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Tech News & New Tech（技术前沿）
Microscopy reveals how atom-high steps impede oxidation of metal surfaces

Low-energy electron microscopy images of the nickel-aluminum surface before and after oxidation. The faint lines before oxidation indicate the ...
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Credit: Image courtesy of Brookhaven National Laboratory

Rust never sleeps. Whether a reference to the 1979 Neil Young album or a product designed to protect metal surfaces, the phrase invokes the idea that corrosion from oxidation -- the more general chemical name for rust and other reactions of metal with oxygen -- is an inevitable, persistent process. But a new study performed at the Center for Functional Nanomaterials (CFN) at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory reveals that certain features of metal surfaces can stop the process of oxidation in its tracks.
The findings, published in the Proceedings of the National Academy of Sciences, could be relevant to understanding and perhaps controlling oxidation in a wide range of materials -- from catalysts to the superalloys used in jet engine turbines and the oxides in microelectronics.

The experiments were performed by a team led by Guangwen Zhou of Binghamton University, in collaboration with Peter Sutter of the CFN, a DOE Office of Science User Facility. The team used a low-energy electron microscope (LEEM) to capture changes in the surface structure of a nickel-aluminum alloy as "stripes" of metal oxide formed and grew under a range of elevated temperatures.

"These microscopes are not that frequently found in ordinary research labs; there are only a handful around the U.S.," Sutter said. "We have a pretty lively 'user community' of scientists who come to the CFN just to use this type of instrument."

The metal Zhou wanted to study, nickel-aluminum, has a characteristic common to all crystal surfaces: a stepped structure composed of a series of flat terraces at different heights. The steps between terraces are only one atom high, but they can have a significant effect on material properties. Being able to see the steps and how they change is essential to understanding how the surface will behave in different environments, in this case in response to oxygen, Sutter said.

Said Zhou, "The acquisition of this kind of knowledge is essential for gaining control over the response of a metal surface to the environment."

Scientists have known for a while that the atoms at the edges of atomic steps are especially reactive. "They are not as completely surrounded as the atoms that are part of the flat terraces, so they are more free to interact with the environment," Sutter said. "That plays a role in the material's surface chemistry."

The new study showed that the aluminum atoms involved in forming aluminum oxide stripes came exclusively from the steps, not the terraces. But the LEEM images revealed even more: The growing oxide stripes could not "climb" up or down the steps, but were confined to the flat terraces. To continue to grow, they had to push the steps away as oxygen continued to grab aluminum atoms from the edges. This forced the steps to bunch closer and closer together, eventually slowing the rate of oxide stripe growth, and then completely stopping it.

"For the first time we show that atomic steps can slow surface oxidation at the earliest stages," Zhou said.

However, as one stripe stops growing, another begins to form. "As the oxide stripes grow along the two possible directions on the crystal, which are at right angles to one another, one ends up with these patterns of blocks and lines that are reminiscent of the grid-based paintings by Mondrian," Sutter said. "They are quite beautiful…" and persistent after all.

In fact, scientists who've studied a different "cut," or facet, of the crystalline nickel-aluminum alloy have observed that steps on that surface had no effect on oxide growth. In addition, on that surface, aluminum atoms throughout the bulk of the crystal could participate in the formation of aluminum oxide, and the oxide stripes could overrun the steps, Zhou said.

Still the details and differences of the two types of surfaces could offer new ways scientists might attempt to control oxidation depending on their purpose.

"Oxides are not all bad," Sutter said. "They form as a protective layer against corrosion attack. They play important roles in chemistry, for example in catalysis. Silicon oxide is the insulating material on microelectronic circuits, where it plays a central role in directing the flow of current."

Knowing which kind of surface a material has and its effects on oxidation -- or how to engineer surfaces with desired properties -- might improve the design of these and other materials.
Journal Reference:

Hailang Qin, Xidong Chen, Liang Li, Peter W. Sutter, and Guangwen Zhou. Oxidation-driven surface dynamics on NiAl(100). PNAS, December 2014 DOI: 10.1073/pnas.1420690112
显微镜揭示原子高梯级对金属表面氧化的影响
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镍 - 铝表面分别在氧化前和氧化后的低能耗电子显微镜图像。氧化前淡淡的线表明了一些东西。

图片由布鲁克海文国家实验室提供

生锈永不停止。无论是提及尼尔•杨1979年的专辑或是旨在保护金属表面的产品，氧化腐蚀——生锈和金属与氧气等反应的一般化学名称——是一种必然、持续的过程。但美国能源部（以下简称DOE）布鲁克海文国家实验室功能纳米材料（CFN）中心进行的一项新研究表明，金属表面的某些功能可以阻止氧化进程。

这项研究结果发表在《美国国家科学院院刊》中，可用于理解并控制各种材料的氧化——从喷气发动机的涡轮机所使用的超合金催化剂到微电子氧化物等。

实验由宾厄姆顿大学的周光文（音）领导，他们与DOE科学用户设施办公室CFN的彼得•萨特进行了合作。该小组使用低能量电子显微镜（LEEM）来捕获镍 - 铝合金表面结构的变化，其表面会形成金属氧化物“条纹”，并在一定范围内随温度的上升而增强。

“这些显微镜是不是普通研究实验室经常使用的那种; 在美国各地只有极少数，”萨特说。“我们有些科学家积极地来到CFN，只是为了使用这种类型仪器”。

周想研究的金属，镍 - 铝，具有所有晶体表面的共同特征：由在不同的高度构成的一系列扁平阶地构成的阶梯式结构。阶与阶之间的距离只有一个原子高，但它们对材料性质有重大影响。对于了解表面在不同环境中的行为表现（在本研究中是指对有氧气的环境的反应），能够看到梯级及其变化方式是至关重要的，萨特说。

周说，“此次获得的这种知识对控制金属表面对环境的反应是至关重要的。”

科学家们已经知道，原子梯级边缘的原子是特别活跃的。“它们不像组成扁平阶地的原子，没有被完全包围，因此它们能更自由地与环境互动，”萨特说。“这对材料的表面化学特性起到一定的作用。”

新的研究表明，参与形成氧化铝条纹的铝原子完全来自梯级，而不是平坦阶地。但LEEM图像显示的更多：日益增长的氧化条纹不能沿着梯级“爬”上或“爬”下，而只限于平坦阶地内。为了继续增长，在氧气继续捕获边缘铝原子时，它们不得不推开梯级。这会迫使梯级越来越紧密，最终减缓氧化条纹的速度增长，然后完全阻止它。

“我们第一次证明了，原子梯级可以在早期阶段减缓表面氧化，”周说。

然而，当1个条纹停止生长，另一个就开始形成。“随着氧化物条纹沿着晶体的两个成直角的可能方向上生长，一端会以块与线的图形终结，这些图形会让人联想到Mondrian网格画作，”萨特说。毕竟“它们非常挺漂亮，”并且是持续的。 

事实上，已经研究了镍-铝合金结晶的不同“切面”或小面的科学家们观察到，该表面上的梯级对氧化物生长没有影响。此外，在该表面上，整个块状晶体中的铝原子会参与氧化铝的形成，并且氧化条纹可能越过梯级，周说。

尽管如此，两种类型的表面的详情及差别可以为科学家提供新的方法，使他们可以根据想要达到的目的控制氧化。

“氧化物并非全是坏事，”萨特说，“它们可形成保护层来防止腐蚀，它们在催化中发挥重要的化学作用，例如，氧化硅是=微电子电路中的绝缘材料，在其中，它在引导电流流动方面起主要作用”。

了解某种材料的表面类型及其对对氧化的影响——或如何根据具有所需的性质设计表面，可能会改善对这些材料及其它材料的设计。

杂志参考：

Hailang Qin, Xidong Chen, Liang Li, Peter W. Sutter, and Guangwen Zhou. Oxidation-driven surface dynamics on NiAl(100). PNAS, December 2014 DOI: 10.1073/pnas.1420690112
A repulsive material: New hydrogel properties dominated by electrostatic repulsion
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The word RIKEN is seen through the material in the orthogonal (i) and parallel (ii, iii) directions to the magnetically oriented TiNS plane. 

In a world-first achievement, scientists from the RIKEN Center for Emergent Matter Science in Japan, along with colleagues from the National Institute of Material Science and the University of Tokyo, have developed a new hydrogel whose properties are dominated by electrostatic repulsion, rather than attractive interactions. 

According to Yasuhiro Ishida, head of the Emergent Bioinspired Soft Matter Research Team, the work began from a surreptitious discovery, that when titanate nano-sheets are suspended in an aqueous colloidal dispersion, they align themselves face-to-face in a plane when subjected to a strong magnetic field. The field maximizes the electrostatic repulsion between them and entices them into a quasi-crystalline structure. They naturally orient themselves face to face, separated by the electrostatic forces between them.

To create the new material, the researchers used the newly discovered method to arrange layers of the sheets in a plane, and once the sheets were aligned in the plane, fixed the magnetically induced structural order by transforming the dispersion into a hydrogel using a procedure called light-triggered in-situ vinyl polymerization. Essentially, pulses of light are used to congeal the aqueous solution into a hydrogel, so that the sheets could no longer move.

By doing this, they created a material whose properties are dominated by electrostatic repulsion, the same force that makes our hair stand end when we touch a van generator.

Up to now, manmade materials have not taken advantage of this phenomenon, but nature has. Cartilage owes its ability to allow virtually frictionless mechanical motion within joints, even under high compression, to the electrostatic forces inside it. Electrostatic repulsive forces are used in various places, such as maglev trains, vehicle suspensions and noncontact bearings, but up to now, materials design has focused overwhelmingly on attractive interactions.
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On a mechanical oscillator, a glass stage featuring a metal sphere on a tee was supported by three cylindrical pillars of magnetically structured hydrogel containing cofacially oriented TiNSs (0.8 wt%) in parallel (g) or orthogonal (h) direction to the cylinder cross-section.
The resultant new material, which contains the first example of charged inorganic structures that align co-facially in a magnetic flux, has interesting properties. It easily deforms when shear forces are applied parallel to the embedded nano-sheets, but strongly resists compressive forces applied orthogonally.
According to Ishida, "This was a surprising discovery, but one that nature has already made use of. We anticipate that the concept of embedding anisotropic repulsive electrostatics within a composite material, based on inspiration from articular cartilage, will open new possibilities for developing soft materials with unusual functions. Materials of this kind could be used in the future in various areas from regenerative medicine to precise machine engineering, by allowing the creation of artificial cartilage, anti-vibration materials and other materials that require resistance to deformation in one plane."
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Cofacially oriented sheets in a 10-T magnetic flux were spatially immobilized with TiNS-mediated photoinduced crosslinking polymerization.
More information: Mingjie Liu, Yasuhiro Ishida, Yasuo Ebina, Takayoshi Sasaki, Takaaki Hikima, Masaki Takata, and Takuzo Aida, "An anisotropic hydrogel with electrostatic repulsion between cofacially aligned nanosheets", Nature, DOI: 10.1038/nature14060
排斥材料：由静电斥力控制的新型水凝胶性能
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图为分别在磁性导向型TiNS平面的垂直正交方向（i）以及平行（ii，iii）方向，通过材料，看到的RIKEN这个单词。

在世界级成就中，来自日本RIKEN应急物质科学中心的科学家们与材料科学研究所以及东京大学的同事们一同开发出一种新的水凝胶，其属性是由静电斥力控制，而不是靠吸引交互作用。 

据应急突发性仿生软物质研究小组的负责人中曾根石田（Yasuhiro Ishida）所述，这项工作始于一项秘密的发现，当钛酸纳米片悬浮于水胶体分散体中，受到一个强大的磁场干扰时，它们会面对面的在一个平面上相互连接。这个磁场最大化了它们之间的静电斥力，并且将它们诱导变成一个准晶体结构。它们自然地将自身进行面对面地定位，通过它们之间的静电力来分离。

为了创造新的材料，研究人员使用新发现的方法将该片层安置在一个平面上，一旦该片层在该平面上对齐，他们就通过使用一种被称为光触发原位乙烯聚合的过程，来将分散体转变为一个水凝胶，从而固定磁感应结构的顺序。本质上来说，光脉冲被用来将水溶液凝聚成水凝胶，这样，片材就不再能移动。

