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Tech News & New Tech（技术前沿）
Research exploits extraordinary properties of graphene 
Innovative new research led by the Univ. of Exeter has demonstrated how the extraordinary properties of graphene can be exploited to create artificial structures that can be used to control and manipulate electromagnetic radiation over a wide range of wavelengths.

A team of international scientists, led by Prof. Geoff Nash from the Univ. of Exeter, have engineered a remarkable new hybrid structure, or metamaterial, that possesses specific characteristics that are not found in natural materials.

The collaborative team combined nanoribbons of graphene, in which electrons are able to oscillate backwards and forwards, together with a type of antenna called a split ring resonator.

Careful design of these two elements leads to a system which strongly interacts with electromagnetic radiation. In these experiments the team used light with very long wavelengths, far beyond what the human eye can see, to show that these new structure can be used as a type of optical switch to interrupt, and turn on and off, a beam of this light very quickly.

The collaborative international research, including experts from the Univ. of Exeter, England, and teams led by Dr. Sergey Mikhailov at the Univ. of Augsburg, Germany, and Prof. Jérôme Faist at ETH Zurich, is published in Nature Communications.

Prof. Geoff Nash, from the Univ. of Exeter's Dept. of Engineering said: "In these novel results we demonstrate a new type of structure which can be used not only as an exciting test bed to explore the underlying new science, but that could form the basis of a range of technologically important components".

The research was carried out as part of the EU FET Open Project GOSFEL, which aims to develop an entirely new laser source for applications such as gas sensing. Prof. Nash currently also holds an EPSRC in Frontier Manufacturing.

Prof. Nash, who is also Director of Natural Sciences at Exeter added: "One of the key characteristics of our structure is that it has the effect of focusing the electromagnetic radiation into an area much smaller than its wavelength.

"This could potentially lead to new ways of undertaking ultra-high resolution spectroscopy of, for example, bio molecules. Working with colleagues in Biosciences we are already starting to explore some of these effects, with undergraduates from our innovative interdisciplinary Natural Sciences program, and postgraduates from the Exeter EPSRC Centre for Doctoral Training in Metamaterials."

Source: Univ. of Exeter
研究探索石墨烯的非凡特性
埃克塞特大学领导的创新性新研究展示了石墨烯的非凡特性如何可以被利用来创建人造结构，可用于控制和操纵一个较大波长范围内的电磁辐射。

国际科学家的一个团队，由埃克塞特大学德杰夫·纳什教授领导，已经设计了一个明显的新混合结构，或超材料，它拥有未在天然材料中发现的独特性能。

协作团队将石墨烯纳米带，在其里面电子能够向后和向前摆动，与称为裂环谐振腔一种类型的天线结合在一起。
这两种元素的精心设计形成了一个系统，其拥有强烈的电磁辐射相互作用。在这些实验中，研究小组使用具有非常长的波长的光，远远超出了人眼所看到的，以表明这些新的结构可以被用作一种类型的光学开关来中断，以及打开和关闭，此光束非常快。

这一国际协作研究，包括来自英国埃克塞特大学专家，以及苏黎世联邦理工学院的Jérôme Faist教授和德国奥格斯堡大学谢尔盖·米哈伊洛夫博士领导的团队，发表在自然传播上。

埃克塞特大学工程系教授杰夫·纳什说：“在这些新的结果中，我们证明了一种新类型结构，它不仅可以作为一个令人兴奋的试验台，来探索潜在的新科学，还可能形成一系列技术上的重要基础组件。”
该研究作为欧盟FET公开项目GOSFEL的一部分进行实施，其目的是为诸如气体传感等应用开发一种全新的激光光源。纳什教授目前还在进行制造前沿的EPSRC。
同时也是埃克塞特自然科学总监的纳什教授补充说：“我们这个结构的主要特点之一是，它具有聚焦电磁辐射到比它的波长更小的面积上的效果。
“这可能会引导超生物分子高分辨率光谱仪研发的新方法，例如。与生物科学同事一起工作，我们已经开始探讨其中的一些影响，还有来自我们创新跨学科自然科学计划的本科生和来自超材料博士生培养埃克塞特EPSRC中心的研究生。”
资料来源：埃克塞特大学
Doping powers new thermoelectric material
In the production of power, nearly two-thirds of energy input from fossil fuels is lost as waste heat. Industry is hungry for materials that can convert this heat to useful electricity, but a good thermoelectric material is hard to find.

Increasing the efficiency of thermoelectric materials is essential if they are to be used commercially. Northwestern Univ. researchers now report that doping tin selenide with sodium boosts its performance as a thermoelectric material, pushing it toward usefulness. The doped material produces a significantly greater amount of electricity than the undoped material, given the same amount of heat input.

Details of the sodium-doped tin selenide—the most efficient thermoelectric material to date at producing electricity from waste heat—were published in Science.

The Northwestern development could lead to new thermoelectric devices with potential applications in the automobile industry, glass- and brick-making factories, refineries, coal- and gas-fired power plants, and places where large combustion engines operate continuously (such as in large ships and tankers).

Most semiconducting materials, such as silicon, have only one conduction band to work with for doping, but tin selenide is unusual and has multiple bands; the researchers took advantage of these bands. They showed they could use sodium to access these channels and send electrons quickly through the material, driving up the heat conversion efficiency.

"The secret to our material is that multiband doping produces enhanced electrical properties," said Mercouri G. Kanatzidis, an inorganic chemist who led the multidisciplinary team. "By doping multiple bands, we are able to multiply the positive effect. To increase the efficiency, we need the electrons to be as mobile as possible. Tin selenide provides us with a superhighway—it has at least four fast-moving lanes for hole carriers instead of one congested lane."

Kanatzidis, a Charles E. and Emma H. Morrison Professor of Chemistry in the Weinberg College of Arts and Sciences, is a world leader in thermoelectric materials research. He is a corresponding author of the paper.

To produce a voltage, a good thermoelectric material needs to maintain a hot side—where the waste heat is, for example—while the other side remains cool. (A voltage can be harvested as power.) Less than two years ago, Kanatzidis and his team, with postdoctoral fellow Lidong Zhao as protagonist, identified tin selenide as a surprisingly good thermoelectric material; it is a poor conductor of heat (much like wood)—a desirable property for a thermoelectric—while maintaining good electrical conductivity.

Kanatzidis' colleague Christopher M. Wolverton, a computational theorist, calculated the electronic structure of tin selenide. He found the electrical properties could be improved by adding a doping material.

"Tin selenide is very unusual, not only because of its exceedingly low thermal conductivity, but also because it has many conduction lanes," said Wolverton, a senior author of the paper and professor of materials science and engineering in the McCormick School of Engineering and Applied Science. "Our calculations said if the material could be doped, its thermal power and electrical conductivity would increase. But we didn't know what to use as a dopant."

Sodium was the first dopant the researchers tried, and it produced the results they were looking for. "Chris' computations opened our eyes to doping," Kanatzidis said. He and Zhao successfully grew crystals of the new doped material.

The researchers also were pleased to see that adding sodium did not affect the already very low thermal conductivity of the material. It stayed low, so the heat stays on one side of the thermoelectric material. Electrons like to be in a low-energy state, so they move from the hot (high-energy) side to the cool side. The hot side becomes positive, and the cool side becomes negative, creating a voltage.

"Previously, there was no obvious path for finding improved thermoelectrics," Wolverton said. "Now we have discovered a few useful knobs to turn as we develop new materials."

The efficiency of waste heat conversion in thermoelectrics is reflected by its "figure of merit," called ZT. In April 2014, the researchers reported that tin selenide exhibits a ZT of 2.6 at around 650 C. That was the highest ZT to date—a world record. But the undoped material produced that record-high ZT only at that temperature. (There is a ZT for every temperature.)

The new doped material produces high ZTs across a broad temperature range, from room temperature to 500 C. Thus, the average ZT of the doped material is much higher, resulting in higher conversion efficiency.

"Now we have record-high ZTs across a broad range of temperatures," Kanatzidis said. "The larger the temperature difference in a thermoelectric device, the greater the efficiency."

Source: Northwestern Univ.
掺杂提升新型热电材料性能
在电能生过程中，近三分之二来自化石燃料的能量输入作为余热丧失。工业领域期望获得可以将这些热量转化为有用电能的材料，但良好的热电材料很难找到。

增加热电材料的效率是至关重要的，如果它们要在商业上进行使用。西北大学的研究人员现在报告说，掺杂硒化锡酸钠可以提升其作为热电材料的性能，推动其实用性发展。在提供相同数量热量输入的情况下，掺杂该材料比比未掺杂该材料产生显著多的电力。

掺杂硒化锡酸钠 - 迄今从废热中产生电力的最有效的热电材料 – 的细节发表在科学杂志上。
西北大学的研究可能会促使新热电设备的潜在应用，在汽车行业、玻璃和制砖工厂、炼油厂、燃煤和燃气电厂和大型燃烧发动机连续工作的地方（如在大型船舶的新热电装置和油轮）。

大多数半导体材料，诸如硅，只有一个导电带可以进行掺杂的工作，但硒化锡是不寻常的和具有多条导电带；研究人员利用了这些导电带的优势。他们发现，他们可以使用钠来接近这些通道并迅速发送电子通过材料，提升来热转换效率。

“我们材料的秘密是多导电带掺杂产生了增强地电气性能，” 领导多学科团队的无机化学家Mercouri G.Kanatzidis表示。 “通过掺杂多个导电带，我们能够对积极影响进行乘积。为了提高效率，我们需要电子尽可能被移动。锡化硒为我们提供了一个高速通道 - 它具有至少四个快速移动通道进行传送，而不是一个拥挤的车道。”

温伯格艺术与科学学院的化学Charles E. 和 Emma H. Morrison教授 Kanatzidis，是热电材料研究一个世界领导者。他是论文的通讯作者
为了产生一个电压，一个良好的热电材料需要保持一个热侧面-这里是废热存在的地方，例如-而另一侧保持冷却。（电压可以作为电能而被收获。）不到两年前，Kanatzidis和他的团队，和作为主角的博士后研究员赵立冬，确定硒化锡作为一个出乎意料的好热电材料;这是热（很像木材）的不良导体 – 热电材料的一个理想特性 - 同时保持良好的导电性。

Kanatzidis的同事Christopher M. Wolverton，一个计算理论家，计算出的硒化锡的电子结构。他发现其电性质可以通过添加掺杂材料得到改善。
“硒化锡诗非常不寻常的，不仅是因为其极低的导热性，而且还因为它有许多的传导通道，” 麦考密克学院工程和应用科学系材料科学和工程教授和该论文得资深作者Wolverton说。“我们的计算显示，如果该材料可以被掺杂，其热电及导电性能会增加。但我们不知道什么物质可以作为一个掺杂剂来使用。”
钠是研究人员尝试的第一种掺杂剂，同时它产生了他们正在寻找的结果。“克里斯的计算使我们看到掺杂剂，”Kanatzidis说。他和赵成功的进行了新掺杂材料的结晶。
研究人员还高兴地看到，加入钠并没有影响到材料已经非常低的导热性。它仍然保持低水平，所以热量停留在热电材料的一个侧面。电子喜欢处于低能量状态，所以它们从热（高能量）侧移动到冷却侧。热侧变为正，同时冷侧变为负，从而产生电压。
“此前，没有明显的路径来寻找增强热电材料，”沃尔弗顿说。“现在，我们已经发现了一些有用的旋钮进行打开，当我们开发新材料时。”
热电材料废热转换效率是由它的“品质因数”进行体现，称为ZT。在2014年4月，研究人员报告说，硒化锡在约650℃时表现出2.6 ZT。这是迄今为止最高的ZT – 一个世界纪录。但未掺杂的材料只有在该温度下产生高记录的ZT。（每一个温度都有一个ZT。）
新掺杂的材料在广泛的温度范围内产生高ZT，从室温至500℃。因此，掺杂材料的平均ZT要高得多，导致更高的转换效率。
“现在我们已经在广泛的温度范围内获得创纪录的ZT，”Kanatzidis说。“热电装置的温度差越大，效率就越高。”
来源：西北大学。

Research boosts graphene revolution

Pioneering new research by the Univ. of Exeter could pave the way for miniaturized optical circuits and increased internet speeds, by helping accelerate the 'graphene revolution'.

Physicists from the Univ. of Exeter in collaboration with the ICFO Institute in Barcelona have used a ground-breaking new technique to trap light at the surface of the wonder material graphene using only pulses of laser light.

Crucially, the team of scientists have also been able to steer this trapped light across the surface of the graphene, without the need for any nanoscale devices. This dual breakthrough opens up a host of opportunities for advances in pivotal electronic products, such as sensors and miniaturized integrated circuits.

The new research features in the latest online edition of the respected scientific journal, Nature Physics.

