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Tech News & New Tech（技术前沿）
Ceramics don’t have to be brittle
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This sequence shows how the Greer Lab's three-dimensional, ceramic nanolattices can recover after being compressed by more than 50%. Clockwise, from left to right, an alumina nanolattice before compression, during compression, fully compressed, and recovered following compression. Image: Lucas Meza/Caltech
Imagine a balloon that could float without using any lighter-than-air gas. Instead, it could simply have all of its air sucked out while maintaining its filled shape. Such a vacuum balloon, which could help ease the world's current shortage of helium, can only be made if a new material existed that was strong enough to sustain the pressure generated by forcing out all that air while still being lightweight and flexible.
Caltech materials scientist Julia Greer and her colleagues are on the path to developing such a material and many others that possess unheard-of combinations of properties. For example, they might create a material that is thermally insulating but also extremely lightweight, or one that is simultaneously strong, lightweight, and nonbreakable—properties that are generally thought to be mutually exclusive.
Greer's team has developed a method for constructing new structural materials by taking advantage of the unusual properties that solids can have at the nanometer scale, where features are measured in billionths of meters. In a paper published in the September 12 issue of the journal Science, the Caltech researchers explain how they used the method to produce a ceramic (e.g., a piece of chalk or a brick) that contains about 99.9% air yet is incredibly strong, and that can recover its original shape after being smashed by more than 50%.
"Ceramics have always been thought to be heavy and brittle," says Greer, a professor of materials science and mechanics in the Division of Engineering and Applied Science at Caltech. "We're showing that in fact, they don't have to be either. This very clearly demonstrates that if you use the concept of the nanoscale to create structures and then use those nanostructures like LEGO to construct larger materials, you can obtain nearly any set of properties you want. You can create materials by design."
The researchers use a direct laser writing method called two-photon lithography to "write" a three-dimensional pattern in a polymer by allowing a laser beam to crosslink and harden the polymer wherever it is focused. The parts of the polymer that were exposed to the laser remain intact while the rest is dissolved away, revealing a three-dimensional scaffold. That structure can then be coated with a thin layer of just about any kind of material—a metal, an alloy, a glass, a semiconductor, etc. Then the researchers use another method to etch out the polymer from within the structure, leaving a hollow architecture.
The applications of this technique are practically limitless, Greer says. Since pretty much any material can be deposited on the scaffolds, the method could be particularly useful for applications in optics, energy efficiency, and biomedicine. For example, it could be used to reproduce complex structures such as bone, producing a scaffold out of biocompatible materials on which cells could proliferate.
In the latest work, Greer and her students used the technique to produce what they call three-dimensional nanolattices that are formed by a repeating nanoscale pattern. After the patterning step, they coated the polymer scaffold with a ceramic called alumina (i.e., aluminum oxide), producing hollow-tube alumina structures with walls ranging in thickness from 5 to 60 nm and tubes from 450 to 1,380 nm in diameter.
Greer's team next wanted to test the mechanical properties of the various nanolattices they created. Using two different devices for poking and prodding materials on the nanoscale, they squished, stretched, and otherwise tried to deform the samples to see how they held up.
They found that the alumina structures with a wall thickness of 50 nm and a tube diameter of about 1 micron shattered when compressed. That was not surprising given that ceramics, especially those that are porous, are brittle. However, compressing lattices with a lower ratio of wall thickness to tube diameter—where the wall thickness was only 10 nm—produced a very different result.
"You deform it, and all of a sudden, it springs back," Greer says. "In some cases, we were able to deform these samples by as much as 85%, and they could still recover."
To understand why, consider that most brittle materials such as ceramics, silicon, and glass shatter because they are filled with flaws—imperfections such as small voids and inclusions. The more perfect the material, the less likely you are to find a weak spot where it will fail. Therefore, the researchers hypothesize, when you reduce these structures down to the point where individual walls are only 10 nm thick, both the number of flaws and the size of any flaws are kept to a minimum, making the whole structure much less likely to fail.
"One of the benefits of using nanolattices is that you significantly improve the quality of the material because you're using such small dimensions," Greer says. "It's basically as close to an ideal material as you can get, and you get the added benefit of needing only a very small amount of material in making them."
The Greer lab is now aggressively pursuing various ways of scaling up the production of these so-called meta-materials.
The lead author on the paper, "Strong, Lightweight and Recoverable Three-Dimensional Ceramic Nanolattices," is Lucas R. Meza, a graduate student in Greer's lab. Satyajit Das, who was a visiting student researcher at Caltech, is also a coauthor. The work was supported by funding from the Defense Advanced Research Projects Agency and the Institute for Collaborative Biotechnologies. Greer is also on the board of directors of the Kavli Nanoscience Institute at Caltech.

Source: California Institute of Technology
陶瓷不必一定是脆的
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该序列显示了格里尔实验室中具有立体感的陶瓷纳米框架是如何在被压缩超过50%之后得到恢复的。按顺时针方向从左至右是一个氧化铝纳米框架在压缩前、压缩过程中、完全压缩以及在压缩之后进行恢复的状态。图像提供：加州理工学院/卢卡斯•梅萨。

想象一下：一个能够在不使用任何轻于空气的气体的情况下漂浮起来的气球。相反，它里面的所有空气都可以简单地被吸出，同时保持其填充的形状。这种真空气球将有助于缓解目前世界上的氦短缺，它只有在一种存在的新材料强大到足以维持迫使所有空气排出时所产生的压力并且与此同时仍然是轻巧灵活时才能得到实现。 

加州理工学院的材料科学家朱莉娅•格里尔及其同事们一直致力于发展这样一种材料以及许多其它拥有闻所未闻的属性组合的材料。例如，他们可能会创建一个具有热绝缘性同时又非常轻便的材料，又或者是一个同时具有强壮、轻便以及不易破碎等属性的材料——而这些属性通常被认为是相互排斥的。

格里尔的研究小组已经为通过固体可以在纳米尺度中所获得的不同寻常的特性优势来构建新型结构材料的一种方法，其能力都是在十亿分之一米的尺度中进行测量的。在9月12日发行的《科学》期刊中发表的一篇论文中，加州理工学院的研究人员解释了他们是如何利用该方法生产出一个包含99.9%空气同时也异常强硬的陶瓷制品（例如，一支粉笔或砖头），并且其能够在捣毁程度超过50%的情况下恢复到其原来的形状。

“陶瓷制品一直被认为是非常重并且非常脆的产品，”加州理工学院工程与应用科学系材料科学和力学方面的教授格里尔表示。“我们用事实表明，它们并不一定只能拥有其中一种特性。这很清楚地表明，如果你使用了纳米级的概念来创造结构，然后利用这些像LEGO这样的纳米结构来建造更大的材料，那么你就能够获得几乎任何你想拥有的一组属性。你可以通过设计来创造材料。”

研究人员使用一种称为双光子光刻技术的激光直写方面在一个聚合物上通过令一个激光束交联并且硬化它所聚集的聚合物的位置来“书写”一个三维图案。该聚合物被暴露于激光下的部分保持不变，而其余部分得到溶解，露出一个三维支架。该结构之后可以在表面涂上薄薄的一层任何类型的材料——一个金属、合金、玻璃、半导体等。然后，研究人员使用另一个方面腐蚀掉结构内部的聚合物，留下一个中空的结构。

这种技术的应用几乎没有局限性，格里尔表示。由于几乎所有的材料都可以被沉积到该支架中，因此该方法可能对于光学、能量效率以及生物医学中的应用特别有用。例如，它可以被用来再现复杂的结构，例如骨骼，制造出无细胞能够繁殖的生物相容性材料的支架。

在最近的工作中，格里尔和她的学生们利用该技术生产出他们所谓的三维立体纳米框架，其是通过一个重复的纳米级图案所形成的。图案化步骤之后，他们将聚合物支架涂覆上所谓的氧化铝陶瓷制品（即，铝的氧化物），产生了具有5至60纳米厚度范围并且管直径从450至1380纳米的中空管氧化铝结构。

格里尔的研究小组下一步想要测试他们所创建的各种纳米框架的机械性能。利用两个不同的设备在纳米范围内刺激材料，他们压扁、拉升、或者是试图令样品变形来观察它们是如何保持的。

他们发现，具有50纳米厚度并且管直径大约为1微米的氧化铝结构在压缩是粉碎了。这在考虑到陶瓷制品，特别是那些多孔的陶瓷制品，非常脆的情况下是毫不奇怪的。然而，压缩壁厚与管直径比率较低的结构时——其中壁厚只有10纳米——产生了一个非常不同的结果。

“你令它变形，突然间，它就弹回原型了，”格里尔表示。“在某些情况下，我们能够令样品的变形程度达到85%，而它们仍然可以恢复。”

为了了解原因，考虑到大多数脆的材料，例如陶瓷、硅和玻璃，破碎的原因是它们充满了缺陷——例如较小空隙和夹杂物的缺陷。材质越完美，你就越没有可能会找到其将破坏的一个弱点。因此，研究人员推测，当你将这些结构减少到单个壁厚仅为10纳米的点时，缺陷的数量以及任何缺陷的尺寸都保持在了最小的程度，因此整个结构更不容易被破坏。

“使用纳米结构的好处在于你能够显示改善材料的质量，因为你使用的是如此小的尺寸，”格里尔表示。“这基本上接近了你能够获得的理想材料，并且你从制造它们仅需要极少量的材料中也获得了好处。”

格里尔的实验室正在积极地寻求各种方法，来扩大这种所谓的无材料的生产。

论文“强壮、轻重、可回收的三维陶瓷纳米框架”（Strong, Lightweight and Recoverable Three-Dimensional Ceramic Nanolattices）的主要作者是格里尔实验室的一位研究生卢卡斯R•梅萨。加州理工学院的一位拜访学者萨蒂亚吉特•达斯也是作者之一。这项工作受到了美国国防高级研究计划局以及生物技术合作所提供的资金支持。格里尔同样也是加州理工学院科维理研究所董事会的成员。

资料来源：加州理工学院

Scientists now closer to industrial synthesis of a material harder than diamond
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Photo of a Vickers indenter made of ultrahard fullerite. Image: Mikhail Popov
Researchers from the Technological Institute for Superhard and Novel Carbon Materials in Troitsk, the Moscow Institute of Physics and Technology (MIPT), National University of Science and Technology (MISiS), and Moscow State Univ. (MSU) have developed a new method for the synthesis of an ultrahard material that exceeds diamond in hardness. An article recently published in the journal Carbon describes in detail a method that allows for the synthesis of ultrahard fullerite, a polymer composed of fullerenes, or spherical molecules made of carbon atoms.

In their work, the scientists note that diamond hasn’t been the hardest material for some time now. Natural diamonds have a hardness of nearly 150 GPa, but ultrahard fullerite has surpassed diamond to become first on the list of hardest materials with values that range from 150 to 300 GPa.

All materials that are harder than diamond are called ultra hard materials. Materials softer than diamond but harder than boron nitride are termed superhard. Boron nitride, with its cubic lattice, is almost three times harder than the well-known corundum.  

Fullerites are materials that consist of fullerenes. In their turn, fullerenes are carbon molecules in the form of spheres consisting of 60 atoms. Fullerene was first synthesized more than 20 years ago, and a Nobel Prize was awarded for that work. The carbon spheres within fullerite can be arranged in different ways, and the material’s hardness largely depends on just how interconnected they are. In the ultrahard fullerite discovered by the workers at the Technological Institute for Superhard and Novel Carbon Materials (FSBI TISNCM), C60 molecules are interconnected by covalent bonds in all directions, a material scientists call a three-dimensional polymer.

However, the methods providing production of this promising material on an industrial scale are not available yet. Practically, the superhard carbon form is of primary interest for specialists in the field of metals and other materials processing: the harder a tool is, the longer it works, and the more qualitatively the details can be processed.   
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Diamond anvils malformed during synthesis of ultrahard fullerite. Note the dent in the center.

What makes synthesizing fullerite in large quantities so difficult is the high pressure required for the reaction to begin. Formation of the three-dimensional polymer begins at a pressure of 13 GPa, or 130,000 atm. But modern equipment cannot provide such pressure on a large scale.

The scientists in the current study have shown that adding carbon disulfide (CS2) to the initial mixture of reagents can accelerate fullerite synthesis. This substance is synthesized on an industrial scale, is actively used in various enterprises, and the technologies for working with it are well-developed. According to experiments, carbon disulfide is an end product, but here it acts as an accelerator. Using CS2, the formation of the valuable superhard material becomes possible even if the pressure is lower and amounts to 8 GPa. In addition, while previous efforts to synthesize fullerite at a pressure of 13 GPa required heating up to 1100 K (more than 820 C),in the present case it occurs at room temperature.

“The discovery described in this article (the catalytic synthesis of ultrahard fullerite) will create a new research area in materials science because it substantially reduces the pressure required for synthesis and allows for manufacturing the material and its derivatives on an industrial scale”, explained Mikhail Popov, the leading author of the research and the head of the laboratory of functional nanomaterials at FSBI TISNCM.  

Ultrahard fullerite is described in greater detail in the following scientific publications:

1. Is C60 fullerite harder than diamond? V.Blank, M.Popov, S.Buga, V.Davydov, V.N. Denisov, A.N. Ivlev, B.N. Mavrin, V.Agafonov, R.Ceolin, H.Szwarc, A.Rassat. Physics Letters A Vol.188 (1994) P 281-286.