通过这样做，他们创造出了一种材料，其属性由静电斥力控制，这与我们在触碰到发电机时使头发都站立起来的力是相同的。

到目前为止，人造材料还没有利用这种现象，但是自然界中已经存在利用其的例子。软骨的能力是由于其即使是在高压缩的情况下，也能够使关节内进行几乎无摩擦的机械运动，在其内部产生静电力。静电斥力被用于各种场所，例如磁悬浮列车、车辆悬架以及非接触性轴承，但是到目前为止，材料设计一直都压倒性地专注于吸引作用（而没有静电斥力）。
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在机械振荡器中，在一个玻璃平台上有一个位于球座上的金属球，该平台由三个磁结构水凝胶圆柱体支撑；  在圆柱体横截面的平行（g）或正交（h）方向包含了共表面导向型TiNS（0.8 wt%）。

所得的这个新材料具有的性质，其包含了第一例在一个磁通内共表面式对齐的带电无机结构。当剪切力被平行施加于嵌入的纳米片时，其很容易变形，但是其会在正交方向上施加强烈的抵抗压缩力。 

据石田所述，“这是一个令人惊讶的发现，但是自然界已经对其进行使用了。我们预计，根据来自关节软骨的灵感，在复合材料中嵌入各向异性静电斥力的概念，将会为开发具有不同寻常功能的软材料打开新的可能性。这种材料在未来通过能够创造人工软骨、防振材料，以及其他在一个平面上需要对抗变形的材料，可以被用于从医学到精确的机器工程等各种领域。”
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在10-T磁通中的共表面导向型片材在空间上通过TiNS-介导的光诱导交联聚合而得到固定。

更多信息：Mingjie Liu, Yasuhiro Ishida, Yasuo Ebina, Takayoshi Sasaki, Takaaki Hikima, Masaki Takata, and Takuzo Aida, "An anisotropic hydrogel with electrostatic repulsion between cofacially aligned nanosheets", Nature, DOI: 10.1038/nature14060

New algorithm a Christmas gift to 3-D printing

Just in time for Christmas, Simon Fraser Univ. computing science professor Richard Zhang reveals how to print a 3-D Christmas tree efficiently and with zero material waste, using the world’s first algorithm for automatically decomposing a 3-D object into what are called pyramidal parts.

A pyramidal part has a flat base with the remainder of the shape forming upwards over the base with no overhangs, much like a pyramid. A pyramidal shape is optimal for 3-D printing because it incurs no material waste and saves print time.

The algorithm promises to become a big deal in the world of 3-D printing, and also has applications for designing molds and for casting.

Zhang, a computer graphics expert specializing in geometric modeling and processing, developed the algorithm with graduate candidate Ruizhen Hu, an international student from Zhejiang Univ. in China.

In 3-D printing, the printer deposits melted plastic layer-by-layer in a bottom-up fashion. If the shape has an overhang, such as a tree branch, extra material has to be printed beneath it as support. This extra plastic is waste material and must be removed, which can be time consuming and difficult. And removing waste material that supports an object’s hollow interior or tiny fragile parts, like the star atop a Christmas tree, can be almost impossible without causing breakage.

"Coming up with a practical algorithm to decompose 3-D objects into the smallest possible number of pyramidal parts was quite a challenge,” says Zhang.

“Importantly, it is impractical for most real-world objects to be broken into exactly pyramidal parts since this would result in too many parts,” he says.

“Ruizhen came up with a really clever way of transforming the problem to obtain an effective solution.”

The new algorithm partitions the object into a small number of nearly pyramidal parts that can be 3-D printed with little or no material waste.

These printed parts can then be glued together to form the finished object. The Christmas tree, for example, is divided in half for fabrication, and then glued together.

In molding and casting, the ideas are similar, says Zhang. “If the molded or cast parts are pyramidal, then removing the mold or cast after fabrication would not result in any breakage,” he says.

In keeping with the Christmas theme, he suggests chocolatiers could use the algorithm to design chocolate molds for Christmas trees or reindeer.

Source: Simon Fraser Univ.
新算法——送给3D打印的神秘圣诞礼物 

圣诞节来袭，西蒙弗雷泽大学计算机科学系理查德•张教授首次使用一种自动将三维对象分解成锥形的新算法，向人们展示了如何高效且无材料浪费的情况下打印一棵3D圣诞树。

锥体有平整的底面，没有悬臂梁，因此可以直接向上成型，这和金字塔的成型方式相似。金字塔结构是3D打印的最优结构，因为它不会浪费材料且可节省打印时间。金字塔结构省时省料，是3D打印的最优结构。

这种算法有望成为3D打印世界领域的重大发现，还可应用于模具设计和铸造领域。

专门从事于几何建模和处理的计算机图形专家张教授，与来自中国浙江大学的来访博士生Ruizhen Hu共同开发了这个算法。

在3D打印过程中，打印机通过沉积熔融塑料，一层层自下而上进行零件打印。如果零件上存在悬臂梁（如树枝），在打印此零件的时候必须使用额外的材料对其进行支撑。这些额外的材料在零件成型完成后必须去除，而这一过程艰难又耗时。在去除空心件或者具有微小脆弱结构的支撑时，例如圣诞树顶的小星星，几乎不可避免地会对零件造成破坏。

“开发一种实用的算法来将3D目标分解成最少数目的锥形结构，这一过程相当困难，”张教授说道。

“重要的是，真实世界中的物体大多数都无法分解成准确的金字塔结构，因为他们可能会分解成太多部分了，”他表示。

“为获得一个有效的解决方案，Ruizhen想出了一个转化问题的聪明方式。”

新算法将对象划分成少数近金字塔结构，可以实现3D打印过程中少量甚至零材料浪费。

然后将这些结构粘在一起形成完整的对象。例如，圣诞树的分块制造然后粘在一起。

在模具设计和铸造领域的方法是相似的，张教授说。“如果模制或铸造的结构是金字塔形状，那么建造完成后移除模具或铸件不会导致任何破损，”他说。

为了与圣诞节的主题保持一致，他建议巧克力厂商可以使用该算法来设计圣诞树或驯鹿的巧克力模具。

来源：西蒙弗雷泽大学。
Metal Alloy（金属合金）
Ionic liquids open door to better rare-earth materials processing

U.S. Department of Energy's Ames Laboratory and Critical Materials Institute materials chemist Anja Mudring is harnessing the promising qualities of ionic liquids, salts in a liquid state, to optimize processes for critical materials. 

"Ionic liquids have a lot of useful qualities, but most useful for materials processing is that ionic liquids are made up of two parts: the cation and the anion. We can play around with the chemical identities of each of those components and that opens the doors to huge amount of options," says Mudring. "That means we can really engineer ionic liquids with specific functions in mind."

One such function is improving the rare-earth separation process, either for extracting rare earths from ore or recycling rare earths from discarded magnets.

"We are tuning the ionic liquids in such a way that they dissolve rare-earth oxides and then we're using electrodeposition, where electricity is run through a liquid to create a chemical change to get the rare earth in metal form," says Mudring, who is also a professor of materials science and engineering at Iowa State University.

Traditionally, electrodeposition processes are extremely high temperature and often require corrosive chemicals. But Mudring's process requires much lower temperatures and ionic liquids are less hazardous, so less energy is needed and the process is safer and greener.

Mudring's group is also using ionic liquids to create phosphors for compact fluorescent light bulbs.

"We're using ionic liquids, putting them in a microwave, energizing them, and creating a phosphors material. The phosphors particles are less than 10 nanometers, which means they do not scatter light, key for optical applications like for compact fluorescent light bulbs," says Mudring.

Better yet, Mudring's process also reduces the amount of rare-earth materials required in the process, and may someday make it possible to replace mercury vapor with less-hazardous noble gases in CFLs. And looking farther down the road, the new phosphors could also be used in LEDs as they continue to replace CFLs.

"Ionic liquids are the key to the improvements in this material synthesis," says Mudring. "They function as the solvent, a safer one than an alcohol or other combustible solvent. And they are also the reaction partner: Here, the ionic liquid is the fluoride source, so we can omit hazardous hydrofluoric acid from the process. Again, that makes the process safer and cleaner. And they even function to stabilize the nanoparticles created in the process, eliminating the need for an additional stabilizer. Three functions in one! Add to that how efficiently ionic liquids take up microwave energy and there's just huge potential there for improving materials synthesis."

Provided by Ames Laboratory  
离子液体可优化稀土材料加工

美国能源部艾姆斯实验室和关键材料研究所的材料化学家Anja Mudring，正在利用离子液体，即液体形态的盐的潜在特质，优化关键材料的工艺。

Mudring说，离子液体有很多有用的特性，但是对于材料工艺最有用的部分是离子液体由两部分组成：阳离子和阴离子。我们可以运用每个离子的化学性质，这使我们又为我们提供了很多选择。这也意味着我们可以利用特定的属性改变离子液体。

其中一项功能，就是改进稀土分离工艺，稀土分离工艺是指从矿中提取稀土，或从废弃的磁铁回收稀土。 

Mudring同时也是爱荷华州立大学材料科学与工程系的教授，他说，我们通过溶解稀土氧化物的方式调节离子液体，然后我们利用电沉积技术，电沉积技术是指电流通过液体，形成化学变化，从而得到金属形式的稀土。 

传统上，电沉积过程需要极高温度，经常要求是腐蚀性化学品。但是Mudring的工艺过程需要在低温下进行，并且离子液体毒性较小，所以需要的能源较少，工艺过程更加安全、环保。

Mudring的小组同时还使用离子液体生产荧光粉，用于袖珍荧光灯泡。

Mudring说，我们利用离子液体，将他们放在微波下，使之带电，从而生产荧光物质。荧光颗粒不到10纳米，这意味着他们不散射光，这对优化袖珍荧光灯泡十分关键。

更好的是，Mudring的工艺可以降低工艺过程中稀土物质的需求量，并且有可能在紧凑型荧光灯中使用低毒的惰性气体替换汞蒸汽。长远来看，新的荧光粉可以用于LED灯，因为LED持续代替紧凑型荧光灯。

Mudring说，离子液体对于材料合成工艺的改进十分关键。作为溶剂，离子液体要比酒精和其他易燃容器安全。离子液体也是反应合作：在这里离子液体是氟源，因此我们可以在工艺过程中取消有毒的氢氟酸。这样能够让工艺过程更安全更清洁。离子液体甚至可以稳定工艺过程产生的纳米颗粒，消除其他稳定剂的需要。一个离子液体用于这三中功能！除此以外，有效的离子液体如何接受微波能量，这对改进材料合成工艺方面的具有很大的潜能。

资料由艾姆斯实验室提供

Recovering high value metals for industries while protecting the environment

Researchers at the University of Guanajuato (UGTO), in middle Mexico, developed an extraction column which recovers metals companies use in their production processes, thus avoiding environmental pollution and reducing economic losses. 

The column operates under the principles of liquid-liquid extraction and seeks to recover metals with high added value. The technology is already at laboratory prototype stage and researchers are in the process of obtaining a patent.

Carlos Benito Martínez Pérez, PhD student of Science in Chemical Engineering at UGTO and project participant, explains: "The process begins with the extraction; the influent enters the top of the column, makes contact with an organic formulation containing the extracting agent that is highly selective for the metal it seeks to recover. When leaving the column, the effluent will be virtually free of metal.

"We do this verification through an atomic absorption equipment. When the metal is in organic phase we de- extract and accumulates in another aqueous phase solution."

The technology may be employed by any company or industry if their production processes use some type of metal, because the extraction column for the recovery of metals with high added value reduces economic losses and pollution.

The concentrated metal in the solution is the one highly valued by the UGTO, which is why it is called "of added value," because the metal in the solution could be incorporated back into a production process or sold to other companies, with no waste.

Within the state of Guanajuato, many companies were releasing metals in their production processes, thus, generating some pollution; using this process, companies fines for polluting would be avoided and a better status in the enterprise market achieved with waste treatment.

Companies that may be interested in this technology are focused on the production of automotive parts, electronics, tannery and painting, among others that use metal in their processes.