Dr. Tom Constant, lead author on the paper and part of Exeter's Physics and Astronomy Department said: " This new research has the potential to give us invaluable insight into the wonder material and how it interacts with light. A more immediate commercial application could be a simple device that could easily scan a piece of graphene and tell you some key properties like conductivity, resistance and purity ."

Dr. Constant and his colleagues used pulses of light to be able to trap the light on the surface of commercially-available graphene. When trapped, the light converts into a quasi-particle called a 'surface plasmon', a mixture of both light and the graphene's electrons.

Additionally, the team have demonstrated the first example of being able to steer the plasmons around the surface of the graphene, without the need to manufacture complicated nanoscale systems. The ability both to trap light at a surface, and direct it easily, opens up new opportunities for a number of electronic-based devices, as well as help to bridge the gap between the electronics and light.

Dr. Constant said: "Computers than can use light as part of their infrastructure have the potential to show significant improvement. Any advance that reveals more about light's interaction with graphene-based electronics will surely benefit the computers or smartphones of the future."

Source: Univ. of Exeter

研究推动石墨烯革命
埃克塞特大学开拓性的新研究可能会为微光学电路铺平道路，并通过帮助加速“石墨烯革命”，提高互联网速度。
埃克塞特大学的物理学家与巴塞罗那ICFO协会合作，使用了一种突破性的新技术，仅用激光脉冲就捕获了神奇材料石墨烯表面的光。
更为重要的是，科学家小组还能够掌控这束捕获的沿着石墨烯表面的光，而不需要任何纳米器件。这种双重突破开辟了加强一些主要电子产品的很多机会，比如传感器和微型化的集成电路。
这项新的研究是备受推崇的科学杂志《自然物理学杂志》网络版最近一期的特辑。
这篇论文的第一作者、埃克塞特物理和天文学系的教授Tom Constant博士说：“这项新的研究有可能能让我们对这种神奇的材料以及其与光相互作用的方式有一个宝贵的洞察。一个更直接的商业应用可能是一个简单的装置，其可以轻松地扫描一块石墨烯，然后告诉你一些类似导电性、电阻和纯度等的关键性能。”
Constant博士和他的同事们使用了光脉冲，以便能够捕捉集市上售卖的石墨烯表面上的光。一旦捕捉到光，光就转换成了一种被称为“表面等离子体”的准粒子——一种光和石墨烯电子的混合物。
此外，该团队展示了不需要制造复杂的纳米级系统就能够掌控石墨烯表面的等离子体激元的第一个例子。既能捕获表面的光又能轻易指挥光的能力为很多基于电子的设备开辟的新的机会，同时也有助于缩小电子和光之间的间距。
Constant博士说：“那些可以把光用作为其基础设施的一部分的计算机有可能表现出显著的改善。揭示了更多有关光与基于石墨烯的电子产品之间互动的进步必将造福未来的计算机和智能手机。”
资料来源：埃克塞特大学
Onion-like layers help this efficient new nanoparticle glow
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An artist's rendering shows the layers of a new, onion-like nanoparticle whose specially crafted layers enable it to efficiently convert invisible near-infrared light to higher energy blue and UV light. Credit: Kaiheng Wei

A new, onion-like nanoparticle could open new frontiers in biomaging, solar energy harvesting and light-based security techniques.

The particle's innovation lies in its layers: a coating of organic dye, a neodymium-containing shell, and a core that incorporates ytterbium and thulium. Together, these strata convert invisible near-infrared light to higher energy blue and UV light with record-high efficiency, a trick that could improve the performance of technologies ranging from deep-tissue imaging and light-induced therapy to security inks used for printing money.

When it comes to bioimaging, near-infrared light could be used to activate the light-emitting nanoparticles deep inside the body, providing high-contrast images of areas of interest. In the realm of security, nanoparticle-infused inks could be incorporated into currency designs; such ink would be invisible to the naked eye, but glow blue when hit by a low-energy laser pulse -- a trait very difficult for counterfeiters to reproduce.

"It opens up multiple possibilities for the future," says Tymish Ohulchanskyy, deputy director of photomedicine and research associate professor at the Institute for Lasers, Photonics, and Biophotonics (ILPB) at the Univ. at Buffalo.

"By creating special layers that help transfer energy efficiently from the surface of the particle to the core, which emits blue and UV light, our design helps overcome some of the long-standing obstacles that previous technologies faced," says Guanying Chen, professor of chemistry at Harbin Institute of Technology and ILPB research associate professor.

"Our particle is about 100 times more efficient at 'upconverting' light than similar nanoparticles created in the past, making it much more practical," says Jossana Damasco, a UB chemistry PhD student who played a key role in the project.

The research was published online in Nano Letters on Oct. 21 and led by the Institute for Lasers, Photonics, and Biophotonics at UB, and the Harbin Institute of Technology in China, with contributions from the Royal Institute of Technology in Sweden; Tomsk State University in Russia; and the University of Massachusetts Medical School.

The study's senior author was Paras Prasad, ILPB executive director and SUNY Distinguished Professor in chemistry, physics, medicine and electrical engineering at UB.

Peeling back the layers

Converting low-energy light to light of higher energies isn't easy to do. The process involves capturing two or more tiny packets of light called "photons" from a low-energy light source, and combining their energy to form a single, higher-energy photon.

The onionesque nanoparticle performs this task beautifully. Each of its three layers fulfills a unique function:

·The outermost layer is a coating of organic dye. This dye is adept at absorbing photons from low-energy near-infrared light sources. It acts as an "antenna" for the nanoparticle, harvesting light and transferring energy inside, Ohulchanskyy says.

·The next layer is a neodymium-containing shell. This layer acts as a bridge, transferring energy from the dye to the particle's light-emitting core.

· Inside the light-emitting core, ytterbium and thulium ions work in concert. The ytterbium ions draw energy into the core and pass the energy on to the thulium ions, which have special properties that enable them to absorb the energy of three, four or five photons at once, and then emit a single higher-energy photon of blue and UV light.

So why not just use the core? Why add the dye and neodymium layer at all?

As Ohulchanskyy and Chen explain, the core itself is inefficient in absorbing photons from the outside world. That's where the dye comes in.

Once you add the dye, the neodymium-containing layer is necessary for transferring energy efficiently from dye to core. Ohulchanskyy uses the analogy of a staircase to explain why this is: When molecules or ions in a material absorb a photon, they enter an "excited" state from which they can transfer energy to other molecules or ions. The most efficient transfer occurs between molecules or ions whose excited states require a similar amount of energy to obtain, but the dye and ytterbium ions have excited states with very different energies. So the team added neodymium -- whose excited state is in between that of the dye and thulium's -- to act as a bridge between the two, creating a "staircase" for the energy to travel down to reach emitting thulium ions.

Source: Univ. at Buffalo

洋葱状多层结构助力高效新型纳米颗粒发光 
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如图所示的是一种新型洋葱状的纳米颗粒的多层结构，这种特制的多层结构使其能够高效地将近红外光转化为能量更高的蓝光和紫外线光。图片提供：魏凯恒（音）
一种新型洋葱状的纳米颗粒能够在生物成像、太阳能搜集和光基安全技术方面开辟新的前沿技术。
这种颗粒的创新之处在于它的分层：一层是有机染料镀层，一层是含钕壳体，芯部是由镱和铥合成。这些分层共同作用以高纪录效率把近红外光转化为高能蓝光和紫外线光，这种技艺能够改善从深层成像和光控治疗到印钞用防伪油墨范围内的技术性能。
谈到生物成像，近红外光可用于激发人体内发光纳米颗粒，提供目标区域的高对比度的影像。在安全领域，灌注纳米颗粒油墨能够应用到到钞票设计中；这种油墨肉眼不可见，但是在低能激光脉冲下能够发出蓝光，此特性很难被伪造者复制。
布法罗大学激光、光子学和生物光子学学院研究副教授、光医学副主任Tymish Ohulchanskyy谈到：“这种多层纳米颗粒的发现开启了未来研究的多种可能性”。
哈尔滨理工大学化学教授和生物光子研究所（ILPB）副教授-陈冠英（音）谈到：“通过创造特殊的多层结构，能够将能量高效的从颗粒表面传递到芯部从而发射蓝光和紫外光，我们的设计克服了先前技术长期面对的屏障。”
在这个项目中发挥关键作用的一位布罗法大学化学专业的博士Jossana Damasco谈道：“这种颗粒在光的升频方面的效率比此前类似的纳米颗粒高100倍，这种颗粒更具实用价值。”
这项由布法罗大学的生物光子研究所（ILPB），哈尔滨理工大学（中国）主持，由瑞典皇家理工大学，俄罗斯托木斯克大学以及马萨诸塞大学医学院共同合作的研究，发表在10月21日的《纳米快报》（Nano Letters）杂志上。
这项研究的第一作者是Paras Prasad，他是生物光子学研究所（ILPB）的执行主任，也是纽约州立大学化学、物理、医学方面的杰出教授，同时也担任布法罗大学电器工程专业的教授。
剥开各层看一下。
将低能量的光转化为更高能量的光不容易完成。这个过程包括从低能量的光源捕捉两个或者更多的低能量的光子，并且将他们结合起来使之形成一个具有高能量的光子。
这个洋葱状的纳米颗粒能完美的执行这个任务。三层中的每一层都有独一无二的功能。
最外面的一层是有机染料的涂层。这个染料层能从低能量光源很好的吸收近红外光子。Ohulchanskyy表示，对这个纳米颗粒而言，它充当着“天线”的角色，能捕获光并且将它的能量传递到纳米颗粒内部。
下一层是作为桥梁的含钕层，它将染料层吸收的能量传递到纳米粒子的发光芯层。
最里面的一层是发光芯层。镱和铥离子是一起发挥作用的，镱离子吸收能量并将能量传给铥离子，而具有特性的铥离子能同时吸收3、4或者5个光子的能量并且将它们转化为一个具有高能量的蓝光或者紫外光子。
这样的话，为什么不只用这个芯层呢？为什么要增加染料层和钕层呢？
正如 Ohulchanskyy 和陈教授解释的那样，纳米颗粒的芯层本身从外界吸收光子的效率是不充分的。这就是为什么会引入染料层的原因。
一旦引入了染料层，就必须有将能量从染料层传递到芯层的钕层。Ohulchanskyy用一个楼梯的例子来解释为什么会是这样。当材料中的离子或者是分子吸收光子时，它们会进入激发态，这样就能传递能量给其他的分子或者是离子。最有效的传递发生在当分子或离子吸收的能量和其所要变成的激发态的能量相近的时候。而有机染料和镱离子变成激发态所需的能量差别很大，所以这个团队就引入了钕层。钕变为激发态所需的能量是在有机染料和铥变成激发态所需能量之间，所以它能作为两者的桥梁，创造出一个“梯子”让能量向下到达发光铥离子。
源自：布法罗大学

Metal Alloy（金属合金）
Chemists create adaptable metallic-cage gels
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MIT chemists have created a new type of gel by linking metal organic cages with long polymer strands (blue). The red polymer strands, which loop back to the cages, can be used to further customize the gels by adding other molecules. Image courtesy of the researchers.

Massachusetts Institute of Technology (MIT) chemists have created a new material that combines the flexibility of polymer gels with the rigid structure provided by metal-based clusters. The new gels could be well-suited for a range of possible functions, including drug release, gas storage or water filtration, the researchers say.

These new gels, known as polyMOCs, are a hybrid of two materials called metallogels and metal organic cages. Metallogels, which consist of metals bound to polymer chains, are similar to regular polymer gels in that they are soft and viscoelastic. Metal organic cages (MOCs), on the other hand, have a rigid structure and tend to form crystalline materials.

“One can imagine a class of materials that borrows from both of those, and so has the well-defined, self-assembled structures of the MOCs, but also has the viscoelastic properties of a polymer gel. That’s what we’ve tried to make,” says Jeremiah Johnson, the Roger and Georges Firmenich Assistant Professor of Natural Product Chemistry and the senior author of a paper describing the gels in Nature Chemistry.

The paper’s lead author is Aleksandr Zhukhovitskiy, a graduate student in MIT’s Dept. of Chemistry.

Self-assembly

To create these gels, Johnson and colleagues built on a technique known as metallo-supramolecular assembly. This strategy allows chemists to generate three-dimensional shapes, such as spheres, paddlewheels or pyramids, by mixing polymers that are attached to molecules called ligands. These ligands are organic compounds that can bind to a metal atom.

In this case, the researchers used a ligand containing two pyridine groups that each can bind to the metal palladium. Each atom of palladium can form bonds with four other ligand molecules, creating a rigid, cage-like structure with 12 palladium centers and 24 ligands. These centers then connect with other metallic cages by flexible polymer linkers, forming a large, self-assembled gel.

While each metal cage can have up to 24 polymer chains attached to it, only four or five of those connect to other metal cages. These extra, unattached chains loop back and attach to their own metal cage. These loops are commonly referred to as “defects,” but the MIT team saw them as an opportunity to enhance the material by replacing some of the ligands on those chains with new functional molecules.

