳的同素异形体，受到了科技领域的广泛关注。拥有超常的机械性，极好的迁移率，高热量传导性，疏水性，并且制造成本不高。未来在生物电，电动机械，光电和热量制造应用方面很有前景。
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a)这是一个关于一步无聚合物，在柔性基板上制造排列的石墨烯示意图。模板掩码是由电脑辅助设计软件设计，由激光切断机制造的。这个制造的掩码与在铜箔上与生长中的CVD石墨烯保持一致，氧等离子体会取代暴露的石墨烯部分。排列的石墨烯被层压到柔性基板上，接下来被铜箔刻蚀。b)各种用不同模板制作而成的光学显微镜的图像和照片，它们顶行微小又复杂，有十分复杂的石墨单原子层和阵列模式，而底行是石英基片和不稳定的聚酰亚胺薄膜。所有规模限制:300μm。来源:伊利诺伊大学。

“通过化学气相淀积，各种前躯体和催化剂载体，直接合成的石墨烯电影取得了长足进步，并且大面积，大小一致，高质量的优点。”伊利诺伊的机械科学工程副教授，SungWoo Nam 解释，“然而，至今为止,对基础设施要求，如后合成处理模式，连接器，电晶体通道，还有设备终端机，这些限制影响了石墨烯的广泛应用。”

“随着制造技术的近期发展，例如，3D打印和计算机数控系统制粉，我们研发了简易的并且可以持续发展的石墨烯排列技术，使用激光切割机制造的模板掩码。”毕业生Keong Yong说道，他也是论文的原创作者，“科学报告中出现快速模板制备一步聚合物石墨烯排列和柔性石墨烯器件的直接转化。”

Yong补充说:“我们排列石墨烯的方法基于掩模技术，这项技术一直运用于接触金属沉积中，这些模板掩码不仅容易制造，而且可以重复使用，实现低成本排版应用。因为我们的方法不用聚合传输层或者有机溶剂，所以可以直接在不同的柔性基板上纯净的石墨烯。”

Nam阐述，实现石墨烯的微观排列的后合成过程有局限性，而这一方法说明克制这一局限的可能性。Yong对这种关于石墨烯排列转变的简易方法进行展望，“组装”石墨烯装置发展，得到更广泛的应用，包括:柔性电路/装置和可穿戴电子。

“与其他方法相比，这方法用快速设计迭代和模式替代还有无聚合物排列技术，提高了石墨烯的质量，”Nam说到。“我们已经说明，石墨烯可以分为不同的几何形状和大小，并且我们已经找到不同的基板来直接转换石墨烯。”
Metal Alloy（金属合金）
Scientists Blend Metals to Obtain Alloys Better than Gold

A peer-reviewed paper based on the study was published recently on the cover of the journal ACS Photonics. Previous work on tuning the amount of light materials absorb has been constrained by the inherent properties of pure metals.

"Think about sunlight catching the silver of your wristwatch and projecting those little dancing dots on the wall next to your desk. The wavelengths of light needed to produce that effect are always within the same range. This is called a pre-determined optical response, and it has limited researchers' ability to change how much light is absorbed in a device made of pure metals such as gold, silver, and copper," explained Marina Leite, assistant professor of materials science and engineering at UMD and corresponding author of the paper.

To overcome this limitation, Leite and Chen Gong, a graduate student at UMD and co-author of the paper, investigated how the alloying processes of these noble metals affect their optical response to identify combinations that enhance or inhibit the absorption of light.
"This work is a perfect example of the power of materials science and engineering: we discovered a way to control and change metals' optical properties by mixing them. These alloys obtain a unique functionality that is not achievable using their pure counterparts—making them a better, more powerful tool for tunable optical response than gold, silver, or copper alone," said Leite.

"Our results are relevant to my colleagues working on photonic devices—components for creating, manipulating, or detecting light—as these devices are highly dependent on the tunability of the optical response of their building blocks," Leite added.

Jeremy Munday, assistant professor of electrical and computer engineering at UMD, agrees. "My colleagues and I have been working to increase the efficiency of solar cells, specifically by exploring the use of all-metal energy harvesting devices. The ability to arbitrarily tune their optoelectronic properties would have a significant impact on their performance," he said.

This work also has broader economic implications due to the possibility of replacing high-cost metals with low-cost and earth-abundant ones. Though gold is immediately recognizable as a precious and expensive metal, copper and aluminum are much more readily available. Leite and her colleagues are now looking into how they can incorporate alloys using these metals into high-performance optical devices.

Source: University of Maryland
科学家混合金属为获得比黄金更好的合金

一篇基于研究的同行审评论文最近发表在《ACS光子学》杂志的封面上。之前为调整材料吸收的光线进行的研究受到纯金属的固有属性的约束。

“想想银色手表捕捉到的阳光投影到你的桌子旁边墙上形成的那些小舞点。创造这种效果所需的波长总是在相同的范围。这叫做一个预先确定的光学响应,它限制了研究人员的能力，即改变纯金属,如金、银、铜，制造的设备吸收的光量,“滨雷特解释说,UMD材料科学和工程学副教授格式和该论文的责任作者。

为了克服这个限制,Leite and Chen Gong,UMD研究生和论文的合著者,调查这些贵金属的合金化过程是如何影响他们的光学响应以识别增强或抑制光的吸收的组合。

“这项工作是材料科学与工程的力量的一个完美的例子:我们发现了一种方法来控制和改变金属的光学特性通过混合他们。这些合金获得一个独特的功能,这种功能是纯金属没有的-让这些合金成为比黄金,白银,或铜单独金属更好,更强大的可调光学响应的工具”雷特说。

“我们的结果与研究光子元器件的同事们有关——用于创建、操纵,或检测光的元件——因为这些设备是高度依赖组成模块的光学响应的可调谐性的,“雷特补充道。

Jeremy Munday, 电气和计算机工程助理教授,表示同意，“我和我的同事一直在努力提高太阳能电池的效率,特别是通过探索全金属能源捕获设备的使用。可以任意调整其光电特性的能力会对其性能产生重大影响,”他说。

这项工作也有更广泛的经济影响，因为将高成本的金属替换成低成本和地球上充足的金属的可能性的存在。虽然黄金作为宝贵的和昂贵的金属是可以立即识别出的,但是铜和铝是更容易获得的。雷特和她的同事正在研究如何把将这些金属组成的合金融入到高性能光学设备中。

来源:马里兰大学
Composite Materials（复合材料）
Chomarat Affirms Its Expertise in Reinforcements for Sports Equipment

Chomarat will present its latest Sports & Leisure application at JEC Americas in Atlanta, US, the lightest ski ever produced with its multiaxial carbon reinforcement, C-PLY.

Combining surface appearance and performance, Chomarat says its C-PLY is a real game changer in the Sports equipment market.

Launched in January 2016, the “Mythic 87” line of Dynastar’s skis uses Chomarat’s C-PLY multiaxial carbon reinforcements. These innovative backcountry skis were first developed for competitive skiing, but are now available for all skiers.

“We are very proud to be Dynastar’s partner in this project. With C-PLY, we offer structural design benefits to outperform existing solutions,” says Michel Cognet, Chomarat Group Managing Director.

According to Chomarat, the structure of C-PLY carbon reinforcement is optimised in terms of angles, ply weight and fibre alignment, so there is a perfect balance between strength and responsiveness, between high performance and weight which makes for a lightweight yet powerful ski.

“Thanks to the use of C-PLY, we lowered the weight of the skis by more than 25%, making it more comfortable for skiers and providing higher downhill performance. The combination of Dynastar know-how and the high-tech nature of C-PLY makes the ski the lightest one we’ve ever produced!” explains Dynastar Product Manager, Franz Marsan.

According to Chomarat, its South Carolina, US facility specialises in carbon reinforcements, offering the whole C-PLY range, including shallow angles and 100” width capability. The facility also produces woven carbon fabrics (C-WEAVE) and uses the most advanced technology available today to make high quality, cosmetically superior fabrics for demanding applications. Composite part producers in North America can, as Dynastar has, take advantage of Chomara’s expertise and capture the unique benefits that C-PLY can deliver including weight savings and higher strength.