2. Structures and physical properties of superhard and ultrahard 3D polymerized fullerites created from solid C60 by high pressure high temperature treatment. V.D. Blank, S.G. Buga, N.R. Serebryanaya, G.A. Dubitsky, B. Mavrin, M.Yu. Popov, R.H. Bagramov, V.M. Prokhorov, S.A. Sulynov, B.A. Kulnitskiy and Ye.V.  Tatyanin. Carbon, V.36, P 665-670 (1998)

3. Ultrahard and superhard phases of fullerite C60 : comparison with diamond on hardness and wear. V.Blank, M.Popov, G.Pivovarov, N.Lvova, K.Gogolinsky, V.Reshetov. Diamond and Related Materials. Vol. 7, No 2-5 (1998), P 427-431
Source: Moscow Institute of Science and Technology
科学家们或将实现工业合成比钻石更硬的材料
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由超硬的福莱希（Vickers）制成的显微维氏硬度计的照片。图片：米哈伊尔•波波夫

来自位于特罗伊茨克的超硬和新型炭材料技术研究所、莫斯科物理研究所（MIPT）、国立科技大学（MISIS）和莫斯科国立大学MSU）的研究人员，已经开发出一种新方法，可合成硬度超过金刚石的超硬材料。最近发表在《碳》杂志上的一篇文章详细介绍了这种方法，该方法可用于超硬富勒烯的合成。富勒烯是一种由球壳状碳分子或由碳原子组成的球形分子构成的聚合物。

科学家们指出，在他们的研究中，钻石目前在一段时间内不会是最硬的材料了。天然钻石有近150 GPA的硬度，但超硬富勒烯已经超越钻石，成为最坚硬的材料名单的第一名，其硬度值范围为150至300 GPA。

所有比钻石更难的材料都被称为极硬材料。比钻石软但比氮化硼硬的被称为超硬。氮化硼，因其立方晶格，比为人熟知的刚玉要硬几乎三倍。

富勒烯是由球壳状碳分子构成的材料。在材料内部，球壳状碳分子是由成球状的60原子组成的碳分子。球壳状碳分子首次合成于20余年前，并且这项工作被授予了诺贝尔奖。富勒烯内部的碳球能以不同的方式排列，而材料的硬度主要取决于他们是如何相互结合在一起的。在超硬和新型炭材料技术研究所（FSBI TISNCM）的工人（FSBI TISNCM）发现的超硬富勒烯中，C60分子油各个方向的共价键相互连接，材料科学家称之为三维聚合物。

然而，提供生产这种有前途的材料的方法在工业规模上尚不可用。实际上，超硬的碳形式是金属和其他材料加工领域的专家的主要兴趣所在：工具越硬，能用的时间也就越长，以及更多的质量上的细节都可以加工。
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合成超硬富勒烯过程中金刚石砧座的畸形。注意中央的凹部。

使大批量合成富勒烯如此困难的原因是反应开始需要的高压力。该三维聚合物的形成开始于13 GPa，或13万个大气压的压力。但是，现代化的设备无法大规模的提供这种压力。

在目前的研究中，科学家们已经表明，在试剂初始混合物中加入二硫化碳（CS 2），可以加速富勒烯的合成。这种物质可在工业规模上合成，正在积极应用于各种企业中，并且与之相关的技术已经发展的很成熟。根据实验，二硫化碳是一种最终产品，但在这里它作为催化剂。使用CS2，即使在8GPa的较低压力下，有价值的超硬材料的形成也成为可能。此外，尽管前述的在13GPa的压力下努力合成富勒烯需要加热到1100 K（大于820℃），在本情况下，其可在室温下进行。

“这篇文章中描述的发现（超硬富勒烯的催化合成）将在材料科学中创建一个新的研究领域，因为它大大减少了合成的压力需求，并且允许在工业规模上生产该物质及其衍生物”，解释，该研究的主要作者、FSBI TISNCM功能纳米材料实验室主任米哈伊尔波波夫解释说。

超硬富勒烯中在以下科学出版物中有更详细地描述：

1. “C60 f富勒烯比钻石更硬？”；V.Blank，M.Popov，S.Buga，V.Davydov，V.N. Ivlev，A.N. Ivlev，B.N. Mavrin，V.Agafonov，R.Ceolin，H.Szwarc，A.Rassat；《物理学报》，Vol.188（1994）p281-286。

2. “通过高压高温处理从固体C60创建的极硬和超硬三维聚合富勒结构与物理性质”；V.D. Blank, S.G. Buga, N.R. Serebryanaya, G.A. Dubitsky, B. Mavrin, M.Yu. Popov, R.H. Bagramov, V.M. Prokhorov, S.A. Sulynov, B.A. Kulnitskiy and Ye.V；《碳》，V.36，P665-670（1998）

3. “富勒烯 C60的超硬阶段：与钻石的硬度和耐磨性比较性研究”；V.Blank，M.Popov，G.Pivovarov，N.Lvova，K.Gogolinsky，V.Reshetov；《钻石及相关材料》；Vol. 7, No 2-5 (1998), P 427-431

来源：莫斯科科学与技术学院
Metal Alloy（金属合金）
Puris focuses on high purity titanium and alloy powder and near net shape manufacturing

Puris, LLC, a new entity based in Hazelton, West Virginia, USA, has announced its goal of establishing a new standard for purity in titanium and alloy powder production and near-net shape manufacturing. 

Puris is comprised of the assets of the former FMW Composite Systems, Inc., which emerged from Chapter 11 bankruptcy in March 2014, and Summit Materials, LLC. FMW’s assets include a 50,000 ft2 manufacturing facility and the only refractory-free gas atomisation system in the USA. Puris stated that Summit Materials brings technical sales and marketing, near-net shape capabilities and the expertise of Fred Yolton, a well-respected pioneer in titanium powder atomisation.

The company claims it will offer the cleanest powder on the market with its patent-pending technology that eliminates critical contamination risks and by employing best practices in process and material procurement. Puris will primarily support aerospace, oil and gas and medical industries.

“The launch of Puris creates an unprecedented opportunity to advance market adoption of titanium solutions,” stated Craig Kirsch, CEO of Puris. “Puris is first to market with the technical expertise, production capacity and product purity to fully commercialise titanium powder and near-net shape parts.” According to Kirsch, Puris’s key competitive advantages include industry leading production capacity and a refractory-free gas atomisation system, which sets a new standard for cleanliness.

Puris’s patent-pending atomiser is an all-titanium system that completely eliminates the risk of iron contamination during processing.
Puris公司专注于高纯度钛与合金粉末以及近净成形制造

Puris有限责任公司是位于美国西维吉尼亚州Hazelton的一家新创实业。该公司宣布其目标是在钛及合金粉末生产与近净形生产的纯度方面建立一个新的标准。

Puris公司由之前的FMW复合系统的公司（FMW Composite Systems, Inc）及Summit Materials有限责任公司（Summit Materials, LLC.）的资产组成。前者资产是在2014年3月根据破产法第11章获得。FMW的资产包括一个面积为50000平方英尺的制造工厂和美国唯一的无耐火（refractory-free）气体雾化系统。Puris公司表示, Summit Materials公司带来技术销售与营销、近净形功能以及Fred Yolton的专业知识。Fred Yolton是钛粉领域的一个受人尊敬的先锋。

该公司声称，它将凭借其专利申请技术消除关键污染风险,并采用最佳加工与材料采实践，从而提供市场上最清洁的粉末。Puris公司将主要支持航空航天、石油和天然气和医疗行业。

“Puris公司的启动创造了一个前所未有的机会来推进市场采用钛解决方案,” Puris公司首席执行官克雷格•基尔希表示。“Puris公司首次实现了以专业技术、生产能力和产品纯度进入市场，以完全商业化钛粉和近净成形部分。”  根据基尔希, Puris的主要竞争优势，包括行业领先的生产能力和无耐火的气体雾化系统,设置一个新的清洁标准。

Puris正申请专利的新型雾化器是一款全钛系统,完全消除了处理过程中出现铁污染风险。

Researchers control surface tension to manipulate liquid metals

Researchers from North Carolina State Univ. have developed a technique for controlling the surface tension of liquid metals by applying very low voltages, opening the door to a new generation of reconfigurable electronic circuits, antennas and other technologies. The technique hinges on the fact that the oxide “skin” of the metal—which can be deposited or removed—acts as a surfactant, lowering the surface tension between the metal and the surrounding fluid.

The researchers used a liquid metal alloy of gallium and indium. In base, the bare alloy has a remarkably high surface tension of about 500 mN/m, which causes the metal to bead up into a spherical blob.

“But we discovered that applying a small, positive charge—less than 1 V—causes an electrochemical reaction that creates an oxide layer on the surface of the metal, dramatically lowering the surface tension from 500 mN/m to around 2 mN/m,” says Dr. Michael Dickey, an associate professor of chemical and biomolecular engineering at NC State and senior author of a paper describing the work. “This change allows the liquid metal to spread out like a pancake, due to gravity.”

The researchers also showed that the change in surface tension is reversible. If researchers flip the polarity of the charge from positive to negative, the oxide is eliminated and high surface tension is restored.  The surface tension can be tuned between these two extremes by varying the voltage in small steps.

“The resulting changes in surface tension are among the largest ever reported, which is remarkable considering it can be manipulated by less than one volt,” Dickey says. “We can use this technique to control the movement of liquid metals, allowing us to change the shape of antennas and complete or break circuits. It could also be used in microfluidic channels, MEMS, or photonic and optical devices. Many materials form surface oxides, so the work could extend beyond the liquid metals studied here.”

Dickey’s laboratory had previously demonstrated a technique for “3-D printing” liquid metals, which used the oxide layer formed in air to help the liquid metal retain its shape—the exact opposite of what the oxide layer does to the alloy in a basic solution.

“We think the oxide’s mechanical properties are different in a basic environment than they are in ambient air,” Dickey says.

The paper is published online in the Proceedings of the National Academy of Sciences.

Source: North Carolina State Univ.
研究人员控制表面张力操纵液体金属

北卡罗莱纳州立大学的研究人员已经开发出一种技术，通过应用非常低的电压来控制液体金属的表面张力,打开新一代可重构电子电路、天线和其他技术的大门。该技术取决于一个事实，即金属表面可被提存或移除的氧化“皮肤” 可作为表面活性剂,降低金属和周围流体之间的表面张力。  

研究人员使用一种镓和铟的液态金属合金。基本而言,裸露的合金有一个非常高的表面张力，约500 mN / m,导致金属珠成球形。

但我们发现,应用小于比一伏的正电会引发一个电化学反应,在金属表面产生一个氧化物层,极大地降低表面张力，从500 mN / m到 2 mN / m左右,”迈克尔•迪克教授说,他是北卡罗莱纳州立大学化学和生物分子工程学副教授以及有关该项研究的一篇论文的资深作者。“由于重力，这种变化可使液态金属像煎饼一样分散开来”。

研究还表明,表面张力的变化是可逆的。如果研究人员将施加的电荷由正电转为负电，就不会形成氧化物，而会恢复较高的表面张力。这两个极端表面张力之间的转换可以通过改变电压的小步骤来实现。

产生的表面张力的变化是有史以来报道的最大的,考虑到它可被小于一伏的电压操纵，这是非常了不起的,”迪克说。“我们可以使用这种技术来控制金属液体的运动,从而使我们改变天线的形状并完善或打破电路。它也可以用于微流体通道、MEMS或光子与光学设备。许多材料表面会形成氧化物,所以这项研究工作可以延伸之液态金属研究之外。”

迪基的实验室曾展示了一种用于“三维打印”液体金属的技术,它使用在空气中形成的氧化层来帮助液态金属保持其形状，与氧化层对碱性溶液中的合金的影响完全相反。 

“我们认为，氧化物在基本环境中的力学性能不同于其在周围空气中的性能,”迪基说。

这篇论文发表在美国《国家科学院院刊》上。

来源:北卡州立大学
Composite Materials（复合材料）
Teijin’s CFRTP Composite Technology Enhance Production Speed and Recyclability

Teijin has developed Sereebo, a thermoplastic resin material ideal for mass production applications, which can also be recycled.

In 2011, Teijin built a four-seater concept car with Teijin's Carbon Fibre Reinforced Thermoplastic (CFRTP) body structure. The company claims the body was formed in one minute and weighs only 47kg, merely a fifth of a comparable steel structure, achievements that represent a new world of mass production applications for carbon fibre composites.
Teijin explains carbon fibre has 10 times the strength but just a fourth of the weight of steel. Composite materials made of carbon fibers and resins are already widely used to reduce the weight of aircraft and other industrial materials. However, conventional thermoset-formed carbon fibre composites are rarely seen in mass production.
According to Teijin it tackled this problem by developing a thermoplastic resin that softens when heat is applied and quickly hardens when it cools, without losing its desirable properties. Not only does that make the material ideal for mass production applications, it also means it can be recycled and reused. Teijin has branded this world's first CFRTP technology as Sereebo, an acronym for Save the Earth, Revolutionary & Evolutionary Carbon, and is now bringing it closer to commercial use in high-volume production.

