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Tech News & New Tech（技术前沿）
DARPA project aims to make nanoscale benefits life-sized

[image: image1.jpg]‘Atomic

scale

‘A2P Research
Focus

Product ("Human’) Scale

107m

molecues,
nanodevices

100m

EEQ‘B -
00m wn

milimeter meter
components,  systems,
subsystems platforns




DARPA’s Atoms to Product (A2P) program seeks to develop enhanced technologies for assembling atomic-scale items, and integrating these components into materials and systems from nanoscale up to product scale in ways that preserve and exploit distinctive nanoscale properties.
Many common materials exhibit different and potentially useful characteristics when fabricated at extremely small scales—that is, at dimensions near the size of atoms, or a few ten-billionths of a meter. These “atomic scale” or “nanoscale” properties include quantized electrical characteristics, glueless adhesion, rapid temperature changes, and tunable light absorption and scattering that, if available in human-scale products and systems, could offer potentially revolutionary defense and commercial capabilities. Two as-yet insurmountable technical challenges, however, stand in the way: Lack of knowledge of how to retain nanoscale properties in materials at larger scales, and lack of assembly capabilities for items between nanoscale and 100 microns—slightly wider than a human hair.

DARPA has created the Atoms to Product (A2P) program to help overcome these challenges. The program seeks to develop enhanced technologies for assembling atomic-scale pieces. It also seeks to integrate these components into materials and systems from nanoscale up to product scale in ways that preserve and exploit distinctive nanoscale properties.

“We want to explore new ways of putting incredibly tiny things together, with the goal of developing new miniaturization and assembly methods that would work at scales 100,000 times smaller than current state-of-the-art technology,” said John Main, DARPA program manager. “If successful, A2P could help enable creation of entirely new classes of materials that exhibit nanoscale properties at all scales. It could lead to the ability to miniaturize materials, processes and devices that can’t be miniaturized with current technology, as well as build three-dimensional products and systems at much smaller sizes.”

This degree of scaled assembly is common in nature, Main continued. “Plants and animals, for example, are effectively systems assembled from atomic- and molecular-scale components a million to a billion times smaller than the whole organism. We’re trying to lay a similar foundation for developing future materials and devices.”  

To familiarize potential participants with the technical objectives of the A2P program, DARPA has scheduled identical Proposers Day webinars on Tuesday, September 9, 2014, and Thursday, September 11, 2014. Advance registration is required and closes on September 5, 2014, at 5:00 PM Eastern Time. Participants must register through the registration website: http://www.sa-meetings.com/A2PProposersDay.

The DARPA Special Notice announcing the Proposers’ Day webinars is available at http://go.usa.gov/mgKB. This announcement does not constitute a formal solicitation for proposals or abstracts and is issued solely for information and program planning purposes. The Special Notice is not a Request for Information (RFI); therefore, DARPA will accept no submissions against this announcement. DARPA expects to release a Broad Agency Announcement (BAA) with full technical details on A2P soon on the Federal Business Opportunities website (www.fbo.gov).

Source: DARPA
DARPA项目旨在使纳米有益于原物大小的产品
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DARPA原子到产品（A2P）项目旨在开发出先进的技术，从而能够组装原子大小的物体，并且利用一种保护和利用独特纳米特性的方式将这些成分整合到从纳米规模到产品规模的材料和系统中去。

当以非常小的尺寸进行制造时，许多常见的材料会表现出不同的以及潜在的有用特性——也就是说以接近原子大小的尺寸或者几百亿分之一米。这些“原子级”或“纳米”特性包括量化电气特性、无缝粘接性、快速温度变化、可调光的吸收和散射，如果在与真人大小尺寸的产品和系统中可用的话，其能够提供潜在的革命性国防和商业能力。然而，到目前为止存在着两个无法克服的技术挑战：对于如何在大型尺寸的材料中维持纳米特性我们还缺乏相应的知识，并且对于在纳米级至100微米之间的物品，我们还缺乏组装能力，这样的物品大小略比人类的一根头发要稍宽一些。
DARPA已经创建了原子到产品（A2P）的项目来帮助克服这些挑战。该项目旨在开发先进的技术以组装原子尺寸的物品。它也试图利用一种保护和利用独特纳米特性的方式将这些成分整合到从纳米规模到产品规模的材料和系统中去。

“我们想要探索新的方式来将那些令人难以置信的小物品整合到一起，我们的目标是开发新的小型化和装配方法，使其能够在比目前最先进的技术还要小100000倍的规模内进行工作，”DARPA项目的经理约翰•梅因。“如果成功的话，A2P可以帮助创造出那些在任何尺寸中都表现出纳米级性能的全新类别的材料。这可能会产生小型化材料、工艺和设备的能力，而这些在现有的技术中无法得到小型化，并且在更小的尺寸中建立三维产品和系统。”