“We can take the ligands that aren’t connected to another cage and swap those out, while keeping the same net number of chains connecting junctions,” Johnson says. “This allows us to make completely different materials in terms of their composition, but they can have the same mechanical properties.”

“By using these clusters of metallic organic cages, they’ve been able to increase the functionality, and this gives the materials very different properties and mechanical behavior,” says Stuart Rowan, a professor of macromolecular science and engineering at Case Western Reserve Univ. who was not involved in the work. “It’s very elegant, fundamental science that opens the door to a whole range of directions.”

In this study, the researchers added a fluorescent molecule called pyrene in place of some of the looped ligands. “When we look at this material under a UV light it’s fluorescent, but mechanically it’s identical to a material without the pyrene ligand. The modulus is the same, the swelling behavior is the same, but now this gel is intensely fluorescent,” Johnson says.

Many possible functions

This technique is general enough that the researchers should be able to add many other types of molecules with different functions, Johnson says. Such gels could be used for drug delivery by designing them to store drug molecules within the metal cages. They could also be used for storing gases such as hydrogen, which would be useful in cars that run on fuel cells. By adding ligands that can grab and isolate heavy metals, these gels could also be adapted for water purification.

“You could imagine attaching all kinds of things onto those extra ligands to adapt the material for applications of interest,” Johnson says. “Currently we’re working on making ligands that can not only put something outside of the cage, but also inside the cage, so we could do controlled uptake or release of molecules from the inside of these cages.”

The researchers are also experimenting with creating similar gels with different cage shapes, and developing materials that use metals other than palladium. These metals, including zinc, iron and titanium, are cheaper and potentially less toxic than palladium.

Source: Massachusetts Institute of Technology

化学家创造了可随机应变的金属笼子凝胶
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麻省理工学院的化学家们通过将有机金属笼子跟长聚合物链（蓝色）连接在一起，创建了一个新型的凝胶。循环绕着笼子的红色聚合物链可以通过添加其他分子进一步定制凝胶。图片由研究人员提供。
麻省理工学院（MIT）的化学家已经创建了一种新的材料，该材料将聚合物凝胶的柔软性与由基于金属的集群所提供的刚性结构结合了起来。研究人员说，这种新的凝胶可能非常适合一系列可能的功能，包括药物释放、天然气存储或水过滤。
这些被称为polyMOCs的新凝胶是金属凝胶和金属有机笼子这两种材料的混合体。金属凝胶——由束缚在聚合物链上的金属构成——类似于常规的聚合物凝胶，因为他们柔软而有粘弹性。另一方面，金属有机笼子（MOCs）有一个刚性的结构，往往形成结晶物质。
“我们可以想像一下借用了这二者的一类材料，因此，既有MOCs界限清晰的自我组装的结构，也有聚合物凝胶的粘弹性。这就是我们一直努力想要制造的。”天然产物化学Roger and Georges Firmenich助理教授 Jeremiah Johnson说，他是这篇《自然化学》杂志上的描写凝胶的论文的资深作者。
该论文的第一作者是Aleksandr Zhukhovitskiy，美国麻省理工学院化学系的研究生。
自我组装
为了创建这些凝胶，Johnson和他的同事以一种被称为金属超分子组装的技术为基础。这种策略使得化学家可以通过混合被附着在叫做配位体的分子上的聚合物，生成三维形状，比如球体、浆轮或者金字塔。这些配位体是可以结合金属原子的有机化合物。
在这种情况下，研究人员使用含有两个吡啶基团的配位体，每个基团都可以连接到金属钯上。钯的每个原子都可以与四个其他的配位体分子键形成连接，创建一个刚性的、有12个钯中心和24个配位体的笼状结构。然后，这些中心通过灵活的聚合物连接器与其他金属笼子相连接，形成一个大的自组装凝胶。
尽管每个金属笼子都可以连接多达24个聚合物链，但是其中只有四五与其他金属笼相连接。那些额外的、独立的链会环回，然后与自身的金属笼相连接。这些回环通常被称为“缺陷”，但是麻省理工学院的研究小组却把它们视为一种契机，可以通过用新功能分子代替那些链条上的某些配位体来加强材料。
“我们可以在保持连接到结点的链条数量相同的情况下，用那些没有与其他笼子相连的配位体把它们替换掉，”Johnson说，“这使得我们可以制造在组成上完全不同的材料，但是它们的机械性能却一样。”
“通过使用这些金属有机笼子的簇群，它们已经能够增加功能，这一点让材料有一些非常不同的属性和机械特性，”Stuart Rowan说，“这是打开各个方向大门的一种非常优雅的基础的科学。”Stuart Rowan是凯斯西保留地大学高分子科学与工程的教授，他没有参与这项研究工作。
在这项研究中，研究人员加入了一种称为芘的荧光分子代替了一些环回配位体。“当我们在紫外线灯光下看这种材料时它是荧光的，但是从物理角度来说，它和没有芘配位体的材料是一样的。模数是一样的，溶胀性能也一样，但是这种凝胶却有强烈的荧光。”Johnson说。
许多可能的功能
Johnson说，这种技术有足够的通用性，所以研究人员应该可以添加许多有不同功能的其他类型的分子。通过把它们设计成在金属笼子内存储药物分子，这种凝胶可以被用来进行药物递送。它们还可以被用来存储气体，比如在依靠燃料电池运行的汽车上很有用的氢气。通过添加可以抓住并隔离重金属的配位体，这些凝胶还可以被适用于水净化。
“你可以想象将各种东西附加到那些额外的配位体上以使这种材料适合你感兴趣的应用，”Johnson说，“目前，我们正致力于制作不仅可以把东西放在笼子外面，还可以放进笼子里面的配位体，这样我们就可以控制这些笼子里面分子的摄取和释放了。”
研究人员还在试验用不同形状的笼子创建类似的凝胶，并且开发使用除钯以外的金属的材料。这些金属包括锌、铁和钛，它们比钯更便宜，毒性也更低。
来源：麻省理工学院
Composite Materials（复合材料）
Chomarat Launches Rotaflam Neo

Chomarat has launched its new generation of reinforcements for roofing felt: Rotaflam Neo, developed in collaboration with Norafin.

Chomarat claims that this is the only reinforcement of its kind on the market, because it offers the benefits of both glass and polyester and combines the performances of laid scrim (strength and dimensional stability) and nonwoven materials (Puncture, Fire & tear resistance ) in a single layer.

According to Chomarat, Rotaflam Neo is the result of a joint development between itself and Norafin. Rotaflam Neo is made up of a fibreglass and/or polyester-based laid scrim, a non-woven material and a glass veil. The non-woven material uses a water-jet binding process that guarantees the performances of the laid scrim. Chomarat explains that using a laid scrim that combines glass and polyester offers two benefits: thanks to its intrinsic properties, the glass adds stability on the roof, but also on the membrane production lines, while the polyester brings elongation and strength.

"By combining our know-how, we can offer a reinforcement that rises to the challenges of the waterproofing market, offering improved performance, while reducing the thickness of the membranes. The reduced weight of the bitumen significantly cuts the production costs of the membranes," explains Marlene Berthouze, Roofing Market Manager at Chomarat. Moreover, the membranes produced with Rotaflam Neo pass all the European fire resistance tests (BROOF T1,T2, T3). "Rotaflam Neo improves the fire resistance of the waterproofing membrane and does away with the need to include certain chemical additives in the formulation. Which means that the environmental impact of our solution is also reduced!" she adds.

"Rotaflam Neo is the perfect addition to our range of reinforcements, and it was well received by the entire profession at the Waterproof Membranes 2015 conference in Bonn," explains Raphaël Pleynet, Business Director, Composites and Construction Europe at CHOMARAT.
Chomarat公司推出了Rotaflam Neo
Chomarat已经推出了它的新一代屋顶油毡加固材料：Rotaflam Neo，与Norafin合作开发。
Chomarat声称，这是市场上同类产品唯一的加固材料，因为它同时提供了玻璃和聚酯的优点，并结合了单层铺设麻布（强度和尺寸稳定性）和非织造材料（抗穿刺性、防火和抗撕裂性）的性能。
据Chomarat，Rotaflam新本身和Norafin之间的联合开发的结果。 Rotaflam理学是由玻璃纤维和/或聚酯系抄稀松布，非织造材料和玻璃面纱。的非织造材料使用水射流结合过程，保证了敷设稀松布的性能。 Chomarat解释使用铺设稀松布结合玻璃和聚酯提供了两个优点：由于其固有特性，玻璃增加稳定性在屋顶上，但也对膜生产线，而聚酯带来的延伸率和强度。
“通过融合我们的专业知识，我们可以提供一种上升到能够挑战防水材料市场的加固材料，提供了更高的性能，同时降低膜的厚度。沥青的重量减轻显著降低了膜的生产成本，” Chomarat屋顶市场经理Marlene解释说。而且，利用Rotaflam Neo生产的膜通过了所有欧洲耐火性试验（BROOF T1，T2，T3）。 “Rotaflam Neo改善了防水膜的耐火性同时摒弃了在制剂中包含某些化学添加剂的需要。这意味着我们的解决方案对环境的影响也被减小！”她补充道。
“Rotaflam Neo是我们加固材料系列中的一个完美新进成员，同时它在波恩2015年防水卷材会议上受到整个会议的广泛好评，” CHOMARAT欧洲复合材料和施工业务总监Raphaël Pleynet解释说。
Breakthrough in Digital Printing of Coatings and Adhesives
Covestro has reached a development milestone in digital coating and adhesive technology that has the potential to enable the successful digital printing of polyurethane adhesives.

Covestro explains that, as manufacturers strive to update their businesses for Industry 4.0 and meet customer demands for mass customisation of products, they face the complex task of converting large scale, often manual, production processes into automated digital systems.

The partnership of The Technology Partnership’s (TTP’s) new and revolutionary technology for the rapid digital application of coatings and adhesives, with Covestro’s tailored polyurethane raw materials has demonstrated a new opportunity for digital printing in next generation manufacturing. “We recently successfully tested adhesives formulated with Covestro raw materials,” says Dr. Andrew Baker-Campbell, Project Leader at TTP, “demonstrating a capability to print materials far more challenging than typical inks for inkjet printing.”

To exploit the development, Covestro has established its own laboratory for digital printing. “This variant of inkjet printing could become an entirely new production method within the context of Industry 4.0,” says Dr. Jörg Tillack, who heads 2D printing development at Covestro’s Coatings, Adhesives, Specialties Business Unit. “The positive test result takes us an important step forward.”

Covestro claims that the EUR 5 billion industrial inkjet industry now has the opportunity to penetrate the industrial coatings and adhesives market valued at over EUR 100 billion.

To understand the opportunity for digital technology, Covestro says it carried out a survey of over a 100 respondents in the coatings and adhesives industry. The majority of the respondents to Covestro’s survey – 93 percent – believe that digital printing will create additional value for their business, and 50 percent of machinery providers surveyed have customers asking for digital printing solutions today.

From its long-term experience, Covestro says that it understands the practical challenges facing any industrial coating or adhesive technology. The demands far exceed decoration: Durability and resistance to a number of environmental factors as well as adhesion and bond strength are all added challenges to overcome. This often results in fluids with properties incompatible with industrial inkjet, such as high viscosity, or large particulates.

That is why the vast majority of coatings and adhesives are still using low-tech application technologies such as spraying or even brushing. Covestro and the British technology development consultancy, TTP, are collaborating on material systems and digital printing technologies to address these challenges and unlock this opportunity.

To encourage wide adoption of the technology, Covestro and TTP explain they are now seeking partners throughout the value chain. Covestro and TTP say they would like to hear from interested end-users with a desire to develop concepts for next-generation products and processes. Furthermore, they are looking for manufacturers of print heads, printers and automation systems who wish to invest in delivering this technology to market. Enquiries from developers of coatings, adhesives and inks who want to add value to their products are also welcome.