Teijin states it is currently working with automakers worldwide, including General Motors to accelerate development of Sereebo-branded composites for mass production of reduced-weight vehicles that meet demand for energy savings and CO2 reductions. Teijin is spearheading the collaborative effort, which involves technical facilities in both Japan and the USA and a pilot plant in Japan. Collaborative developments with consumer electronics makers and precision equipment makers are also in progress, and Nikon has already adopted Sereebo to manufacture structural parts for a digital SLR camera.
帝人公司的CFRTP复合技术提高了生产速度和回收率

帝人公司（Teijin）开发出了一种热塑性树脂材料——Sereebo，它是用于批量生产的理想材料，并且可以回收再利用。

2011年，帝人公司用其碳纤维增强热塑性塑料（CFRTP）的车身结构打造了一辆四座概念车。该公司声称，打造车身仅用一分钟，且重量仅为47千克，是同等大小钢架车身重量的五分之一。该成就代表着对碳纤维复合材料大规模生产应用的新时代。

帝人公司解释称，碳纤维的强度是钢材的10倍，但重量只有钢材的四分之一。碳纤维和树脂的复合材料已经广泛用于降低飞机和其它工业材料的重量。然而，传统的热固化形成的碳纤维复合材料在大规模生产中十分少见。

据帝人所述，他们开发出一种热塑性树脂，会在加热时软化，冷却时迅速变硬，而且还保留了其优良性能，由此解决了这个难题。这不仅使该材料适用于大规模量产，而且也能回收再利用。帝人已经为世界上第一个CFRTP技术打上了Sereebo的商标，这是拯救地球、革命和碳进化的（英文）缩写，即将将其推向商业用途的大批量生产。

帝人声明，它目前正在与世界各地的汽车制造商合作，包括通用汽车，他们正在加速Sereebo品牌复合材料的发展，为了量产减轻重量的车辆，以满足节约能源和二氧化碳减排的需求。帝人成为协同努力的先锋，包括在日本和美国的技术设施，以及日本的一个实验工厂。与家用电子产品制造商和精密设备制造商的合作开发也在进行中，而尼康已经采用了Sereebo材料制造数码单反相机的结构部件。

Composites set to benefit transportation industries

Introducing exotic materials into industries where metallic's have ruled is an ongoing challenge for the composites sector. The materials' inherent low-density has always been its best selling point.
Though composites have become synonymous with performance, it's the superior strength-to-weight ratio and parts-consolidation capability that is able to offer dramatic reductions in weight, which ultimately enables performance benefits to particular vehicles and systems.
Composite, as a material type, is more varied than any traditional engineering material. And the fact that composites can, and should be, tailored to an application means that it's far from straightforward to design and manufacture.
Though this makes many hesitant, the overwhelming need for all kinds of transport systems to improve efficiency has seen its application trickle down from low volume aerospace to higher-volume automotive uses. With this in mind, the composites sector has now set its sights firmly on the rail industry.
And the UK is well placed to exploit the potential advantages given the number of rail projects on the table, from High Speed 2 to Cross Rail and even new rolling stock for the Underground.

Finding application
While there has been some fairly niche application of composites in the rail industry already, a recent event set up by Composites UK, 'Composites in Rail Infrastructure', set out to increase interest for future projects.
"We are getting a lot of interest from the rail sector around composite materials, in particular for lightweighting," says Darren Hughes, assistant professor in materials and manufacturing at the Warwick Manufacturing Group, part of the High Value Manufacturing Catapult. "A project has just started looking at making a lightweight bogie structure using composites. And bridges are another potential area where composite structures can replace steels and even aluminium. But there are questions around how to join them with other materials, form them, manufacture them, and test them. And in particular, the rail industry wants to produce at a similar cost level to the automotive industry."
The event primarily set out to build confidence, in rail engineers and purchasing managers looking to specify composites, by dispelling many of the myths over its cost and manufacturability. And a key message was composite design usually requires experience, and that means perhaps a closer working relationship with material suppliers than rail engineers are typically use to.
Julian Smith, engineering director at Fibre Content, says: "It can be difficult to design composite parts and structures effectively. You can easily be wowed by some of the properties but you need to do cost engineering to get the most out of the materials. So you need to be clever with your application and design. It is complicated to select the right fibres and resins, which may all use different processes and tooling.
"It is specialised, but it is not a black art. It is not mysterious or risky, but it does need that experience gathered from working with earlier adopters in aerospace and automotive. If you design it properly it can be cost effective, use low cost tooling and have a good surface finish that stays looking good. And you don't have to have the same properties in every direction, and if you do, the other properties may dilute out a bit.
"Given the composites base there is in the UK, it should be no problem engineering and supplying composite components for the rail industry."

Composite crossroad
Future rolling stock and infrastructure in the UK is at a materials crossroad. There is genuine interest from the rail sector to lightweight, increase efficiency and better exploit lighter and more exotic materials. The rail sector knows it is behind the materials technology curve compared to other industries and wants to see improvement in the projects now coming through.
Application of composites can aid the aerodynamic performance of high speed train systems as well as reduce the energy needed to acceleration and deceleration those commuter trains travelling shorter distances with more stops.
The aim is to help make the whole system become more economical and efficient, from the energy needed to provide forward movement to reducing the wear on the tracks and infrastructure maintenance.
Getting it done

Composite implementation for rail is the same as it has been for every industry in that it can't be just about lightweighting. System wide benefits from maintenance to operating costs must all be assessed and balanced.
"The rail industry has a requirement for lightweight structures with good fatigue performance, low overall maintenance, fire resistance and better acoustic performance," says Chris Monk, engineering manager at STRUCTeam. "So, you can quite quickly see composites are a very good fit.
"If you look at aerospace and automotive who have led the way on this, they have shown that you can navigate your way from traditionally metallic structures to composite applications, so clearly it can be done."
There are of course barriers to entry, one perhaps more abstract than practical, is about clearly understanding the commercial proposition that composite materials can offer. But, that is often far from straightforward and is about convincing those holding the purse strings.
For example, the wind turbine sector is moving to carbon fibre from glass fibre to make its blades. From a project management perspective this adds expensive. However, a reduction in blade weight reduces the structural costs of the tower, allows the blades to be made bigger, yields more energy, and as a system reduces implementation, operating and maintenance costs.
"For the rail sector it is more difficult to see exactly what the value chain is and who gets the benefit," says Monk. "The franchised business models at the moment would see people and organisations that invest upfront in the benefits of a composite structure not always reap the rewards later on in the life cycle."
Identifying the business case is closely linked to identifying parts, components and even systems that are most advantageous to be made out of composites.

Composites can't do everything
Like any material, composites have their own set of advantages and disadvantages that must be considered during material selection.
These lighter materials tend not to be as tough as steel or aluminium, particularly with regards to impact damage as well as not lending themselves to overly complicated joints. While they can be made to work, sometimes other materials maybe more suitable. So identifying the components that would benefit most from the properties of composites is key.
"But, it's not always straightforward whether it is or isn't," says Monk. "You sometimes need that degree of experience to make the assessment.
"The materials are very tuneable and that sets the commercial basis. You have lower grade glass fibre with polyester resin, to expensive carbon fibre epoxy prepregs, both are used by the marine industry, for example, just for different applications. So you need to get that balance of performance against cost.
"And the lifecycle cost breakdown can be quite different compared to traditional metallic structures. This is something the purchasing community within the rail industry needs to start recognising, so they can see where the benefits are later on."
A challenge for the rail industry is the relative lack of experience in the design and engineering of composite parts, so there is a steep learning curve ahead. However, many important lessons can be learnt from the aerospace and automotive industries, which have had far from an easy journey in their increasing uptake of the materials. Rail engineers must take heart from these early adopters that are still finding their way through many new technical challenges, but get real benefits from composite application.
"The supply chain is ready," says Monk. "It has been ramped up over many years, it's ready for automotive and for aerospace and it's ready for the rail industry. But there needs be some good dialogue and a pragmatic approach to identify the applications and get the rail industry onboard."
Lighter rail not just for the UK

Many of the large OEMs associated with train manufacture are embracing composites including Siemens and Bombardier, and there are also significant projects underway looking at the future of rail systems such as Revolution VLR, a consortium of UK companies looking to develop the next generation of technology.
But it is not solely the UK that has its eyes on the future. German based Voith has recently highlighted a number of potential applications for composites from drive components, couplers and service concepts to other lightweight solutions, among them the modular front nose of the new German ICx high speed train.
The front nose replaces what use to be made of steel helping reduce fuel consumption, minimising axle loads and track wear, as well as actually allowing capacity to be increased. The front structure can also be made in one piece to help reduce manufacturing and assembly time, as well as improving aerodynamics.
Another example is the energy absorber made of glass fibre reinforced plastics (GFRP) that weights only one third of the standard steel absorber. Apart from its fibre composite crash tube, the absorber comprises a bearing and an anti-climber plate, both made of aluminium. The components excel in longevity, and they offer constant energy absorption behaviour even when the absorbers meet at an offset. Weighing 70 to 95kg, a 60% weight reduction is achieved compared with standard steel absorbers.
Adapter couplers have also been identified. These are mainly used for towing operations of failed trains, and every train has to have at least one of them on board. The CFRP (carbon-fibre reinforced plastics) adapter coupler developed by Voith is extremely compact and has a total weight of only 23kg.
Where two people were necessary to fit an adapter coupler on the train, this one can be carried and mounted by one person alone. First practical tests in the market were successfully concluded.
有利于交通运输行业的复合材料

将外来物质引入金属占统治地位的领域对复合材料行业来说是一个持续的挑战。该材料固有的低密度一直是其最好的卖点。

虽然复合材料已经成为性能的代名词，但它优越的强度-重量比和可显著减轻重量的部件合并能力，才最终使其性能优势应用到车辆和系统中。

复合材料作为一种材料类型，比任何传统的工程材料都更加多样化。而事实上，复合材料可以，并且应该针对非常复杂的设计和制造应用。

虽然这会让很多人犹豫，需要各种运输系统提高工作效率的压倒性的需求，已经使其应用慢慢地从小批量的航天领域发展到更大规模使用的汽车领域。考虑到这一点，复合材料领域目前已经将目光牢牢地锁定在铁路行业。

由于英国正筹划几条铁路项目，从高铁2号到跨境铁路，甚至是新的地铁轨道车辆，正是探索复合材料潜在优势的好时机，

寻找应用

尽管复合材料已经在铁路行业得到了一些比较小众的应用，最近由英国复合材料发起的一项活动，“复合材料在铁路基础设施中的应用”，着手提高未来项目对其的兴趣。

“我们从铁路部门得到了很多对复合材料的关注，尤其是其满足轻量化的需求，” 高价值弹射器零部件制造商，华威制造集团的材料和制造助理教授达伦•休斯说。 “一个项目开始寻求用复合材料制造轻质转向架结构。桥梁是另一个潜在的领域，复合材料结构可以替代钢，甚至铝，但也有围绕复合材料如何与其他材料配合，如何成型，如何制造，以及如何对其进行测试的问题，而且特别地，铁路行业愿意以汽车行业像似的成本来生产。”

本次活动主要是着手建立信心，通过消除关于它的成本和可制造性的很多误解，使铁路工程师及采购经理人希望指定复合材料。而一个关键的信息是复合材料的设计通常需要经验，这意味着或许材料供应商与铁路工程师通常需要建立更紧密的工作关系。

Fibre Content公司的工程总监朱利安•史密斯说：“有效地设计复合材料部件和结构可能比较困难，你可能会被这些特性难住，但你需要做好工程造价，从材料中获得最大的益处。所以，你需要巧妙地进行应用和涉及，选择合适的纤维和树脂是复杂的，可能使用不同的流程和工具。

“这是很专业的，但它不是一门魔术，它并不神秘或需要冒险，但它确实需要从航空航天和汽车工业早期采用者的工作收集来的经验，如果你能正确地符合成本效益地设计它，使用低成本的工具并且具有良好的表面光洁度，而且你不必在每一个方向上具有相同的性能，如果你这样做，其他的性能可能会有所削弱。

“鉴于英国拥有的复合材料基地，为铁路行业提供工程和复合材料部件应该是没有问题的。”

复合材料的重大抉择关头

在英国未来的轨道车辆和基础设施建设正处于一个使用材料的重大抉择关头。铁路部门真正关心的是轻量化，提高效率，更好地利用更轻，更奇特的材料。铁路部门知道它是材料技术落后于其他行业，希望在即将通过的项目中看到改善。

复合材料的应用可以有助于改善高速列车系统的空气动力性能，并降低在较短距离具有多个车站的通勤列车加速和减速所需的能量。

其目的是为了帮助使整个系统更加经济和有效，从向前运动所需要的能量，到减少轨道磨损和基础设施的维护费用。

做到

复合材料在铁路中的应用和任一行业一样，并不仅仅是轻量化。从维护到运营成本的系统范围内的利益都必须进行评估和平衡。

“铁路行业有对良好的抗抗疲劳性能，低整体维护，防火性更好，以及更好的声学性能的需求，” STRUCTeam技术经理Chris Monk说。“所以，你可以很快看到复合材料是一个非常不错的选择。”

“如果你看一下率先应用的航空航天和汽车业，他们已经表明，可以从传统的金属结构转变到复合材料的应用，所以显然这是可以做到的。”

当然也有准入门槛，一个实际上比较抽象的门槛，就是认清复合材料能够提供的商业命题。但是，说服那么掌握钱袋的人远不是那么简单的。

例如，风力涡轮机行业正在从玻璃纤维转向碳纤维来制作叶片。从项目管理的角度来看，这增加了成本。然而，在叶片重量的减少降低了塔结构的成本，使得叶片可以做的更大，产生更多的能量，并且作为一个系统降低了实施，操作和维护成本。