Explore further: Filter helps recover 80% of gold in mobile phone scrap

Provided by Investigación y Desarrollo
回收工业用高价值金属，同时保护环境 

墨西哥中部瓜纳华托大学（UGTO）的研究人员开发了一个萃取柱，用于企业在生产流程中回收金属，从而避免环境污染，减少经济损失。

萃取柱在液液萃取的原则下起作用，寻求回收金属的高附加值。这项技术已经处于实验室原型阶段，并且研究人员正在获取专利的过程中。

卡洛斯•贝尼托•马丁内斯•佩雷斯（Carlos Benito Martínez Pérez）是瓜纳华托大学（UGTO）化学工程科学博士生，也是此项目的参与者，他解释说：“这过程始于提取；提取物进入萃取柱的顶部，接触到含有萃取剂的有机配方，此萃取剂对它寻求回收的金属具有高度选择性。当离开萃取柱时，废水中几乎没有金属。

“我们利用原子吸收设备进行这项验证。当金属处在有机相时，我们在另一个水相溶液中进行提取和积累。” 

因为回收金属萃取柱的高附加值降低了经济损失和环境污染，所以任何公司或行业的生产过程如果使用到某种类型的金属，都可以应用此技术。

在溶液中收集金属是UGTO一个高度重视的方法，这就是它被称为“附加值”的原因，因为溶液中的金属可以集中返回生产过程或者出售给其他公司，不会造成浪费。

在瓜纳华托州内，许多公司在生产过程中都会排放金属，从而产生一些污染；使用此工艺，公司将避免因为污染受到罚款，而且通过废物处理企业市场将呈现一个更好的状态。

相比其他在工艺中使用金属的公司，对这种技术感兴趣的公司可能主要是生产汽车零部件、电子产品、制革厂、涂料等。

资料由Investigación y Desarrollo提供 
A weld of difference: Higher welding speed improves the quality of welds between dissimilar alloys
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Scanning electron micrograph showing the complex flow patterns, or ‘onion rings’, formed on the advancing side of the welding tool.

Credit: © 2014 A*STAR Singapore Institute of Manufacturing Technology

Simple changes in technique can yield big improvements, say A*STAR researchers investigating how welding speed and the placement of materials affect the quality of welds between dissimilar alloys. They discovered that the tensile strength increases with increasing welding speed and becomes even higher when the softer alloy is placed on the advancing side of the weld.

Friction stir welding is a relatively new technique for joining flat sheets of metals and alloys together. It is most suited for binding aluminum and aluminum-based alloys -- materials that are traditionally difficult or impossible to weld. In addition, it has many advantages over conventional welding methods, including better weld appearance, enhanced mechanical properties, improved safety and lower setup costs.

First demonstrated in 1991, friction stir welding is now widely applied across a diverse range of operations in various industries, including the automotive, aerospace and electronics industries. A recent surge of research interest has focused on how to best apply friction stir welding on dissimilar alloys; in particular, how temperature, stress and material flows affect the quality of welds between AA6061 and AA7075 aluminum alloys -- structural materials widely used in the construction of wheel spacers, aircraft fuselages and robotic casings.

Junfeng Guo and his team from A*STAR Singapore Institute of Manufacturing Technology took up the challenge of examining the mechanical properties and microstructures of welds between AA6061 and AA7075 for five different welding settings. They found that a higher welding speed resulted in better welds because less friction heat was generated. The resulting lower temperature meant that the melted materials had little time to recrystallize and consequently their grain size became finer. Similarly, the placement of AA6061 aluminum alloy on the advancing side resulted in better welds because less friction heat was generated.

The researchers examined the 'onion rings' -- characteristic patterns formed during friction stir welding (see image) -- on both the advancing and retreating sides of the weld. They found that multiple vortices formed in the recrystallized zone when the softer A6061 aluminum alloy was placed on the advancing side of the weld. These vortices enhanced material mixing and hence improved the mechanical properties of the weld.

The findings have important implications for materials science and the development of the next-generation friction stir welding machines. "Joining of dissimilar materials is a challenge frequently faced in industries," says Guo. "Friction stir welding enables the welding of dissimilar materials where fusion welding would have been inappropriate."

Journal Reference:

J.F. Guo, H.C. Chen, C.N. Sun, G. Bi, Z. Sun, J. Wei. Friction stir welding of dissimilar materials between AA6061 and AA7075 Al alloys effects of process parameters. Materials & Design, 2014; 56: 185 DOI: 10.1016/j.matdes.2013.10.082
缝隙焊接：较快的焊接速度会提高不同合金之间焊接的质量

[image: image10.jpg]



来源：新加坡科技研究局(以下简称A * STAR)

电子显微图扫描显示，在焊接件的前进边形成了复杂的流动模式，或者叫‘洋葱圈’。

图片来源：©2014 A * STAR新加坡制造技术研究院

A * STAR的研究员们正在研究焊接速度和材料的放置方式对于不同合金之间的焊接质量有什么影响，他们表示，只需要简单的技术就可以产生很大的改进。他们发现，抗拉强度随着焊接速度的增加而增加，而且当较软的合金放在焊缝前进边时抗拉强度会变得更大。

搅拌摩擦焊是一种相对较新的技术，用于将金属和合金平板焊接在一起。它最适合用于铝合金和含有铝合金的材料的焊接，这种材料焊接通常都很困难或无法焊接。此外，比起传统焊接方法，它有很多优势，包括更好的焊接外观、增强的机械性能、更高的安全性和较低的安装成本等。  

搅拌摩擦焊接在1991年首次采用，现在被广泛应用于各种行业的各种操作中，包括汽车、航空航天和电子工业。近期的研究兴趣集中在如何最好地对不同的合金应用搅拌摩擦焊；特别是研究温度、压力和材料流动对AA6061和AA7075铝合金之间的焊接质量有什么影响，这种铝合金结构材料广泛应用于制造轮间距器、飞机机身和机器人外壳。

A*STAR新加坡制造技术研究院的郭俊峰（音译）和他的团队接受了这项挑战，检查了AA6061和AA7075之间五个不同焊接设置的力学性能和微观结构。他们发现，因为产生的摩擦热较少，焊接速度越快效果越好。结果显示，温度越低意味着融化的材料几乎没有时间再结晶，因此他们的粒度变得更精细。同样，将AA6061铝合金放到前进边的位置，由于产生较少的摩擦热，所以也会产生更好的焊接效果。 

研究人员检查了焊缝前进边和后退边的‘洋葱圈’，这是在搅拌摩擦焊的过程中形成的特征模式（见图片）。他们发现当较软的A6061铝合金放在焊缝的前进边时，再结晶区形成了多个漩涡。这些涡流增强了材料的混合度，从而提高焊缝的力学性能。

此发现对研究材料科学和下一代的搅拌摩擦焊接机的发展有重要意义。“结合不同的材料是一个行业经常面对的挑战，”郭俊峰说。“搅拌摩擦焊接使不同材料的焊接成为可能，而这是熔焊无法完成的。”

期刊引用：

J.F. Guo, H.C. Chen, C.N. Sun, G. Bi, Z. Sun, J. Wei. Friction stir welding of dissimilar materials between AA6061 and AA7075 Al alloys effects of process parameters. Materials & Design, 2014; 56: 185 DOI: 10.1016/j.matdes.2013.10.082
Composite Materials（复合材料）
University of Southampton Finds Similarities between Carbon and Feathers

Scientists from Ocean and Earth Science at the University of Southampton have revealed that feather shafts are made of a multi-layered fibrous composite material, much like carbon fibre, which allows the feather to bend and twist to cope with the stresses of flight.

The University of Southampton in the UK says that, since their appearance over 150 million years ago, feather shafts (rachises) have evolved to be some of the lightest, strongest and most fatigue resistant natural structures. However, relatively little work has been done on their morphology, especially from a mechanical perspective and never at the nanoscale.

The latest study, which is published by the Royal Society in the journal Interface, is the first to use nano-indentation, a materials testing technique, on feathers. It reveals the number, proportion and relative orientation of rachis layers is not fixed, as previously thought, and varies according to flight style.

Christian Laurent, from Ocean and Earth Science at the University of Southampton, lead author of the study, says "We started looking at the shape of the rachis and how it changes along the length of it to accommodate different stresses. Then we realised that we had no idea how elastic it was, so we indented some sample feathers. Previously, the only mechanical work on feathers was done in the 1970s but under the assumption that the material properties of feathers are the same when tested in different directions, known as isotropic - our work has now invalidated this."

The researchers explain that they tested the material properties of feathers from three birds of different species with markedly different flight styles; the Mute Swan (Cygnus olor), the Bald Eagle (Haliaeetus leucocephalus) and the partridge (Perdix perdix).

Christian, who led the study as part of his research degree (MRes) in Vertebrate Palaeontology, adds "Our results indicate that the number, and the relative thickness, of layers around the circumference of the rachis and along the feather's length are not fixed, and may vary either in order to cope with the stresses of flight particular to the bird or to the lineage that the individual belongs to."

"In terms of engineering, we hope to apply our future findings in materials science to yacht masts and propeller blades, and to apply the aeronautical findings to build better micro air vehicles in a collaboration engineers at the University."

南安普敦大学发现了碳和羽毛之间的相似点 

南安普敦大学海洋与地球科学的科学家们已经透露，羽轴是由一种多层纤维复合材料制成的，很像是碳纤维，这使得羽毛能够弯曲，并且发生扭曲以应付飞行的压力。

英国南安普敦大学表示，自羽轴于1.5亿年前出现以来，它们就已经演变出了最轻、最强、最耐疲劳的天然结构。然而，几乎没有研究是针对它们的形态进行的，特别是从机械的角度来看，纳米范围内的研究更是没有。 

由英国皇家学会发表于Interface杂志的这项最新的研究，首次对羽毛采用了纳米压痕这种材料试验技术。它揭示了羽轴层的数量、比例以及相对取向并不是固定的，正如之前所认为的，并且这些因素会随着飞行风格的变化而发生变化。

本研究的主要作者，来自于南安普敦海洋与地球科学系的克里斯蒂安•洛朗表示，“我们开始研究羽轴的形状以及它是如何沿着其长度进行变化以适应不同的应力的。然后我们意识到，我们并不清楚其具有多大的弹性，因此我们切割了一些羽毛样本。此前，关于羽毛的唯一机械工作是在20世纪70年代进行的，但其前提是假设羽毛的材料性质在各个方向的测试中是相同的，这被称为各向同性——我们现在的研究工作已经证明这个理论失效了。”

研究人员解释称，他们对三种具有不同飞行模式的不同鸟类品种的羽毛材料属性进行了测试：静音天鹅（鼻天鹅）、秃头鹰（白头海雕）以及鹧鸪（栗胸斑山鹑）。

克里斯汀领导了该研究，并将本研究作为其羽轴动物古生物研究学位（MRES）的一部分，他补充道，“我们的研究结果表明，围绕羽轴周围的层的数量、相对厚度和羽毛长度是不固定的，并且可能会根据不同鸟类飞行应力的不同，或个体所属谱系的不同而发生变化。”

“在工程方面，我们希望能够将我们未来的发现应用于游艇桅杆和螺旋桨叶片等材料科学，并利用航空研究与大学的工程师们一同合作来建立更好的微型飞行器。”

Tepex High-Performance Composites for BMW i8 Rear Muffler Cover
Tepex performance composites from Lanxess subsidiary Bond-Laminates has been used to improve the mechanical strength of fibre-reinforced thermoplastic compression moulded cover on the rear muffler of the BMW i8.

According to Lanxess, it is fabricated in a direct long fibre thermoplastic (DLFT) process from a polypropylene compression moulding compound reinforced with long glass fibre rovings. An insert made of Tepex dynalite 104-RG601 is used as the surface layer. "With its stiffness at high temperatures, it ensures that the cover undergoes no deformation or failure in the hot environment of the rear muffler. What is more, our composite improves the strength and impact resistance of the component in freezing temperatures," explains Harri Dittmar, Composites Expert at Bond-Laminates.

Lanxess explains the Tepex insert is 0.5 mm thick and made of a polypropylene matrix, incorporating 47 percent by volume continuous glass fibre rovings as a single-layer fabric. "Thanks to this insert, the stiffness of the cover increases by a factor of four at room temperature and a factor of six at the operating temperature of the rear muffler," explains Dittmar. Lanxess claims that impact resistance benefits as well. In penetration tests to DIN EN ISO 6603-2, the Tepex dynalite formulation used proved to be eight to nine times more impact resistant at room temperature than a DLFT compression moulding compound based on polypropylene. "At temperatures of -30 °C, the impact resistance is even 10 times higher - DLFT based on polypropylene will splinter under these conditions in a crash, our Tepex will not," Dittmar said.