“C-PLY is the new benchmark solution when you are looking for lower weight and lower costs while maintaining high performance,” says John Leatham, Sales and Marketing Director for Chomarat North America.
肖马拉声明其在体育器材加固上的专长

肖马拉将在美国亚特兰大的JEC Americas 上提出它最新的运动&休闲应用，用其多轴碳加固曾经生产的最轻的滑雪板，C-PLY。

结合表面的外观和性能，肖马拉说它的C-PLY是体育设备市场的一个真正的游戏规则改变者。

在2016年1月被推出，该公司滑雪板的“神话87”系列使用肖马拉的C-PLAY的多轴碳加固。这些创新的野外滑雪板首次开发是用于竞技滑雪，但现在可用于所有滑雪者。

“我们非常自豪能成为该公司在这个项目的合作伙伴。拥有C-PLY，我们可以提供超越现有解决方案的结构设计益处，”肖马拉集团总经理Michel Cognet说。

根据肖马拉所说，C-PLY碳加固的结构就角度，权重和纤维排列而言是最佳的，因此有一种力度和反应性、高性能和重量之间的完美平衡，这一平衡形成了一个轻量级但功能强大的滑雪板。

“多亏了C-PLY的使用，我们把滑雪板的重量降低了超过25%，使其对于滑雪者更舒适并且提供更高的下坡性能。该公司专有技术和C-PLY的高技术性的结合使得该滑雪板成为我们所生产的最轻的滑雪板！”该公司产品经理弗兰兹•马尔桑解释道。

根据肖马拉所说，其美国南卡罗纳州的工厂专注于碳加固，提供整个C-PLY范围，包括浅角和100”的宽度能力。工厂还生产编织碳纤维（C-WEAVE）和采用当今可用的最先进的技术去制造高质量、外观上上等的织物为了要求高的应用。在北美的复合材料部件的生产商可以，正如该公司所有的，可以利用肖马拉的专长并捕捉C-PLY可以提供包括重量节省和较高力度的独特优势。

“C-PLY是新基准的解决方案，当你正在寻找在保持高性能的同时降低重量和降低成本的方法时，”肖马拉北美销售和市场营销总监约翰•莱瑟姆说。
Stepless control devices with flexible pressure sensors

Silicone is so soft and flexible that it is easily deformed by the pressure of a finger. Researchers at Fraunhofer have recently created sensors made from this flexible material, making it easier to steplessly control devices. At the Hannover Messe, they are presenting a glove that can measure pressure and a steering wheel that lets the driver control music, light and ventilation at the touch of a finger.

Multifunction steering wheels are standard in most automobiles today, and these days drivers can easily manipulate the cruise control and stereo without taking their hands of the wheel. However, the buttons are rather inflexible and the driver can often only switch something "on" and "off" or can only choose the "next" or "previous" song. "That is because they are made of rigid materials like hard plastic, metal or ceramics," explains Dr. Holger Böse, technical and scientific manager of the Center Smart Materials (CeSMa) at the Fraunhofer Institute for Silicate Research ISC in Würzburg, Germany. In his work, Böse focuses on smart materials with mechanical features that can be controlled either electrically or magnetically.

These novel sensors invented at ISC can send out electrical impulses to control things. They have therefore been designed like an electrical capacitor – two electrode layers consisting of a conductive silicone above and below and one insulating film layer in between. However, if you press on the capacitor nothing happens at first. "The electrical capacitance – the electrical charge divided by the voltage applied – is the decisive factor. However, in a conventional capacitor structure the pressure effect is so small that it can barely be measured let alone be used for control purposes,"Böse explains. In order for the pressure to have an effect, the researchers applied additional layers of silicone on the film. Thus, for example, two more films press from above and below to put additional pressure on the film in the middle. The two films are not smooth but have a special pattern that was added by the researchers. Through their special capacitor design, the researchers were able to use a physical property of silicone, which so far has only been observed when stretching a silicone film coated with layers of electrodes – its geometry changes; the surface becomes larger and the silicone layer becomes thinner. The result is that the electrical capacitance increases. "We transferred it from tensile forces to compression forces," explains Böse.
How the compression force acts strongly depends on how the pattern is applied to the film and how the electrodes are attached. The sensor's electrical capacitance is different in each case. The researchers can use these differences and adapt the design of the sensors individually to different geometries and sensitivities. The scientists apply industrial intermediate silicone products or use their own formula. "Our chemical department can develop customized silicone for the sensors based on the customers' needs. We can vary the chemical composition and technical shape of the sensors depending on the properties required," says Böse.

The pressure sensors were developed within a funding program of the Bavarian Ministry of Economics to develop "smart materials" and bring them into application. The project is now in its seventh year and will end in 2016. "At conferences, the response of the automotive industry for the new technology was very positive," Böse relates. "Now we have to get the technology out of the lab and adapt it to various applications. In a couple of years there could be various concrete products."

Because the sensors are soft and flexible, they can be integrated into all kinds of environments. "The applications are almost infinite," says Böse. For example in cars, control elements can be applied to steering wheels, central consoles, window openers or in seats. They can replace old rigid buttons or be put somewhere else, such as in the car's ceiling or in the door panels.
具有弹性压力传感器的无级控制装置

硅胶是如此柔软和灵活，以致于它很容易受到手指的压力而变形。弗劳恩霍夫的研究人员最近创建了由这种柔性材料制造的传感器，使无级调速控制装置更容易。在汉诺威工业博览会上，他们展示出一个可以测量压力的手套和让驾驶者手指一碰就能控制音乐、灯光和通风设备的方向盘。

多功能方向盘当今在大多数汽车上都是标配，并且目前，司机可以轻松的操纵导航控制和立体声而手不用离开方向盘。然而，按钮是相当不灵活的，司机通常只能在“开”和“关”间转换或者只能选择“下一首”或者“前一首”歌曲。那是因为它们由刚性材料制成，如硬质塑料、金属或者陶瓷，”德国维尔茨堡的弗劳恩霍夫硅酸盐研究所ISC中心智能材料（CeSMa）的科学和技术经理Holger Böse博士解释道。在他的作品中，Böse 关注有机械特性的智能材料，该材料要么可以被电控制要么可以被磁力控制。

这些ISC发明的新的传感器可以发出电脉冲来控制事物。因此它们被设计成像一种电容器—由一个上方和下方的导电硅和中间的一层绝缘膜组成的两个电极层。然而，如果你按电容器，一开始不会发生什么。“电气电容—电荷除以应用电压—是决定性因素。然而，在传统的电容结构中，压力影响是如此的小以致于它几乎不能被测量，更不用说可用于控制目的，”Böse解释道。为了让压力产生影响，研究人员在胶片上加了一层硅胶。因此，例如，上面和下面两个以上的胶片会迫使在中间的胶片上增加压力。这两个胶片并不柔软但是有一个特殊的由研究人员增加的模式。通过其特殊的电容器设计，研究人员能够使用有机硅的物理性质，该性质只有在拉伸涂有电极层的硅膜时才能被观察到—其几何变化；表面变大，硅层变薄。其结果是电容的增加。“我们把它从拉力转变到压缩力，”Böse解释道。

压缩力如何强烈的作用依赖于该模式是如何应用于胶片以及电极是如何被连接。在每种情况下，传感器的电容是不同的。研究人员可以利用这些差异和让传感器的设计分别适应不同的几何形状和灵敏度。科学家应用工业中间的有机硅产品或者使用他们自己的方案。“我们的化工部可以根据客户的需求为传感器开发出定制的硅。我们可以根据性能要求使传感器的化学成分和技术形态多样化，”Böse说。

压力传感器在巴伐利亚经济部的资金计划里被开发，为了发展“智能材料”和把它们应用于现实中。该项目现在是第七年并且将在2016年结束。“在会议上，对于新技术汽车行业的反应是非常积极的，”Böse 讲述。“现在我们必须让技术走出实验室，并使其适应各种应用。在几年的时间里，可能有各种具体的产品。”

由于传感器是温和和灵活的，它们可以被集成到各种环境中。“应用几乎是无限的，”Böse说。例如在汽车里，控制元件可以应用在方向盘、中央控制台、窗户开启或座位上。它们可以替换旧的刚性按钮或者放在其他地方，如汽车的天花板或者门板上。
Making sure that packaging is properly sealed
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Sealing bars fitted with thin-film sensors (left). White light interferometer image of a measuring point with conducting tracks approx. 250 nm thick and 600 μm wide (right). Credit: © Photo Fraunhofer IWM
If food packaging or drug packaging is not properly sealed when the customer buys the product, it reflects poorly on the manufacturer. In the future, a thin-film temperature sensor will allow companies to carry out fast and reliable inline detection and rejection of packaging which has been incorrectly sealed.