“对于铁路部门来说，看清价值链，并搞清楚到底带来了什么好处是比较困难的，” Monk说。 “目前的特许经营模式将使前期投资在复合材料结构的投资人和组织并不总是能在生命周期中获得更高的回报。”

确定商业案例与确定零部件是密切相关的，复合材料做出的部件，甚至是系统都是最有利的。

复合材料不是十全十美的

如同任何材料一样，合成材料具有自己的优点和缺点，必须在选材过程中加以考虑。

这些更轻的材料往往不如钢或铝一样坚韧，特别是有关撞击损坏，以及不能适用于过于复杂的关节部位。虽然它们可以完成工作，但有时其他材料可能更适合。因此，确定那些零部件能从复合材料的性能里受益最大是非常关键的。

“但是，这并不总是简单地说是或不是，”Monk说。 “有时你需要一定程度的经验来进行评估。

“这些材料都非常可调，这就拥有了商业基础，例如，你有等级较低的玻璃纤维与聚酯树脂，昂贵的碳纤维预浸料环氧树脂，都使用在海洋产业中，只是为了不同的应用，所以你需要获得对性价比的平衡。

“并且相对于传统金属结构来说，它们的生命周期成本分析可以说是相当不同的，这是铁路行业的采购部门需要认识到的，这样他们就可以看到以后的好处。”

对于铁路行业的挑战是比较缺乏复合材料部件的设计和制造经验，所以提前要经过严格的学习。然而，可以从航空航天和汽车行业学到许多重要的经验教训，他们提高对这种材料应用的过程绝不是一帆风顺的。铁路工程师必须虚心从这些仍然在攻克新的技术挑战的，但是从复合应用中得到真正的实惠的早期采用者那学习。

“供应链已经准备好了，”Monk说。 “这已经憋足了多年，它已经准备好了应用于汽车和航空航天行业，并且它已经准备好了应用于铁路行业，但需要有一些很好的交流和务实的态度来辨别这些应用，并将其应用在铁路行业中。”

不只是适用英国的轻轨

许多与列车制造相关的大型原始设备制造商，包括西门子和庞巴迪，正在采用复合材料，并且还有正在进行中的重大项目正在寻找铁路系统的未来，比如Revolution VLR，一家英国公司组成的财团，希望开发出下一代技术。

但并不仅仅是英国着眼于未来。德国的福伊特最近强调了复合材料的一些潜在应用，从驱动元件，连接器和服务理念，到他轻量级的解决方案，其中包括德国ICX高速列车的新的模块化的前鼻。

将之前一直由钢制成的替换，可以帮助减少燃料消耗，使车轴载荷和轨道磨损最小化，并且实际上可以增加容量。前部结构也可以制成单件，从而帮助减少制造和装配时间，以及提高空气动力学性能。

另一个例子是由玻璃纤维增强塑料（GFRP）制成的能量吸收器，其重量只有标准钢吸收器的三分之一。除了它的纤维复合材料的碰撞管，该吸收器还包括一个轴承和一个防爬板，两者都由铝制成。这些组件变现的非常长寿，他们提供持续的能量吸收性能，即使是在吸收遭遇抵消时。体重70〜95公斤，实现了比标准的钢吸收器的重量减少60％。
适配器耦合器也已得到确定。其主要应用于故障列车的牵引操作，并且每列车必须装载至少一个。福伊特开发的CFRP（碳纤维增强塑料）适配器耦合器极其紧凑，并且只有23公斤的总重量。

当两个人需要在火车上安装适配器连接器时，只需要一个人就可以携带并完成安装。市场上第一台试验品的测试已圆满完成。

Practical Application（实际应用）
Ultrasensitive biosensor from molybdenite semiconductor outshines graphene
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Concept art of a molybdenum disulfide field-effect transistor based biosensor demonstrated by UCSB researchers with ability to detect ultra-low (femtomolar) concentrations with high sensitivity that is 74-fold higher than that of graphene FET biosensors. Image: Peter Allen

Move over, graphene. An atomically thin, two-dimensional, ultrasensitive semiconductor material for biosensing developed by researchers at Univ. of California, Santa Barbara promises to push the boundaries of biosensing technology in many fields, from health care to environmental protection to forensic industries.

Based on molybdenum disulfide or molybdenite (MoS2), the biosensor material—used commonly as a dry lubricant—surpasses graphene’s already high sensitivity, offers better scalability and lends itself to high-volume manufacturing. Results of the researchers’ study have been published in ACS Nano.

“This invention has established the foundation for a new generation of ultrasensitive and low-cost biosensors that can eventually allow single-molecule detection—the holy grail of diagnostics and bioengineering research,” said Samir Mitragotri, co-author and professor of chemical engineering and director of the Center for Bioengineering at UCSB. “Detection and diagnostics are a key area of bioengineering research at UCSB and this study represents an excellent example of UCSB’s multifaceted competencies in this exciting field.”

The key, according to UCSB professor of electrical and computer engineering Kaustav Banerjee, who led this research, is MoS2’s band gap, the characteristic of a material that determines its electrical conductivity.

Semiconductor materials have a small but nonzero band gap and can be switched between conductive and insulated states controllably. The larger the band gap, the better its ability to switch states and to insulate leakage current in an insulated state. MoS2’s wide band gap allows current to travel but also prevents leakage and results in more sensitive and accurate readings.

The limitations of graphene

While graphene has attracted wide interest as a biosensor due to its two-dimensional nature that allows excellent electrostatic control of the transistor channel by the gate, and high surface-to-volume ratio, the sensitivity of a graphene field-effect transistor (FET) biosensor is fundamentally restricted by the zero band gap of graphene that results in increased leakage current, leading to reduced sensitivity, explained Banerjee, who is also the director of the Nanoelectronics Research Lab at UCSB.

Graphene has been used, among other things, to design FETs—devices that regulate the flow of electrons through a channel via a vertical electric field directed into the channel by a terminal called a “gate.” In digital electronics, these transistors control the flow of electricity throughout an integrated circuit and allow for amplification and switching.

In the realm of biosensing, the physical gate is removed, and the current in the channel is modulated by the binding between embedded receptor molecules and the charged target biomolecules to which they are exposed. Graphene has received wide interest in the biosensing field and has been used to line the channel and act as a sensing element whose surface potential (or conductivity) can be modulated by the interaction (known as conjugation) between the receptor and target molecules that results in net accumulation of charges over the gate region.

However, said the research team, despite graphene’s excellent characteristics, its performance is limited by its zero band gap. Electrons travel freely across a graphene FET—hence, it cannot be “switched off”—which in this case results in current leakages and higher potential for inaccuracies.

Much research in the graphene community has been devoted to compensating for this deficiency, either by patterning graphene to make nanoribbons or by introducing defects in the graphene layer—or using bilayer graphene stacked in a certain pattern that allows band gap opening upon application of a vertical electric field—for better control and detection of current.

Enter MoS2, a material already making waves in the semiconductor world for the similarities it shares with graphene, including its atomically thin hexagonal structure, and planar nature, as well as what it can do that graphene can’t: act like a semiconductor.

“Monolayer or few-layer MoS2 have a key advantage over graphene for designing an FET biosensor: They have a relatively large and uniform band gap (1.2-1.8 eV, depending on the number of layers) that significantly reduces the leakage current and increases the abruptness of the turn-on behavior of the FETs, thereby increasing the sensitivity of the biosensor,” said Banerjee.

‘The best of everything’

Additionally, according to Deblina Sarkar, a PhD student in Banerjee’s lab and the lead author of the article, two-dimensional MoS2 is relatively simple to manufacture.

“While one-dimensional materials such as carbon nanotubes and nanowires also allow excellent electrostatics and at the same time possess band gap, they are not suitable for low-cost mass production due to their process complexities,” she said. “Moreover, the channel length of MoS2 FET biosensor can be scaled down to the dimensions similar to those of small biomolecules such as DNA or small proteins, still maintaining good electrostatics, which can lead to high sensitivity even for detection of single quanta of these biomolecular species,” she added.

“In fact, atomically thin MoS2 provides the best of everything: great electrostatics due to their ultra-thin body, scalability (due to large band gap), as well as patternability due to their planar nature that is essential for high-volume manufacturing,” said Banerjee.

The MoS2 biosensors demonstrated by the UCSB team have already provided ultrasensitive and specific protein sensing with a sensitivity of 196 even at 100 femtomolar (a billionth of a millionth of a mole) concentrations. This protein concentration is similar to one drop of milk dissolved in a hundred tons of water. An MoS2-based pH sensor achieving sensitivity as high as 713 for a pH change by one unit along with efficient operation over a wide pH range (3-9) is also demonstrated in the same work.

“This transformative technology enables highly specific, low-power, high-throughput physiological sensing that can be multiplexed to detect a number of significant, disease-specific factors in real time,” commented Scott Hammond, executive director of UCSB’s Translational Medicine Research Laboratories.

Biosensors based on conventional FETs have been gaining momentum as a viable technology for the medical, forensic and security industries since they are cost-effective compared to optical detection procedures. Such biosensors allow for scalability and label-free detection of biomolecules—removing the step and expense of labeling target molecules with florescent dye. “In essence,” continued Hammond, “the promise of true evidence-based, personalized medicine is finally becoming reality.”

“This demonstration is quite remarkable,” said Andras Kis, professor at École Polytechnique Fédérale de Lausanne in Switzerland and a leading scientist in the field of 2-D materials and devices. “At present, the scientific community worldwide is actively seeking practical applications of 2-D semiconductor materials such as MoS2 nanosheets. Professor Banerjee and his team have identified a breakthrough application of these nanomaterials and provided new impetus for the development of low-power and low-cost ultrasensitive biosensors,” continued Kis, who is not connected to the project.

Wei Liu and Xuejun Xie from UCSB’s Department of Electrical and Computer Engineering and Aaron Anselmo from the Department of Chemical Engineering also conducted research for this study. Research on this project was supported by the National Science Foundation, the California NanoSystems Institute at UCSB and the Materials Research Laboratory at UCSB, a National Science Foundation MRSEC.

Source: Univ. of California, Santa Barbara
来自辉钼半导体的超灵敏生物传感器性能超出石墨烯
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基于UCSB的研究人员所展示的生物传感器而出现的一个二硫化钼场效应晶体管的概念技术具有通过超高灵敏度来检测超低（飞摩尔）浓度的能力，其比石墨烯FET生物传感器的灵敏度要高74倍。图片提供：彼得•艾伦

石墨烯，让开！由加州大学圣巴巴拉分校的研究人员为生物传感开发的原子级薄的二级超灵敏半导体承诺会在许多领域中拓展生物传感技术的应用范围，从医疗卫生到环境保护，再到法医等行业。

根据二硫化钼或钼（MoS2），这种生物传感器材料——通常用作一种干润滑剂——超过了已经具有很高灵敏度的石墨烯，并且提供了更好的可扩展性并且更适合大批量制造。研究人员的研究结果已经在ACS纳米上进行了发表。

“这个发明已经为新一代超灵敏的低成本生物传感器建立一个基础，其最终会产生单分子检测——诊断和生物工程研究的目标，”UCSB生物工程中心的主任兼化学工程系的教授及合著者萨米尔•米吹歌瑞表示。“检测和诊断是UCSB生物工程研究的一个主要领域，并且该研究是展现了UCSB在这个令人兴奋的领域具有多方面能力的一个很好例子。”

据UCSB电气与计算机工程的教授兼领导此次研究的考斯塔夫•班纳吉所称，关键在于二硫化钼的能带隙，这是确定材料导电性的特性。

半导体材料具有一个小的但非零的带隙，并且能够在导电和绝缘状态之间可控式地切换。带隙越大，其切换状态并且在一个绝缘状态中绝缘漏电流的能力就更好。二硫化钼的宽带隙使电流流动，但是也防止了泄漏，并且产生了更为灵敏和精确的读数。

石墨烯的局限性

虽然石墨烯作为生物传感器已经吸引了广泛的兴趣，因为其二维的性质能够在晶体管沟道栅极进行做出优良的静电控制，并且具有较高的表面积与体积的比例，石墨烯场效应晶体管（FET）生物传感器的灵敏度受到了造成漏电流增加的石墨烯零带隙的限制，从而导致灵敏度降低，同样为UCSB纳米电子研究实验室的主任的班纳吉解释称。 

除其他事项外，石墨烯已经被用于设计FETs——用一个通道通过垂直电场直接进入一个被称为“栅极”的终端通道来规范电子流的设备。在数字电子中，这些晶体管在整个集成电路中控制电子流，并且允许放大和转换。

在生物传感领域中，物理栅极被去除了，并且通道中的电流受到了其所暴露的嵌入式受体分子和带电目标生物分子间的整合而得到了调控。石墨烯已经在生物传感领域中受到了广泛的关注，并且已经用来排列通道并且作为传感元件来使用，而传感元件的表面电位（或电导率）能够通过在栅极区产生电荷净积累的受体和目标分子间的相互作用（称为共轭）而得到调制。

然而，该研究小组表示，尽管石墨烯具有优良的特性，但是其性能受到了它的零带隙的限制。电子自由穿梭于石墨的烯的FET——因此，它不能被“关掉”——在这种情况下会造成电流的泄漏以及较高的电位误差。