Adam Salmen of Covestro and James McCrone of TTP will talk about the new digital printing technology for industrial quality coatings and adhesives and its potential at the IMI European Ink Jet Conference in Amsterdam, The Netherlands from 2–4 December 2015.
涂料和粘合剂数码印刷突破
Covestro公司在数字涂料和粘合剂技术方面已经取得了一个发展里程碑，它有可能使聚氨酯粘合剂成功的进行数字打印。
Covestro解释说，随着制造商努力升级自己的业务到工业4.0和满足客户对产品大规模定制的需求，他们面临着将大规模、经常手工操作、生产流程转换为自动数字系统的复杂任务。
Technology Partnership（TTP的）在涂料和粘合剂的快速数字化应用中新的革命性技术，与Covestro的定制聚氨酯原料的合作关系，已经证明下一代制造业中数码印刷的一个新机会。“我们最近使用Covestro的原料成功测试了胶粘剂配方，” TTP项目负责人Andrew Baker-Campbell博士说，“展示一个打印材料的能力远比喷墨印刷的典型油墨更具挑战性。”
为了推动发展，Covestro已经建立了自己的数字打印实验室。“喷墨印刷的这种变异可能成为产业4.0的范围内一个全新的生产方式，” Covestro涂料、粘合剂和特殊业务部负责2D印刷发展的Jörg Tillack博士说。 “积极的测试结果让我们迈出重要的一步。”

Covestro称，50亿欧元的工业喷绘行业现在有机会参与到市场价值超过1000亿欧元的工业涂料和粘合剂中。
为了了解数字技术的机会，Covestro说，它对涂料和胶粘剂行业超过100位受访者进行调查。Covestro调查的大部分受访者- 93％ - 认为，数码印刷将他们的业务创造更多价值，同时调查的机械供应商中50％现在已有客户要求数码印刷解决方案。

从它的长期经验来看，Covestro表示，它理解任何工业涂料和胶粘剂技术面临的实际挑战。要求远远超过装饰物：耐久性和对一些环境因素的抵抗能力以及附着力和粘结强度都增加了需要克服的挑战。这通常会导致流体的性能与工业喷墨不相容，如高粘度、或大颗粒。
这就是为什么绝大多数的涂料和胶粘剂仍在使用低科技的应用技术，如喷涂或均匀涂刷。 Covestro和英国的技术开发咨询公司，TTP，正在筹划材料系统和数字​​印刷技术的合作来应对这些挑战和开启这个机会。
为了鼓励广泛采用该技术，Covestro和TTP解释他们正在寻找在整个价值链上的合作伙伴。 Covestro和TTP说，他们希望听到来自有兴趣的最终用户的一个开发新一代产品和工艺理念的愿望。此外，他们正在寻找愿意在将这一技术推向市场方面进行投资的打印头、打印机和自动化系统制造商。想要增加产品附加值的涂料、粘合剂和油墨的开发人员的咨询也是欢迎的。
Covestro 的Adam Salmen和TTP的James McCrone将在2015年12月2日-4日荷兰阿姆斯特丹的IMI欧洲喷墨会议上讨论工业品质涂料和胶粘剂领域新的数字印刷技术。
Practical Application（实际应用）
Anti-seismic bricks to improve buildings’ response to earthquakes

Sisbrick is a new class of earthquake-resistant building materials that seismically isolates partition walls from the main building structure, significantly reducing the tension between these two elements and, therefore, the damage incurred.

Researchers from the Universitat Politècnica de València (Polytechnic Univ. of Valencia, UPV) have designed a new seismic isolator that improves the way buildings respond to earthquakes.  The key to the Sisbrick, as the invention is known, lies in the way different materials have been combined to achieve two main effects: it is able to absorb horizontal seismic movements, while also supporting vertical loads (for instance, partition walls) that act on the integrity of the building frame. Designed specifically for use in partition walls, its brick form means it can be readily incorporated into traditional construction techniques, without the need for additional measures or equipment.

Techniques and special bricks to improve the way buildings respond to earthquakes are already available on the market. However, what sets Sisbrick apart is its approach to partition walls. As researcher Luis Pallarés at the UPV’s Concrete Science and Technology Institute (ICITECH) explains, these structures greatly condition a building’s response to a seismic event. Merely making partition walls more resistant does not address the more widespread damage caused by earthquakes. The Sisbrick’s large capacity to absorb the horizontal movements caused by earthquakes seismically isolates the partition walls from the main building frame: “They effectively serve as an insulating barrier, avoiding the transfer of loads from these partition elements to the main structure. By doing so, their impact on overall structural integrity in the face of an earthquake is greatly reduced” (Pallarés).

This also brings real seismic response into line with projected seismic response as calculated at the building design stage. Francisco Javier Pallerés, also of ICITECH, tell us that “today, seismic calculations only take into consideration the structure of the building frame and do not consider the partition walls, despite the clear and widely-reported influence they have on a building’s response to earthquakes”. By isolating the partition walls from the main frame, these calculations become more reliable.

On top of the convenient brick form, only a relatively small amount of these bricks is needed to achieve this seismic isolation. Laboratory testing proves that, if the bricks are arranged in a specific way, just a small amount can afford significant gains in seismic wave absorption. Specifically, partition walls that incorporate Sisbricks can absorb horizontal movements in the order of three times greater than those that do not. This translates into considerably less tension in the partition walls, meaning correspondingly less tension is transferred to the building frame during earthquakes.

The Sisbrick has been patented by the UPV. Testing is currently being carried out into the thermal and acoustic isolation afforded by this material, in order to comply with the specifications of the Building Code. The team at ICITECH is currently looking for collaborators for the implementation, manufacture and commercialization of this product.

Source: Polytechnic Univ. of Valencia
抗震砖可以帮助建筑物应对地震
Sisbrick是一类新的抗震建筑材料，地震时隔离隔断墙与主建筑结构，因此显著降低这两个部位之间的张力和发生的损害。
Politècnica de València大学（UPV瓦伦西亚理工大学）的研究人员设计了一种新的地震隔离材料，提高了建筑物对地震的反应方式。Sisbrick的关键，就像该项发明说明的，就在于在不同的材料被组合的方式以实现两种主要效应：它能够吸收水平震动的运动，同时还支持垂直方向的载荷（例如，隔断墙），该复合施加在整个建筑物上。专门为在隔断墙使用而设计，它的砖的形式意味着它可以容易地并入传统的建筑技术中，而不需要额外的措施或设备。
用技术和特殊的砖来改善建筑物应对地震的办法已经可以在市场上见到。但是，让Sisbrick与众不同的是它在隔断墙中的作用。正如UPV混凝土科学技术研究院（ICITECH）的研究人员路易斯·帕利亚雷斯所解释的，这些结构大大增加了建筑物响应地震情况的能力。仅仅增加隔断墙的抵抗力并没有解决地震造成更广泛破坏的问题。Sisbrick拥有的吸收地震造成的横向运动的能力，可以隔离隔断墙和主楼框架的震动：“它们像一个绝缘层一样有效地发挥作用，避免负载从这些隔断墙转移到主体结构。通过这样做，在发生地震时它们对结构完整性的总体影响将大大降低”（帕利亚雷斯）。
在建筑物设计阶段进行计算时，这也带来与预测地震响应相一致的真正的地震反应。同样来自混凝土科学技术研究院的Francisco Javier Pallerés告诉我们说：“今天，抗震计算只考虑到建筑框架的结构，不考虑隔断墙，尽管有明确和广泛报道表明他们对建筑物应对地震有影响”。通过将隔断墙隔离主框架，这些计算变得更加可靠。
另外，方便的砖块形式，只需要较少量的这些砖块就可以实现这个震动隔离。实验室测试证明，如果砖块用一个特定的方式进行安排，只要一个很小的数量就能在吸收地震波时发挥显著的作用。具体而言，添加Sisbricks的隔断壁，可以吸收的水平运动三倍大于那些没有使用这种砖的隔断墙。这种可以将隔断墙内的应力转化为相当小的能力，意味着在地震期间相应减少了转移到建筑物框架的张力。
Sisbrick已被UPV申请专利。目前正在进行该材料可以承受的热学和声学隔离测试，以便符合建筑规范的标准。ICITECH的团队目前正在寻找合作者以实现此产品的实施、生产和商业化。
资料来源：瓦伦西亚工业大学。
3-D printed parts toxic to zebrafish embryos

The recent boom in 3-D printing has driven innovations in fields as disparate as haute couture and medical implants. But little is known about the safety of the materials used. In a new study in Environmental Science & Technology Letters, scientists showed that some 3-D printed parts are highly toxic to zebrafish embryos. Their findings could have implications not only for aquatic life but also for hobbyists, manufacturers and patients.

In 2012, the market for 3-D printing was worth $288 million, according to an analysis by Canalys, Inc. By 2018, its value is projected to soar to $16.2 billion. The driver for this market has largely been use in medical applications, but with prices dropping for 3-D printers, more hobbyists and small businesses are expected to adopt the technology. Some research has already raised concerns that the printed materials might cause inflammatory or allergic reactions in patients. But little work has been done to explore their potential effects on an organism’s overall health and development. William H. Grover and colleagues wanted to fill that void.

The researchers exposed zebrafish embryos to discs printed by two kinds of commercial 3-D printers: fused deposition modeling (FDM) printers and stereolithography (STL) printers. Among other problems, the embryos exposed to either type of disc showed lower survival, reduced lengths and decreased hatching rates compared to the controls. In addition, all embryos exposed to STL-printed parts had malformations and died within seven days. The researchers found that treating 3-D printed pieces with ultraviolet (UV) light for 30 min on each side seemed to reduce some side effects. They conclude that safe disposal strategies for 3-D printed products and waste materials are needed to protect aquatic life.

Source: American Chemical Society
3-D打印部件对斑马鱼胚胎具有毒性
近期3-D打印的繁荣已经推动了各个领域的创新，例如毫不相关的高级时装与医疗植入物。但是很少有人了解所使用的材料的安全性。在环境科学与技术快报中的一个新的研究中，科学家们发现，一些3-D打印部件对斑马鱼胚胎具有剧毒。他们的研究结果可能不仅会对水生生物产生影响，也会对业余爱好者、厂家及患者带来影响。
据Canalys公司的一位分析师表示，2012年，3-D打印市场的价值达2.88亿美元。到2018年，其价值预计将飙升至162亿美元。这个市场的推动力在很大程度上是医疗应用方面的使用，但是随着3-D打印机价格的下降，更多的爱好者和小企业预计将采用该技术。一些研究已经引起关注，即打印材料可能会导致患者产生炎症或过敏反应。但是，并没有进行任何的工作来研究其对生物的整体健康和发展所产生的潜在影响。威廉·格罗弗及他的同事想要填补这一空白。
研究人员将斑马鱼胚胎放置在由两种商用3-D打印机打印的盘上：熔融沉积成型（FDM）打印机以及立体光刻（STL）打印机。除了其他问题外，暴露于任一类型的盘中的胚胎与对照组相比都显示出了较低的存活率、较短的长度以及较少的孵化率。此外，暴露于STL打印部件中的胚胎全部都具有畸形，并且在七天内全部死亡。研究人员发现，通过紫外线（UV）光对3-D打印部件每边处理30分钟似乎会减少一些副作用。他们的结论是，需要对3-D打印产品和废料进行安全处置策略以保护水生生物。
资料来源：美国化学学会
Quantum spin could create unstoppable, 1-D electron waves

In certain nanomaterials, electrons are able to race through custom-built roadways just one atom wide. To achieve excellent efficiency, these 1-D paths must be paved with absolute perfection—a single errant atom can stop racing electrons in their tracks or even launch it backwards. Unfortunately, such imperfections are inevitable.

Now, a pair of scientists from the U.S. Dept. of Energy (DOE)'s Brookhaven National Laboratory and Ludwig Maximilian Univ. in Munich have proposed the first solution to such subatomic stoppage: a novel way to create a more robust electron wave by binding together the electron's direction of movement and its spin. The trick, as described in Physical Review Letters, is to exploit magnetic ions lacing the electron racetrack. The theory could drive advances in nanoscale engineering for data- and energy-storage technologies. 

"One-dimensional materials can only be very good conductors if they are defect-free, but nothing in this world is perfect," said Brookhaven physicist Alexei Tsvelik, one of two authors on the paper. "Our theory, the first of its kind, lays out a way to protect electron waves and optimize these materials."

The work relies on a model system called a Kondo chain, where flowing electrons interact with local magnetic moments within a material. Properly harnessed, this powerful interaction could allow materials to behave like perfect conductors and offer high efficiency.

Protecting the transport

Atom-wide channels only allow motion in one of two opposing directions: right or left. Electrons traveling through such a narrow path—racing along in what are called charge-density waves—can be easily reversed by virtually any obstacle. 

"The wave rises like an electronic tsunami that is expected to carry electrons smoothly in one direction," Tsvelik said. "But it turns out that this tsunami can be very easily pinned by disorder, by impurities in the material."

This "tsunami" shifts direction through a conductivity-smothering phenomenon called backscattering—like a wave breaking against sheer cliffs. But while direction is easily reversed, another feature of the electron is much more resilient: spin. The spin of an electron—like a perpetually spinning quantum top—can only be described as either up or down, and it is impervious to simple imperfections in the material. The trick, then, is to teach the directional wave to lean on spin for support.

"As the electrons flow, they interact with magnetic moments embedded in the material—these pockets of intrinsic magnetism are the key to producing the bound state," said Ludwig Maximilian Univ. physicist Oleg Yevtushenko, the other collaborator on the paper. "The magnetic moments bind spin and direction tightly together, so any disturbance would need to flip the electron's spin in order to change its direction."

These rolling electron waves could then be described as right-moving with spin up, left-moving with spin down, and so on. In each instance, the direction is bolstered by spin.

Building an electron bicycle

Imagine walking along a narrow path barely wide enough for both feet. In such a simple system, turning around is easy—one can pivot around at the slightest provocation.