"Three gummy bears, a licorice twist, and two lollipops please." That was how children used to spend their pocket money at the candy store. Today's children buy their treats prepackaged at the supermarket. And it isn't just candy that comes in this form: every year, factories worldwide turn out something like a trillion units of film packaging for food, cosmetic, pharmaceutical and consumer technology products. Ninety percent of this packaging is manufactured using thermal contact processes, in other words sealed with the aid of hot tools. During these processes, the packaged goods can sometimes get into the seam and prevent it from sealing properly. Currently, manufacturers generally have to rely on spot checks to catch these packaging faults. If incorrectly sealed food or medical product packaging ends up on supermarket or pharmacy shelves, it can impair the product quality or shorten its shelf life – to say nothing of harming the manufacturer's reputation.
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Design draft of a fully instrumented sealing bar with sensor array and detailed view of sensors on sealing bar surface. Credit: © Photo Fraunhofer IVV
Researchers at the Fraunhofer Institutes for Mechanics of Materials IWM in Freiburg and for Process Engineering and Packaging IVV in Dresden have developed a method that will enable manufacturers to significantly reduce the amount of incorrectly sealed packaging, if not prevent it altogether: a thin-film temperature sensor integrated directly into the sealing bar, which permits inline monitoring of the packaging process. "Instead of simply relying on spot checks, manufacturers can now inspect every single item of packaging," confirms Alexander Fromm, project manager in the Functional Coating Materials group at the Fraunhofer IWM. "This gives them far greater assurance that all food and drug packaging is tightly sealed. In addition, it removes the need for time-consuming downstream testing."

Take candy packaging as an example. The current method is to have two heated sealing bars clamp a film tube and partially melt the plastic composite, sealing the packaging. Once the candy is poured in, the tube is then clamped by the tools at the designated places and heat-sealed in the same manner. Finally, a blade separates it from the next unit. How well the seam holds depends above all on the temperature of the sealing bar surface: if it is too hot, the film burns; if it is too cold, the film sections are not fused tightly enough together. The result is the same in both cases: the package is not sealed properly. It is hardly surprising that manufacturers go to great lengths to detect such faults. For example, some spot checks are performed by placing the packaging in a water bath, and air bubbles rising to the surface indicate leaks.
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View inside vacuum chamber during the coating process. Credit: © Photo Fraunhofer IWM
An end to spot checks

There is, however, an alternative. "Because we apply the temperature sensors directly to the sealing bar, we receive direct information about every single packaging unit for each sealing process," explains Gregor Wendt, scientist at Fraunhofer IVV in Dresden. If the temperature is too high or too low, it can be adjusted immediately at the machine – before large numbers of incorrectly sealed units of packaging start flowing off the line. The inline quality inspection method also reliably recognizes products that have become wedged in the packaging, such as a piece of candy that has slipped into the seam. This works as follows: when sealing bars seal films together, the films absorb some of the bars' heat. Accordingly, the bars cool down a little. How far the temperature drops depends on the mass of the object wedged in the packaging. If a piece of candy has strayed into the sealing zone, it also absorbs some of the heat – the bars cool down faster than without wedged goods.

The highly sensitive system is even capable of detecting coffee powder in the seam – and of doing so faster and more accurately than the sensors that have been used in sealing processes up to now. For the sensor itself, the coating specialists use thermocouples manufactured in established thin-film processes. They vapor-deposit the various materials of the thermocouple in a vacuum directly onto the sealing bar. With a layer just a few hundred nanometers thick, the resulting sensor is extremely thin and has a very short response time. At Fraunhofer IWM, researchers are developing adapted protective coatings for specific industrial applications. Meanwhile, their colleagues at Fraunhofer IVV in Dresden are integrating sensor-fitted sealing bars into packaging systems and handling the ways in which sensors make contact. In tests on a laboratory sealing unit, the research team has already been able to verify that the sealing process with an integrated thin-film sensor functions properly. In further steps, the scientists are currently working on solutions to adapt this technology to the tools generally used in industrial manufacturing including the high number of cycles and wide variety of film materials this entails.
确保包装被正确密封
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用薄膜传感器安装的密封条（左）。带有约250 nm厚和600μ米宽的导电轨道测量点的白光干涉图像（右）。来源：© 照片来自弗劳恩霍夫研究所（Fraunhofer IWM）

如果顾客购买的产品的食品包装或药品包装是不正确的，会对制造商造成不良影响。在未来，薄膜温度传感器将允许公司进行快速和可靠的内联检测和包装，从而免得产品被错误地密封。

 “请给我三个小熊糖，一个甘草糖和两个棒棒糖吧。”这就是孩子们如何将零用钱花来在糖果店的。现在的孩子们在超市买他们喜欢的东西。不仅仅是糖果以这种形式出现：每年，世界各地的工厂都会为食品、化妆品、医药和消费技术产品生产大量的薄膜包装。百分之九十的包装是用热接触工艺制造的，换句话说，用热工具来密封的。在这些过程中，包装的商品有时会留有缝隙，使它们无法被它从密封正确。目前，生产商一般都要依靠现场检查来查找这些包装问题。如果没有得到正确密封包装的食品或医疗产品最终出现在超市或药店的货架上，它可以有损产品质量或缩短其保质期，更不必说损害制造商的声誉了。

[image: image11.jpg]



带有传感器阵列的全仪表密封条设计草图及密封条表面的传感器的详细视图。信用：©照片来自Fraunhofer IVV

在弗莱堡的材料力学研究所的弗劳恩霍夫研究所和德累斯顿的工程与包装研究所的研究人员们已经开发出一种使制造商能够大大降低错误密封的包装数量的方法，虽然不能完全避免错误包装：薄膜温度传感器直接被集成到密封条，这促成了对包装过程的内联监控。“制造商现在可以检查每一个包装项目而不是仅仅依靠对个别项目的抽查，”在弗劳恩霍夫研究所的功能涂层材料组的项目经理Alexander Fromm如此说道。“这给了他们更大的保证所有的食品和药品包装都经过了密封。此外，它将不再需要耗时的下游测试。”

以糖果包装为例。目前的方法是，用2个加热的密封条钳住膜管并部分熔融塑料复合材料，接着密封包装。一旦把糖倒进去，管子就通过工具在指定的地方夹住并热密封。最后，刀片会将其与下一产品相分离。接缝的密封程度最重要的取决于密封条表面的温度：如果它的温度太高，薄膜会被烧毁；如果温度太低，薄膜就不能被紧密地融合在一起。这两种情况的结果是一样的：包装不能得到正确密封。制造商们竭尽全力探测这样的缺陷是不足为奇的。例如，一些抽查是通过将包装放置在一个水缸中，表面一旦有气泡上升则表明泄漏。
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镀膜过程中的真空室视图。来源：©照片来自弗劳恩霍夫研究所

抽查结束

然而，还有一种选择。“因为我们将温度传感器直接应用于密封条，我们可以直接获得关于每个包装单元的每一密封工艺的信息，”德累斯顿的弗劳恩霍夫研究所的科学家Gregor Wendt解释称。如果温度太高或太低，在大量未得到正确密封包装的产品开始涌出流水线之前，它可以在机器上立即得以调整。这种内联的质量检测方法也能够可靠地识别已成为卡在包装上的产品，比如一块没有进入接缝中的糖果。它的工作流程如下：当密封棒将薄膜密封在一起时，薄膜吸收了一些密封棒的热量。因此密封棒会冷却一些。温度下降的程度取决于卡在包装上的物体的质量。如果一块糖果已误入密封带，它也会吸收一些热量，密封棒降温速度比没有物品卡的时要下降的更快。

这种高度敏感的系统甚至能够检测到缝中的咖啡粉，而且要比目前为止在密封过程中所使用的传感器都要更快、更准确地进行检测。对于传感器本身，涂层专家使用在既定的薄膜工艺制造的热电偶。他们将热电偶的各种材料在真空中直接沉积到密封条上。利用一个只有几百纳米厚薄层，所得到的传感器是非常薄，并具有非常短的反应时间。弗劳恩霍夫研究所的研究人员正在为特定的工业应用开发适应的保护涂层。同时，他们在德累斯顿的弗劳恩霍夫研究所的同事正在将传感器安装的密封条集成在包装系统和传感器接触的处理方法上。在一个实验室密封装置的测试中，研究小组已经能够验证是否带有集成薄膜传感器的密封过程中运行正常。在进一步的计划中，科学家们目前正在研究解决方案，以使这种技术适用于一般用于工业生产的工具，包括高循环次数和各种各样的薄膜材料。
Practical Application（实际应用）
Light-Powered 3D Printer Creates Terahertz Lens
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The design of Sun's lens with gradient refractive index.
From visible light to radio waves, most people are familiar with the different sections of the electromagnetic spectrum. But one wavelength is often forgotten, little understood, and, until recently, rarely studied. It's called terahertz, and it has important applications in imaging and communications.