Tepex is also described as an option for locally reinforcing components made of other thermoplastic compression moulding compounds and forming materials. For example, the mechanical properties of Tepex-reinforced DLFT polypropylene materials are on par with glass-mat-reinforced and glass-fabric-reinforced thermoplastic systems (GMT and GMTex) based on polypropylene. "In this case, the combination of Tepex with the DLFT process opens up considerable savings potential, for instance in the fabrication of underbody components," Dittmar explains. Polypropylene-based, low-weight reinforced thermoplastics (LWRT), which are used to manufacture underbody panels due to their high sound absorption, can also be significantly stiffened with Tepex surface layers. Using a single-layer Tepex component preserves the acoustic effect. "The result is components that can easily withstand the mechanical loads associated with road traffic."

用Tepex高性能复合材料制造宝马i8后消声器盖

德国朗盛（Lanxess）子公司Bond-Laminates研制的Tepex高性能复合材料，被用于提升宝马i8后消声器纤维强化型热塑性压膜盖的机械强度。

按照朗盛公司的说法，这种材料是通过聚丙烯压膜化合物经长玻璃纤维粗纱强化后，再经过长纤维直接热塑而制成的。表层使用了一种由Tepex强啡肽104-RG601物制成的插入物。“由于此种材料耐高温，可以保证后消声器产生的热度下不会变形或损坏。而且，我们的这种复合材料抗寒性也是不错的，”Bond-Laminates公司复合材料专家哈尔•特码解释道。

朗盛解释说，Tepex插入物有0.5毫米厚，由聚丙烯基质构成，将连续的玻璃纤维粗纱体积的47%合成为单层材料。“正是这种插入物使得此压膜盖的韧性在室温下可增强4倍，而在后消声器热度下可增强6倍。”特码解释说。朗盛称其也可以影响抗冲击性。按照刚性塑料刺穿冲击性能的测定标准（DIN EN ISO 6603-2） 进行的渗透试验表明，使用的Tepex的dynalite配方在室温下坑冲击性是聚丙烯热塑压膜化合物的8至9倍。“在零下30摄氏度的环境下，其抗冲击性可提至10倍。聚丙烯热塑压膜化合物在此环境下会分解，而我们的Tepex材料却不会。”特码说道。 

由其他热塑性压缩模塑料或其合成材料制成的部件也可用Tepex来加强性能。比如，Tepex强化型热塑性聚丙烯材料的机械性能可与玻纤毡和玻璃织物强化的聚丙烯热塑性材料相匹敌。“就此例子来说，将 Tepex和热塑过程结合，就可以在很大程度上节约材料，比如在制造车底部件时。”特码解释说。聚丙烯构成的轻质强韧热塑性塑料（LWRT）由于吸音效果较好，常被用来制造车底板，而其可以通过安装Tepex表层进行强化。此种单层的Tepe构件可以很好保存音响效果。“最终就产生了能更好承受与道路交通相关的机械负载的部件。”
Practical Application（实际应用）
Nano filter cleans environmentally hazardous industrial byproducts

Prototypes of nano-cellulose based filters with high purification capacity towards environmentally hazardous contaminants from industrial effluents eg. process industries, have been developed by researchers at Luleå University of Technology. The research, conducted in collaboration with Imperial College in the UK has reached a breakthrough with the prototypes and they will now be tested on a few industries in Europe. 
"The bio-based filter of nano-cellulose is to be used for the first time in real-life situations and tested within a process industry and in municipal wastewater treatment in Spain. Other industries have also shown interest in this technology and representatives of the mining industry have contacted me and I have even received requests from a large retail chain in the UK," says Aji Mathew Associate Professor, Division of Materials Science at Luleå University.

Researchers have combined a cheap residue from the cellulose industry, with functional nano-cellulose to prepare adsorbent sheets with high filtration capacity. The sheets have since been constructed to different prototypes, called cartridges, to be tested. They have high capacity and can filter out heavy metal ions from industrial waters, dyes residues from the printing industry and nitrates from municipal water. Next year, larger sheets with a layer of nano-cellulose can be produced and formed into cartridges, with higher capacity.

"Each such membrane can be tailored to have different removal capability depending on the kind of pollutant, viz., copper, iron, silver, dyes, nitrates and the like," she says.

Behind the research, which is funded mainly by the EU, is a consortium of research institutes, universities, small businesses and process industries. It is coordinated by Luleå University led by Aji Mathew. She thinks that the next step is to seek more money from the EU to scale up this technology to industrial level.

"Alfa Laval is very interested in this and in the beginning of 2015, I go in with a second application to the EU framework program Horizon 2020 with goals for full-scale demonstrations of this technology," she says.

Two of Aji Mathews graduate student Peng Liu and Zoheb Karim is also deeply involved in research on nano-filters.

"I focus on how these membranes can filter out heavy metals by measuring different materials such as nanocrystals and nano-fibers to determine their capacity to absorb and my colleague focuses on how to produce membranes," says Peng Liu PhD student in the Department of Materials Science and Engineering at Luleå University of Technology.

Provided by Lulea University of Technology 
纳米过滤器清理危害环境的工业副产品

吕勒奥科技大学的研究人员已开发出的结果显示，以纳米纤维素为基础的过滤器原型，对例如制造工业的工业废水中危害环境的污染物具有高度净化能力。与英国帝国理工学院合作进行的对原型的研究已经达到一个突破，并且他们即将在欧洲的几个工业中进行测试。

“纳米纤维素生物过滤器是第一次应用于在现实生活中，而且是在西班牙工业和市政污水处理中进行测试。其他工业也已经表明了对这项技术的兴趣，采矿业的代表联系了我，我甚至收到了英国大型零售连锁店的邀请，”吕勒奥大学材料科学部门副教授阿吉·马修表示。

研究人员将纤维素工业的廉价残留物与功能性纳米纤维素结合，准备高过滤能力的吸附剂薄板。薄板已经被构造成不同的原型进行测试，称为墨盒。他们具有很高的容量，且可以从工业水中过滤重金属离子，从印刷工业中过滤燃料残渣，还可以从市政水中过滤硝酸盐。明年可以生产出具有纳米纤维素的更大的薄板，形成更大容量的墨盒。

“根据不同的污染物类型，即铜、铁、银、染料、硝酸盐等，每一个这种膜都可以量身定做成具有不同的去除能力，”她说。

研究背后的主要资助者是欧盟，是一个由研究机构、大学、小型企业和制造工业组成的财团。由吕勒奥大学的阿吉·马修负责协调。她认为，下一步是从欧盟寻求更多的钱，将该技术扩大到工业水平。

“阿法·拉伐对此非常感兴趣，在2015年初，我步入欧盟框架计划“地平线2020”的第二个应用，目标是这一技术的大规模展示，”她说。

阿吉·马修的两个研究生刘鹏（音译）和西勃·卡里姆也深入参与研究纳米过滤器。

“我关注于这些膜是如何通过测量不同材料，如纳米晶体和纳米纤维束过滤重金属，来确定它们的吸收能力，我的同事关注于如何生产膜，”吕勒奥理工大学材料科学与工程学系的博士生刘鹏说。

资料由吕勒奥理工大学提供

Atom-thick CCD could capture images
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Rice University researchers fabricated a three-pixel, CIS-based optoelectronic sensor array to test the two-dimensional compound’s ability to capture image information. They started with few-layer exfoliated CIS on a silicon substrate, fabricated three pairs of titanium/gold electrodes on top of the CIS and cut the CIS into three sections with a focused ion beam.

Credit: Ajayan Group/Rice University

An atomically thin material developed at Rice University may lead to the thinnest-ever imaging platform.

Synthetic two-dimensional materials based on metal chalcogenide compounds could be the basis for superthin devices, according to Rice researchers. One such material, molybdenum disulfide, is being widely studied for its light-detecting properties, but copper indium selenide (CIS) also shows extraordinary promise.

Sidong Lei, a graduate student in the Rice lab of materials scientist Pulickel Ajayan, synthesized CIS, a single-layer matrix of copper, indium and selenium atoms. Lei also built a prototype -- a three-pixel, charge-coupled device (CCD) -- to prove the material's ability to capture an image.

The details appear this month in the American Chemical Society journal Nano Letters.

Lei said the optoelectronic memory material could be an important component in two-dimensional electronics that capture images. "Traditional CCDs are thick and rigid, and it would not make sense to combine them with 2-D elements," he said. "CIS-based CCDs would be ultrathin, transparent and flexible, and are the missing piece for things like 2-D imaging devices."

The device traps electrons formed when light hits the material and holds them until released for storage, Lei said.

CIS pixels are highly sensitive to light because the trapped electrons dissipate so slowly, said Robert Vajtai, a senior faculty fellow in Rice's Department of Materials Science and NanoEngineering. "There are many two-dimensional materials that can sense light, but none are as efficient as this material," he said. "This material is 10 times more efficient than the best we've seen before."

Because the material is transparent, a CIS-based scanner might use light from one side to illuminate the image on the other for capture. For medical applications, Lei envisions CIS being combined with other 2-D electronics in tiny bio-imaging devices that monitor real-time conditions.

In the experiments for the newly reported study, Lei and colleagues grew synthetic CIS crystals, pulled single-layer sheets from the crystals and then tested the ability of the layers to capture light. He said the layer is about two nanometers thick and consists of a nine-atom-thick lattice. The material may also be grown via chemical vapor deposition to a size limited only by the size of the furnace, Lei said.

Because it's flexible, CIS could also be curved to match the focal surface of an imaging lens system. He said this would allow for the real-time correction of aberrations and significantly simplify the entire optical system.

Co-authors of the paper are Rice graduate students Fangfang Wen and Yongji Gong; postdoctoral researchers Bo Li, Pei Dong, Anthony George and Liehui Ge; undergraduates Qizhong Wang, James Bellah and Yihan Huang; complementary appointee Yongmin He of Lanzhou University, China; Jun Lou, an associate professor of materials science and nanoengineering, and Naomi Halas, the Stanley C. Moore Professor of Electrical and Computer Engineering and a professor of chemistry, biomedical engineering, physics and astronomy and of materials science and nanoengineering. Ajayan is Rice's Benjamin M. and Mary Greenwood Anderson Professor in Engineering, professor of materials science and nanoengineering and of chemistry and chair of the Department of Materials Science and NanoEngineering.

The research was supported by the Army Research Office Multidisciplinary University Research Initiative, the Function Accelerated nanoMaterial Engineering Division of the Semiconductor Technology Advanced Research Network, the Microelectronics Advanced Research Association, the Defense Advanced Research Projects Agency, the Netherlands Organization for Scientific Research, the Robert A. Welch Foundation, the National Security Science and Engineering Faculty Fellowship and the Office of Naval Research.