这种程度的缩放组件在自然界中是常见的，梅因继续称。“例如，植物和动物就是通过比整个机体小一百万到十亿万倍的原子级和分子级尺寸的组件组有效组装而形成的系统。我们正努力为开发未来材料和设备奠定类似的基础。”

为了让潜在的参与者了解A2P项目的技术目标，DARPA已经定于2014年9月9日星期二和2014年9月11日星期四举办同样的提议者日研讨会。参与该会需进行提前预约，截止日期为2014年9月5日，东部时间的下午5：00。参与者必须通过报名网站进行报名：http://www.sa-meetings.com/A2PProposersDay。

DARPA特别通知宣布提议者日研讨会可以通过http://go.usa.gov/mgKB参与。本公告并不构成对建议或摘要的正式邀约，并且仅仅是为了信息和方案规模的目的而进行发布。特别公告并不是一个信息请求（RFI）；因此，DARPA将不会接受任何针对本公告的意见。DARPA期望在短期内于联邦商业机会网站（www.fbo.gov）发布具有关于A2P完整技术细节的一个广泛机构公告（BAA）。

资料来源：DARPA

New analytical technology reveals nanomechanical surface traits
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A new research platform uses a laser to measure the "nanomechanical" properties of tiny structures undergoing stress and heating, an approach likely to yield insights to improve designs for microelectronics and batteries. Clockwise from upper left, graphics of the instrument setup, and at bottom right a scanning electron microscope image of the tiny silicon cantilever used in the research. Image: Ming Gan/Purdue University

A new research platform uses a laser to measure the "nanomechanical" properties of tiny structures undergoing stress and heating, an approach likely to yield insights to improve designs for microelectronics and batteries.

This new technique, called nanomechanical Raman spectroscopy, reveals information about how heating and the surface stress of microscale structures affect their mechanical properties. Researchers have discussed the merits of surface-stress influence on mechanical properties for decades. However, the nanomechanical Raman spectroscopy has offered the first such measurement, said Vikas Tomar, an associate professor in Purdue's School of Aeronautics and Astronautics.

Surface stress is similar to the surface tension that allows small insects to walk on water, makes water drops spherical, and causes human skin to initially resist a needle's penetration. On the relatively large scale of ordinary, everyday machines, surface stress is negligible, but it becomes critical for micro- and nanostructures, he said.

Recent findings are potentially important because silicon structures measured on the scale of micrometers and nanometers form essential components of semiconductor processors, sensors and an emerging class of miniscule machines called microelectromechanical systems.

"The functioning of such devices has been found to be highly affected by their operating temperature," Tomar said. "Such densely packaged devices generate considerable heat during operation. However, until now we have not been able to measure how heating and surface stress contribute to mechanical properties."

Information about the platform and new research findings were detailed in three papers published this year. The most recent appeared Aug. 15 in the Journal of Applied Physics. Tomar has led the research with former doctoral student Ming Gan, who has graduated and is now working in industry, and current doctoral student Yang Zhang.

In Raman spectroscopy, a laser interacts with the vibrating crystal lattice of materials, providing information about the chemical makeup of the materials.

"But we have not been able to incorporate in situ stress or deformation into those chemical signatures," Tomar said. "Now we have combined nanomechanical measurements into Raman spectroscopy."

The researchers used the technique to study microscale silicon cantilevers, tiny diving-board shaped slivers about 7 microns thick, or roughly one-tenth the thickness of a human hair, and 225 microns long. The cantilevers were heated and stressed simultaneously. Surface stresses at the micro- and nanoscales were measured for the first time in conjunction with temperature change and a structure's deformation.

Findings show that heating a cantilever from 25 to 100 C while applying stress to the structure causes a dramatic increase in strain rate, or deformation.

The heating reduces bonding forces between atoms on the surface of the structures. The lower bonding force results in a "relaxed" state of the surface or near-surface atoms that progresses as the temperature increases, leading to cracks and device failure.

"The key is to be able to measure thermal and mechanical properties simultaneously because they are interrelated, and surface stress influences mechanical properties," Tomar said.

Findings are potentially important for the measurement of components in batteries to study stresses as they constantly expand and contract during charge-discharge cycles. Ordinary sensors are unable to withstand punishing conditions inside batteries.

However, because Raman spectroscopy uses a laser to conduct measurements, it does not have to be attached to the batteries, making possible a new type of sensor removed from the harsh conditions inside batteries.   