"Terahertz is somewhat of a gap between microwaves and infrared," said Northwestern University's Cheng Sun. "People are trying to fill in this gap because this spectrum carries a lot of information."

Sun and his team have used metamaterials and 3-D printing to develop a novel lens that works with terahertz frequencies. Not only does it have better imaging capabilities than common lenses, but it opens the door for more advances in the mysterious realm of the terahertz.
Supported by the National Science Foundation, the work was published online on April 22 in the journal Advanced Optical Materials.

"Typical lenses—even fancy ones—have many, many components to counter their intrinsic imperfections," said Sun, associate professor of mechanical engineering at Northwestern's McCormick School of Engineering. "Sometimes modern imaging systems stack several lenses to deliver optimal imaging performance, but this is very expensive and complex."

The focal length of a lens is determined by its curvature and refractive index, which shapes the light as it enters. Without components to counter imperfections, resulting images can be fuzzy or blurred. Sun's lens, on the other hand, employs a gradient index, which is a refractive index that changes over space to create flawless images without requiring additional corrective components.

There are two major factors that made this new lens possible. First, it is made from a novel metamaterial that exhibits properties not readily available in nature. "Such properties originate from its tiny structures that are much smaller than the terahertz wavelength," said Fan Zhou, the paper's first author and member of Sun's laboratory. "By assembling these tiny structures, we can create specific refractive index distribution."

Second, the lens was manufactured with a 3-D printing technique called projection micro-stereo-lithography. The technique enables a scalable, rapid, and inexpensive way to produce the tiny features that are needed for the lens to operate at the terahertz frequency band. The printing technology allowed the researchers to fabricate the metamaterial to precisely fit their designs.

"For printing, we use a photo-polymer in liquid form," Sun said. "When we shine a light on the material, it converts it into a solid. The material forms to the shape of the light, allowing us to create a 3-D structure. You cannot accomplish a gradient index with traditional manufacturing processes."

The lens could make terahertz imaging, which is particularly useful for security, cheaper, higher resolution, and more available. While X-rays can detect metal, they cannot detect plastic or chemicals. Terahertz scanners, however, can detect both of items to discover concealed weapons, biological weapons such as anthrax, and plastic explosives. And unlike X-rays, terahertz radiation is completely harmless to humans.

"This advance means we can unveil previously inaccessible information of some opaque materials in high resolution," said Wei Cao, Sun's collaborator at Oklahoma State University. "This opens up an entirely new technique for a massive range of potential uses from biomedical research to security."
光驱动的三维打印机制造太赫透镜
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具有梯度折射率的Sun的透镜设计。

从可见光到无线电波，大多数人都熟悉电磁波谱的不同部分。但是有一个波长总会被人们遗忘、不被理解和研究。它被称为太赫兹，在成像和通信中具有重要的应用价值。

 “太赫兹是微波和红外线之间的差距，”西北大学的Cheng Sun说。“人们正试图填补这一空白，因为这一频谱携带了大量的信息。”

Sun和他的团队用超材料和3D打印技术开发一种具有太赫兹频率新镜头。它不仅比普通的镜头具有更好的成像能力，而且还为太赫兹的神秘领域的更进一步研究打开了门。

在国家科学基金会的支持下，这项研究工作4月22日在《先进光学材料》杂志上发表。

 “包括昂贵镜头在内的典型镜头有许多许多组件来对付它们的内在缺陷，”西北麦考密克工程学院机械工程系副教授Sun说。“有时现代的成像系统会堆叠几个镜头以提供最佳的成像性能，但这是非常昂贵和复杂的。”

透镜的焦距是由它的曲率和折射率决定的，它规定了进入光线的形状。没有组件来应对这些缺陷会导致图像模糊。另一方面，Sun的镜头采用了梯度折射指数，这是一个不需要额外的纠正组件就可以对换空间来创造无瑕疵图像的折射率。

有2个主要因素使这种新镜头成为可能。首先，它是由一种不存在与自然界的超材料制成的。“这类特性来源于它比太赫兹波长小得多的微小结构，”该论文的第一作者和Sun实验室的成员Fan Zhou说。”通过组装这些微小的结构，我们可以创建特定的折射率分布。”

其次，采用三维打印技术制作了一种投影微立体光刻技术。该技术实现了以可扩展、快速和廉价的方式产生的微小的功能，这是镜头在太赫兹波段操作所需要的。印刷技术使得研究人员能够制造完全适合他们设计的超材料。

 “对于印刷，我们以液体形式使用了一种照片聚合物，”Sun说。“当我们在这种物质上点亮时，它将它转变为固体。这种物质形成了光的形状，使我们能够创建一个三维结构。你不能用传统的制造工艺来完成一个梯度指数。”

该透镜可以使太赫兹成像，这对于安全、更便宜和更高的分辨率是非常有用的，并会用更多的可用之处。虽然X射线可以检测到金属，但它们不能检测到塑料或化学品。但太赫兹扫描可以检测到这两个项目以发现隐藏的武器和如炭疽和塑料炸药的生物武器，与X射线不同的是，太赫兹辐射完全对人体无害。

 “这一进展意味着我们可以以高分辨率揭示一些以前无法获得的不透明材料的信息， Sun在美国俄克拉荷马州立大学的合作者Wei Cao说。“这为从生物医学研究到安全在内的潜在使用的广阔范围开辟了一个全新的技术。

Coding & Computers Help Spot Methane, Explosives
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The top image shows a typical reading from a mass spectrometer, where each line indicates the presence of a certain substance. The bottom image shows a reading from the new coded aperture, where researchers rely on computers to collapse the numerous lines into a brighter version of the image above. Credit: Jeff Glass, Duke University
A modern twist on an old technology could soon help detect rogue methane leaks, hidden explosives and much more. A Duke University team is using software to dramatically improve the performance of chemical-sniffing mass spectrometers.

Conventional mass spectrometers separate compounds by giving them an electric charge and passing them through electric and/or magnetic fields. The lighter the compound, the more it bends in the field. By determining what compounds make up a given sample, these instruments can identify almost any substance.

Mass spectrometers were invented in the 1930s, and they're still typically the size of an oven or refrigerator. Inherent hurdles to miniaturization have made it difficult to use them outside of a laboratory. But with the help of modern data analytics, researchers at Duke have demonstrated a technology using a so-called "coded aperture" that promises to shrink these devices while maintaining their performance. The advance could lead to portable mass spectrometers that could be used to detect environmental or safety hazards in the field.

The innovation is featured on the cover of the April issue of the Journal of Mass Spectrometry.
"In a typical mass spectrometer, the charged molecules pass through a thin slit, which defines your resolution," said Jeff Glass, professor of electrical and computer engineering at Duke and principal investigator for the project. "When you try to shrink the instrument, you have to shrink the slit too. That means the number of ions (charged molecules) passing through is going to drop and you're going to lose signal intensity. We got around this issue by using a several slits, which code the ions."

Glass likens the new technology to watching a solar eclipse in grade school. Students often poke a small hole in a piece of cardboard, which acts like a lens to create an image of the eclipse on the ground. And as anyone who has ever done this knows, the smaller the hole, the better the detail of the eclipse.

But a smaller hole also makes it dimmer and harder to see. This is exactly the challenge faced when scaling down a mass spectrometer.

The solution, Glass says, is to make many tiny pinholes to create an array of eclipses, and then to use a computer to reconstruct them into a single image. This way you get the sharpness of the tiny pinhole with the brightness of a large pinhole.

The key is in knowing the pattern -- or code -- of the array of apertures. Thus the name of the technology, coded aperture.

"This idea was actually mentioned in a short article from 1970," said Jason Amsden, a research scientist and manager of the project. "But nobody since then has had all the parts to put it together."

The team drew on several different kinds of expertise. "Our group could do the fabrication of the microstructures, but we relied on engineering colleagues David Brady and Mike Gehm for the coding and computational aspects, and our colleagues at RTI International (in the nearby Research Triangle Park) for the electronics."

The researchers have demonstrated that their coded aperture works in a newer, more complex type of mass spectrometer created to help make the devices smaller, though not nearly as small or precise as coded apertures could make them. Previous papers by the Duke researchers have also shown that the approach improves the performance of very simple mass spectrometers, like those used in the early days of mass spectrometry.

Their work now is focusing on trying coded apertures in different versions of mass spectrometers to determine which would be best for creating scaled down, mobile devices for field use. They are also working to show these devices can detect trace amounts of methane to spot leaks in infrastructure and various explosives to thwart terror attempts.

But the technology can also have an immediate impact in research laboratories around the world.