Journal Reference:

Sidong Lei, Fangfang Wen, Bo Li, Qizhong Wang, Yihan Huang, Yongji Gong, Yongmin He, Pei Dong, James Bellah, Antony George, Liehui Ge, Jun Lou, Naomi J. Halas, Robert Vajtai, Pulickel M. Ajayan. Optoelectronic Memory Using Two-Dimensional Materials. Nano Letters, 2014; 141217153644008 DOI: 10.1021/nl503505f
原子厚的CCD可捕捉图像
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莱斯大学的研究人员建造了一个以CIS为基础的三像素光电传感器矩阵，用来测试该二维化合物捕获图像信息的能力。他们先将几层片状剥落的CIS放在硅衬底上，在CIS顶部建造三对钛/金电极，然后用聚焦离子束把CIS切成三个部分。

图片来源：莱斯大学/Ajayan研究组

莱斯大学开发出一种原子薄的材料，用其可制成史上最薄的成像平台。

基于金属硫族化合物的合成二维材料可作为超薄设备的基础，莱斯大学的研究人员这样表示。其中一个这样的材料二硫化钼，因其检测光的特性而被广泛研究，但是铜铟硒化物（CIS）也表现出同样非凡的潜力。

莱斯大学材料学科学家普利克尔•阿加延(Pulickel Ajayan)实验室的研究生雷思东（Sidong Lei）合成了CIS，一种单层铜、铟和硒原子矩阵。雷还建立了一个模型——一个三像素电荷耦合器件（CCD）——以证明材料捕捉图像的能力。

这项研究结果被发表在美国化学协会的期刊《纳米快报》上。

雷表示，这种光电子记忆材料可能是捕捉图像的二维电子元件的重要组成部分。“传统的电荷耦合器件厚重且坚硬，将它们与二维元素相结合是没有意义的。”雷解释道。“而基于铜铟硒化物的电荷耦合器件非常薄、透明和灵活，这正是二维成像器件所缺失的。”

当光照射到材料上，这一器件可以围困形成的原子，并一直保留它们直到它们被释放用于存储目的。雷表示。

铜铟硒化物对光高度敏感，因为被围困的电子会缓慢消散，莱斯大学材料科学和纳米工程学院的研究员罗伯特•沃伊塔伊（Robert Vajtai）这样解释道。“感知光的二维材料有很多，但没有一种能够如此高效。这种新材料比我们之前见过最好的材料高效10倍。”

由于这种材料是透明的，基于铜铟硒化物的扫描仪可以从一面利用光照亮图片，而另一边用于捕捉图片。在医疗方面的应用，雷设想铜铟硒化物可以用于小型生物成像器件，通过与其它二维电子元件相结合，从而进行实时监测。

在这项最新研究的实验里，雷与同事培养了合成的铜铟硒化物晶体，他们从晶体里抽取了单层，然而测试单层捕捉光的能力。这一铜铟硒化物单层厚度大约为2纳米，包含9个原子厚的晶格。这一材料也可以通过化学气相沉积（chemical vapor deposition）的方法培养，产生的晶体大小将受到熔炉大小的限制。

由于铜铟硒化物是灵活的，它还能弯曲以匹配成像透镜系统的焦面。雷表示，这将支持对像差的实时纠正并极大地简化整个光学系统。

这项研究的其它合作作者还包括莱斯大学研究生温芳芳（Fangfang Wen）和龚勇吉（Yongji Gong）；博士后研究员李博（Bo Li）、董培（Pei Dong）、安东尼•乔治（Anthony George）和葛烈辉（Liehui Ge）；本科生王琦中（Qizhong Wang）、詹姆斯•贝拉（James Bellah）和黄一瀚（Yihan Huang）；以及一些补充人员，包括来自中国兰州大学的何永敏（Yongmin He）、科学与纳米工程的助理教授娄军（Jun Lou）、电子和计算机工程系斯坦利C.穆尔教授、化学、生物医学工程、物理学和天文学教授、材料科学和纳米工程学院的内奥米•哈拉斯（Naomi Halas）。阿加延是莱斯大学本杰明•M与玛丽•格林伍德•安德森工程教授和材料科学与纳米工程教授、化学教授，以及材料科学与纳米工程系院长。

这项研究获得了陆军研究办公室多学科大学研究倡议、半导体技术先进研究网络功能加速纳米材料工程分部、微电子先进研究协会、国防高级研究计划局、荷兰科学研究组织、罗伯特•A•韦尔奇基金会、国家安全科学与工程学院奖学金和海军研究办公室的资金支持。
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Sidong Lei, Fangfang Wen, Bo Li, Qizhong Wang, Yihan Huang, Yongji Gong, Yongmin He, Pei Dong, James Bellah, Antony George, Liehui Ge, Jun Lou, Naomi J. Halas, Robert Vajtai, Pulickel M. Ajayan. Optoelectronic Memory Using Two-Dimensional Materials. Nano Letters, 2014; 141217153644008 DOI: 10.1021/nl503505f
Nanowire clothing could keep people warm
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Heat-based images show a conventional cloth glove (top) lets warmth escape while a nanowire glove traps it. Images: American Chemical Society

To stay warm when temperatures drop outside, we heat our indoor spaces—even when no one is in them. But scientists have now developed a novel nanowire coating for clothes that can both generate heat and trap the heat from our bodies better than regular clothes. They report on their technology, which could help us reduce our reliance on conventional energy sources, in Nano Letters.

Yi Cui and colleagues note that nearly half of global energy consumption goes toward heating buildings and homes. But this comfort comes with a considerable environmental cost—it’s responsible for up to a third of the world’s total greenhouse gas emissions. Scientists and policymakers have tried to reduce the impact of indoor heating by improving insulation and construction materials to keep fuel-generated warmth inside. Cui’s team wanted to take a different approach and focus on people rather than spaces.

The researchers developed lightweight, breathable mesh materials that are flexible enough to coat normal clothes. When compared to regular clothing material, the special nanowire cloth trapped body heat far more effectively. Because the coatings are made out of conductive materials, they can also be actively warmed with an electricity source to further crank up the heat. The researchers calculated that their thermal textiles could save about 1,000 kWhr/person every year—that’s about how much electricity an average U.S. home consumes in one month.

Source: American Chemical Society
可保暖的纳米线织衣物 
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这一组热量相关图像表明，传统的布手套（上图）会流失热量，而纳米线手套却可以留住热量。

该图像由美国化学学会提供

当室外温度降低时，为了保暖，我们会提高室内温度，即使无人在屋内。而最近科学家们研制出一种新型的纳米线材料，由其制成的衣物不但可以产生热量还可以比普通衣物留住更多热量。研究结果刊载于《纳米通讯》（Nano Letters）上，报告称其可以帮助我们减少对常规能源的依赖。

崔艺（音译）和他的同事指出，全球能源的一半几乎都用于提升大厦或室内温度，而我们在享受这份舒适的同时也付出了沉重的环境代价，即全世界排放的温室气体三分之一都得自于此。为此，科学家和政府决策人员都已尝试通过提升建筑材料隔热性能而留住室内燃料产生的热量。而崔艺的团队却想采取另类做法，将目标定位在人而非空间。

研究员们研制出一种轻质透气网眼材料，可以灵活覆盖在普通衣物外。与普通服装面料相比，这种纳米线材料能更好留住人体产生的热量。而且由于此种衣物由导电材料制成，当通电后，可以进行进一步加热。研究员们总结说，他们的保暖衣物可以节约每人每年1000千瓦小时的能量，这相当于普通美国家庭一个月用电量。

来源：美国化学学会
Responsive material could be the “golden ticket” of sensing
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A lipid membrane functionalized with DNA-linkers Image: Lorenzo Di Michele 

Researchers from the Univ. of Cambridge have developed a new self-assembled material, which, by changing its shape, can amplify small variations in temperature and concentration of biomolecules, making them easier to detect. The material, which consists of synthetic spheres “glued” together with short strands of DNA, could be used to underpin a new class of biosensors, or form the basis for new drug delivery systems.

The interplay between the lipid spheres, called giant vesicles, and the strands of DNA produces a unique response when the material is exposed to changes in temperature. Instead of expanding when heated—as is normally the case—the material contracts, a phenomenon known as negative thermal expansion. Details are published in Nature Communications.

In addition to its role as a carrier of genetic information, DNA is also useful for building advanced materials. Short strands of DNA, dubbed “sticky ends”, can be customised so that they will only bind to specific complementary sequences. This flexibility allows researchers to use DNA to drive the self-assembly of materials into specific shapes.

Basing self-assembled materials around vesicles—synthetic versions of the soft sacs which envelop living cells—allows for even more flexibility, since the vesicles are so easily deformable. Using short DNA tethers with a cholesterol “anchor” at one end and an exposed sticky DNA sequence at the other, the vesicles can be stuck together. When assembled into a hybrid DNA-lipid network, the DNA tethers can diffuse and rearrange, resulting in massive vesicle shape changes.

Besides negative thermal expansion, the researchers also found that changes in temperature lead to a significant variation in the porosity of the material, which is therefore highly controllable. A similar response is expected by changing the concentration of the DNA tethers, which could also be replaced by other types of ligand-receptor pairs, such as antibodies.

“The characteristics of this material make it suitable for several different applications, ranging from filtration, to the encapsulation and triggered release of drugs, to biosensors,” said Dr. Lorenzo Di Michele of the University’s Cavendish Laboratory, who led the research. “Having this kind of control over a material is like a ‘golden ticket’ of sensing.”

Source: Univ. of Cambridge

响应型材料可作为传感的“黄金门票”
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DNA连接键功能化的脂膜图像   图片提供：洛伦佐•迪米凯莱
剑桥大学研究员开发出一种新型自组装材料，可以通过改变自身形状而放大温度与生物分子浓度的微小变化，从而方便检测。这种用DNA短连接键“粘连”在一起的球形合成材料可以用来制造新型生物传感器或药物传输系统。
当这种材料暴露在不断变化的温度中时，被称为巨型囊泡的脂质小球之间的相互作用及DNA连接键会产生一种独特的反应。并不是像常规受热膨胀那样，这种材料会发生“消极热膨胀”。相关研究细节刊载于《自然通讯》杂志（Nature Communications）。
除了担当遗传信息载体外，DNA还可用于制造高级材料。DNA短链，也被称为“粘性末端”，可以按需调整，从而仅仅能绑定特殊的互补序列。研究员们正是利用其这一灵活性而将自组装材料变成各种特定形状。 

将自组装材料置于小囊泡周围就成了包裹在活细胞外的合成软膜，由于这种囊泡本身很容易变形，这样一来，此种合成软膜的柔韧性就更强了。在小囊泡的一端用胆固醇“锚”连着DNA短链，另一端接着DNA序列的粘性末端，这样就可以将这些小囊泡连在一起。在组合成杂合DNA脂质网后，这些DNA链就能分散再重组，造成囊泡形状发生较大变化。 

除了消极热膨胀，研究员们还发现温度变化会导致材料孔隙度发生巨大变化，从而增大可控性。改变DNA链或是诸如抗体等其他配体-受体的浓度也会带来相似变化。
“此种材料具有的特性可有多种用途，如用于筛选、封装、药物释放、传感器等。”剑桥大学卡文迪什实验室负责此项研究的洛伦佐•迪米凯莱博士说道，“能对一种材料进行随心控制就像是获得了传感的黄金门票一样。”
来源：剑桥大学
Organic & Polymer（有机高分子材料）
Renewable bioplastics made from squid proteins

In the central Northern Pacific is an area that may be the size of Texas called the Great Pacific Garbage Patch. Made up of tons of floating plastic debris, the patch is killing seabirds and poisoning marine life in the North Pacific Ocean and in other oceans where converging currents, called gyres, concentrate the floating plastic. Over time, plastic bottles and fishing lines from coastal locations and seagoing vessels break down into nearly invisible pieces small enough to enter the food chain where some of the chemicals may eventually be ingested by human beings.

At Penn State, a group led by Melik Demirel, professor of engineering science and mechanics, is designing a biodegradable plastic from structural proteins that could help clean up the world's oceans and solve an interesting set of other problems along the way.

Demirel and his students have gathered squids from around the world, from the Atlantic coast, the coast of Spain, from Korea, and later this year, from Argentina. From these specimens, his lab has extracted the squid ring teeth (SRT) from their tentacles, and re-engineered their proteins in ways that go beyond nature. He plans to find ways to biosynthesize the engineered protein in bacteria through fermentation on an industrial scale. And though that may be a few years down the road, it is entirely feasible, he believes. "Structural proteins are eco-friendly materials with remarkable mechanical properties," he says. "It's a material that looks a lot like silk, except that it is thermoplastic, which means that it can be melted and reshaped into different forms without losing its properties. Like silk, SRT is lightweight and strong, which is why the Army is interested in the material for textiles."

The convergence of materials and life sciences

In the Demirel lab, graduate student Abdon Pena-Francesch removes the protein from the suction cups on the squid's tentacle using a toothpick. He then processes the protein into a viscous melt at a temperature above its softening temperature, around body temperature in water. The melt could be used in a number of industrial processes, such as electrospinning, extrusion, molding, or by coating onto a surface. A new and potentially dramatic way to use the protein melt is in 3D printing.

"The squid protein Abdon is working with can be melted and solidified over and over without losing its mechanical properties, which include high toughness (how much energy it can absorb), high strength (the load that can be borne before failure, around one gigapascal), and its extensibility (how far can it be stretched before breaking), which can be engineered up to 300%," Demirel says. In addition, this fibrous protein can be chemically functionalized and can be controlled so as to biodegrade in anywhere from hours to years. This makes squid protein a good prospect for packaging, such as plastic bottles, or timed-release drug delivery.