"But what if we give our pedestrian a bicycle?" Tsvelik said. "It suddenly becomes very difficult to break that angular momentum and change directions—especially on such a narrow path. This bound spin-direction state is like our electron's bicycle, keeping it rolling along powerfully enough to overcome bumps in the 1-D road."

To verify the efficacy of this theoretical electron bicycle, scientists will need to apply this theory to stringent tests.

"The magnetic ions in materials such as cesium, iron, and manganese all make excellent candidates for generating and exploring this promising bound state," Yevtushenko said.

The process of synthesizing functional 1-D materials—as thin metallic wires or paths conjured by chemistry—continues to evolve and push both theory and industry forward. Scientists in Brookhaven Lab's Condensed Matter Physics and Materials Science Dept. and Center for Functional Nanomaterials specialize in similar one-of-a-kind atomic architectures.

"We hope our colleagues will leap at this challenge, especially as it's the only method proposed to enhance flow at this 1-D scale," Tsvelik said. "Who knows where these fundamental concepts might lead? The wonder of science is that it brings surprise."

Source: Brookhaven National Laboratory
量子自旋可以创造不能被阻挡的、一维电子波
在某些纳米材料中，电子能够通过定制的只有一个原子宽的通道运动。为了实现卓越的效率，这些1-D的通道必须进行绝对的完美的铺设 - 一个错误的原子可以停止在其轨道上运行的原子或者甚至让其倒退。不幸的是，这种缺陷是不可避免的。

现在，一对来自美国能源部（DOE）布鲁克海文国家实验室和慕尼黑路德维希·马克西米利安大学的科学家针对这样的亚原子停止提出的第一个解决方案：一种新的方法来创造一个更强的电子波，通过融合电子的运动方向和旋转。这一办法，就像物理评论快报所描述的，是利用​​磁性离子塑造电子轨道。该理论可以推动数据和储能技术纳米工程的进步。
 “一维纳米材料是很好的导体，如果他们是没有缺陷的，但这个世界上没有事物是完美的，”该篇论文德两位作者之一，布鲁克海文国家实验室的物理学家Alexei Tsvelik说。 “在我们的理论中，首开先河，勾画出一个办法来保护电子波和优化这些材料。”

该项工作依赖一个称为近藤链的模型系统，其中电子流与材料内的局部磁矩相互作用。把握得当，这种强大的互动可以让材料表现得像完美的导体，并提供高效率。

保护运输

原子宽的通道只允许在两个相反的方向之一进行运动：向左或向右。电子通过这样一个狭窄的通道 -沿着所谓的电荷密度行波运动 - 可以被几乎任何障碍进行轻易逆转。
“行波的成长就像一个电子的防波堤，期望可以让电子在一个方向上顺利运行，”Tsvelik说。“但事实证明，这种防波堤可以很容易地被材料中的障碍、杂质所牵制。”

这种“防波堤”通过一个被称为后向散射的电导率窒息现象转移方向，就像一个遇到陡峭悬崖的波浪破碎。不过，虽然方向容易颠倒，电子的另一个特征是更加弹性的：自旋。电子的自旋 - 就像一个永远旋转量子顶部 -只能被描述为向上或向下，同时这不受材料中简单缺陷的影响。这一办法，那么，是让定向波依靠旋转的支持。

“当电子流动时，它们与嵌入材料中的磁矩相互作用 - 这些内在的磁性口袋是产生绑定状态的关键，”该论文的另外一个合作者路德维希·马克西米利安大学物理学家奥列格甫图申科说。 “磁矩将自旋和方向紧紧地融合在一起，所以任何干扰想要改变电子的方向将需要翻转电子的旋转。”
这些滚动电子波然后可以描述为自旋向上右移动，自旋向下左移动，等等。在每种情况下，方向性都被自旋加强。

构建电子自行车
想象一下，沿着一条狭窄的勉强够双脚走路的道路。在这样一个简单的系统里，扭转是容易的 – 遇到微小阻碍就可以原地转向。

“但是，如果我们给于我们的通行者一辆自行车将会怎样呢？” Tsvelik说。 “突破角动量和改变方向突然变得很难了，尤其是在这样一个狭窄的通道。这绑定自旋方向的状态就像是我们的电子自行车，保持它强有力的滚动，足以克服1-D路面的颠簸。 ”
为了验证这一理论的电子自行车的效果，科学家们将需要把这个理论应用到严格的测试。

“材料中的磁性离子，如铯、铁、锰，对于产生和探索这个充满希望的绑定状态都是优秀的候选者，”甫图​​申科说。
功能性1-D材料的合成过程，如薄的金属丝或化学过程编造的路径，不断促使和推进理论和行业向前发展。布鲁克海文实验室凝聚态物理和材料科学部和功能纳米材料中心的科学家专注于一个类似的同类原子结构。
“我们希望我们的同事能够突破这一挑战，特别是因为它是在这个1-D范围内增强流动的唯一的方法，”Tsvelik说。 “谁知道这些基本概念有可能导致什么样的结果呢？科学的奇迹是，它带来惊喜。”
资料来源：布鲁克海文国家实验室
Hanwha Q CELLS confirms 19.1% cell efficiencies with 1366’s ‘Direct Wafer’ technology

Updated: Silicon Module Super League member Hanwha Q CELLS has confirmed that its strategic partnership to collaborate on the development of 1366 Technologies proprietary ‘Direct Wafer’ technology has resulted in its R&D pilot line achieving 19.1% cell efficiencies.

Hanwha Q CELLS noted that the cell efficiency gains had been 1.4% in just seven months. 

Finlay Colville, head of Solar Intelligence said: “The announcement is particularly interesting as it shows Hanwha Q CELLS continued interest in moving the curve forward for p-type multi c-Si cell operations, by looking both at efficiency increases but also cost reductions. Until now, none of the disruptive wafering approaches has offered any great challenge to directional solidification furnaces and multi-wire sawing, with the quasi-mono approach being the last big push a few years back, said Colville.

Daniel Jeong, global R&D head at Hanwha Q CELLS said: “These latest results demonstrate the potential in combining 1366´s Direct Wafer Technology with our unique Q.ANTUM technology. Together they can push the efficiency limits of multi-crystalline solar cell technology while at the same time reducing the cost significantly.”

Although Hanwha Q CELLS is not using the wafer technology in production, it said it would continue working with 1366 Technologies to bring the technology to maturity. 

1366 Technologies expects to reach 20% cell efficiencies before the end of the first half of 2016. The company will build its first 250MW wafer production plant in 2016 with plans to expand to 1GW in future phases to bring the technology to market.

“If 1366 can succeed in scaling current manufacturing levels to the GW level, then we will have a more representative indicator of whether the cell performance can be obtained reliably in volume. Also, this will help to see what cost reductions can be achieved and how this compares to existing best-of-class ingot and wafering of multi production that has seen large costs being shaved off, in the past few years,” added Coville.
韩华Q CELLS证实利用1366的“Direct Wafer”技术电池效率达19.1%

硅基组件超级联盟成员韩华Q CELLS(Hanwha Q CELLS)日前证实，其合作开发1366 Technologies专利“Direct Wafer”技术的战略合作伙伴关系日前导致其研发中试线实现19.1%的电池效率。

韩华Q CELLS指出，在短短七个月内，电池效率提升1.4%。

Solar Intelligence负责人芬利·科尔维尔(Finlay Colville)表示：“这一公告特别有趣，其显示了通过看到效率提升及成本降低，韩华Q CELLS继续对向p型多晶硅电池业务的曲线前进感兴趣。直至现在，没有一个颠覆性切片工艺为定向凝固炉及多线锯提供任何巨大挑战，几年前准单晶工艺是最后一次大的推动。”

韩华Q CELLS全球研发负责人Daniel Jeong表示：“这些最新的成果证明结合1366的Direct Wafer技术与我们独特的Q.ANTUM技术的潜力。他们可以共同推动多晶硅太阳能电池技术的效率极限，与此同时大幅降低成本。”

尽管韩华Q CELLS尚未在生产中使用该硅片技术，但是其表示，其将继续与1366 Technologies合作使该技术成熟。

1366 Technologies预计在2016年上半年结束前电池效率达到20%。该公司将在2016年建设其首家250MW硅片生产厂，未来计划扩大到1GW，将该技术带到市场。

科尔维尔补充道：“如果1366可以成功将目前的制造水平扩大到千兆瓦水平，那么我们将有一个更具有代表性的指标，在量产中是否电池性能可以可靠地获得。同时，这将有助于看到可以实现的成本削减，以及这与现有一流硅锭比较如何，过去几年切片的多重生产看到削减大量成本。”
Trina Solar sets 21.25% multicrystalline cell efficiency record

Updated: Leading PV manufacturer Trina Solar has set a new world record conversion efficiency for p-type multicrystalline silicon (mc-Si) solar cells.

Developed and produced at its State Key Laboratory of PV Science and Technology of China, Trina Solar said that the record total-area efficiency of 21.25% on standard 156×156mm substrates was achieved using advanced ‘Honey Plus’ processing technologies including back surface passivation and local back surface field on volume production equipment.  

Dr. Pierre Verlinden, vice president and chief scientist of Trina Solar said: “To the best of our knowledge, this is the first time ever that a multicrystalline silicon solar cell has been able to achieve a conversion efficiency of over 21%. This exciting result shows that the development path toward higher efficiencies continues to be bright, even for silicon. Our aim is to continuously integrate innovative technological developments to improve the efficiency and lower the cost of our PV products. This technology advancement in efficiency will strengthen our leadership in the PV industry and allow us to continue providing affordable solar power to the world."

Trina Solar noted that the record cell efficiences had been independently confirmed by the Fraunhofer ISE CalLab in Germany.

The company had previously set the record at 20.76% in late 2014.

Finlay Colville, head of Solar Intelligence at PV Tech’s publisher Solar Media commented: “The continued efficiency gains being made by p-type multi cells are potentially moving the industry into a different regime when contrasting the end-market possibilities for n-type and p-type mono and multi.

Several years ago, many industry observers were citing the commercial efficiency limits of p-type multi being well below the 20% level. While the transition from R&D to mass production and high yield remains a different challenge, Trina is coming at the efficiency announcement angle already having multi GW of p-type cell capacity. This suggests the R&D announcements from Trina are potentially of more significant than those reported from the likes of SolarCity for n-type in the past few weeks,” added Colville.

According to Colville, underpinning the new record for p-type multicrystalline solar cells has been the continued quality improvements of multicrystalline wafers that have helped pushed standard 60-cell multicrystalline panels from 240W to 260W in recent years. 

“Ultimately, the key indicator for Trina will not emerge for another twelve months, and will be evident through its module offerings, when using in-house cell supply as a benchmark. Beyond this, future evolution of p-type multi may come back to cost reduction and not efficiency improvements, similar to SunPower's technology evolution in the past ten years. When this starts to impact on p-type multi in volume manufacturing, it could in fact signify the long awaiting shift to 100 micron wafers, but this is probably still 3-5 years out for p-type producers like Trina,” noted Colville.
天合光能多晶硅电池效率创纪录达21.25%

领先的光伏制造商天合光能(Trina Solar)p型多晶硅太阳能电池转换效率日前创下新的世界纪录。

在中国光伏科学与技术国家重点实验室开发和生产，天合光能表示，利用先进的“Honey Plus”加工技术，其中包括在批量生产设备上背面钝化及局部背面电场，在标准156×156mm基板上实现创纪录的21.25%总面积效率。

天合光能副总裁兼首席科学家Pierre Verlinden博士表示：“据我们所知，这是多晶硅太阳能电池首次能够实现超越21%的转换效率。这一令人振奋的结果显示，向更高效率的发展道路仍是光明的，即使是对于硅。我们旨在继续整合创新技术开发，提高效率并降低我们的光伏产品的成本。在效率上的这一技术进步将加强我们在光伏行业的领导地位，使我们能够继续向世界提供平价太阳能。”

天合光能指出，创纪录的电池效率得到了德国Fraunhofer ISE CalLab的独立确认。

该公司此前曾在2014年下旬创下20.76%的纪录。

Solar Intelligence的负责人芬利·科尔维尔(Finlay Colville)在接受PV-Tech的出版商Solar Media采访时评论道：“p型多晶硅电池持续的效率提升，当对比对于n型和p型单晶硅和多晶硅的终端市场可能性时，可能使该行业进入一个不同的状态。”

科尔维尔补充道：“几年前，许多业内观察家们称p型多晶硅远低于20%的水平的商业效率限制。同时从研发向大批量生产及高产量的过渡仍是一个不同的挑战。天合光能在该效率公告之时已经拥有数千兆瓦p型电池产能。这表明，天合光能的研发公告可能比过去几周SolarCity等对于n型的报道更有意义。”

根据科尔维尔，支撑p型多晶硅太阳能电池新纪录的一直是多晶硅片的持续质量改进，其有助于最近几年推动标准的60片电池多晶硅电池板从240W到260W。

科尔维尔指出：“最终，未来十二个月天合光能的关键指标将不会出现，当使用内部电池供应作为基准时，通过其组件供应将显而易见。除此之外，p型多晶硅的未来发展可能回到成本降低而非效率提高，与SunPower过去十年的技术演变类似。当这开始在批量制造上影响p型多晶硅时，其可能实际上意味着向一百微米硅片的转移需漫长等待，但是这对于天合光能等p型生产商可能仍在三至五年内。”

JinkoSolar targeting module capacity to reach 5.3GW by mid-2016
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The company also noted that module capacity would be increased by another 1GW to reach 5.3GW by mid-2016.