"This technique can improve the performance of classic mass spectrometers that already have a higher resolution than other types invented for scaling down," said Amsden. "And there are lots of them. Duke alone probably has at least 50 for medical applications. So we're hoping this can have a wide impact in the near future."
编码和计算机帮助识别甲烷爆炸物
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顶部的图像显示了来自质谱仪的一个典型的读数，其中每一行表示存在一个特定的物质。底部的图像显示了一个新的编码孔径，在那里研究人员依靠计算机来将多行线分解成一个更明亮的图像版本。致谢：Jeff Glass，杜克大学

在旧技术上产生的一个现代化的转折可能会很快帮助探测凶猛的甲烷泄漏、隐藏的炸药以及更多别的情况。杜克大学的一个团队正在使用软件极大地提高化学嗅探质谱仪的性能。

传统的质谱仪通过给混合物一个电荷，并通过它们的电场和/或磁场来分离它们。混合物越轻，它在该领域弯曲的更多。通过确定哪些混合物构成一个给定的样品，这些仪器可以识别几乎任何物质。

质谱仪是在20世纪30年代发明的，它们通常是烤箱或冰箱的尺寸。小型化的固有障碍使得在实验室以外很难使用它们。但在现代数据分析的帮助下，杜克大学的研究人员已经使用所谓的“编码孔径” 展示了一种技术，承诺在保持性能的同时缩小这些设备。这一进展可能会产生可用于检测实地中的环境或安全隐患的便携式质谱仪。

这一创新被选作四月发行的质谱分析法杂志的封面。

   “在典型的质谱仪中，带电分子通过一个薄的狭缝，就是它定义了你的分辨率，”电气和计算机工程教授及该项目的主要负责人Jeff Glass说。当你试着缩小仪器的时候，你就不得不缩小狭缝。这意味着通过离子（带电分子）的数目会下降，你会失去信号强度。我们通过使用了几个代码离子的狭缝来解决这问题。

Glass把新技术比拟成在小学看日食。学生经常在一块硬纸板上戳一个小洞，它像一个透镜在地面上制造一个日食的影象。正如任何一个曾经做过的人所知道的，越小的空洞就越会有更好的日蚀细节。

但是一个更小的孔也会使得越来暗越来难看到。这正是当一个质谱仪缩小时所面临的挑战。

Glass说解决方法是制造许多细小的孔洞来创造日食的数组，然后使用电脑将其改造成单个影象。这样你就得到了一个大针孔的亮度的小针孔的清晰度。

关键是在知道孔径阵列的模式或代码。这种技术的名称因此就称为编码孔径。

 “这个想法是从1970年的一篇短文中所提到，”研究科学家和该项目的管理Jason Amsden说。“但没有人从那时起就把所有的部分都放在一起。”

这个小组利用了几种不同的专业知识。“我们能进行微结构制造，但是我们在编码和计算方面依靠工程学同事David Brady 和 Mike Gehm，以及我们在美国三角国际研究中心的同事（在附近的三角研究园）的电子产品。”

研究人员已经证明，他们编码孔径的工作在一个较新的，更复杂类型的质谱仪上工作，以帮助设备更小，尽管远不及编码孔可以让它们做到的那样小或精确。以前由杜克大学的研究人员所著的论文也表明，该方法提高了非常简单的质谱仪的性能，如在早期使用的质谱仪。

他们现在的工作是专注于尝试在不同版本的质谱仪，以确定那些对于制造现场使用的按比例缩小的移动设备是最好的。他们也正在努力显示这些设备可以探测到在基础设施中泄漏的大量甲烷和各种爆炸物以挫败恐怖袭击。

但这项技术也可以直接影响到世界各地的研究实验室。

 “这项技术可以提高已经比其他用作缩小尺寸的类型有着更高分辨率的传统质谱仪的性能，”Amsden说。“它们有很多。单独杜克大学就可能有至少50个医疗应用。所以我们希望在不久的将来这项技术能有一个广泛的影响。”

Cooling Graphene-Based Film Close to Pilot-Scale Production
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Functionalization mediates heat transport of graphene nanoflakes. (Credit: Johan Liu, Philip Krantz, Krantz Nanoart)
Heat dissipation in electronics and optoelectronics is a severe bottleneck in the further development of systems in these fields. To come to grips with this serious issue, researchers at Chalmers University of Technology have developed an efficient way of cooling electronics by using functionalized graphene nanoflakes. The results will be published in the renowned journal Nature Communications.

"Essentially, we have found a golden key with which to achieve efficient heat transport in electronics and other power devices by using graphene nanoflake-based film. This can open up potential uses of this kind of film in broad areas, and we are getting closer to pilot-scale production based on this discovery," says Johan Liu, Professor of Electronics Production at Chalmers University of Technology in Sweden.

The researchers studied the heat transfer enhancement of the film with different functionalized amino-based and azide-based silane molecules, and found that the heat transfer efficiency of the film can be improved by over 76 percent by introducing functionalization molecules, compared to a reference system without the functional layer. This is mainly because the contact resistance was drastically reduced by introducing the functionalization molecules.
Meanwhile, molecular dynamic simulations and ab initio calculations reveal that the functional layer constrains the cross-plane scattering of low-frequency phonons, which in turn enhances in-plane heat-conduction of the bonded film by recovering the long flexural phonon lifetime. The results suggested potential thermal management solutions for electronic devices.

In the research, scientists studied a number of molecules that were immobilized at the interfaces and at the edge of graphene nanoflake-based sheets forming covalent bonds. They also probed interface thermal resistance by using a photo-thermal reflectance measurement technique to demonstrate an improved thermal coupling due to functionalization.

"This is the first time that such systematic research has been done. The present work is much more extensive than previously published results from several involved partners, and it covers more functionalization molecules and also more extensive direct evidence of the thermal contact resistance measurement," said Johan Liu. 

Source: Chalmers University of Technology
冷却以石墨烯为基础的薄膜接近试点规模生产
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功能化调停石墨烯纳米片的热传输。（来源：Johan Liu, Philip Krantz, Krantz Nanoart）

电子和光电子中的散热是这些领域系统中进一步发展的一个严重的瓶颈。为了解决这个严重的问题，查尔姆斯理工大学的研究人员已经通过使用功能化石墨烯纳米片开发出了一种有效的冷却电子的方法。研究结果将发表在著名的《自然通讯》杂志上。

“从本质上来讲，我们已经发现了一把金钥匙，用这把钥匙我们可以通过使用以石墨烯纳米片为基础的薄膜来实现电子和其他功率器件中有效的热传输。这可以在广泛的领域内开辟这种薄膜的用途，而且，基于这一方向，我们离试点规模的生成又更近了一步。”Johan Liu说，他是瑞典查尔姆斯理工学院电子生产系的教授。

研究人员用不同的功能化氨基基和叠氮基硅烷分子研究了该薄膜的热传输加强，发现与没有功能化分子层的参照系统相比，通过引入功能化分子，可以将该薄膜的热传输效率提高超过76%。这主要是因为，引入功能化分子大大减小了接触电阻。

同时，分子动力学模拟和从头计算表明，功能化电子层会限制低频声子的交叉平面散射，而这反过来有同感回弥补长挠曲声子寿命来提高粘合薄膜的面内热传导。该结果暗示了用于电子设备的潜在的热管理解决方案。

在研究中，科学家们研究了大量的分子，这些分子被固定在以石墨烯纳米片为基础的薄片的界面和边缘，形成共价键。它们还探测了界面的热阻，通过使用光热反射率测量技术来证实由于功能化带来了改进的热耦合。

“这是第一次完成这样的系统研究。与之前几个参与的合作伙伴公布的研究结果相比，目前的工作要广泛的多，而且它涵盖了更多的功能化分子，也包括了接触热阻测量的更广泛的直接证据。”Johan Liu说。

资料来源：查尔姆斯理工大学 

Team Builds First Quantum Cascade Laser on Silicon
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3-D artistic depiction of multiple Quantum Cascade Lasers integrated above silicon waveguides. Credit: Alexander Spott
A team of researchers from across the country, led by Alexander Spott, University of California, Santa Barbara, USA, have built the first quantum cascade laser on silicon. The advance may have applications that span from chemical bond spectroscopy and gas sensing, to astronomy and free-space communications.