大量在石墨烯领域的研究一直致力于补偿这种不足，可以通过图案化石墨烯来制造纳米带，亦或是向石墨烯层内引入缺陷——或者使用双层石墨以一定的模式进行堆叠，从而使带隙针对纵电场的应用而开放——以便更好地控制和检测电流。

而二硫化钼，这种已经由于其与石墨烯相似的地方而在半导体世界中兴风作浪的一种材料，这些类似的性质包括其原子类薄的六边形结构和平面性质，以及石墨烯所不具有的性质：像半导体一样的行为。

“单层或数层二硫化钼对于设计一个FET生物传感器来说具有一个超越石墨烯的主要优势：它们具有一个相对较大并且均匀的带隙（1.2-1.8eV，这取决于层的数量），其显著降低漏电率，并且增加了FETs导通特性的冲突，从而增加了传感器的灵敏度，”班纳吉表示。

“最好的事物”

此外，据班纳吉实验室的博士生兼该文章的主要作者德比利纳•萨卡所述，二维二硫化钼的制造相对简单。

“虽然碳纳米管和纳米等一维的材料，也具有优良的静电并且同时具有带隙，但是由于其工艺复杂而不适合低成本的批量生产，”她表示。“而且，二硫化钼FET生物传感器的信道长度可以按比例缩小至类似于那些具有小生物分子的物质的尺寸，并且仍然保持良好的静电性，从而能够造成较高的灵敏度，即使是用于对这些生物分子的单个量子进行的检测，”她补充道。

“事实上，原子型薄的MoS2提供了最好的事物：由于其超薄的机体而拥有巨大的静电性、可扩展性（由于大带隙而造成的、以及由于它们的平面性而形成的对大批量制造至关重要的模式能力，“班纳吉表示。

由加州大学圣巴巴拉分校的研究小组展示的二硫化钼生物传感器甚至已经在100毫微微摩尔（百万分之摩尔的十亿分之一）浓度中提供了具有196敏感度的超灵敏性和特异蛋白。这种蛋白质的浓度类似于将一滴牛奶溶解于百吨的水中。一个在较宽pH范围（3-9）内随着有效操作通过一个设备对pH进行改变而实现了高达713灵敏度的二硫化钼系pH传感器同样在相同的研究工作中也得到了展示。

“这种变革性的技术产生了能够在实时检测一些显著的、针对特定疾病的因素时能够复用的高特异性、低功耗、高吞吐量的生理感应，”加州大学圣巴巴拉分校的转化医学研究实验室的执行董事斯科特•哈蒙德表示。

基于传统的FETs而产生的生物传感器已经作为一种对于医疗、司法和安全等行业来说是可行的技术而蓄势待发，因为它们相对于光学检测程序来说具有成本效益。这种生物传感器允许出现可扩展性以及生物分子无标记的检测——去除了用荧光染料来标记目标分子的步骤和费用。“从本质上讲，”哈蒙德继续称，“真正以证据为基础的、个性化的医疗的承诺最终将会成为现实。”

“此次展示相当显著，”瑞士巴黎高等洛桑联邦理工学院的教授兼2-D材料与设备领域的主要科学家安德拉斯•基斯表示。“目前，全球范围内的科学界都在积极地寻找2-D半导体材料的实际应用，例如二硫化钼纳米片。班纳吉教授和他的研究小组已经确定了这些纳米材料突破性的应用，并且为低功耗、低成本的超灵敏生物传感器的发展提供了新的动力，”没有与该项目有关联的基斯继续表述。

来自加州大学圣巴巴拉分校电气与计算机工程系的刘卫和谢学军以及来自化学工程学系的亚伦•安塞尔莫同样也为该研究进行了调查。该项目的研究是由美国国家科学基金会、UCSB美国加州纳米技术研究院和作为国家科学基金会MRSEC的UCSB材料研究实验室的支持。

资料来源：加州大学圣巴巴拉分校

Simpler process to grow germanium nanowires could improve lithium-ion batteries
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Scanning electron micrograph image of germanium nanowires electrodeposited onto an indium-tin oxide electrode from an aqueous solution.
Researchers at Missouri University of Science and Technology have developed what they call “a simple, one-step method” to grow nanowires of germanium from an aqueous solution. Their process could make it more feasible to use germanium in lithium-ion batteries.
The Missouri S&T researchers describe their method in “Electrodeposited Germanium Nanowires,” a paper published today (Thursday, Aug. 28, 2014) on the website of the journal ACS Nano. Their one-step approach could lead to a simpler, less expensive way to grow germanium nanowires.
As a semiconductor material, germanium is superior to silicon, says Dr. Jay A. Switzer, the Donald L. Castleman/Foundation for Chemical Research Professor of Discover at Missouri S&T. Germanium was even used in the first transistors. But it is more expensive to process for widespread use in batteries, solar cells, transistors and other applications, says Switzer, who is the lead researcher on the project.
Switzer and his team have had success growing other materials at the nanometer scale through electrodeposition—a process that Switzer likens to “growing rock candy crystals on a string.” For example, in a 2009 Chemistry of Materials paper, Switzer and his team reported that they had grown zinc oxide “nanospears”—each hundreds of times smaller than the width of a human hair—on a single-crystal silicon wafer placed in a beaker filled with an alkaline solution saturated with zinc ions.
But growing germanium at the nano level is not so simple. In fact, electrodeposition in an aqueous solution such as that used to grow the zinc oxide nanospears “is thermodynamically not feasible,” Switzer and his team explain in their ACS Nano paper, “Electrodeposited Germanium Nanowires.”
So the Missouri S&T researchers took a different approach. They modified an electrodeposition process found to produce germanium nanowires using liquid metal electrodes. That process, developed by University of Michigan researchers led by Dr. Stephen Maldonado and known as the electrochemical liquid-liquid-solid process (ec-LLS), involves the use of a metallic liquid that performs two functions: It acts as an electrode to cause the electrodeposition as well as a solvent to recrystallize nanoparticles.
Switzer and his team applied the ec-LLS process by electrochemically reducing indium-tin oxide (ITO) to produce indium nanoparticles in a solution containing germanium dioxide, or Ge(IV). “The indium nanoparticle in contact with the ITO acts as the electrode for the reduction of Ge(IV) and also dissolves the reduced Ge into the particle,” the Missouri S&T team reports in the ACS Nanopaper. The germanium then “starts to crystallize out of the nanoparticle allowing the growth of the nanowire.”
The Missouri S&T researchers tested the effect of temperature for electrodeposition by growing the germanium nanowires at room temperature and at 95 degrees Celsius (203 degrees Fahrenheit). They found no significant difference in the quality of the nanowires, although the nanowires grown at room temperature had smaller diameters. Switzer believes that the ability to produce the nanowires at room temperature through this one-step process could lead to a less expensive way to produce the material.
“The high conductivity (of germanium nanowires) makes them ideal for lithium-ion battery applications,” Switzer says.
Switzer’s co-authors on the paper “Electrodeposited Germanium Nanowires” were lead author Naveen K. Mahenderkar, a Ph.D. candidate in materials science and engineering at Missouri S&T; Ying-Chau Liu, a Ph.D. candidate in chemistry at Missouri S&T; and Jakub A. Koza, a postdoctoral associate in Missouri S&T’s Materials Research Center.
Switzer’s research in this area is funded through a $1.22 million grant from the U.S. Department of Energy’s Office of Basic Energy Science.

Source: Missouri Univ. of Science and Technology
培养锗纳米线的简单工艺可改善锂离子电池  
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（以上为）在水溶液中沉积在铟锡氧化物电极上的锗纳米线的扫描电子显微照片图像。

密苏里科技大学的研究人员已经开发出他们所谓的在一种水溶液中生长出锗纳米线的“简单的、一步到位的方法”。他们的方法过程使得在锂离子电池中使用锗更为可行。

密苏里科技大学的研究人员名为“电沉积锗纳米线”（Electrodeposited Germanium Nanowires）的论文刊载于今日（2014年8月28日，星期四）的在线《ACS纳米》杂志，论文描述了他们研究的方法。这个一步到位的方法可能是用于生长锗纳米线一个更简单、更便宜的方法。

作为一种半导体材料，锗要优于硅，密苏里科技大学的Donald L. Castleman /基础化学研究发现教授（Foundation for Chemical Research Professor of Discover）杰A•斯维兹表示。锗甚至被用于第一晶体管中。但是对于电池、太阳能电池、晶体管和其他应用程序来说，使用它较为昂贵，该项目的主要研究者斯维兹表示。

斯维兹和他的研究小组已经通过电沉积过程成功地在纳米尺寸范围内生长出其他材料了——该沉积过程被斯维兹比喻为“在一个绳子上成长出冰糖结晶”。例如，在2009年一篇关于化学材料的论文中，斯维兹与他的研究小组报告称，他们已经在放置于一个充满锌离子饱和的碱性溶液的烧杯中的一个单晶矽晶圆上培育出了氧化锌“nanospears”——其每个都要比人类一根头发的宽度要小一百倍。

但是在纳米级来培育锗并没有是那么简单的事情。事实上，在一个水溶液中的电沉积，例如用来培育氧化锌nanospears的电沉积“在热力学上是不可行的，”斯维兹和他的研究小组解释道，他们的论文《电学积锗纳米线》（Electrodeposited Germanium Nanowires）刊载于期刊《ACS纳米》上。

因此，密苏里科技大学的研究人员采取一种不同的方法。他们改变了所发现的用液体金属电极来产生锗纳米线的电沉积过程。该过程是由斯蒂芬马尔多纳博士领导的美国密歇根大学的研究人员们开发的，并且被称之为电化学液-液-固工艺（EC-LLS），其包括了对发挥两种功效的金属液的使用：它能够像电极一样引起电沉积，并且可以像溶剂一样重新结晶纳米颗粒。

斯维兹和他的研究小组采用EC-LLS工艺通过在电化学方面降低铟锡氧化物（ITO）而在含有二氧化诸或Ge（IV）的溶液中生产铟纳米粒子。“与ITO接触的铟纳米粒子由于Ge（IV）的减少而像电极一样活动，并且将缩小的Ge溶解成颗粒，”密苏里科技大学在ACS纳米的论文中报告称。锗，然后“开始结晶出能够使纳米线生长的纳米粒子。”

密苏里科技大学的研究人员通过在室温和95摄氏度（203华氏度）的温度下培育锗纳米线，从而测试了温度对电沉积所带来的影响。他们并没有在纳米线的质量方面发现显著地差异，尽管在室温下培育出的纳米线在直径方面要略小一些。斯维兹认为，通过这个单一步骤的过程而在室温下产生纳米线的能力可能会产生一个较为便宜的生产该材料的方法。

“（锗纳米线的）高导性使得它们非常适合应用于锂离子电池，”斯维兹表示。

斯维兹在“电沉积锗纳米线”这篇论文中的合著者，包括主要作者密苏里科技大学材料科学与工程系的博士生纳文K•马汗德卡尔；密苏里科技大学化学系的博士生刘应洲；以及密苏里科技大学材料研究中心的博士后贾卡布A•科扎。

斯维兹在这一领域进行的研究，受到了美国能源部基础能源科学办公室所捐赠的122万美元的资助。

资料来源：密苏里科技大学
The beetle’s white album

The Cyphochilus beetle, which is native to Southeast Asia, is whiter than paper, thanks to ultra-thin scales which cover its body. A new investigation of the optical properties of these scales has shown that they are able to scatter light more efficiently than any other biological tissue known, which is how they are able to achieve such a bright whiteness. The findings are published in the journal Scientific Reports.

Animals produce colours for several purposes, from camouflage to communication, to mating and thermoregulation. Bright colours are usually produced using pigments, which absorb certain wavelengths of light and reflect others, which our eyes then perceive as colour.

To appear as white, however, a tissue needs to reflect all wavelengths of light with the same efficiency. The ultra-white Cyphochilus and L. Stigma beetles produce this colouration by exploiting the geometry of a dense complex network of chitin—a molecule similar in structure to cellulose, which is found throughout nature, including in the shells of molluscs, the exoskeletons of insects and the cell walls of fungi. The chitin filaments are just a few billionths of a metre thick, and on their own are not particularly good at reflecting light.

The research, a collaboration between the University of Cambridge and the European Laboratory for non-Linear Spectroscopy in Italy has shown that the beetles have optimised their internal structure in order to produce maximum white with minimum material, like a painter who needs to whiten a wall with a very small quantity of paint. This efficiency is particularly important for insects that fly, as it makes them lighter.

Over millions of years of evolution the beetles have developed a compressed network of chitin filaments. This network is directionally-dependent, or anisotropic, which allows high intensities of reflected light for all colours at the same time, resulting in a very intense white with very little material.

“Current technology is not able to produce a coating as white as these beetles can in such a thin layer,” said Dr Silvia Vignolini of the University’s Cavendish Laboratory, who led the research. “In order to survive, these beetles need to optimise their optical response but this comes with the strong constraint of using as little material as possible in order to save energy and to keep the scales light enough in order to fly. Curiously, these beetles succeed in this task using chitin, which has a relatively low refractive index.”

Exactly how this could be possible remained unclear up to now. The researchers studied how light propagates in the white scales, quantitatively measuring their scattering strength for the first time and demonstrating that they scatter light more efficiently than any other low-refractive-index material yet known.