With so many potential advantages to using a safe, recyclable, biodegradable, composite material, there is still a big roadblock, says Demirel. That is the processing of the tiny rings is slow and expensive and there are not enough squids in the ocean for an industrial scale material. In order to compete with plastics that are a byproduct of relatively cheap oil extraction, a better method for producing these proteins is required.

This is where materials science and life sciences begin to converge, Demirel says. Genes coding squid proteins were read by sequencing instruments in the Genomics Facility at Penn State. Once Demirel's team obtained the genomic data, they had to find out which portions of the data actually contain the code for protein formation. For this they took their data to the Proteomics and Mass Spectrometry Facility at Penn State. Both facilities are operated by the Huck Institutes of the Life Sciences.

"At the Proteomics Facility, we read the sequence of the protein. The problem is the mass spectrometer can only read a small portion of the sequence at a time. That's when bioinformatics people step in, such as Dr. Istvan Albert and his Bioinformatics Consulting Center in the Dept. of Biochemistry and Molecular Biology," Demirel says. "They start building the whole map, put it into bacteria and express it."

There are multiple systems for biologically synthesizing the squid proteins into a plant or animal system. These include bacteria, yeast, mammal, plant, or insect systems. Demirel currently works with Wayne Curtis, professor of chemical engineering, to express the protein in bacteria. Bacteria are already in use to make high-end products such as pharmaceuticals and cosmetics.

There are several proteins in squid tentacles, some of which show thermoplastic properties and others elastic properties. The ratio of these proteins is distributed differently in each of the species. This gives his group a large canvas of properties to work with.

"Now we can go beyond nature, because we can take each of these proteins and mix them as we wish. We can mix within species or we can mix across species. We know by theory that depending on their molecular weight they will either be all thermoplastic or all thermoelastic. By mixing the molecular weight you get something in between," says Demirel. His group is already producing on the order of 100s of grams of protein. Their goal is to produce kilograms by the end of this year, and then, in the next couple of years, tons. Eventually with Wayne Curtis' expertise, he proposes to make a thermoplastic elastomer that is competitive with synthetic oil-based plastic.

In the lab, Pena-Francesch coats a glass slide with a squid protein and sets a second glass slide on top of it. The two slides bond, and it takes a powerful pressure to pull them apart. The adhesive is stable underwater for at least six months and could be used for a marine coating or for bandages for wound healing. The fibrous protein can be reformed several times and retains its elasticity or stiffness in wet or dry conditions.

Next, he stretches a small strand of elastomer protein with small pliers until it finally snaps. To demonstrate the material's self-healing property, Pena-Francesch heats the broken strands above its softening temperature and rejoins the ends seamlessly.

"We are in the process of taking something from nature, reproducing it, and mimicking it using gene sequences to get properties that materials scientists are interested in, such as specific physical properties including surface, mechanical, and barrier properties," Demirel says.

Source: Materials Research Institute at Penn State
用鱿鱼蛋白制成的可再生生物塑料 

在太平洋中北部是一片和得克萨斯州一样大小的被称为太平洋大垃圾带的地方。该地带由成吨的漂浮塑料碎片组成，正在杀死海鸟，并毒害北太平洋地区及汇流使漂浮塑料集中的其它海洋域的海洋生物。随着时间的推移，塑料瓶以及来自沿海地区与海轮的钓鱼线会分解成几乎看不见的小件，从而进入食物链，而其中的一些化学物质可能最终会被人类摄取。

在宾夕法尼亚州立大学，以工程科学与力学系教授梅利克•德米雷尔为首的小组，正在利用结构蛋白设计一种可生物降解塑料，可以帮助清理全球海洋环境，同时解决其他一系列引起人们关注的问题。

德米雷尔和他的学生都在从大西洋沿岸、西班牙海岸、韩国，并在今年晚些时候从阿根廷等世界各地收集鱿鱼。他的实验室已经利用这些标本从它们的触角中提取了鱿鱼圈牙（以下简称SRT），并通过超越自然的方式重新设计了它们的蛋白质。他计划设法通过工业规模的发酵，在用生物合成的方法生产设计细菌中的蛋白质。虽然这可能还需要几年的时间才能完成，但这是完全可行的，他认为。“结构蛋白是环保材料，具有卓越的机械性能，”他说，“它看起来是一种很像丝绸的材料，不过它是热塑性塑料，这意味着它可以被熔化并重塑成不同的形式但同时保留其性质不变。和丝绸一样，SRT重量很轻并且强度较大，这就是陆军感兴趣于用该材料制造纺织品的原因。

材料科学和生命科学的融合

在德米雷尔实验室，研究生Abdon Pena-Francesch使用牙签去除了鱿鱼触手吸盘上的蛋白质，然后在高于其软化温度的温度下（大约为水中的体温）将该蛋白质处理成粘稠熔体。该熔化可用于许多工业过程，例如静电纺丝、挤制加工、模塑或者涂覆在某表面上。蛋白质熔体的一个潜在戏剧化的新型用法是应用于3D打印。

“Abdon正在研究的鱿鱼蛋白质可以不断地进行熔融与固化，同时不会失去机械性能，其中包括高韧性（其能吸收多少能量）、高强度（即发生故障之前可以产生的负载，大约为一吉帕斯卡），以及其可被改造高达300％的延伸性（在拉断之前可以被拉伸多远），”德米雷尔说。此外，该纤维蛋白可以化学功能化并可对其进行控制在几小时到几年内生物降解，无论在任何地方。这使得鱿鱼蛋白在塑料瓶等包装或定时释放药物输送方面拥有良好的应用前景。

使用安全、可回收、可生物降解的复合材料虽然有了这么多的潜在优势，但还有一个很大的障碍，德米雷尔说，即这个微小循环的处理是缓慢的，昂贵的，在海洋中没有足够的鱿鱼用于做工业规模的材料。为了与塑料这种相对便宜的炼油副产品相竞争，我们需要用更好的方法来生产这些蛋白。

这是材料科学和生命科学开始接手的地方，德米雷尔说。通过使用宾夕法尼亚州立大学基因组学实验室的测序仪器读取了鱿鱼蛋白质的基因编码。一旦德米雷尔队获得了基因组数据，他们就得找出真正包含蛋白质形成的代码的部分数据。为此，他们把他们的数据送到了宾夕法尼亚州立大学的蛋白质组学质谱实验室（the Proteomics and Mass Spectrometry Facility）。这两个实验室都是由哈克生命科学研究院运营的。

“在蛋白质组学实验室，我们读取了蛋白质的序列，但问题是，质谱仪只能在同一时间读取序列的一小部分。这时候，就需要生物信息学相关人士的介入了，如阿尔伯特•伊什特万博士及其生物化学与分子生物学系生物信息咨询中心，“德米雷尔说。“他们开始建立全图，将其放入细菌中并表达出来。”

将所述蛋白鱿鱼在生物合成为一种植物或动物系统，可以使用有多个系统。这些包括细菌、酵母、哺乳动物、植物、或昆虫系统。德米雷尔目前与化学工程教授韦恩•柯蒂斯共同进行研究，在细菌中表达蛋白质。细菌已经在制造高端产品，如药品和化妆品中使用。

鱿鱼触须中含有好几种蛋白，其中一些具备热塑性和其他弹性特性。这些蛋白质的比率在各物种中的分布不同。这使得他的团队有很大的发挥空间。

“现在我们可以超越自然，因为我们可以制造这些蛋白质，并把它们按我们希望的方式进行混合，或者我们可以跨越物种进行混合。我们知道，理论认为，根据它们的分子量，它们要么是全部热塑性，要么全部热弹性。通过混合，我们就可以得到两者之间的特性，”德米雷尔说。他的研究小组已经生产出大约100多克的蛋白质。他们的目标是在今年年底成公斤的生产，然后，在接下来的几年里，生产数万吨。最终根据韦恩•柯蒂斯的专业知识，他建议，制造可与合成的油基塑料相竞争的热塑性弹性体。

在实验室中，Pena-Francesch将鱿鱼蛋白覆盖于一片玻璃载片上，并将第二个玻璃载玻片放在其上面。这样，两个载片就能粘合起来，且需要一个强大的压力才能将它们拉开。该粘合剂在水下至少6个月是稳定的，并可以用于海洋涂料或用于绷带使伤口愈合。纤维蛋白可在改造数次后仍保持其弹性和硬度，能适应潮湿或干燥的环境。

接下来，他用小钳子拉伸一小串弹性蛋白，直到其最后断裂。为证明该材料的自愈性，Pena-Francesch在高于其软化温度上加热该串蛋白，并无缝地将其再粘合。

“我们正从大自然获得材料，对其进行再制造，并利用基因序列进行模仿以获得材料科学家们感兴趣的属性，如具体的物理属性，包括表面、机械和阻隔性能，”德米雷尔说。

来源：宾夕法尼亚州立大学材料研究所

Research pair devise a way to make nylon precursor that is less harmful to the ozone layer
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Comparison of the industrial process and the method presented herein for production of adipic acid. (A) Industrial nitric acid process. (B) O3-UV method. Credit: Science 19 December 2014: Vol. 346 no. 6216 pp. 1495-1498. DOI: 10.1126/science.1259684 

A pair of researchers working at National Tsing Hua University in Taiwan, has found a way to make a precursor to the synthetic polymer commonly known as nylon that doesn't cause the release of ozone damaging nitrous oxide. Kuo Chu Hwang and Arunachalam Sagadevan describe their process in a paper they've had published in the journal Science and explain why what they've discovered is important. 

o make nylon, popularly used in panty hose, rope and a huge variety of other products, manufacturers first make adipic acid by mixing nitric acid with hexagon-shaped carbon molecules (cyclohexane) and other ingredients such as cobalt, copper, manganese, vanadate salts, and highly pressured oxygen. In addition to adipic acid, the process gives off nitrous oxide which is allowed to escape into the atmosphere where it harms the planet's ozone layer (it's also considered a greenhouse gas). So popular is nylon, and adipic acid (95 percent of it that's made is used to make nylon), that prior research has found that up to eight percent of the eight million metric tons of nitrous oxide released into the atmosphere each year, is the result of making adipic acid for nylon production. In this new effort, the pair of researchers describe a process they developed for creating adipic acid that doesn't release any nitrous oxide at all—it's also simpler and costs less.
Instead of adding nitric acid to cyclohexane (or cyclohexanol, or cyclohexanone) the two added ozone bubbles and ultraviolet light. The UV light caused the ozone to break down to O2 releasing single highly reactive oxygen atoms. Those atoms attached themselves to the carbon molecules weakening their bonds and eventually causing the hexagon rings to break, which resulted in the formation of adipic acid. They note that the process doesn't require high pressure or any other new ingredients.

Excited by their discovery, the two researchers tried the same method on other, larger hydrocarbons—no report on what they found, but they imply that the possibilities are tantalizing, which suggests other researchers might be looking to do the same very soon—that could conceivably lead to the development of ways to create other common materials that aren't so harmful to the planet.

More information: One-pot room-temperature conversion of cyclohexane to adipic acid by ozone and UV light, Science 19 December 2014: Vol. 346 no. 6216 pp. 1495-1498. DOI: 10.1126/science.1259684

ABSTRACT

Nitric acid oxidation of cyclohexane accounts for ~95% of the worldwide adipic acid production and is also responsible for ~5 to 8% of the annual worldwide anthropogenic emission of the ozone-depleting greenhouse gas nitrous oxide (N2O). Here we report a N2O-free process for adipic acid synthesis. Treatment of neat cyclohexane, cyclohexanol, or cyclohexanone with ozone at room temperature and 1 atmosphere of pressure affords adipic acid as a solid precipitate. Addition of acidic water or exposure to ultraviolet (UV) light irradiation (or a combination of both) dramatically enhances the oxidative conversion of cyclohexane to adipic acid.