Integrating lasers directly on silicon chips is challenging, but it is much more efficient and compact than coupling external laser light to the chips. The indirect bandgap of silicon makes it difficult to build a laser out of silicon, but diode lasers can be built with III-V materials such as InP or GaAs. By directly bonding an III-V layer on top of the silicon wafer and then using the III-V layers to generate gain for the laser, this same group has integrated a multiple quantum well laser on silicon that operates at 2 µm. Limitations in diode lasers prevent going to longer wavelengths where there are many more applications, so the group turned their attention to using quantum cascade lasers instead.
Building a quantum cascade laser on silicon was a challenging task made more difficult by the fact that silicon dioxide becomes heavily absorptive at longer wavelengths in the mid-infrared. “This meant that not only did we have to build a different type of laser on silicon, we had to build a different silicon waveguide too,” Spott explained. “We built a type of waveguide called a SONOI waveguide [silicon-on-nitride-on-insulator], which uses a layer of silicon nitride [SiN] underneath the silicon waveguide, rather than just SiO2.”

The breakthrough could lead to several applications, Spott explained. “Traditionally, silicon photonic devices operate at near-infrared wavelengths, with applications in data transmission and telecommunications. However, there is emerging research interest in building these silicon photonic devices for longer mid-infrared wavelengths,  for a range of sensing and detection applications, such as chemical bond spectroscopy, gas sensing, astronomy, oceanographic sensing, thermal imaging, explosive detection, and free-space communications.

The next step for the team is to improve the heat dissipation to improve the performance of these QCLs and to allow them to make continuous-wave QCLs on silicon. “We generally hope to improve the design to get higher powers and efficiency,” Spott said. “This brings us closer to building fully integrated mid-infrared devices on a silicon chip, such as spectrometers or gas sensors. Silicon is inexpensive, the fabrication can be scaled up to significantly reduce the cost of individual chips, and many small devices can be built on the same silicon chip – for example multiple different types of sensors operating at different mid-infrared wavelengths.”

Source: Optical Society of America
这个团队构建了第一个硅量子级联激光器
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多个量子级联激光器的三维艺术描述集成 硅光波导。亚历山大Spott

美国加州大学圣芭芭拉分校的一个由亚历山大•Spott领导的来自全国各地的研究人员组成的团队建造了第一个硅量子级联激光器。这项进步涉及的范围从化学键光谱和气体传感到天文学和自由空间通信。

将激光直接集成在硅片是具有挑战性的,但它比将外部激光耦合于芯片上的效率更高和更紧凑。硅的间接带隙使得很难用硅合成激光,但二极管激光器可以用III-V 材料，例如InP或GaAs，建造。通过直接连接一个III-V层到硅晶片上,然后利用III-V层产生激光增益,这种组合将多个量子阱激光器集成到在2µm运作的硅上。二极管激光器的限度防止长波长,在有更多的应用的地方,所以该组织将注意力转向使用量子级联激光器。

建立一个硅量子级联激光器是一个具有挑战性的任务，同时变得更加难因为二氧化硅在中红外线波段中会猛烈地吸收更长的波。“这意味着我们不仅要建立一个不同类型的激光在硅上,我们必须建立一个不同的硅光波导,“Spott解释道。“我们建立了一种名为SONOI(silicon-on-nitride-on-insulator)的波导,它使用一层氮化硅(SIN)在硅光波导下,而不仅仅是二氧化硅。”

这项突破可能引导出多个应用,Spott解释道。“传统上,硅光子设备在近红外波段操作,应用在数据传输和通信过程中。然而,有新兴的研究方向出现即构建这些硅光子设备应用在更长的中红外波长中,范围包括一系列传感和检测应用程序,如化学键光谱学、气体传感、天文学、海洋遥感、热成像、爆炸物探测和自由空间通信。

这个团队的下一步是要提高散热性能进而改善这些QCLs的性能,并使得用硅制造连续波成为可能。“我们通常希望可以改善我们的设计，以变得更有力和效率更高,”Spott说，“这让我们离实现“完全将中红外设备集成在硅片上,如光谱仪或气体传感器”的目标更接近。硅便宜,制造可以扩大以显著降低单个芯片的成本,而且许多小设备可以建立在同一硅片上——例如多个不同类型的传感器在不同的中红外波段工作”。

资料来源:美国光学学会
Gecko-Inspired Tool Used in War Against Dust
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Microscopic images of silica dust particles lifted by micropillars, 50 micrometers in diameter. (Vanderlick Lab)
​Micrometric and sub-micrometric contaminant particles — what most of us call “dust” — can cause big problems for art conservators, the electronics industry, aerospace engineers, and others. These nanoparticles can prevent a cellphone from working or rob the vitality of a painting’s colors.

Drawing from the forces of static cling and the science behind gecko feet, the lab of Yale School of Engineering & Applied Science Dean T. Kyle Vanderlick has developed a promising tool in the war on dust. The results appear in the journal ACS Applied Materials and Interfaces. Hadi Izadi, a postdoctoral associate, is the paper’s lead author.

Vanderlick’s lab, which focuses on thin films and surface properties, took on the dust problem shortly after Yale established art conservation labs at its Institute for the Preservation of Cultural Heritage (IPCH) at the Yale West Campus. Vanderlick said the project is particularly characteristic of Yale, where collaborations between disciplines are strongly encouraged.

“This wouldn’t have happened without the art scientists and conservators at the IPCH working with the researchers in our lab,” she said.
The lab worked with a number of Yale art conservators in developing the technology. Cindy Schwarz, assistant conservator of painting at the Yale University Art Gallery, said dust is particularly a problem for her when it comes to modern paintings that feature acrylic paint.

“Acrylic paints are incredibly porous, so anything you’re putting on the surface could get into the pores, and then work from the insides of the pores to soften the paints,” Schwarz said, adding that the new technology has the potential to solve this long-standing problem.

If dust particles are bigger than 10 micrometers, removing them can be achieved with minimal fuss, usually with an air jet or nitrogen jet. It’s a whole other world of trouble for particles less than 10 micrometers. There are plenty of methods of removal, but each has its drawbacks. Wet cleaning is limited in its ability to remove particles, and can possibly damage the object being cleaned. In recent years, the electronics industry and art conservators have turned to dry cleaning techniques, such as lasers, micro-abrasive particles, and carbon dioxide snow jets. They remove dust well, but can be just as damaging to artwork as wet cleaning methods.

The Yale researchers’ solution is deceptively simple. In the lab, Izadi holds up what looks like an ordinary plastic sheet. It’s actually an elastic and non-sticky polymer, polydimethylsiloxane (PDMS). Put it under a microscope, and you can see millions of tiny columns. Depending on the size of dust particles you’re removing, the pillars range from 2 to 50 micrometers in diameter — bigger particles require bigger pillars.

Izadi is very familiar with fibrillar structures and micropillars. His previous research explored the mystery of how geckos effortlessly stick to walls. It turns out that a lot of it has to do with electrostatic charges and the microscopic pillars on the pads on their feet. Applying some of this science to cleaning microparticles made sense, he said. “When you’re talking about dust, you’re talking about electrostatic charges.”

The micropillar structures used for dust cleaning, however, differ from those of geckos in that they’re designed specifically not to stick. The PDMS polymer has minimal interaction with the substrate — whether it’s an iPhone or a sculpture — but it produces enough electrostatic charge to detach the dust particles.

Once you match up a sheet with the appropriately sized pillars, cleaning is simply a matter of tapping the polymer on the surface. Particles absorbed by the polymer go around the pillars. Tests on various surfaces in the lab have shown total cleaning of silica dust particles and no damage to the surface.

Although her lab is new to art preservation, Vanderlick noted, there’s much to engage researchers in her field.