“These scales have a structure that is truly complex since it gives rise to something that is more than the sum of its parts,” said co-author Dr Matteo Burresi of the Italian National Institute of Optics in Florence. “Our simulations show that a randomly packed collection of its constituent elements by itself is not sufficient to achieve the degree of brightness that we observe.”

In recent years, many engineers having been looking to structures found in nature to inspire their designs. “The lessons we are learning from these beetles is two-fold,” said Dr Vignolini. “On one hand, we now know how to look to improve scattering strength of a given structure by varying its geometry. On the other hand the use of strongly scattering materials, such as the particles commonly used for white paint, is not mandatory to achieve an ultra-white coating.”

These findings will likely be relevant for many applications, enabling objects such as paper, plastics, paints, as well as white-light reflectors inside new-generation displays to be made whiter, while at the same time using a smaller amount of material.

The research was funded by the European Research Council and the Biotechnology and Biological Sciences Research Council (BBSRC).

Source: Univ. of Cambridge
甲虫的白色外壳

白金龟甲虫（Cyphochilus）产于东南亚，超薄鳞片覆盖其全身，使其比纸还白。一项对这种鳞片光学特性的新的调查表明,它们能够比其它任何已知的生物组织更能有效地散射光线,这就是它们如何能够呈现这样一个明亮白色的原因。 

动物产生颜色有多种目的,从伪装到沟通、从交配到温度调节。明亮的颜色经常由色素产生，吸收特定波长的光而反射其他光,而这就是我们的眼睛所感知到的颜色。

要显示为白色,一个组织需要以相同的效率反射出所有波长的光。超白的白金龟和L. Stigma甲虫通过利用甲壳素高密度和复杂的几何形状形成颜色。甲壳素的结构与分子相似，在自然界到处都可以发现,包括软体动物的壳、昆虫的外骨骼和真菌的细胞壁。甲壳素纤维只有十亿分之几米厚，且其自身并不是特别擅长反射光线。

剑桥大学和意大利的欧洲非线性光谱学实验室合作进行了这项研究，结果已经表明，甲虫通过优化其内部结构，用最小的材料产生最大的白色光，像一个画家需要非常少的数量的白墙漆。这对昆虫飞行效率尤为重要,因为这能使它们更轻。

经过数百万年的进化，甲虫已经进化出一种甲壳素纤维压缩网格。这个网格或是有方向性的，或各向异性,这使得其同时反射所有颜色的高强度反射光,从而用很少的材料形成一种非常强烈的白色。

“目前的技术无法生产出如这些甲虫一样白且如此薄的涂层，”领导这项研究的卡文迪什实验室的Silvia Vignolini博士说。为了生存,这些甲虫需要优化他们的光学响应，但为了节约能源并保持大小保证足够轻的体重飞行，使用尽可能少的材料就收到了限制。奇怪的是,这些甲虫使用具有相对较低折射率的甲壳素成功地完成了这个任务。

这是如何实现的，目前可能仍不清楚。研究人员研究了光线在白色的鳞片中是如何传播的，首次定量测量了其散射强度，并证明其散射光线比其他任何已知的低反射率材料更为有效。

“这些鳞片结构确实是复杂的,因为它引发了一些比它各部分总和还多的东西，”论文合著者、意大利佛罗伦萨国家光学研究所的Matteo Burresi博士说。“我们的模拟表明,随机包装其组成元素的集合本身，并不足以实现我们观察到的亮度程度。”

近年来，许多工程师已在寻求在自然界发现能激发他们灵感的设计结构。“我们可以从这些甲虫中学到两方面” Vignolini博士说。“一方面,我们现在知道如何就给定的结构通过改变其几何形状以寻求提高其散射强度，另一方面是白漆常用的粒子等强烈散射材料的使用不是实现超白涂层的必须。”

这些发现将可能用于许多相关应用，如纸张、塑料、油漆，以及新一代显示器内的白光反射更白,同时使用一个较小数量的材料。

这项研究是由欧洲研究委员会和生物技术和生物科学研究委员会共同完成的(BBSRC)。

来源：剑桥大学
Organic & Polymer（有机高分子材料）
Researchers roll “neat” nanotube fibers
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Carbon nanotubes extruded into a pure fiber are the product of an acid-free process invented at Rice Univ. Image: Martí Group/Rice Univ.The very idea of fibers made of carbon nanotubes is neat, but Rice Univ. scientists are making them neat—literally.

The single-walled carbon nanotubes in new fibers created at Rice line up like a fistful of uncooked spaghetti through a process designed by chemist Angel Martí and his colleagues.

The tricky bit, according to Martí, whose laboratory reported its results in ACS Nano, is keeping the densely packed nanotubes apart before they’re drawn together into a fiber.

Left to their own devices, carbon nanotubes form clumps that are perfectly wrong for turning into the kind of strong, conductive fibers needed for projects ranging from nanoscale electronics to macro-scale power grids.

Earlier research at Rice by chemist and chemical engineer Matteo Pasquali, a co-author on the new paper, used an acid dissolution process to keep the nanotubes separated until they could be spun into fibers. Now Martí, Pasquali and their colleagues are producing “neat” fibers with the same mechanical process, but they’re starting with a different kind of feedstock.

“Matteo’s group used chlorosulfonic acid to protonate the surface of the nanotubes,” Martí said. “That would give them a positively charged surface so they would repel each other in solution. The technique we use is exactly the opposite.”

A process revealed last year by Martí and lead authors Chengmin Jiang, a graduate student, and Avishek Saha, a Rice alumnus, starts with negatively charging carbon nanotubes by infusing them with potassium, a metal, and turning them into a kind of salt known as a polyelectrolyte. They then employ cage-like crown ethers to capture the potassium ions that would otherwise dampen the nanotubes’ ability to repel one another.

Put enough nanotubes into such a solution and they’re caught between the repellant forces and an inability to move in a crowded environment, Martí said. They’re forced to align—a defining property of liquid crystals—and this makes them more manageable.

The tubes are ultimately forced together into fibers when they are extruded through the tip of a needle. At that point, the strong van der Waals force takes over and tightly binds the nanotubes together, Martí said.

But to make macroscopic materials, the Martí team needed to pack many more nanotubes into the solution than in previous experiments. “As you start increasing the concentration, the number of nanotubes in the liquid crystalline phase becomes more abundant than those in the isotropic (disordered) phase, and that’s exactly what we needed,” Martí said.

The researchers discovered that 40 mg of nanotubes per milliliter gave them a thick gel after mixing at high speed and filtering out whatever large clumps remained. “It’s like a centrifuge together with a rotary drum,” Martí said of the mixing gear. “It produces unconventional forces in the solution.”

Feeding this dense nanotube gel through a narrow needle-like opening produced continuous fiber on the Pasquali laboratory’s equipment. The strength and stiffness of the neat fibers also approached that of the fibers previously produced with Pasquali’s acid-based process. “We didn’t make any modifications to his system and it worked perfectly,” Martí said.

The hair-width fibers can be woven into thicker cables, and the team is investigating ways to improve their electrical properties through doping the nanotubes with iodide. “The research is basically analogous to what Matteo does,” Martí said. “We used his tools but gave the process a spin with a different preparation, so now we’re the first to make neat fibers of pure carbon nanotube electrolytes. That’s very cool.”

Pasquali said that the spinning system worked with little need for adaptation because the setup is sealed. “The nanotube electrolyte solution could be protected from oxygen and water, which would have caused precipitation of the nanotubes,” he said.

“It turns out that this is not a showstopper, because we want the nanotubes to precipitate and stick to each other as soon as they exit the sealed system through the needle. The process was not hard to control, adapt and scale up once we figured out the basic science.”

Source: Rice Univ.
研究人员推出“整齐的”纳米管纤维
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注入纯纤维的碳纳米管是莱斯大学发明的无酸处理的一种产物。图片提供：莱斯大学/马蒂研究小组。由碳纳米管制成的纤维的想法是整洁，而莱斯大学的科学家们正在使它们变得整齐——从字面意义上讲。

莱斯大学所创建的新纤维中的单壁碳纳米管通过化学家安杰尔•马蒂和他的同事所设计的程序像一把生面条一样整齐排列。

马蒂的实验室将其报告结果刊载于《ACS纳米》上，结果显示，最棘手的问题是在碳纳米管全部卷入一个纤维中之前保持密密麻麻排列的碳纳米管是分离的。

让它们自行发展，碳纳米管形成了团块，这对于变成一种从纳米电子学到宏观电网的项目所需的强壮类导电纤维来说是完全错误的。

新论文的合著者化学家兼化学工程师玛窦•帕斯夸在莱斯大学所进行的早期研究，用种酸溶解过程来保持碳纳米管的分离，直到它们可以卷入纤维。现在，马蒂、帕斯夸和他们的同事们正在运用相同的机械过程来生产“整齐”的纤维，但是他们开始是使用的一种不同的原材料。

“玛窦的研究小组利用氯磺酸来质子化纳米管的表面，”马蒂表示。“这将使它们拥有带正电荷的表面，因此它们在溶液中会相互排斥。而我们所使用的技术是完全相反的。”

由马蒂和主要撰稿作者研究生江承敏以及莱斯大学的校友艾维舍克•萨哈透露的一项过程开始所使用的是一种通过向其注入一种金属钾然后将它们转化为一种称为聚电解质的盐而得到的负电荷碳纳米管。然后，他们采用笼状冠醚来捕捉将有可能抑制纳米管相互排斥的能力的钾离子。

将足够的碳纳米管置入这样的溶液中，并且他们在防护剂的力量之间被捕获和无法在拥挤的环境中移动，马蒂表示。它们被迫进行排列——液体结晶的明确属性——并且使得它们更易于管理。

这些纳米管最终会在通过尖端被挤出时被迫连成纤维。在这一点上，强大的范德华力接管并紧紧的将碳纳米管连接在一起，马蒂表示。

但是，为了制造宏观材料，马蒂的研究小组需要向该溶液中放入比以往实验更多的碳纳米管。“当你开始增加浓度时，纳米管在液晶相中的数量就会变得比在各向同性（无序）的相中所含有的数量要更加丰富，而这正是我们所需要的，”马蒂表示。

研究人员发现，每毫升40毫克的纳米管在以高速混合并且过滤出任何残留的大团块之后呈现出一个厚厚的凝胶。“这就像是一个具有一个旋转鼓的离心机，”马蒂就混合齿轮表示。“其在溶液中产生出非常规的力量。”

通过一个狭窄的针状开口给出这种密度碳纳米管在帕斯夸实验室的设备中产生出连续的纤维。该整齐的纤维所拥有的强度和刚性也接近于之前运用帕斯夸的酸基过程所生产出的纤维的强度和刚性。“我们没有对他的系统做任何的修改，并且它表现得非常完美，”马蒂表示。

头发宽度的纤维可以被织成较组的线缆，并且该研究小组正在研究如何通过运用碘化物来掺杂碳纳米管从而提高其电学性能。“这项研究基本上类似于玛窦所做的研究，”马蒂表示。“我们使用他的工具，但是运用不同的制备令该程序达到自旋，因此现在我们是第一个制造出整齐的纯碳纳米管电解质纤维的研究小组。这是非常酷的。”

帕斯夸表示，旋转系统几乎不需要努力适应，因为该安装是密封的。“纳米管电解质溶液可以得到保护，防止氧气和水进入，而氧气和水的进入可能会导致纳米管的沉淀，”他表示。

“事实证明，这不是一个搅局者，因为我们希望纳米管沉淀，并且希望它们一旦通过针隙离开密封系统时就尽快相互粘接。一旦我们掌握了基本的科学，那么这个过程就不会很难得到控制、调整和扩大。”

资料来源：莱斯大学
Smartgels are thicker than water
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This enlarged image shows microposts interspersed through the channel in a microfluidic platform. This setup can also be called a micropillar array.
Transforming substances from liquids into gels plays an important role across many industries, including cosmetics, medicine, and energy. But the transformation process, called gelation, where manufacturers add chemical thickeners and either heat or cool the fluids to make them more viscous or elastic, is expensive and energy demanding. Take shampoo, for example. Without gelation, the contents of the shampoo bottle would be thin and watery. Instead of squirting a gooey dollop into the palm of your hand, the shampoo would rush between your fingers and escape down the drain before you could slather it on your head.

Now, Okinawa Institute of Science and Technology Graduate University Professor Amy Shen is experimenting with a new method of gelation. Shen leads the Micro/Bio/Nanofluidics Unit at OIST, where she changes the way that liquids behave using microfluidic platforms, which are flat, palm-sized trays with microscopic channels for the liquid to pass through. Researchers can add nanoparticles or biomolecules with useful pH, chemical, and temperature sensing properties into a liquid, but incorporating those liquids into existing technology proves difficult.

“A gel is easier to integrate into a device,” Shen explained, pointing to biomedical devices and sensors, “whereas liquid just evaporates.”

Most recently, Shen and her Ph.D students Joshua Cardiel and Ya Zhao created a glucose sensitive gel that more effectively stabilizes a glucose-sensing enzyme. This would make it possible to efficiently produce less invasive glucose testing devices for diabetics, who often have to check their blood sugar five times or more each day. This research was published August 7th, 2014 in the Royal Society of Chemistry’s Lab on a Chip.