Journal reference: Science
研究小组制造出对臭氧层破坏较小的尼龙前体
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图为己二酸工业生产工艺和己二酸新生产方法的比较。（A）工业硝酸工艺。（B）O3-UV方法。图片来源：《科学》（Science）杂志2014年12月19日：346卷6216号，页码：1495-1498. DOI：10.1126/科学.1259684

在台湾的国立清华大学工作的一组研究人员发现了一种方法，用其可以制造出俗称尼龙的合成聚合物的前体，这种前体不会释放破坏臭氧层的氧化亚氮。Kuo Chu Hwang和Arunachalam Sagadevan在一篇论文中论述了他们的方法，此论文已经在《科学》（Science）杂志上发表，并且揭示了这项发现非常重要的原因。

尼龙主要是用于生产女用袜裤、绳子和大量其他产品。为了制造尼龙，制造商第一次通过将硝酸和六角状碳分子（环己烷）和其他材料，例如钴、铜、锰、钒酸盐和高压氧混合在一起，生产己二酸。除了己二酸之外，该工艺还会释放出氧化亚氮，氧化亚氮是被允许排入大气中的，但它会破坏地球的臭氧层（同时也要考虑温室气体）。尼龙和己二酸（95%的己二酸用于制造尼龙）十分流行，之前的研究发现，每年800万公吨的氧化亚氮中有80%都被释放到了大气中，这是为尼龙生产制造己二酸的结果。在最近的研究努力中，研究小组开发出了一个工艺过程，此工艺过程在制造己二酸的过程中根本不释放氧化亚氮，因此工艺过程也简化了不少，成本也下降了很多。

新的工艺过程不再在硝酸中加入环己烷（环己醇，或者环己酮），而加入臭氧气泡和紫外线。紫外线导致臭氧降解为氧气，释放高活性的单个氧原子。这些氧原子吸附在碳分子周围，降低碳分子的键能，最终导致碳六环破裂，从而形成己二酸。研究人员强调此工艺过程不需要高压和其他新辅料。

受到此项研究的振奋，两名研究人员开始尝试使用相同的方法应用在其他大规模的碳氢化合物上，目前没有报告说明他们发现了什么，但是他们暗示可能性十分模糊，这预示着其他研究人员也会做同样的事情，可以预见的是，这些研究会开发出可以制造出其他常见材料的方法，并且工艺过程不对地球造成伤害。

更多的信息详见：One-pot room-temperature conversion of cyclohexane to adipic acid by ozone and UV light, Science 19 December 2014: Vol. 346 no. 6216 pp. 1495-1498. DOI: 10.1126/science.1259684

摘要

环己烷的硝酸氧化占全世界己二酸生产的95%左右，这也是每年全球人为排放的消耗臭氧的温室气体氧化亚氮（N2O）的5%~8%。我们研究出一种不会释放N2O的己二酸合成工艺。纯环己烷、环己醇或环己酮与臭氧在室温与1大气压下结合，形成固体沉淀物己二酸。添加酸性水或暴露在紫外线照射下（或者两者结合）可极大地促进环己烷向己二酸的氧化转化。

期刊来源：《科学》杂志（Science）
Microscopy pencils patterns in polymers at the nanoscale
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Oak Ridge National Laboratory researchers used atomic force microscopy to draw nanoscale patterns in a polymerized ionic liquid.

Scientists at the U.S. Dept. of Energy (DOE)’s Oak Ridge National Laboratory (ORNL) have used advanced microscopy to carve out nanoscale designs on the surface of a new class of ionic polymer materials for the first time. The study provides new evidence that atomic force microscopy, or AFM, could be used to precisely fabricate materials needed for increasingly smaller devices.

Polymerized ionic liquids have potential applications in technologies such as lithium batteries, transistors and solar cells because of their high ionic conductivity and unique structure. But many aspects of the recently discovered materials are still not well understood.

When ORNL researchers used an atomic force microscope to begin characterizing the properties of polymerized ionic liquid thin films, the experiment yielded some surprising results.

“We were expecting to measure ionic conductivity, and instead we found that we were forming holes on the surface,” said ORNL’s Vera Bocharova, corresponding author on the study published in Advanced Functional Materials. “Then we started to think about how this might have great applications in nanofabrication.”

Nanolithography is the dominant technique used by industry for nanofabrication, but its size limitations are leading researchers to explore other methods such as AFM.

“This study is part of our search for alternative methods and materials that can be used to create smaller sized objects,” Bocharova said. “For example, our technique might be interesting for the miniaturization of semiconductor technology.”

Similar AFM techniques have been used to study and produce patterns in nonconductive polymers, but the ORNL study uncovered several differences in the application to polymerized ionic liquids.  

“In comparison to nonconductive polymers, we have to apply less bias—four volts instead of 20 V—to generate the holes, which is good in terms of energy savings for future applications,” Bocharova said.

In nonconductive polymers, the high voltage applied through the AFM tip punctures the material’s surface by localized heating. In contrast, the ORNL team used experiment and theory to determine that the holes formed in the conductive polymer liquids resulted from negative ions migrating to the positively charged microscope tip. The researchers plan to continue refining the technique’s capabilities and their understanding of the polymerized ionic liquids’ properties. 

“Right now the size of the formed features is in the range of 100 nm, but it’s not the limit,” Bocharova said. “We believe it’s possible to change the experimental setup to advance to lower scales.”

Source: Oak Ridge National Laboratory
显微镜“铅笔”在聚合物上绘制纳米级图案
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橡树岭国家实验室的研究人员利用原子力显微镜，在一种聚合离子液体上绘制了纳米级图案。

美国能源部门（DOE）的橡树岭国家实验室（ORNL）的科学家，首次使用先进的显微镜在一类新的离子聚合物材料的表面上刻画出了纳米级的图案。该研究提供了新的证据，表明可以使用原子力显微镜或AFM来精确地制造越来越小的设备所需要的材料。

由于其高离子导电性和独特的结构，聚合的离子液体在例如锂电池、晶体管和太阳能电池的技术上具有潜在应用性。但人们对这一最近发现的材料还 缺乏了解。

当橡树岭国家实验室的研究人员开始使用原子力显微镜观察聚合的离子液体薄膜的性质时，实验产生了一些令人惊讶的结果。

“我们本打算测量离子电导率，然而相反的，我们发现我们在其表面制造了小孔。”橡树岭国家实验室的Vera Bocharova这样说道，他是《先进功能材料》（Advanced Functional Materials）上发布的该研究的通讯作者。“然后我们就开始思考如何才能让它在纳米材料制备上发挥巨大作用。”

纳米光刻技术是纳米加工利用产业的主导技术，但它的大小尺寸限制使主要研究人员探索例如AFM的其他方法。

“这项研究是我们寻求替代方法和材料的一部分，它们可用于创建更小的物件。”Bocharova说，“举例来说，我们的技术可能对半导体技术的微型化有帮助。”

在非导电聚合物的模式研究和生产中，类似的AFM技术已经被应用，但橡树岭国家实验室的研究揭示了这一技术在聚合离子液体上应用地一些不同之处。

“相比于非导电性聚合物，我们在制造孔洞时使用了较小的偏压——4伏特而不是20伏特，这利于未来应用中的能源的节约，”Bocharova说道。

在非导电聚合物中，施加在AFM顶端的高电压通过局部加热刺穿材料的表面。与此相反，橡树岭国家实验室小组使用实验和理论来证明，导电聚合物液体上的小孔是由于负离子迁移至带正电的显微镜顶端造成的。研究人员计划继续改进技术并提高对聚合离子液体性质的认识。

“现在，这些特征在100纳米的范围内实现，但这并不是极限，”Bocharova说道，“我们相信可以通过改变实验装置来使其尺寸缩到更小。”

资料来源：美国橡树岭国家实验室
E-Material（电子材料）
A qubit candidate shines brighter

In the race to design the world's first universal quantum computer, a special kind of diamond defect called a nitrogen vacancy (NV) center is playing a big role. NV centers consist of a nitrogen atom and a vacant site that together replace two adjacent carbon atoms in diamond crystal. The defects can record or store quantum information and transmit it in the form of light, but the weak signal is hard to identify, extract and transmit unless it is intensified.

Now a team of researchers at Harvard, the Univ. of California, Santa Barbara and the Univ. of Chicago has taken a major step forward in effectively enhancing the fluorescent light emission of diamond nitrogen vacancy centers—a key step to using the atom-sized defects in future quantum computers. The technique, described in Applied Physics Letters, hinges on the very precise positioning of NV centers within a structure called a photonic cavity that can boost the light signal from the defect.

A potential qubit power couple

NV centers contain an unpaired electron that can store information in a property known as spin. Researchers can "read" the spin state of the electron by observing the intensity of particular frequencies of the light that the NV center emits when illuminated by a laser.

At room temperatures, this pattern of light emission couples to multiple "sideband" frequencies, making it difficult to interpret. To amplify the most important element of the signal researchers can use a structure called a photonic cavity, which consists of a pattern of nanoscale holes that serve to enhance the NV center's light emission at its main frequency.

"A photonic cavity that is properly matched to the NVs can substantially augment their capabilities," said Evelyn Hu, a researcher at Harvard whose group studies the optical and electronic behavior of materials that have been carefully sculpted at the nanoscale.

NV centers whose signal is enhanced by photonic cavities could act as qubits, the fundamental units of quantum information in a quantum computer.

Matchmaker, matchmaker, make me a match

Photonic cavities best enhance the signal of NV centers located in a "hot spot" where the cavities' resonant fields are strongest, but making sure an atom-sized defect's location matches up with this spot is extremely tricky.

"Strong spatial overlap is the hardest [task] to achieve in designing and fabricating a photonic cavity for NV centers," Hu said.

She compared the task to turning on a fixed small light beam in a dark room containing ultra-small transmitters that send out information once they are illuminated by the 'right' beam. If the match is right, the signal from the transmitter is returned strongly, but the challenge is that the chances of the light hitting the transmitter are very small.

Hu and her colleagues ultimately aim to make sure the beam (or field of the photonic cavity) will always hit the transmitter (or NV center), so that information will always be read out. They can do this by knowing the exact position of the tiny NV centers.

The team took an important first step toward this goal by controlling the depth of the diamond defects using a technique called delta doping. "Integrating a plane of spins into these structures enables us to engineering the spin-photon interaction and exploit quantum effects for future technologies," said David Awschalom, a researcher at the Univ. of Chicago whose group grows and characterizes these systems. The technique confines the possible location of NV centers to a layer approximately 6 nanometers thick sandwiched inside a diamond membrane approximately 200 nm thick. The researchers then etched holes into the membrane to create the photonic cavities.

Using this method the researchers were able to increase the intensity of the light emitted by the NV centers by a factor of about 30 times.

The team believes they can further enhance the emission by also controlling the position of the defects in the horizontal plane and are currently working on possible ways to achieve full 3-D control.

Computers, sensors and more

Nitrogen vacancy centers aren't the only candidate for qubits, but they have attracted a lot of interest because their electrons have long spin lifetimes at room temperature, meaning they can maintain quantum information for a relatively long time.

And the promise of NV centers doesn't stop at ultrafast computers. NV centers can also be used in non-computing applications, for examples as molecular-scale magnetic and temperature sensors that could measure the properties within single cells.