“Dust is something at the nanometer level,” she said. “And there’s a lot of interesting thin film, surface, and interfacial physics associated with the preservation of art.”
仿壁虎的工具运用于对抗灰尘
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微柱带起的二氧化硅粉尘粒子的微观图像，直径为50微米。(Vanderlick实验室)

微米级和亚微米级的污染颗粒—我们常称之为“灰尘” — 给艺术品保护，电子产业，航天工程和其他产业带来很大的麻烦。这些纳米颗粒会影响手机的使用，也会让绘画的色彩失去表现力。

耶鲁大学工程与应用科学学校院长T. Kyle Vanderlick，从静电力和壁虎的科学得到启发，研制出与灰尘抗争的极具前景的工具。这一成果出现在ACS应用材料与界面期刊上。Hadi Izadi是这一报刊的主编，同时也是一名博士后助理。

Vanderlick的实验室专注于薄膜和表层，耶鲁大学西校区文物遗产保护机构成立了艺术品保护实验室，不久之后，Vanderlick的实验室开始研究灰尘问题。Vanderlick说这是耶鲁大学极具特色的项目，即很多有意思的薄膜，表层和层面物理与艺术品保护有关。学科间的合作也得到鼓励。

她说:“如果没有IPCH的艺术科学家和工作人员的帮助，这一切都不会实现。”

这个实验室和耶鲁大学艺术保护工作者合作。 Cindy Schwarz是耶鲁大学艺术品展馆的绘画保护助理，她说，当处理现代亚克力颜料画的时候，灰尘对于她来说是个突出问题。

 “亚克力颜料画是十分多孔的材料，因此表面的任何东西都会进入孔里面，然后发生作用使画变软，”Schwarz说，并且补充道，这项新技术可能会解决这个长期以来的问题。

如果灰尘颗粒大于10微米，要除掉它们很容易，往往用空气喷嘴或氮气喷射就可以做到。然而小于10微米的就另当别论了。有许多方法，但是每一种办法都有缺点。湿洗对于去除颗粒有局限性，而且可能会损坏清洗的物品。近几年，电子产业和艺术品保护已经采用干洗，比如，激光，微磨料颗粒和二氧化碳的雪射流。它们清除灰尘的效果很好，但是和湿洗一样，也会对艺术品造成损害。

耶鲁大学研究人员的解决方案看起来很简单，就是在实验室里，Izadi拿着和普通塑料无异的薄膜。实际上，这个是有弹性又无粘性的聚合物，聚二甲基硅氧烷(PDMS)。把它放在显微镜下，你可以看见数以百万计的微小柱。取决于清除的灰尘颗粒大小，这些柱子的直径在2-50微米之间，颗粒越大，就需要越大的柱子。

Izadi十分了解纤维结构和微柱。他之前研究过壁虎可以不费力地趴在墙上的奥秘。结果显示它们的脚上垫有很多静电电荷和微观支柱。将这一科学发现应用于微型颗粒清洁很有意义，他说:“讨论灰尘也就是讨论静电电荷。”

然而，这个清洁灰尘的微柱结构与壁虎脚上的微观支柱是有区别的，前者是研究者们专门设计的，不会对要深入清洁的物体内部对其造成损害。PDMS 聚合物与微柱结构之间存在着最小相互作用——无论它是智能耦合还是程式化相互作用——它都能产生足够的静电荷分离开灰尘颗粒。

只要你找到个柱子尺寸相匹配的纸，清洁就是去除表面的聚合物。聚合物中吸收的颗粒围着柱子。实验室针对各种表面的实验表明，石英灰尘的彻底清洁并不会对表面造成损害。

Vanderlick表示，虽然她的实验室刚刚着手艺术品保护，但是已经有很多研究者涉足这一领域了。

 “灰尘是纳米级别的物质，”她说。“有很多薄膜，表面和界面物理与艺术品保护相联系。”
Organic & Polymer（有机高分子材料）
Self-Healing Plastic Shows Promise for Artificial Muscle

Scientists from Stanford created a material with unique capabilities that may lay the groundwork for new biomedical innovations.

The team synthesized a type of plastic called an elastomer. This material was fused with specialized organic molecules to produce structures called ligands that comprised long, stretchy polymer chains.

Next, the researchers added material metal ions to this mixture culminating in a “flexible fishnet”. Straining the material would allow the knots formed by the ligands to separate but the addition of the metal ions would make the polymer taut when it was in a relaxed state, notes Stanford’s official announcement.
A series of stress tests revealed that the plastic twitched and moved when exposed to electrical stimuli signifying its artificial muscle potential, reports IEEE Spectrum.  It could be fused with artificial limbs to help restore partial sensitive to patients needing artificial limbs.

Plus, the invention was able to repair itself at a variety of temperatures, whereas similar compounds need an external chemical like a solvent or heat treatment to fix any damage. The addition of metal ions strengthened its durability because the polymer was able to cope with strains up to 10,000 percent.

Chemical engineering professor Zhenan Bao, Ph.D., one of the authors of the study published in Nature Chemistry, told IEEE Spectrum the focus right now we’ll be seeing which polymers work well with different electronic components to form different parts of a transistor.
自愈塑料展示了人造肌肉的前景

来自斯坦福大学的科学家创造了一种具有独特的功能的材料,可能会为新的生物医学创新奠定基础。

该团队合成一种称为弹性体的塑料。这种材料融合了特殊的有机分子创造出了一种称为配体的结构,由长、弹性聚合物链构成。

接下来,研究人员添加材料金属离子到这个混合物中，以“灵活的鱼网”告终。拉紧材料将使配体形成的结分离但金属离子的加入会使聚合物拉紧当它处于放松状态时,斯坦福大学的官方声明指出。

一系列的压力测试显示,塑料扭动并移动当暴露在电刺激下，预示着人造肌肉的潜力,IEEE Spectrum报告。它可以与假肢融合,帮助需要假肢的患者恢复部分敏感。

另外,这项发明能够在不同的温度自我修复,而类似的化合物需要外部化学制品如溶剂或热处理进行修复。金属离子的添加增强其耐久性,因为聚合物能够应对高达10000%的压力。

化学工程教授鲍哲南博士,这项发表在《自然化学》杂志的研究的作者之一,告诉IEEE Spectrum现在的焦点，我们会看到聚合物与不同电子元器件相互合作形成晶体管的不同部分的。

NRL Reveals Novel Uniform Coating Process of p-ALD
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Image shows high magnification bright field transmission electron microscopy (TEM) image showing obvious delineation of alumina film and surface of particle. In this work, performed by NRL researchers, the growth per cycle (GPC) during atomic layer deposition is compared for different batches of powder with average particle sizes ranging from nanometer (nm) to micrometer (μm). Samples prepared after depositing thin alumina films (from 10 to15 nm) on tungsten powders using particle atomic layer deposition (p-ALD) were investigated with x-ray photoelectron spectroscopy (XPS), scanning and transmission electron microscopy (SEM), and TEM. Source: US Naval Research Laboratory
Scientists at the U.S. Naval Research Laboratory (NRL) have devised a clever combination of materials -- when used during the thin-film growth process -- to reveal that particle atomic layer deposition, or p-ALD, deposits a uniform nanometer-thick shell on core particles regardless of core size, a discovery having significant impacts for many applications since most large scale powder production techniques form powder batches that are made up of a range of particles sizes.

"Particle atomic layer deposition is highlighted as a technology that can create new and exciting designer core/shell particles to be used as building blocks for the next generation of complex multifunctional nanocomposites," said Dr. Boris Feygelson, research engineer, NRL Electronics Science and Technology Division. "Our work is important because shell-thickness is most often a crucial parameter in applications where core-shell materials can be used to enhance performance of future materials."

Atomic layer deposition is a layer-by-layer chemical vapor deposition-based thin-film growth technique used extensively in the electronics industry to deposit nanometer-thick films of dielectric materials on devices. Combined with other deposition and shadowing masking techniques, ALD is an integral part of electronic chip and device manufacturing. The same gas-phase process can be applied in a rotary or fluidizing powder bed reactor to grow nanometer-thick films that are highly conformal and uniformly thick on individual particles.
Previous research on p-ALD, patented by ALD NanoSolutions, Inc., has shown that growth of each layer during the deposition process varies with particle size, with the underlying assumption that larger particles will always have less growth. To observe this growth phenomenon, the NRL team grew alumina on nano- and micron-sized particles of tungsten and measured the shell thickness in a transmission electron microscope. Because of the huge mass/density difference of the two materials, this pairing provides maximum contrast in the electron microscope and delineation was easily distinguishable between the particle core and shell.

In their research, the scientists created core and shell powders consisting of a tungsten particle core and thin alumina shell that were then synthesized using atomic layer deposition in a rotary reactor. Standard atomic layer deposition of trimethylaluminum and water was performed on varying batches of powder with different average particle sizes.

"Amazingly, we found that the growth per cycle of the alumina film on an individual particle in a batch was shown to be independent of the size of an individual particle, and therefore, a powder batch -- which consists of particles sizes spanning orders of magnitude -- has constant shell thicknesses on all particles. This result upsets the current understanding of ALD on particles," said Dr. Kedar Manandhar, ASEE postdoc, NRL Electronics Science and Technology Division and leading author of the research paper.

The work, published recently in the Journal of Vacuum Science and Technology A, suggests that water, a reactant in the ALD process, is reason for the same rate of growth on different particles. This uniformity of thickness on different particle sizes in a particular batch is determined to be due to the difficulty of removing residual water molecules from the powder during the purging cycle of the atomic layer deposition (ALD) process. "Water is very sticky and it is very difficult to remove the last mono-layer from surfaces," Feygelson said. "And when you have a tumbling bed of powders, the water sticks around between the particles and results in consistent shell growth in the tumbling powder.