‘Silicon Module Super League’ (SMSL) member JinkoSolar said that capacity of ingot/wafer, solar cell and solar modules would be expanded further in 2016 to meet growing demand. 

Reporting third quarter results in an earnings call, JinkoSolar’s management updated preliminary plans to increase capacity. Its current ingot/wafer capacity of 3GW would be expanded by 300MW to 3.3GW by the first quarter of 2016, primarily by upgrading existing in-house equipment, the company said.

Solar cell capacity would also be increased by a further 500MW from existing capacity of 2.5GW to total 3GW by mid-2016. Management noted that a decision on how much of the additional capacity could be added in China and or overseas had not yet been made. 

The company also noted that module capacity would be increased by another 1GW to reach 5.3GW by mid-2016. 

JinkoSolar had in-house annual silicon wafer, solar cell and solar module production capacity of 3GW, 2.5GW and 4GW, respectively at the end of the first nine months of 2015 and would complete a 300MW module expansion before year-end, taking nameplate capacity to 4.3GW.
晶科能源瞄准到2016年中旬组件产能达5.3GW

“硅基组件超级联盟”(SMSL)成员晶科能源(NYSE:JKS)表示，硅锭或硅片、太阳能电池和太阳能组件将在2016年进一步产能扩张，以满足日益增长的需求。

在收入电话会议中报告第三季度业绩，晶科能源的管理层更新初步计划以增加产能。该公司表示，其目前3GW的硅锭或硅片产能到2016年第一季度将扩张300MW至3.3GW，主要通过升级现有内部设备。

到2016年中旬，太阳能电池产能也将从现有2.5GW的产能提高500MW至3GW。管理层指出，尚未决定在中国或海外增加多少产能。
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该公司还指出，到2016年中旬组件产能将提高1GW，达到5.3GW。

到2015年前九个月结束时，晶科能源内部硅片、太阳能电池和太阳能组件年产能分别为3GW、2.5GW和4GW，年底前将完成300MW组件产能提升，使额定产能达到4.3GW。

GE eyes 20-30MW solar inverters as it outlines next-gen technology plans

The prospect of a 30MW solar inverter may seem a long way off, but it is very much in the sights of power electronics giant GE.  

In a briefing for journalists in London this morning, company executives outlined some of the next-generation technologies GE plans to implement across its fast-growing power conversion business, which encompasses solar, wind and other renewables. Much larger inverters and a shift to silicon carbide technology were both centre-stage in GE's plans.

In solar, arguably GE’s most significant contribution to date has been the development of the 1,500V inverter, which is rapidly becoming the industry standard as developers look for technologies that will help them squeeze the most of out their projects. This was underlined by news today that GE has signed a deal to provide its 1,500V inverters for 150MW of projects being built by developer Solargise in India.

But GE wants to go further, and said it expected medium-voltage architectures to be the next development in large-scale solar plant technology, opening up the prospect of much larger inverters.

“The reason we are at 1.5kV is because at the IEC standards, 1.5kV is the limit of low voltage standards and regulations,” said GE Power Conversion’s chief engineering officer Vlatko Vlatkovic. “In terms of staying in low voltage this is where it’s going to stop. But we are looking at higher power, higher voltage architectures now – so moving into medium voltage where we look at a lot larger blocks.”

Vlatkovic said GE’s largest inverter was around 4MW at the moment, but that at medium-voltage much larger units would be possible. “We’d be looking scale that up into 20-30MW blocks,” he said.

Such a development would clearly take time, with the industry only just catching up with the emergence of 1,500V inverters and developing the modules and other equipment to match the higher power.

But Vlatkovic said GE had already developed medium-voltage technologies from its work in other industries that it could apply to solar.

“We would develop the standards, and make sure that the industry adopts those and is able to move to more of a medium-voltage operating code,” he said. “In terms of technology, we are using technology from our medium-voltage drives, which is fairly standard technology, and scaling that up.”

Peter Oram, GE’s global renewables sales lead, added: “We would be using the same technology as we’re taking from oil and gas and marine and using it in a solar farm, so you would have solar farms with DC-AC, big inverters of 20-30MW.”

Silicon carbide

Another development GE expects to roll out imminently is to replace silicon with silicon carbide technology in all its power electronics products.

“It’s being introduced commercially gradually over this year and next year,” said Vlatkovic. “It took us 10 years to develop the technology, there’s still work going on, but now it’s mature enough that we’re starting to apply it – first, in aviation and medical industries, and finally now it’s starting to make sense in solar and wind.”

Vlatkovic said the advantage of silicon carbide over silicon was its ability to operate at higher temperatures with lower losses. “This will further increase the efficiency of the converters, reduce the losses by half, increase the power density by close to 50% and continue to drive the cost of the electricity down by 2, 3, 4% in both wind and solar,” explained Vlatkovic.

“So there’s a long runway for continued innovation to drive the cost down and the efficiency. It’s a very exciting time to be in this space, and we expect to continue to innovate,” he concluded.
通用电气新一代技术计划瞄准20-30MW太阳能逆变器

实现30MW太阳能逆变器的前景似乎还有很长的路要走，但是从电力电子巨头通用电气(GE)的角度并非如此。

在昨天上午伦敦举办的记者发布会上，该公司的高管们概述了通用电气计划在其迅速发展的电力转换业务中实现的部分新一代技术，其中包括太阳能、风能以及其他可再生能源。更大功率逆变器及向碳化硅技术的转移都是通用电气计划的重点。

在太阳能方面，可以说通用电气迄今最显著的贡献是开发1,500V逆变器，由于开发商寻求有助于他们项目最大发展的技术，该逆变器迅速成为行业标准。昨天的新闻强调了这一点，通用电气签署一份协议，为开发商Solargise正在印度建设的150MW项目提供其1,500V逆变器。

但是通用电气希望更进一步发展，并表示其预计中压结构将成为大型太阳能电站技术的下一步发展，开启了更大功率逆变器的前景。

通用电气电力转换部门总工程师Vlatko Vlatkovic表示：“我们处于1.5kV的原因是由于在IEC标准，1.5kV是低压标准与法规的限制。就保持在低压而言，这是其停止的位置。但是现在我们正着眼于更高功率、更高电压结构——因此进军中压，我们着眼于更大的功率。”

Vlatkovic表示，通用电气目前最大的逆变器约为4MW，但是在中压将可能出现大得多的单位。他表示：“我们将放眼扩大其到20-30MW。”

显然这样的发展将需要时间，该行业才刚刚赶上1,500V逆变器的涌现，以及开发组件及其他设备来匹配更高功率。

但是Vlatkovic表示，通用电气已经从其在其他行业的工作中开发中压技术，可以应用于太阳能。

他表示：“我们将发展这些标准，并且确保业界采纳这些标准，向更多中压运行准则发展。在技术方面，我们正在使用中压驱动器的技术，其是一项比较规范的技术，并且扩大该技术。”

通用电气全球可再生能源销售负责人彼得·奥拉姆(Peter Oram)补充道：“我们将采用与我们来自油气和海洋相同的技术，将其用于光伏电站，因此您将拥有DC-AC、20-30MW大功率逆变器的光伏电站。”

碳化硅

通用电气预计即将推出的另一项发展是在其所有电力电子产品以碳化硅技术取代硅。

Vlatkovic表示：“今明两年其将逐步在商业上被引进。我们花费十年时间开发该技术，将仍有工作需进行，但现在，其足够成熟，我们开始应用——首先，在航空和医药行业，现在终于其开始在太阳能和风能中发挥作用。”

Vlatkovic表示，比较硅而言，碳化硅的优势在于其能够在较高温度下使用而损耗较少。Vlatkovic解释道：“这将进一步提高转换器的效率，将损耗降低一半，提高功率密度近50%，并且继续推动风能和太阳能的电力成本下降2%、3%、4%。”

他总结道：“因此继续创新来推动成本下降以及效率有很长的路要走。出现在这一领域是非常激动人心的，我们期待继续创新。”

Isofotón’s 200MW module production equipment to be auctioned

Spanish industrial auctioneer Escrapalia, a subsidiary of Surus Inversa, is holding an online auction of module assembly equipment and a complete automated assembly line from defunct PV manufacturer Isofotón. 

According to the auctioneer, the Isofotón facility in Malaga, Spain was the largest in the country before the company went into bankruptcy in late 2013. 

Bidders have the opportunity to buy individual lots from the 200MW module production facility as well as bid on the 120MW complete automated turnkey line supplied by Reis as well as a 100MW semi-automated line. 

Other equipment to be auctioned includes a Maier laminator, a Komax 2800i string tester as well as a full suite of assembly tools.
Isofotón的200MW组件生产设备拟被拍卖

西班牙工业拍卖商Escrapalia，Surus Inversa旗下子公司，将举办一场针对破产的光伏制造商Isofotón的组件装配设备及一条全自动化装配线的网上拍卖。

根据该拍卖商，Isofotón设施位于西班牙马拉加，在2013年下旬该公司破产之前是全国最大的。

竞买者有机会购买该200MW组件生产设施的个别部分，并且投标由Reis提供的120MW全自动化交钥匙生产线及一条100MW半自动化生产线。

拍卖的其他设备包括一个Maier层压机、一个Komax 2800i测试仪以及全套装配工具。
Organic & Polymer（有机高分子材料）
MIT Hydrogel is 90% Water

Transparent and viscous, a new synthetic hydrogel from Massachusetts Institute of Technology (MIT) engineers is taking cues from nature.

The new hydrogel’s toughness is comparable to the bond between tendon and cartilage on bone. It can adhere to glass, silicon, ceramics, aluminum and titanium. Additionally, more than 90% of it is composed of water.

“Basically, it’s tough bonding water,” said Hyunwoo Yuk, an MIT graduate student in mechanical engineering.

Natural hydrogels are what allow mussels and barnacles to bond to rocks, ships and whales.

“If you think about it, the human body is a hydrogel soft robot,” said Xuanhe Zhao, an associate professors with MIT’s Dept. of Mechanical Engineering, to Motherboard. “Tissue in the human body contains around 70% water; it’s basically many pieces of hydrogel together with bones, with skeletons, to form a soft robot.” 

Attached to two plates of glass, MIT’s hydrogel was capable of supporting a suspended 55-lb weight. Experimenters applied the hydrogel glue to a silicon wafer, which was subsequently smashed with a hammer. Though shattered, the silicon wafer’s pieces were kept intact due to the hydrogel. Used to connect four ceramic bars, the tough hydrogel joints allowed the square to be deformed into various shapes.

In order to create a hydrogel capable of strong bonding, the researchers needed the material to exhibit two characteristics: energy dissipation and chemical anchorage. “A hydrogel that dissipates energy is essentially able to stretch significantly without retaining all the energy used to stretch it,” according to MIT. “A chemically anchored hydrogel adheres to a surface by covalently bonding its polymer network to that surface.”

The latter was achieved through a process called silanation, where the solid substrate is covered with a compound that creates a stronger bond with the hydrogel.    

During a peeling test, the bond between the hydrogel and a solid substrate was so strong fibrils clung to the solid material. The researchers found the bond’s strength was 1,000 J per square meter, on par with the bond between tendon and cartilage on bone.

According to MIT, the material can be applied to underwater surfaces, potentially useful as a protective coating for boats and submarines. Additionally, it is biocompatible and may have applications in the medical field.

However, the hydrogels application to robotics and bioelectronics is most intriguing. The material’s flexibility allows for locomotion that mimics natural joints. “It can give a robot many degrees of freedom,” said Zhao.  