To induce gelation, Shen’s lab first molds a microfluidic platform out of transparent rubber, creating grooved channels through which liquid can travel. Sometimes the platforms look like thin rivers snaking through a squishy microscope slide; other times she puts posts in the middle of a wider channel to create gaps of just few microns in width, about one-tenth of the width of a single human hair. Then, they pump a watery and soapy mixture through the platform, and it emerges from the other side as a thick gel. “In this way, we are able to change phase from water to something more like hair gel,” Shen explained. She estimates that her method requires just half of the chemicals that traditional gelation processes require.

In previous research, Shen’s group suggested a mechanism for this method. The soapy mixtures she uses as starting materials tend to form tiny aggregates of soap molecules, which can be spherical or more oblong depending on the soap concentration, temperature, and acidity. They manipulate the mixture recipe to adjust the number of oblong aggregates, ideally so that they look like long, skinny worms before passing through the microfluidic platform. The structure of the platform allows these aggregates to fuse and form Y-shaped junctions. The arms of these Y-shaped aggregates can further tangle together, which gives the gel its stiffer, more viscous and elastic properties.

Shen’s group determined that by adding more ingredients to the initial soapy mixture, they can create gels with unusual properties, which they call smartgels. “We can encapsulate things like enzymes or carbon nanotubes into the gel scaffold,” she said. “Once the liquid mixture passes through these microposts, you have a gel.”

For their Lab on a Chip publication, Shen and her lab created a gel that encapsulated glucose oxidase, or GOx, an enzyme that is frequently used in glucose test strips because it generates a measurable electric signal in response to glucose. They then showed that the gel could use a single gel scaffold to accurately sense blood glucose levels over a much wider range than current glucose sensing technology. The gel contains water, which prevents the GOx enzyme from drying out, thus stabilizing it better than current glucose test strips. Furthermore, Shen and her lab can create the gel under room temperature and ambient pressure, both critical to maintaining GOx’s functionality. Shen also envisions that the gel could be incorporated into a patch that would sense blood glucose for days or weeks at a time. The gel has the potential to be more biocompatible than current implantable devices, which often provoke an immune response within 5-7 days of use.

Yet glucose sensing is just the start. Shen sees many possibilities for the new gelation method, in part because it offers a new way to encapsulate and immobilize nanoparticles and biomolecules. “It is hard to move and control a lot of nanoparticles because they are just so tiny,” she said. Incorporating nanoparticles into a gel simplifies the moving process, and it means that Shen can create gels with any property by developing the proper molecule. As long as the molecule is compatible with the host liquid, Shen and her lab can turn it into a gel.

“It could be carbon nanotubes,” she suggested, “or it could be a molecule that is sensitive to hydrogen peroxide.” In fact, the Shen lab created an electro-conductive gel patch by connecting tiny carbon nanotubes within the gel. As Shen concluded, “The possibilities are endless.”
Source: Okinawa Institute of Technology
比水浓的智能凝胶
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该放大的图像显示了通过微流体平台的通道的一种微排列（microposts）。这种组织结构也可称为微柱阵列。

将物质从液体转变成凝胶在许多行业扮演重要作用，包括化妆品、医药和能源。但在这种被称为凝胶化的改造过程中，制造商会添加化学增稠剂并加热或冷却流体，这使它们更有粘性或弹性，所以该过程是昂贵的并需要更多的能量。以洗发精为例。如果没有凝胶化，洗发剂瓶里的东西会很少并呈水状。不再是喷到你手掌上的糊状物，而是在将其涂上你的头发之前，洗发水将从你的手指之间溜到下水道里。

现在，冲绳大学科学技术研究生院的Amy Shen教授正在就一种凝胶化新方法做实验。她在OIST引领科技/生物/纳米流体力学部门，在那里，她使用微流体平台改变液体的表现方式；平台是平的、手掌大小的托盘，拥有微观渠道供液体通过。研究人员可以在液体中添加具有有益于pH值，化学和温度传感特性的纳米颗粒或生物分子，但结合这些液体与现有技术证明是困难的。

“凝胶更容易集成到一个设备中，”Shen解释说，指着生物医学设备和传感器，“而液体只会蒸发。”

最近，Shen和她的博士生Joshua Cardiel和赵娅创造了一个能更有效地稳定了葡萄糖传感酶的葡萄糖敏感凝胶。这将使得有可能有效地制造用于糖尿病患者的少侵入性血糖测试设备。这些患者经常每天需要检查他们的血糖5次或更多。这项研究发表在2014年8月7日《皇家化学学会的芯片实验室》上。

为了诱导凝胶，Shen的实验室首次用透明橡胶塑造了微流体平台，创造出液体可以通过的凹槽。有时平台看起来像细小的河流蜿蜒通过湿软的显微镜滑梯;其他时候，她把柱子放在更广阔的通道中间，创造出宽度仅仅有几微米，约人的一根头发十分之一的宽度的间隙。然后，他们通过平台抽取水和肥皂水的混合物，他们在另一个侧面作为厚的凝胶出现。 “通过这种方式，我们能够改变位相，从水到更像是发胶，”Shen解释道。她估计，她的方法只需要传统的凝胶化过程中所需要的化学品的一半。

在以前的研究中，Shen的团队对此方法提出了一个机理。她作为起始物质使用的肥皂混合物容易形成皂分子，取决于皂浓度、温度和酸度，其可以是球形的或更加椭圆形的微小聚集体。他们操纵混合物的配方来调节椭圆形的聚集体的数目，在理想的情况下，在通过微流体平台之前使得它们看起来像又长又瘦的蠕虫。该平台的结构使得这些聚集体进行融合，形成Y形结。这些Y形的聚集体的臂可以进一步缠在一起，这使凝胶更硬，更具粘性和弹性性能。

Shen的团队认为通过在最初的肥皂水混合物种增加更多的成分，就可以创建出具有不同寻常的特性的凝胶，他们称之为智能凝胶。 “我们可以酶或碳纳米管之类的东西压缩成凝胶状载体，”她说。 “一旦液体混合物通过这些微通道，就会产生凝胶。”

在芯片实验室发表的文章中，Shen和她的实验室创立了封装的葡萄糖氧化酶（或称Gox），这是一种经常在葡萄糖测试条上使用的酶，因为它响应于葡萄糖产生一个可测量的电信号。然后，他们发现，凝胶可以用一个单一的凝胶状载体，在一个比目前的葡萄糖传感技术更广泛的范围来精确地检测血糖水平。该凝胶含有水，从而防止葡萄糖氧化酶酶变干，因而其稳定性比目前的血糖试纸好。此外，Shen和她的实验室可以在室温和通常环境压力下制造凝胶，两者对维持葡萄糖氧化酶的功能都是非常重要的。Shen还设想，该凝胶可以被纳入一个补丁，可以一次感测数天或数周时间内的血糖水平。该凝胶具有比当前的可植入装置更加具有相容性的潜力，其常常在使用5-7天后激起免疫反应。

然而，葡萄糖传感仅仅是个开始。Shen看到新的凝胶化法的许多可能性，部分原因是因为它提供了一种新的方式来封装和固定纳米粒子和生物分子。“移动和控制大量的纳米粒子是非常困难的，因为它们是那么微小，”她说。纳米颗粒结合成凝胶，简化了移动过程，它意味着Shen可以通过发展合适的分子，开发任何性质的凝胶。只要分子与主液体相容，Shen和她的实验室就可以将其变成凝胶。

“这可能是碳纳米管，”她建议道，“或者它可能是对过氧化氢敏感的一个分子”。事实上，Shen实验室通过在凝胶内连接微小的碳纳米管，创造了导电的凝胶贴剂。就像Shen总结的那样：“这种可能性是无限的。”

来源：冲绳科技研究所

E-Material（电子材料）
Quick-change materials break the silicon speed limit for computers
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Silicon city. Image: Oliver Hammond via flickr
The present size and speed limitations of computer processors and memory could be overcome by replacing silicon with ‘phase-change materials’ (PCMs), which are capable of reversibly switching between two structural phases with different electrical states—one crystalline and conducting and the other glassy and insulating—in billionths of a second.

Modelling and tests of PCM-based devices have shown that logic-processing operations can be performed in non-volatile memory cells using particular combinations of ultra-short voltage pulses, which is not possible with silicon-based devices.

In these new devices, logic operations and memory are co-located, rather than separated, as they are in silicon-based computers. These materials could eventually enable processing speeds between 500 and 1,000 times faster than the current average laptop computer, while using less energy. The results are published in the journal Proceedings of the National Academy of Sciences.

The processors, designed by researchers from the University of Cambridge, the Singapore A*STAR Data-Storage Institute and the Singapore University of Technology and Design, use a type of PCM based on a chalcogenide glass, which can be melted and recrystallized in as little as half a nanosecond (billionth of a second) using appropriate voltage pulses.

The calculations performed by most computers, mobile phones and tablets are carried out by silicon-based logic devices. The solid-state memory used to store the results of such calculations is also silicon-based. “However, as demand for faster computers continues to increase, we are rapidly reaching the limits of silicon’s capabilities,” said Professor Stephen Elliott of Cambridge’s Department of Chemistry, who led the research.

The primary method of increasing the power of computers has previously been to increase the number of logic devices which they contain by progressively reducing the size of the devices, but physical limitations for current device architectures mean that this is quickly becoming nearly impossible to continue.

Currently, the smallest logic and memory devices based on silicon are about 20 nm in size—approximately 4,000 times thinner than a human hair—and are constructed in layers. As the devices are made ever smaller in order to increase their numbers on a chip, eventually the gaps between the layers will get so small that electrons which are stored in certain regions of flash non-volatile memory devices will be able to tunnel out of the device, resulting in data loss. PCM devices can overcome this size-scaling limit since they have been shown to function down to about two nanometres.

An alternative for increasing processing speed without increasing the number of logic devices is to increase the number of calculations which each device can perform, which is not possible using silicon, but the researchers have demonstrated that multiple calculations are possible for PCM logic/memory devices.

First developed in the 1960s, PCMs were originally used in optical-memory devices, such as re-writable DVDs. Now, they are starting to be used for electronic-memory applications and are beginning to replace silicon-based flash memory in some makes of smartphones.

The PCM devices recently demonstrated to perform in-memory logic do have shortcomings: currently, they do not perform calculations at the same speeds as silicon, and they exhibit a lack of stability in the starting amorphous phase.

However, the Cambridge and Singapore researchers found that, by performing the logic-operation process in reverse – starting from the crystalline phase and then melting the PCMs in the cells to perform the logic operations—the materials are both much more stable and capable of performing operations much faster.

The intrinsic switching, or crystallization, speed of existing PCMs is about ten nanoseconds, making them suitable for replacing flash memory. By increasing speeds even further, to less than one nanosecond (as demonstrated by the Cambridge and Singapore researchers in 2012), they could one day replace computer dynamic random-access memory (DRAM), which needs to be continually refreshed, by a non-volatile PCM replacement.

In a silicon-based system, information is shuffled around, costing both time and energy. “Ideally, we’d like information to be both generated and stored in the same place,” said Dr Desmond Loke of the Singapore University of Technology and Design, the paper’s lead author. “Silicon is transient: the information is generated, passes through and has to be stored somewhere else. But using PCM logic devices, the information stays in the place where it is generated.”

“Eventually, what we really want to do is to replace both DRAM and logic processors in computers by new PCM-based non-volatile devices,” said Professor Elliott. “But for that, we need switching speeds approaching one nanosecond. Currently, refreshing of DRAM leaks a huge amount of energy globally, which is costly, both financially and environmentally. Faster PCM switching times would greatly reduce this, resulting in computers which are not just faster, but also much ‘greener’.”

The research was part-funded by the UK Engineering and Physical Sciences Research Council (EPSRC).