Applications for this research demonstrate implications for use in materials like abrasion resistant paints, high surface area catalyst, electron tunneling barriers, ultra-violet adsorption or capture in sunscreens or solar cells and even beyond when core-shell nanoparticles are used as buildings blocks for making new artificial nanostructured solids with unprecedented properties.

Source: Naval Research Laboratory 

海军研究实验所揭示了p-ALD精巧而又均匀的涂层工艺
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研究者们通过使用高放大倍数的明视野透射电镜（TEM）获得图像，描述了氧化铝多孔膜的构造，以及该粒子的表层结构。在原子层沉积过程实验中，海军研究实验所的研究者们，将该粒子每个周期的增长和不同批次的粉末进行了比较，而这些粉末的平均粒径从纳米（nm）到微米(μm)不等。在薄的氧化铝多孔薄膜（从10nm到15nm）沉淀后，研究者们使用粒子原子层沉积（p-ALD）方法针对钨粉准备好样品，接着用X射线光电子谱（XPS），扫面透射电镜（SEM），及透射电子显微镜（TEM）来完成这一研究。来源：美国海军研究实验室

在薄膜的生成过程中，美国海军实验室的科学家们设计了一个巧妙的组合材料，来揭示粒子原子层沉积即p-ALD。在此实验中，科学家们不考虑微粒的磁心体积，将纳米级的壳置于核心微粒上。科学家发现大多数的大型粉末生产工艺成批量出现，且这些工艺都是由一系列的大小不同的粒子组成。这一发现在很多应用领域都造成了重大影响。

    “由于粒子原子层沉淀可创建新的核心设计器或者核壳粒子，因此它是一个非常突出的工艺。人们在构建下一代复杂的纳米多功能复合材料时，也会使用到这一技术，”海军研究实验所电子科技部门的研究工程师Dr. Boris Feygelson 说道，“在应用实践中，凝固壳的厚度通常是一个关键参数，所以我们的工作是很重要的。在应用领域，人们也将会使用核壳材料，来提高未来材料的性能。”

原子层沉积是一种薄膜生长技术，它利用层叠层的化学气相沉积法形成，广泛应用于电子产业。企业通常会使用这项技术给设备镀上一层电介质材料。由于原子层沉积通常与其他的沉积阴影屏蔽技术结合在一起，所以它是电子芯片和设备制造业不可分割的一部分。同样，气相法也可在旋转或流化粉床反应堆中得以应用，从而生成纳米厚的薄膜。这项技术针对单个粒子，也可形成高适形的薄膜，且厚度均匀。

ALD纳米技术有限公司获得了早先的p-ALD研究专利。这一研究表明，基于大的粒子增长得慢的假设，在沉积过程中，每一层的增长都是随着颗粒大小变化而变化的。为了观察薄膜增长的现象，海军研究实验所的研究团队，在纳米级和微米级的钨颗粒上进行了氧化铝薄膜实验。接着，研究者们使用透射电子显微镜，测量了钨壳的厚度。由于这两种材料质量和密度的巨大差异，所以研究者们可以使用电子显微镜对它们进行最大限度的对比，从而可以轻松辨识出粒子核心与壳的不同。

科学家们使用钨颗粒的核与薄的氧化铝壳，创造出一中新的壳核粉体。然后，科学家们将这些材料置于回转式反应器中，通过使用原子层沉积法将这些粉体结合起来。当三甲基铝与水反应时，由于粒子的平均粒径不同，科学家们使用标准的原子层沉积法生成的粉末也会有所不同。

Dr. Kedar Manandhar是美国工程教育协会的博士后，就职于海军研究实验所电子技术部门，同时也是这篇研究论文的主要作者。他说道：“令人惊讶的是，我们发现，在众反应堆中，单个的氧化铝膜粒子每周期的增长独立于粒子大小。因此，一次所制粉末的量，是受粒子跨数量级的粒径影响的，使得所有粒子壳的厚度相同。这一结果推翻了我们当前对原子层沉积的理解。”

这篇论文近期在《真空科学与技术学报》上发表，它提到，在原子层沉积过程中，水作为反应剂，造成了不同的粒子以相同速度增长。在原子层沉积（ALD）过程的清洗周期中，由于很难将残余的水分子从粉末中消除，因此造成了特定批处理时，大小不同粒子的厚度一致。“水分子的附着性很强，因此很难将最后的单分子层从表面去除，”Feygelson 说道，“当这个粉床反应堆不稳定时，水分子就会附着在粒子上，从而导致在粉末剧烈反应时，生成的壳厚度一致。”

该研究应用于很多领域， 证明了它在材料使用方面是有影响力的，如耐磨涂料、高比表面积催化剂、电子穿隧障碍、紫外线吸附在遮光剂中的应用、太阳能电池等。人们甚至将其应用在建筑行业，将核壳式的纳米粒子制作成纳米结构固体，来当作建筑材料使用。这种特性是前所未有的。

来源:海军研究实验室
E-Material（电子材料）
Chinese company announces development of graphene electronic paper
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Credit: AlexanderAlUS/Wikipedia/CC BY-SA 3.0
Chinese based Guangzhou OED Technologies (makers of O-paper displays), in collaboration with another unidentified Chinese company has announced that they have developed what they are claiming is the "the world's first graphene electronic paper." In the announcement, the companies also claim that the product is a breakthrough that will bring e-paper to a new level.

Graphene, is of course, a single layer of carbon bound together in a hexagon pattern. Its impressive conductivity properties have made it the subject of much research by many individuals and organizations around the world over the past few years. Now, in this new effort, the group at OED claims to have developed a graphene material that is suitable for use in making e-paper. Doing so, they also claim, allows for creating screens that are more bendable and that are also brighter because they will be able to display light with more intensity. They also suggest that because the end product will be carbon based, it should be cheaper to manufacture than current e-paper products which are based on metal indium.

Thus far, the new material has not been publicly demonstrated, and it is still not clear how available products will be even after they move into production next year as promised. Despite advances, such as those made by engineers at MIT last year, it is still not clear if it will be possible to mass produce such a product in a defect-free manner. Also not clear is if the new material will be sold in partnership with other companies with a high profile in marketing e-readers, such as Amazon's Kindle device.

If the new e-paper proves to be as advertised, it could mark a major shift in e-reader technology—graphene, as is noted in the announcement, is a mere 0.335 nanometers thick, which would mean thinner displays, less weight, more durability and of course, much more flexibility. It seems possible that such a material could usher in a paradigm shift—from e-readers that look like tablet computers, to e-paper that looks like old-school paper, but is animated, similar to that seen in the Harry Potter movies. Or, as also mentioned in the announcement, it could lead finally to wearable smart devices.

Explore further: Study finds faster, cheaper way to cool electronic devices
中国公司宣布石墨烯电子纸的发展
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来源：亚历山大•阿卢斯/维基百科/CC BY-SA 3.0

中国有根基的广州OED技术公司（O-paper显示器制造商），与另一家身份不明的中国公司合作并已经宣布，他们已经开发出自称是“世界上第一个石墨烯的电子纸。”在宣告中，这些公司还声称，该产品是一种将电子纸提高到一个新水平的突破。

石墨烯，当然是一个单一的六边形图案的碳层。其令人印象深刻的导电性，使它成为过去几年全世界很多个人和组织的许多研究的主题。现在，在这个新的努力下，OED集团声称已经开发出一种适用于制造电子纸的石墨烯材料。他们还声称，这样做允许创建更易弯曲的屏幕，且屏幕也更明亮因为他们将能够显示更大强度的光。他们还建议，因为最终产品将以碳为基础，所以它应该比目前基于金属铟的电子纸产品的制造更便宜。

迄今为止，新材料还没有被公开展示，目前还不清楚产品将会多有效即使在它们明年按承诺投入生产之后。尽管有如去年麻省理工学院的工程师们所做的进步，但目前还不清楚是否有可能以无缺陷的方式大规模生产这种产品。还不清楚的是，是否新材料将与其他高调营销如亚马逊的Kindle设备的电子阅读器的公司合作销售。

如果新的电子纸被证明如广告所说，它可能标志着电子阅读器技术的重大转变—石墨烯，正如宣告中所指出的，仅0.335纳米厚，这意味着更薄的显示器，重量更轻，更耐用，并且当然还有更大的灵活性。这种材料能迎来一个模范转变似乎是可能的—从看起来像平板电脑的电子阅读器到看起来像老式纸，但是类似于在哈利•波特电影中看到的动画的电子纸。或者，正如在宣告中提到的，它可能最终会导致穿戴式的智能设备。

进一步探讨:研究发现更快速、更廉价的冷却电子设备的方法
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