It’s also conductive. Yuk and colleagues added salts to the hydrogel sample and stuck it between two metal plates connected by electrodes to an LED light. Switched on, the hydrogel enabled ion flow allowing the LED to light. 
麻省理工学院的水凝胶含90％的水分

透明而粘稠，美国麻省理工学院（MIT）的工程师制成的一种新的合成水凝胶是从自然界中获得了暗示。
新的水凝胶的韧性足以媲美骨头上肌腱和软骨之间的结合。它可以粘附在玻璃、硅、陶瓷、铝和钛上。此外，它超过90％的组成成分是水。
“基本上，很难把水结合起来。”麻省理工学院机械工程系的一名研究生Hyunwoo Yuk说。
天然水凝胶是让贻贝和藤壶可以粘合到岩石、船只和鲸鱼身上的东西。
“如果你想想看，人类的身体就是一个水凝胶的软的机器人，”麻省理工学院机械工程系的副教授Xuanhe Zhao对《主板》杂志说，“人体组织中大约包含70%的水，它基本上是多件连同骨头和骨架的水凝胶形成的软机器人。”
将MIT的水凝胶附着到两块玻璃板上，它可以支持重达55磅的物体悬挂。实验者将水凝胶施加到硅晶片上，然后用锤子砸。虽然水凝胶粉碎了，但是硅晶片却由于水凝胶而保持完好无损。用它来连接四根陶瓷棒，坚韧的水凝胶可以让这个四方形变形为各种形状。
为了产生具有强粘结力的水凝胶，研究人员需要材料具有两个特点：能量耗散和化学锚固。“消散能量的水凝胶基本上能够在不用保留所有能量来延展的情况下实现显著的延展，”据麻省理工学院表示，“化学锚固的水凝胶可以通过将其聚合物网络共价结合到某表面以粘附到该表面上。”
后者是通过一个被称为硅烷化的过程实现的，在这一过程中，固体基材被一个化合物覆盖，该化合物可以与水凝胶创建一种很强的结合。
在剥离试验中，水凝胶和固体基材之间的粘合是紧粘着该固体材料的特别牢固的纤丝。研究人员发现，粘合的强度是每平方米1000J，堪比骨头上肌腱和软骨之间的粘结。
据麻省理工学院表示，该材料可以被用于水下表面，可能可以被用作船只和潜艇的保护涂层。此外，它是生物相容的，也许可以在医疗领域有所应用。
然而，水凝胶在机器人技术和生物电子学方面的应用是最有趣的。这种材料的灵活性使得能够进行模仿自然关节的运动。“它可以给予一个机器人很大的自由度。”Zhao说。
它还可以导电。Yuk和他的同事在水凝胶样品中加入盐，然后把它卡在两块连接了电极和一个LED灯的金属板之间。接通电源后，水凝胶能够使电离子流通，LED灯发光了。
Spider webs yield clues to stickier glues

Spider webs are notoriously sticky. Although they only take a second to swat down, shaking them off your hands can be an exercise in frustration. But that stubborn tackiness could come in handy when designing smart synthetic adhesives that could work even in the most humid conditions. In ACS Nano, scientists report new insight toward that goal.

From parched deserts to the dampest rainforests, spiders have adapted to a wide range of habitats. No matter where they live, the glue on their webs efficiently traps prey. Synthetic glues, on the other hand, tend to lose stickiness as humidity rises. Just try putting on a bandage right after a hot shower—it won’t stay put for long. So in a search for ways to make better adhesives, scientists have turned to glues that spiders use to coat their silk strands. Some of the key ingredients of these glues are salts that hold onto water and change the viscosity—or how much a substance can spread—and, as a result, the stickiness. A team of material scientists and biologists at Virginia Tech and the Univ. of Akron in Ohio, including Ali Dhinojwala and doctoral student Gaurav Amarpuri, wanted to see—literally—how different spider glues’ viscosity and tackiness change at different humidity levels.
The researchers shot high-speed video of five different web glues as they peeled away from a surface under varying moisture levels to understand the role humidity plays in web gooeyness and adherence. In the humidity range matching that of the natural habitat of the species that made each sample, viscosity was at an optimal level, and stickiness peaked. As salts are the key ingredient that controls for moisture, the researchers say adding them to synthetic adhesives could help keep them clingy even in high humidity.

Source: American Chemical Society

蜘蛛网为更粘的胶水提供线索
蜘蛛网具有出了名的粘性。虽然把它们拍打下来只需要一秒钟时间，但是把它们从你的手上摇下来可能将是一个令人感到沮丧的运动。但是，当被设计成一个即使在最潮湿的条件也可以使用的合成胶粘剂时，顽固的粘性就可以派上用场了。在ACS纳米，科学家报告了实现这一目标的新见解。
从炎热的沙漠到最潮湿的热带雨林，蜘蛛已经适应了一个大范围的栖息地。无论他们身在何处，他们的网胶都可以有效地捕捉猎物。合成胶水，另一方面，随着湿度上升往往会失去粘性。在刚刚完成一个热腾腾的淋浴后尝试缠上一个绷带，它不会长时间留在原地。因此，为了寻求办法以做出更好的粘合剂，科学家们转向了蜘蛛用来涂抹丝线的胶水。这些胶的一些关键成分是盐，锁住水分和改变粘度，或者一种物质可以传播多少-和，其结果是，粘性。俄亥俄州阿克伦大学和弗吉尼亚理工大学的一组材料科学家和生物学家，包括Ali Dhinojwala和博士生Gaurav Amarpuri，希望看到 - 从字面上 - 在不同的湿度水平上不同蜘蛛胶水的粘度和粘性变化有什么不同。

研究人员拍摄了五种不同的蛛网胶水的高速视频，当它们在不同的水分含量下从表面剥离时，以了解湿度在蛛网黏度和粘性方面发挥的作用。在湿度范围与制造样品的物种的天然栖息地相匹配时，粘度是在最佳水平，同时粘性达到顶峰。由于盐是水分控制的关键因素，研究人员说，将盐添加到合成胶粘剂中可以帮助即使在高湿度下也能紧贴。
资料来源：美国化学学会
STR Holdings secures module encapsulant deals with Trina Solar & Talesun
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STR reported third quarter sales of US$6.6 million, down 23% from the previous quarter and 31% down from the prior year.

PV encapsulant producer STR Holdings reported another quarter of disappointing financial results, while the corner may have been turned after secure major supply deals Trina Solar & Talesun. 

STR reported third quarter sales of US$6.6 million, down 23% from the previous quarter and 31% down from the prior year period. Encapsulant volumes declined 20% quarter-on-quarter and ASPs fell 4%.

The majority of revenue was received from majority owner, China-based PV project developer Zhenfa via US$3.2 million of cash from Zhenfa as an installment payment the highly unusual solar modules-for-encapsulant swap deal with former customer ReneSola. 

STR noted that it had received US$5.4 million of cash from Zhenfa related to this transaction and was waiting for a further US$2.1 million due from Zhenfa.

The company noted that after successful material qualification by Trina Solar and Talesun it had started shipments in China and was currently in the process of adding approximately 2GW of material capacity to meet demand. 

Robert S. Yorgensen, Chairman, President and Chief Executive Officer, stated; "We have been successful recently in configuring our products for the Chinese module manufacturing market and as a result, have seen a significant increase in demand early in the fourth quarter. Our primary challenge has therefore shifted from a lack of sales volume to a shortage of capacity within China and we are actively addressing that challenge together with Zhenfa's assistance."
STR Holdings与天合光能及Talesun达成组件密封剂协议

光伏密封剂生产商STR Holdings报告另一个令人失望的季度财务业绩，然而在获得天合光能(Trina Solar)及Talesun重大供应协议后，可能会出现改观。
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STR报告第三季度销售额为六百六十万美元，较上季度下滑23%，较去年同期下滑31%。密封剂产量季度同比下降20%，平均销售价格下滑4%。

大部分收入来自主要的持有人、中国光伏项目开发商振发，振发与前客户昱辉阳光(ReneSola)极为不寻常的太阳能组件交换密封剂协议的分期付款带来三百二十万美元现金。

STR指出，关于此次交易其已从振发获得五百四十万美元现金，还将从振发获得二百一十万美元。

该公司指出，在成功得到天合光能和Talesun的材料认证后，其早已开始的在中国出货目前增加约2GW的材料产能以满足需求。

董事长、总裁兼首席执行官Robert S. Yorgensen表示：“最近我们已成功为中国组件制造市场配置我们的产品，因此，在第四季度初已看到需求大幅提升。我们的主要挑战从缺乏销量转变为在中国缺乏产能，在振发的协助下我们正积极地应对这一挑战。”

H.B. Fuller leveraging acquired TONSAN on new sealants and adhesives for PV manufacturers

US-listed Industrial adhesives supplier H.B. Fuller has said that after the acquisition China-based adhesives specialist, TONSAN Adhesive earlier in the year, it was working to develop new technologies for PV manufacturers. 

H.B. Fuller noted that it was exploring a number of advanced technologies to address PV manufacturer’s product issues that would employ its materials such as new liquid sealants, tapes and adhesives dispensing equipment.

The company also noted that TONSAN’s popular silicone frame sealant, 1527, and junction box potting material, 1521, would still be available to customers.

“Through this acquisition, we’re able to provide a powerful combination of global resources and advanced adhesive technologies that puts innovation on a fast track to give manufacturers the edge they need to maintain a competitive advantage,” said Patrick Trippel, senior vice president of market development at H.B. Fuller. “Both companies also have a culture of investing heavily in research and development and putting that to work in a highly responsive and collaborative way, working alongside customers.”
H.B. Fuller利用收购天山为光伏制造商开发新的密封剂和胶粘剂

美国上市的工业胶粘剂供应商H.B. Fuller日前表示，在今年早些时候收购中国胶粘剂专业公司北京天山新材料技术股份有限公司(TONSAN Adhesive)后，其正在致力于为光伏制造商开发新技术。

H.B. Fuller指出，其正在探索一系列先进技术来解决光伏制造商的产品问题，将使用其材料，如新的液体密封剂、胶带以及胶粘剂点胶设备。

该公司还指出，天山受欢迎的硅橡胶密封剂，1527，以及接线盒灌封胶，1521，仍将向客户提供。

H.B. Fuller的市场开发高级副总裁Patrick Trippel表示：“通过此次收购，我们能够提供全球资源与先进胶粘技术的强强联合，迅速将创新带给需要保持竞争优势的制造商。两家公司还具有与客户一道，大力投资研发并且以高度响应及协作的方式使其投入运作的文化。”
E-Material（电子材料）
Coming to a monitor near you
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Schematic of a laser beam energizing a monolayer semiconductor made of molybdenum disulfide, or MoS2. The red glowing dots are particles excited by the laser. Image: Der-Hsien Lien

An emerging class of atomically thin materials known as monolayer semiconductors has generated a great deal of buzz in the world of materials science. Monolayers hold promise in the development of transparent LED displays, ultra-high efficiency solar cells, photo detectors and nanoscale transistors. Their downside? The films are notoriously riddled with defects, killing their performance.

But now a research team, led by engineers at the Univ. of California, Berkeley (UC Berkeley) and Lawrence Berkeley National Laboratory, has found a simple way to fix these defects through the use of an organic superacid. The chemical treatment led to a dramatic 100-fold increase in the material’s photoluminescence quantum yield, a ratio describing the amount of light generated by the material versus the amount of energy put in. The greater the emission of light, the higher the quantum yield and the better the material quality.

The researchers enhanced the quantum yield for molybdenum disulfide, or MoS2, from less than 1% up to 100% by dipping the material into a superacid called bistriflimide, or TFSI.

Their findings, published in Science, opens the door to the practical application of monolayer materials, such as MoS2, in optoelectronic devices and high-performance transistors. MoS2 is a mere seven-tenths of a nanometer thick. For comparison, a strand of human DNA is 2.5 nm in diameter.

“Traditionally, the thinner the material, the more sensitive it is to defects,” said principal investigator Ali Javey, UC Berkeley professor of electrical engineering and computer sciences and a faculty scientist at Berkeley Lab. “This study presents the first demonstration of an optoelectronically perfect monolayer, which previously had been unheard of in a material this thin.”

The researchers looked to superacids because, by definition, they are solutions with a propensity to “give” protons, often in the form of hydrogen atoms, to other substances. This chemical reaction, called protonation, has the effect of filling in for the missing atoms at the site of defects as well as removing unwanted contaminants stuck on the surface, the researchers said.

Co-lead authors of the paper are UC Berkeley PhD student Matin Amani, visiting PhD student Der-Hsien Lien and postdoctoral fellow Daisuke Kiriya.

They noted that scientists have been pursuing monolayer semiconductors because of their low absorption of light and their ability to withstand twists, bends and other extreme forms of mechanical deformation, which can enable their use in transparent or flexible devices.

MoS2, specifically, is characterized by molecular layers held together by van der Waals forces, a type of atomic bonding between each layer that is atomically sharp. An added benefit of having a material that is so thin is that it is highly electrically tunable. For applications such as LED displays, this feature may allow devices to be made where a single pixel could emit a wide range of colors rather than just one by varying the amount of voltage applied.

The lead authors added that the efficiency of an LED is directly related to the photoluminescence quantum yield so, in principle, one could develop high-performance LED displays that are transparent when powered off and flexible using the “perfect” optoelectronic monolayers produced in this study.

This treatment also has revolutionary potential for transistors. As devices in computer chips get smaller and thinner, defects play a bigger role in limiting their performance.

“The defect-free monolayers developed here could solve this problem in addition to allowing for new types of low-energy switches,” said Javey.