Source: Univ. of Cambridge
快换材料突破了电脑的硅速限制
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 “硅之城”。图片提供：Oliver Hammond 通过Flickr网站

当前，计算机处理器和存储器的大小和速度的限制可以通过用“相变材料”（PCMs）替换硅来实现，这种材料能够在十亿分之一秒内，在两种不同电路的结构层次间进行可逆转换——一种是晶态可传导，另一种是玻璃质绝缘。

对PCM材料设备的建模和测试表明，逻辑处理操作可以在非易失性存储器单元中使用的超短脉冲电压组合来完成，这是在硅材料设备中是不可能的。

在这些新材料器件中，逻辑运算和存储是共存的，而不像硅材料计算机中那样是分离的。这些材料最终能达到的处理速度是目前笔记本电脑平均速度的500到1000倍，同时它耗电更少。该研究结果发表在美国《国家科学院院刊》上。

该处理器由英国剑桥大学，新加坡A * STAR数据存储和技术研究所，以及新加坡大学的研究人员设计出来的，它使用了一种基于硫属化合物玻璃的PCM材料，使用适当的电压脉冲，它可以在短短半个纳秒（十亿分一秒）内融化并再结晶。

大多数计算机、手机、平板电脑运行的计算，都是由硅系的逻辑元件执行的。用于存储这些计算结果的固态存储器也硅基材料。“不过，随着对电脑更快运算的需求不断增加，我们正在迅速接近硅材料的能力极限，” 剑桥化学系Stephen Elliott教授说，他领导了这项研究。

先前增加计算机功率的主要方法是，通过减小计算机内的逻辑元件的尺寸来增加其数量，但是对于当前的器件结构，物理大小上限制意味着在不远的将来，将无法再进一步。

目前，硅材料的最小逻辑和存储器元件大约是20nm，比人的毛发细4000倍，并且是多层构建的。随着元件制作得更小，以便在一个芯片上增加元件数量，最终层与层之间的间隙将变得十分小，而存储在闪存非易失性存储器元件中某些特定区域的电子就能从元件中跑出来，从而导致数据丢失。 PCM元件可以克服这个尺寸缩放的限制，因为它们已被证明能做成2纳米的元件。

为了提高处理速度，而不增加逻辑元件的数量的另一种方法是增加每个元件进行计算的次数，用硅材料是不可能实现的，但研究人员表明，PCM逻辑/存储器元件可以进行多重计算。

PCM材料最先发展于20世纪60年代，最初应用于光存储元件，如可重写的DVD。现在，它们已经开始被用于电子存储器应用，并在一些智能手机中开始取代硅基闪速存储器。

最近PCM元件在内存逻辑的展示中，的确存在缺点：目前，它还达不到硅材料的计算速度，并且它们在起始非晶相阶段缺乏稳定性。

然而，剑桥和新加坡的研究人员发现，通过反向运行逻辑运算处理——从晶相开始，然后熔化单元中的PCM材料来执行逻辑运算——该材料既稳定并且运算很快。

现有的相变材料的内在转换或结晶化的速度约为10毫微秒，这使得它们适合替换闪存。通过进一步提高速度，不到1纳秒（剑桥和新加坡的研究人员在2012年展示过），总有一天非挥发性PCM将取代电脑需要不断刷新的动态随机存取存储器（DRAM）。

在硅材料系统中，信息抛来抛去，会花费时间和精力。“理想情况下，我们希望信息在同一个地方生成并储存，”该论文的主要作者的新加坡技术与设计大学Desmond Loke博士说。“硅是顺变的：生成信息，传递，并将其储存在别处。但使用PCM逻辑元件，信息将被保存在它产生的地方。”

“最终，我们真正想要做的是用PCM新材料的非易失性元件取代电脑的DRAM和逻辑处理器，” Elliott教授说。“但对于这一点，我们需要将切换速度迫近到1纳秒。目前， DRAM的刷新在全球范围内浪费了大量能源，这对于财政和环境来说都是是昂贵。更快的PCM转换时间将大大减少这些浪费，电脑不仅是速度更快，也更‘环保’。”

这项研究部分资金由英国工程和物理科学研究理事会（EPSRC）资助。

资料来源：剑桥大学

For electronics beyond silicon, a new contender emerges
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“This is a new type of correlated transistor where the transistor action is gated by an ionic field,” says principal investigator Shriram Ramanathan. Image: Jian Shi
Silicon has few serious competitors as the material of choice in the electronics industry. Yet transistors, the switchable valves that control the flow of electrons in a circuit, can’t simply keep shrinking to meet the needs of powerful, compact devices; physical limitations like energy consumption and heat dissipation are too significant.
Now, using a quantum material called a correlated oxide, Harvard Univ. researchers have achieved a reversible change in electrical resistance of eight orders of magnitude, a result the researchers are calling “colossal.” In short, they have engineered this material to perform comparably with the best silicon switches.
The finding arose in what may seem an unlikely spot: a laboratory usually devoted to studying fuel cells—the kind that run on methane or hydrogen—led by Shriram Ramanathan, associate professor of materials science at the Harvard School of Engineering and Applied Sciences (SEAS). The researchers’ familiarity with thin films and ionic transport enabled them to exploit chemistry, rather than temperature, to achieve the dramatic result.
Because the correlated oxides can function equally well at room temperature or a few hundred degrees above it, it would be easy to integrate them into existing electronic devices and fabrication methods. The discovery, published in Nature Communications, therefore firmly establishes correlated oxides as promising semiconductors for future three-dimensional integrated circuits as well as for adaptive, tunable photonic devices.
Challenging silicon

Although electronics manufacturers continue to pack greater speed and functionality into smaller packages, the performance of silicon-based components will soon hit a wall.
“Traditional silicon transistors have fundamental scaling limitations,” says Ramanathan. “If you shrink them beyond a certain minimum feature size, they don't quite behave as they should.”
Yet silicon transistors are hard to beat, with an on/off ratio of at least 104 required for practical use. “It’s a pretty high bar to cross,” Ramanathan explains, adding that until now, experiments using correlated oxides have produced changes of only about a factor of 10, or 100 at most, near room temperature. But Ramanathan and his team have crafted a new transistor, made primarily of an oxide called samarium nickelate, that in practical operation achieves an on/off ratio of greater than 105—that is, comparable to state-of-the-art silicon transistors.
In future work the researchers will investigate the device’s switching dynamics and power dissipation; meanwhile, this advance represents an important proof of concept.
“Our orbital transistor could really push the frontiers of this field and say, you know what? This is a material that can challenge silicon,” Ramanathan says.
Solid-state chemical doping

Materials scientists have been studying the family of correlated oxides for years, but the field is still in its infancy, with most research aimed at establishing the materials’ basic physical properties.
“We have just discovered how to dope these materials, which is a foundational step in the use of any semiconductor,” says Ramanathan.
Doping is the process of introducing different atoms into the crystal structure of a material, and it affects how easily electrons can move through it—that is, to what extent it resists or conducts electricity. Doping typically effects this change by increasing the number of available electrons, but this study was different. The Harvard team manipulated the band gap, the energy barrier to electron flow.
“By a certain choice of dopants—in this case, hydrogen or lithium—we can widen or narrow the band gap in this material, deterministically moving electrons in and out of their orbitals,” Ramanathan says. That’s a fundamentally different approach than is used in other semiconductors. The traditional method changes the energy level to meet the target; the new method moves the target itself.
In this orbital transistor, protons and electrons move in or out of the samarium nickelate when an electric field is applied, regardless of temperature, so the device can be operated in the same conditions as conventional electronics. It is solid-state, meaning it involves no liquids, gases, or moving mechanical parts. And, in the absence of power, the material remembers its present state—an important feature for energy efficiency.
“That’s the beauty of this work,” says Ramanathan. “It’s an exotic effect, but in principle it’s highly compatible with traditional electronic devices.”
Quantum materials

Unlike silicon, samarium nickelate and other correlated oxides are quantum materials, meaning that quantum-mechanical interactions have a dominant influence over the material properties—and not just at small scales.
“If you have two electrons in adjacent orbitals, and the orbitals are not completely filled, in a traditional material the electrons can move from one orbital to another. But in the correlated oxides, the electrons repulse each other so much that they cannot move,” Ramanathan explains. “The occupancy of the orbitals and the ability of electrons to move in the crystal are very closely tied together—or ‘correlated.’ Fundamentally, that’s what dictates whether the material behaves as an insulator or a metal.”
Ramanathan and others at SEAS have successfully manipulated the metal-insulator transition in vanadium oxide, too. In 2012, they demonstrated a tunable device that can absorb 99.75% of infrared light, appearing black to infrared cameras.
Similarly, samarium nickelate is likely to catch the attention of applied physicists developing photonic and optoelectronic devices.
“Opening and closing the band gap means you can now manipulate the ways in which electromagnetic radiation interacts with your material,” says Jian Shi, lead author of the paper in Nature Communications. He completed the research as a postdoctoral fellow in Ramanathan’s laboratory at Harvard SEAS and joined the faculty of Rensselaer Polytechnic Institute this fall. “Just by applying an electric field, you’re dynamically controlling how light interacts with this material.”
Further ahead, researchers at the Center for Integrated Quantum Materials, established at Harvard in 2013 through a grant from the National Science Foundation, aim to develop an entirely new class of quantum electronic devices and systems that will transform signal processing and computation.
Ramanathan compares the current state of quantum materials research to the 1950s, when transistors were newly invented and physicists were still making sense of them. “We are basically in that era for these new quantum materials,” he says. “This is an exciting time to think about establishing the basic, fundamental properties. In the coming decade or so, this could really mature into a very exciting device platform.”
Source: Harvard Univ.
电子产业出现性能超过硅的新竞争者
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“这是一种新型的关联晶体管，其中晶体管的动作由离子场控制，”首席研究员Shriram Ramanathan说。图片提供：Jian Shi

硅作为电子产业的材料很少有真正的竞争对手。然而，控制电子在电路中流动的切换阀的晶体管，无法简单地不断缩短以满足强大的、紧凑型设备的需求；其能源消耗和散热等物理限制太明显。

现在，哈佛的大学的研究人员已经使用被称为关联氧化物的量子物质，在8个数量级的电阻中实现了可逆变化，研究人员称，研究结果是“伟大的。”总之，他们设计的这种材料具有与最好的硅开关相当的能力。

这一发现出现在看似不太可能的场合：由哈佛大学工程与应用材料学院(SEAS)材料科学副教授Shriram Ramanathan领导的一个通常致力于研究燃料电池（使用甲烷或氢做动力）的实验室，因研究者熟悉薄膜和离子迁移，他们能够利用化学，而不是温度，得到了激动人心的结果。

由于关联氧化物可在室温或几百度的温度以上表现同样出色，它会很容易将它们集成到现有的电子器件及其制造方法。发表在《自然通信》的该发现，为关联化合物作为有前途的半导体材料，和未来三维集成电路以及用于自适应，可调谐的光子器件建立了牢固的地位。

挑战硅的应用

随着电子产品制造商继续寻找更高的速度和功能，集成到更小的封装里，硅基组件的性能将很快不能满足需求。

“传统的硅晶体管具有基本尺度的限制，” Ramanathan说。“如果将它们缩小到超出了一定的最小特征尺寸，它们的表现比期望的差远了。”

但硅晶体管是很难被击败，在实际应用中具有至少104的开/关比。 “这对开关来说是一个相当高的门槛，” Ramanathan解释说，并补充说，直至现在，利用关联化合物的实验子在室温下只能产生大约10的开/关比，最大能达到100的变化。但是，Ramanathan和他的团队已经制成了一种主要由一种叫钐镍酸盐的化合物组成的新的晶体管，在实际操作上达到了105开/关比--也就是说，达到了最先进的硅晶体管的开/关率。

在今后的工作中，研究人员将研究该装置的开关动力学和功耗;同时，该进展代表了一个观念的重要证据。

“我们的轨道晶体管能够真正推动这个领域的前沿。你知道吗？这是一个可以挑战硅的材料，”Ramanathan说。

固态化学掺杂

材料科学家多年来一直在研究相关的关联氧化物的家族，但该领域仍然处于起步阶段，大部分的研究目的是确定材料的基本物理性质。

“我们刚刚发现了怎么掺杂这些材料，这是使用任何半导体材料的基础步骤，”Ramanathan说。

掺杂是将不同的原子引入材料的晶体结构的过程，这会影响电子可以穿过的容易程度——也就是说，其阻电或导电性能的程度。掺杂通常通过增加可用的电子的数量影响该变化，但本研究是不同的。哈佛研究小组操纵电子流的能量位垒，带隙。

“通过选择一定的掺杂剂（本研究中为氢或锂）可以扩大或缩小该材料的带隙，以确定电子出入它们的轨道，”Ramanathan说。这与在其他的半导体中使用的方法完全不同。传统方法通过改变能量水平，以满足目标;新方法则移动目标本身。

在此轨道晶体管中，当施加电场时，无论温度如何，质子和电子可以出入钐镍酸盐，所以该装置可以在与传统的电子相同的条件下运转。它是固态，这意味着它不涉及液体，气体或运动的机械部件。并且，在断电的情况下，该材料会记住它的当前状态，这对能源效率来说很重要的特征。

“这是这部作品美妙的地方，”Ramanathan说。“这是一个奇特的效果，而原则上，它与传统的电子设备高度兼容。”

量子材料

与硅不一样，镍钐和其他关联氧化物是量子材料，这意味着量子力学的相互作用对材料的性能具有决定性的影响，并且不只是在小尺度上。

“如果在相邻的轨道中有两个电子，并且轨道不完全满员，传统材料中的电子可以从一个轨道移动到另一个。但在关联化合物中，电子相互排斥，以至于他们无法动弹，“Ramanathan说。“轨道的占用和电子在晶体中移动的能力是非常密切的联系在一起的，或者是‘相关的’。从根本上说，这决定了材料表现为绝缘体还是导体。

Ramanathan和SEAS的其他人已成功地操纵氧化钒在导体与绝缘体的转化。在2012年，他们演示了一个可调装置，可以吸收99.75％的红外光，在红外相机中呈现出黑色。

同样地，镍钐酸盐很可能引起了开发光子与光电子器件的应用物理学家的注意。

“打开和关闭带隙意味着现在可以操纵电磁辐射与物质相互作用的方式，”发表在《自然通讯》的论文的第一作者Jian Shi说。他作为哈佛大学SEAS的博士后研究员在Ramanathan的实验室完成了该研究，并在今年秋天成为了伦斯勒理工学院的教学人员。“仅仅通过施加电场，你就能动态地控制光与这种材料的交互方式。”

未来，研究人员在该中心综合量子材料，由美国国家科学基金会资助的集成量子材料中心于2013年在哈佛大学成立，中心的研究人员旨在开发一种将改变信号处理和计算的全新的量子电子器件和系统。

Ramanathan将量子材料的研究现状与 20世纪50年代做了比较，当时发明了晶体管，物理学家仍然记得他们当时的感觉。 “我们基本上是在那个时代开始研究这些新的量子材料，”他说。“想到能建立基本的、根本的特性，真是令人激动。在未来十年左右的时间，这些可能真的成长为一个非常令人兴奋的设备平台。”

资料来源：哈佛大学
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