Source: American Institute of Physics
候选量子位引人瞩目 

在研发世界第一台通用量子计算机的竞赛中，一种被称为“氮-空位（NV）”中心的独特的钻石缺陷发挥了重大作用。氮-空位中心由一个氮原子和一个空位组成，其可以取代金刚石晶体中两个相邻的碳原子。这一缺陷可以记录或存储量子信息，并以光的形式进行传输，但是此信号较弱，只有加以强化才能被发现、提取并传输。 

现在由哈佛、加州大学、圣巴巴拉和芝加哥大学研究员组成的团队已经向加强氮-空位中心发射荧光传输迈进了一大步，这一步将对未来量子计算子中原子大小缺陷的应用至关重要。这一项在《应用物理学简报》（Applied Physics Letters）上发表的技术，主要依靠对能加强缺陷发射光信号的光子腔结构中的氮-空位中心进行精确定位。 

潜在的量子位能量组合 

氮-空位中心含有一个不成对电子，该电子可以旋转的方式存储信息。当用激光照射时，该氮-空位中心会发射出特殊光频，研究员只需观察该光频强度，就可掌握电子的自旋态。

在室温条件下，此种发射光会并联成多种“边带”频率，造成理解困难。为了将此信号最重要因素进行放大，研究员们利用了一种叫做“光子腔”的结构，其内含的纳米级小洞可以加强氮-空位中心主频率的发射光。

哈佛大学研究纳米级材料光电学特性的研究员伊芙琳•胡说道：“与氮-空位正相吻合的光子腔可以大幅提升其性能。”

通过光子腔加强信号的氮-空位中心可以充当量子位，这是量子计算机中量子信息的基本单位。

光子腔能极大提升位于共振效果最强的“热点区”氮-空位中心发出的信号，但是要确定原子大小的缺陷位可以和此热点相匹配是非常困难的。

“在为氮空位中心设计、制造光子腔时，高度空间重叠是最难做到的，”胡女士说。

她将这项工作比作是在一间有着极小传送机的漆黑房间里开启一束微小光源，只有当“正确的”光线照射到那个小传送机上时，其才会发出信息。如果搭配正确，该反射信号就会加强。但困难就是用此微光照到该微小传送机上的概率非常小。

胡女士及其同事的最终目的就是，确定该光束（光子腔中的热点区）可以总是命中传送机（氮空位中心），这样才能一直读出信息。只有知道微小氮空位中心的准确位置，他们才能获得成功。

该研究团队利用和单原子掺杂技术控制了钻石缺陷度，向目标迈出了重要的第一步。“将一系列的旋转电子输入该结构中，我们就能控制旋转光子交互，为未来科技开发量子效应，”芝加哥大学开发记录体系特征的研究员大卫•萨洛姆说道。该技术可以将氮空位中心的可能位置限定在夹在200纳米薄晶体膜中一个6纳米薄层中。然后研究员们就在此薄膜中凿洞创建光子腔。

利用这一方法，研究员们就能将氮空位中心发射的光强度加强30倍。

该研究团队相信可通过控制缺陷水平面方位进一步提升光强，目前他们正在探寻获得完全三维控制的方法。

计算机、传感器等等

氮空位中心并不是量子位的唯一候选，但由于其电子在室温条件下自传周期很长，意味着其可以存储相对长时间的量子信息，因而引发了极大关注。

此外，氮空位中心有很大潜能，不会止于超速计算机。它还可以用于非计算机领域，比如可测量单细胞内性能的分子级磁力和温度传感器。

来源：美国物理学会

New semiconductor could change face of consumer electronics

Materials first developed at Oregon State Univ. (OSU) more than a decade ago with an eye toward making “transparent” transistors may be about to shake up the field of consumer electronics—and the first uses are not even based on the transparent capability of the materials.

Transparent transistors were invented by OSU researchers in 2002. In continued work and in collaboration with private industry, certain transparent transistor materials—amorphous oxide semiconductors—are now gaining some of their first commercial applications. Licensing of the compounds is under way to a range of companies.

One of the first and most important of the semiconductors is based on the compound indium gallium zinc oxide, or IGZO. It’s now being used to produce flat-panel displays for computer monitors with extraordinary resolution and clarity, and in ultrathin HDTVs. IGZO will also soon find its way into tablets and cell phone displays.

But that may be just the beginning, experts say.

“Amorphous oxide semiconductors appear well-positioned to significantly impact a $100 billion industry,” said John Wager, holder of the Michael and Judith Gaulke Chair in the OSU School of Electrical Engineering and Computer Science.

“Because of their increased electron mobility, compounds like IGZO can provide brighter displays with higher resolution,” Wager said.

Transistors made using IGZO consume much less standby power—cell phones might be created that only need charging once or twice a week instead of once a day.

The primary competition for amorphous oxide semiconductors is low-temperature polysilicon, Wager said. But this technology is more complex and expensive.

“Amorphous oxide semiconductors benefit from the fact that they can be implemented by retrofitting an existing fabrication facility,” Wager said. “This would save billions of dollars, rather than having to build a new plant, as required for low-temperature polysilicon.

“Amorphous oxide semiconductor implementation appears on the verge of exploding,” he said. “If the current trend continues, in the next five years most people will likely own some device with these materials in them. This is a breathtaking pace.”

The commercialization of amorphous oxide semiconductors also bodes well for the future of transparent electronics.

Conceptually, electronics could be incorporated into any glass surface. A bathroom mirror could display your schedule for that day in an updatable and interactive way. A window could function as a computer display in conjunction with touchscreen control. Driving directions could appear on the windshield of your automobile. Or you could replace your drapes with a bedroom window that would automatically or manually darken to block out light.

Source: Oregon State Univ.
可改变消费性电子产品面貌的新型半导体

十年前，在俄勒冈州立大学（OSU）第一次开发出的旨在制造“透明”晶体管材料，或会在消费电子产品领域引发波动——而首次使用甚至不是基于该材料的透明能力。

透明晶体管是2002年俄勒冈州立大学的研究人员发明的。在持续不断的研究工作以及与私营工业的合作中，某些透明的晶体材料——非晶氧化物半导体——现在正第一次投入商业应用。很多公司正获准使用该化合物。

首批投入商业使用的最重要的一种半导体是基于铟镓锌氧化物（简称，IGZO）制造的。由于它非同寻常的的分辨率和清晰度，它现在被用于生产电脑显示器和超薄高清电视的平面显示器。

专家称这可能只是一个开始。

“非晶氧化物半导体的出现可极大地影响一个1000亿美元的产业。”俄勒冈大学电气工程和计算机学院Michael与Judith Gaulke主席位担任者约翰•韦格这样说道。

韦格说：“因为电子流动性化合物的增加使得像IGZO这样的化合物能够提供更高分辨率的显示器，并且显示器将更亮。”

使用IGZO制造的晶体管消耗的备用能源更少——手机可能只需要一周充电一次或两次，而不是一天一次。

韦格称，非晶氧化物半导体的主要竞争对手是低温硅。但是低温多晶硅技术更复杂昂贵。

“非晶氧化物半导体可以从能够改造现有制造设施这一事实从中受益。这将节省数十亿美元，而不像低温多晶硅需建立一个新工厂，”韦格说。

他说：“非晶氧化物半导体的启用即将开始。如果这种趋势持续下去，未来的五年大多数人可能会使用这些含有这些材料的设备。这是一个令人惊叹的进步。”

非晶氧化物半导体化也预示着透明电子学的未来。

从概念上讲，电子可以并入任何玻璃的表面。这样，浴室里的一面镜子或可以以互动的方式显示你那天的行程并定期更新。一扇窗户可以与触屏控制相连接然后像电脑一样显示。行车路线可以出现在你汽车挡风玻璃上。或者你可以自动或者手动将你卧室的窗帘变暗以阻挡光线。

消息来源：俄勒冈州立大学。

High-temperature superconductor “fingerprint” found

Theorists and experimentalists working together at Cornell Univ. may have found the answer to a major challenge in condensed matter physics: identifying the smoking gun of why “unconventional” superconductivity occurs, they report in Nature Physics.

Assoc. Prof. of Physics Eun-Ah Kim led the way, joining forces with experimentalist J.C. Seamus Davis, the J.G. White Distinguished Professor of Physical Sciences in the College of Arts and Sciences. They have isolated a “fingerprint” that identifies specific fluctuations in electrons that force them into pairs, causing their host material, in this case, a high-temperature superconductor called lithium iron arsenic, to make way for free-flowing, resistance-free electron pairs.

Superconductivity overcomes the naturally occurring repulsion between electrons, quantified by Coulomb’s law, which normally prevents their pairing. In “conventional” superconductors—metals that allow electrons to flow without resistance at temperatures around 460 degrees below zero—there’s pretty good understanding of why superconductivity happens. In that case, electron pairing is driven by the exchange of vibrations in the material’s crystal structure, which become strong enough to overcome Coulomb repulsion. This mechanism only works in extremely cold temperatures in which electrons move very slowly.

About three decades ago, physicists started studying “unconventional” superconductors, which superconduct at 100 times higher temperatures. That’s still nowhere near room temperature, but the mechanism of why this happens at such relatively high temperatures is a longstanding mystery, and one with deep implications for quantum physics.

In their Nature Physics report, the generally accepted principle the team has proved is that small jiggles of the electrons’ spin patterns, called spin fluctuations, are what cause the electrons to form pairs. In these unconventional superconductors, the electrons tend to form antiferromagnets, which means that electrons, visualized as little bar magnets, want to align with opposite poles together. This tendency, prior to onset of the antiferromagnetic ordering, causes jiggling of the spins, as the entire system wants to form a fixed pattern.

The fact that these spin fluctuations could provide electron pairing has been conjectured many times over, but proving it has been a big challenge, Kim explained.

“The methods that had worked for simple metals like aluminum don’t quite work for higher temperature superconductors,” she said. This is particularly true for a newer class of iron-based unconventional superconductors, because these materials are so-called multiband systems. That means electrons at a given energy can have several different momentum values with radically different velocities.

Kim’s team tackled this complicating feature and turned it into an opportunity. They figured out how to measure the change in electron energies at particular momentums in the multiband system due to the influence of spin fluctuations, relying on principles such as energy momentum conservation—the same principle that applies to the trajectories of colliding billiard balls.

Through their calculations, they successfully differentiated the fingerprint of spin fluctuations, which is distinct from the fingerprint of lattice vibrations as they would manifest in an energy-momentum measurement. The team employed an energy-momentum measurement technique called quasiparticle interference imaging, pioneered by Davis’ group, to confirm the fingerprint of spin fluctuations in superconducting lithium iron arsenic.

“The approach we have taken here can lead to broader applications and ways of confirming the idea,” Kim said. “The concept of antiferromagnetic fluctuations mediating superconductivity cannot be proved entirely rigorously theoretically; it’s a challenge that requires experiment and theory working together.”

Source: Cornell Univ.
研究发现高温超导体“指纹”

在康奈尔大学一起工作的理论和实验家，可能已经找到了解决一个重大的凝聚态物理问题的答案：确定“非常规”超导为什么发生的确凿证据，研究结果刊载于《自然物理》（Nature Physics）杂志。

以物理学副教授恩-阿˙金姆为领队，合作实验者还有艺术与科学学院物理科学J.G. White 特聘教授J•C•西莫•戴维斯。他们分离出了一种“指纹”，能够标识电子中特定的波动并迫使它们成对，从而促使其主材料让位给自由流动的、无电阻的电子对。在该研究中，主材料为一种被称为锂铁砷的高温超导体。

超导克服了电子之间由库仑定律提出的天然存在的斥力，这种斥力通常阻止其配对。在金属等“常规”超导体中，电子在零下460度自由流动，就这种导体而言，我们很容易理解其产生超导性的原因。在这种情况下，电子配对是由材料晶体结构中的振动引起的，这种振动很强大，足以克服库仑斥力。这种机制只适用于极冷的温度下，在其中，电子的移动速度非常缓慢。 

大约三十年前，物理学家开始研究“非常规”超导体，它们能在100倍以上的温度下显示超导性。该温度仍然没有接近室温，但在这种相对较高的温度下出现这种情况的机制仍是一个谜，而它对量子物理学有深刻的影响。 

在刊载于《自然物理》杂志的报告上，研究团队已经证明了的普遍接受的原理是，电子的自旋模式（被称为自旋波动）是电子成对的原因。在这些非传统的超导体中，电子倾向于形成反铁磁体，这意味着显现为小的条形磁铁的电子想要与相反的磁极相匹配。因为整个系统想要形成固定模式，在反铁磁有序发生之前，这种倾向会引发自旋波动。 

金姆解释说，自旋波动导致电子配对的事实已经被猜测很多次了，但证明这一事实一直是一个很大的挑战。 

她说：“适用于铝等简单金属的原理不适用于温度更高的超导体。”对于一个较新型种类的铁基非传统超导体来说尤其如此，因为这些材料是所谓的多频带系统。这意味着电子在一个给定的能源下可以有几个不同的动量值与完全不同的速度。 

金姆的团队解决了这一复杂的问题并把它变成了一个机会。依靠能量动量守恒等原理，（与用于碰撞台球轨迹实验的相同原理）他们想出了如何衡量由于自旋波动引起的在多频带系统下的特定电子能量变化。

通过他们的计算，他们成功地识别了自旋波动的指纹，这与他们在动量测量中发现的晶格振动指纹截然不同。该团队采用了一种名为准粒子干涉成像的能量动量测量技术（这种技术由戴维斯的团队率先使用）来确认超导锂铁砷的自旋波动指纹。

“我们在此所采取的方法可能会得到更广泛的应用以及确认这一理念的方法，”金姆说，“反铁磁性波动调解的超导性的理念，在理论上不能被完全证明；这个挑战的解决需要实验加理论。”

来源：康奈尔大学 
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