Source: Univ. of California, Berkeley
逐渐走近你的监视器
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使用激光束激发二硫化钼或MoS2制成单层半导体的原理图。红色发光的点是由激光激发的粒子。图片来源：Der-Hsien Lien

被称为单层半导体一个新兴的原子薄材料类型已经在材料世界科学产生了很大的反响。单层有希望在透明LED显示器、超高效太阳能电池、光电检测器和纳米级晶体管的发展中发挥作用。他们的缺点？这些薄片众所周知的充斥着缺陷，让他们的表现一团糟。
但现在的一个研究小组，由加州大学伯克利分校（UC Berkeley）和劳伦斯伯克利国家实验室的工程师领导，目前已发现通过使用有机超强酸修复这些缺陷的简单方法。该化学处理促使材料中的光致发光量子产出急剧增加100倍，用来描述投入的能量总量和材料产生的光总量一个比率。光发射的更大，量子产出更高，同时该材料的质量就越好。

通过将材料从不到1％至100％浸入一种bistriflimide，或TFSI的超强酸中，研究人员增强了二硫化钼或MoS2的量子产率。
发表在科学杂志上的他们的研究结果，开启了单层材料实际应用的大门，如二硫化钼，光电器件和高性能晶体管。二硫化钼仅仅只有一个纳米的十分之七厚。为了比较，人类DNA链的直径为2.5nm。

“传统上，材料越薄，其对缺陷就越敏感，”加州大学伯克利分校电气工程和计算机科学系教授和伯克利实验室科学家、首席研究员Ali Javey说。 “这项研究提出了一个光电完美单层的首次展示，在此薄度的材料中，这一现象此前一直闻所未闻。”
研究人员观察了超酸，因为根据定义，它们是倾向于“给予”质子的溶液，常常是以氢原子的形式，向其他物质。该化学反应，称为质子化，具有在缺陷的位点填充失踪原子以及去除粘附在该表面上不想要的污染物的作用，研究人员说。
论文的共同第一作者是加州大学伯克利分校博士研究生Matin Amani，他是Der-Hsien Lien的访问博士生和Daisuke Kiriya的博士后研究员。
他们指出，科学家们一直在追求单层半导体，因为根据他们对光的低吸收，以及其承受扭转、弯曲和其他极端形式机械变形的能力，这可以让它们在透明或柔性设备中得到应用。
二硫化钼，具体而言，其特征在于通过范德华力将单层分子结合灾一起，其是位于每层原子之间的一种类型的原子键。拥有非常薄的材料的另外一个好处是，它是较高的光电可调性。一些应用，如LED显示器，这个特征可以让制成的设备中的单个像素可以发出多种颜色，而不是通过改变电压的施用量仅发出一种类型的颜色。

该主要作者还说，LED的效率直接与光致发光量子产出率有关系，在原则上，人们可开发高性能LED显示器，通过灵活使用这项研究中产生的“完美”光电单层，当断电时，LED显示器是透明的。
这一处理对于晶体管还具有革命性的潜力。随着计算机芯片的设备变得越来越小和更薄，缺陷在限制其性能方面表现的越来越突出。
  “这里开发的无缺陷单层可以解决这个问题，同时允许新类型的低能量开关，”Javey说。
资料来源：美国加州大学伯克利分校。
Breakthrough in superconducting materials opens new path to fusion
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Conceptual design of the ARC fusion reactor. About the same size as the currently operating JET tokamak in the United Kingdom, but with three times the magnetic field strength, ARC is sized to produce 500 MW of deuterium-tritium fueled fusion power. Credit: Earl Marmar

In fusion reactor designs, superconductors (which suffer no resistive power loss) are used to generate the magnetic fields that confine the 100 million degree C plasma. While increasing magnetic field strength offers potential ways to improve reactor performance, conventional low-temperature superconductors suffer dramatic drops in current carrying ability at high magnetic fields. Now, the emergence of high-temperature superconductors that can also operate at high magnetic fields opens a new, lower-cost path to fusion energy.

A typical measure of fusion plasma performance is called "plasma beta," which is the ratio of plasma pressure to magnetic field pressure. Achieving a very high beta--generating the required plasma pressure with low magnetic field--could help reduce the cost of the superconducting magnets used in a fusion reactor. For this reason, many visions of fusion reactors try to maximize plasma beta at moderate magnetic field strengths. Operation at higher beta, however, pushes the plasma up against many performance limits, making plasma stability a tricky business.

But plasma beta is not the only consideration. Another ratio, the size of the confined plasma compared to the ion gyroradius, also determines overall energy confinement and dictates plasma performance. (The ion gyroradius is the helical path ions are forced to follow in the magnetic field.) Increasing magnetic field strength decreases the ion gyroradius, which allows a reduction in the size of the fusion device with no loss of performance. This approach also lowers beta and the plasma operates farther away from stability limits, in a "safe zone."

While scientists have explored both of these paths to improving performance, the recent development of the so-called "high-temperature superconductors" opens a window for much higher magnetic fields, as the critical currents do not degrade rapidly, even at magnetic field values of 30 Tesla or higher. So these should really be called high-temperature, high-magnetic-field superconductors.

For tokamak design, the field strength limits are primarily determined by the maximum allowable stresses in the structural components holding the magnet together, and not by the intrinsic limits of the superconductors.

Even the most aggressive tokamak designs with conventional superconductor technology are limited to about 6 Tesla on-axis toroidal magnetic fields. By nearly doubling magnetic field strength, to about 10 Tesla on-axis, conceptual designs indicate that a tokamak approximately the physical size of the world's largest currently operating tokamak, JET, would be capable of producing 500 MW of fusion power, and even net electricity (Figure 1). High-temperature, high-magnetic-field superconductors can also make it possible to incorporate jointed magnetic coils into the reactor design, dramatically improving flexibility, and ultimately, maintainability for reactor systems.

While several physics and technology challenges remain to be solved, the world-wide experience from tokamak experiments provides the basis to support a new path of exploration into compact, power producing reactors using the newly available high-temperature, high-magnetic-field superconducting technology.

Source: American Physical Society
超导材料突破性紧张开启核聚变新路径
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ARC核聚变反应堆的概念设计，与目前英国正在运行的JET托卡马克核聚变装置尺寸相同，但磁场强度是其三倍，ARC核裂变反应堆设计产生500 MW的氘—氚聚变燃料动力。（图片提供：Earl Marmar）

在核反应器设计中，超导体通常用于产生磁场，从而达到一亿摄氏度的等离子体。虽然通过增加磁场强度可以提高反应器的性能，但是传统的低温超导材料在高强度磁场条件下或许性能会下降。如今，这种可以在高磁场条件下操作的新型高温超导材料为新型低成本核聚变能源开辟了新的道路。

聚变等离子体性能的典型测试方法被称为“等离子β”，即等离子压力和磁场压力的比率。高的β，即获得需要的等离子压力的同时磁场强度低，有助于减少在聚变反应堆中使用的超导磁体的成本。因此，很多人认为核反应堆需要在适度的磁场强度下将等离子β最大化。然而，在高β条件下进行操作时，会让等离子突破其性能极限，因此会使得其非常不稳定。

但是等离子β并不是唯一需要考量的因素。另一个比率，即等离子体的尺寸和离子回旋半径的比率，也会决定总的能量约束和等离子体性能。在增加磁场强度的同时，减小离子回旋半径，从而可以在减小聚变装置尺寸的前提下保持性能不便。这种方法也可以降低β，同时其等离子操作也会在稳定性范围之内。

当科学家开发出了这两种途径来提高性能的同时，最近研发所谓的“高温超导体”有更高磁场提供了一种新的途径，且其临界电流即便在很高的磁场强度下（甚至30特斯拉或更高）也不会快速衰退。因此这些应该被称为高温高磁场超导材料。

根据tokamak设计，这种场强极限主要是由保持磁铁一起的结构组件允许的最大应力决定的，而不是由超导材料的本征极限决定的。

运用传统超导体技术获得的最激进的tokamak设计的磁场强度极限达到6特斯拉。通过提高到双倍的磁场强度增加到10特斯拉左右，概念设计显示目前世界上最大运行中的tokamak核裂变反应堆-JET，其聚变能量(甚至是净电能)可以达到500 MW（如图1）。高温、高磁场超导体也使得设计人员可以将磁线圈结合到反应堆设计中，从而极大地改善其灵活性、持久性和反应堆系统的可维护性。

虽然还有几个物理上和技术瓶颈待解决，但是从tokamak反应堆实验中获得的世界范围的实践经验为开发使用新型高温高磁场超导技术来进行紧凑型能量反应堆的设计奠定了基础。

源自：美国物理学会
Electrons always find a (quantum) way
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This image shows the transport process of electrons from a superconductor (S) through a quantum dot (QD) into a metal with normal conductivity (N). Credit Illustration: Univ. of Basel, Department of Physics

Scientists from the Univ. of Basel in Switzerland have demonstrated for the first time how electrons are transported from a superconductor through a quantum dot into a metal with normal conductivity. This transport process through a quantum dot had already been calculated theoretically in the nineties, but scientists at the Univ. of Basel have now succeeded in proving the theory with measurements. They report on their findings in the scientific journal Physical Review Letters.

Transport properties such as electrical conductivity play an important role in technical applications of new materials and electronic components. Completely new phenomena occur, for example, when you combine a superconductor and nanometer-sized structures, known as quantum dots, in a component.

Researchers at the Univ. of Basel working under Professor Christian Schönenberger have now constructed such a quantum dot between a superconductor and a metal with normal conductivity to study electron transport between the two components.

It should in fact be impossible to transport electrons from the superconductor through a quantum dot at low energies. Firstly, electrons never occur on an individual basis in a superconductor but rather always in two's or in so-called Cooper pairs, which can only be separated by relatively large amounts of energy. Secondly, the quantum dot is so small that only one particle is transported at a time due to the repulsive force between electrons.

In the past, however, scientists have repeatedly observed that a current nonetheless runs between the superconductor and the metal - in other words, electron transport does occur through the quantum dot.

First evidence of the transport mechanism through a quantum dot

On the basis of quantum mechanics, theories were developed in the nineties which indicated that the transport of Cooper pairs through a quantum dot is entirely possible under certain conditions. The prerequisite is that the second electron follows the first very quickly, namely within the time roughly stipulated by Heisenberg's uncertainty principle.

The scientists at the Univ. of Basel have now been able to accurately measure this phenomenon. In their experiments the scientists found the exact same discrete resonances that had been calculated theoretically. In addition, the team including doctoral student Jörg Gramich and his supervisor Dr. Andreas Baumgartner was able to provide evidence that the process also works when energy is emitted into the environment or absorbed from it.

"Our results contribute to a better understanding of the transport properties of superconducting electronic nanostructures, which are of great interest for quantum technology applications", says Dr. Andreas Baumgartner.

Source: Univ. of Basel
电子总是找到（量子化）途径
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这张图片展示了电子从超导体（S）通过量子点进入到具有普通传导率的金属（N）里的传输过程，插图提供：巴塞尔大学物理系。

瑞士巴塞尔大学的科学家们首次演示了电子如何通过量子点从超导体传输到带有普通传导性的金属里。这个通过电子点的传输过程已经在90年代通过了理论计算，但是巴塞尔大学的科学家们现在通过测量成功的验证了这一理论。科学家们在科学杂志-《物理评论快报》(Physical Review Letters)刊载了研究成果。

传输特性例如导电性在新材料和电子元件的技术应用方面起到了重要作用。全新的现象出现了，举个例子，当你把一个超导体和纳米级结构进行合成时，在元件中称之为半导体量子。

巴塞尔大学在Christian Schönenberger教授领导下的研究者们现在已经在超导体和具有普通导电性的金属之间构建了这样一个量子点来研究两个元件间的电子传输。

事实上通过低能量的量子点实现电子从超导体的传输应该是可能的。首先，电子绝不会以个体形式出现在超导体中，总是成对或以所谓的库伯对方式存在，并且只能通过相对高的能量才能分开。其次，量子点是如此的小以致于由于电子间的排斥力每次只能有一个粒子进行传输。

过去，科学家们多次观察了电流通过超导体和金属，换句话说，确实发生了电子通过量子点的传输。

首次见证了通过量子点的传输机构。

在量子点机构的基础上，在90年代发展起来的理论表明在某种条件下通过一个量子点进行库伯对的传输是完全可能的。先决条件是第二个电子快速跟随第一个电子，即此期间符合海森堡的不确定性原理。

巴塞尔大学科学家们已经能够精确的测量这一现象。在实验中科学家们发现了被理论计算过的离散共振。此外，包括博士生Jörg Gramich和他的导师Andreas Baumgartner在内的研究团队能够提供证据证明这一过程能够在当能量发射至环境中或从环境中吸收是发生。

Andreas Baumgartner博士谈到：“我们的研究成果有助于更好的理解超导电子纳米结构的传输特性，这种特性对于量子科技应用很有意义。

源自：巴塞尔大学
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