"If you don't need onboard sensors you can go into extreme environments," he said. "You can learn how the stresses are evolving so that we can design better batteries."

Such a technology also could be important for development of super-strong composite materials that mimic those found in some marine animals that are able to survive in the extreme conditions found in ocean-floor hydrothermal vents. One obstacle is overcoming stresses that occur at the interfaces of different layers within the composite materials.

"These materials always break at the interfaces," Tomar said. "Now we can understand as the material is deforming how the interface stresses are developing, and this will allow us to predict how to modify them."

Purdue has filed a provisional patent for the new platform. The research has been funded by the National Science Foundation.

Source: Purdue Univ.
新析技术揭示纳米机械表面特征
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一个新的研究平台采用激光通过压力和加热来测试微小结构的“纳米机械”属性，该方法可能会对改善微电子和电池的设计产生一定的见解。顺时针方向的左上角是研究中所使用的仪器位置的图形，而在右下角是在研究中所使用的一个微小硅悬臂的扫描电子显微镜图像。图片：甘明/普渡大学

一个新的研究平台采用激光通过压力和加热来测试微小结构的“纳米机械”属性，该方法可能会对改善微电子和电池的设计产生一定的见解。

这种被称为纳米机械拉曼光谱的新技术揭示了微观结构的加热和表面应力是如何影响它们的力学性能的信息。研究人员几十年来一直在讨论表面应力对机构性能进行影响的优点。然而，纳米机械拉曼光谱已经首次提供了这样的一种测量，普度大学航空航天学院的副教授维卡斯•托马尔表示。

表面应力类似于表面张力，这种表面张力能够使小昆虫在水面上行走，使水滴成为球形，并且使人体皮肤在最初抵抗针的穿透。在规模相对较大的普通的日常机器上，表面应力是微不足道的，但它成为了微型和纳米型结构的关键，他表示。

最近的研究结果可能是非常重要的，因为在微米和纳米尺度范围内测量的硅结构形成了半导体处理器、传感器以及被称之为微机电系统的新兴类微小机器的重要组成部分。

“这样的设备的运作被发现受到了它们的工作温度的高度影响，”托马尔表示。“这样的密集封闭器件在运行时会产生大量的热。然而，到目前为止，我们还没有能够测量出加热以及表面应力是如何对机械性能产生影响的。”

关于平台和新研究成果的信息在今年发表的三篇论文中得到了详细叙述。最近一篇出现在8月15日的《应用物理》杂志中。托马尔与目前已毕业并且任职于工业的前博士生甘明和现任博士生张扬一同领导了此次研究。

在拉曼光谱中，激光与材料的振动晶格相互作用，提供有关材料化学组成的相关信息。

“但是我们一直都原地应力或变形整合到这些化学信号中，”托马尔称。“现在，我们将纳米力学测量方法结合到拉曼光谱中去。”

研究人员利用该技术来研究微型硅悬臂，它是一种大约有7微米厚的微波跳板条，其大约有人类头发厚度的十分之一，并且有225微米长。悬臂同时得到加热和加压。在微米和纳米尺度上的表面应力首次结合温度的变化和一个结构的变形而得到了测定。

研究结果表明，对悬臂从25度加热至100度，并且同时对表面施加应力，这会导致应变速率发生显著增加，或产生变形。

加热降低了结构表面原子间的粘合力。降低的粘合力导致表面或近表面的原子随着温度的升高而呈现了一种“放松”状态，从而导致裂纹和器件失效。

“关键是能够同时测量热和机械性能，因为他们是相互关联的，并且表面应力影响的机械性能，”托马尔表示。

研究结果对于在电池组件的测量过程中研究电池在充放电循环过程中不断膨胀收缩的过程中的应力是非常重要的。普通传感器无法在电池中承受惩罚条件。

但是，由于拉曼光谱使用激光来进行测量，它不必与电池进行连接，这使得有可能将一种新型传感器从电池内部的苛刻条件中去除。

“如果你不需要板载传感器，那你就可以进入极端环境，”他表示。“你可以了解压力是如何不断发展的，从而我们能够设计出更好的电池。”

这种技术还可以用于超强复合材料的发展，这种材料是模拟那些在洋底热液喷口处的极端环境下还能够生存的海洋动物。一个障碍是克服发生在复合材料不同层中界面上的应力。

“这些材料总是在表面开始破损，”托马尔表示。“现在我们可以了解到当材料发生变形时界面应力是如何发展的，并且这将使我们预测出如何对它们进行修复。”

普渡大学已经为新平台申请了临时专利。这项研究是由美国国家科学基金会资助的。

资料来源：普渡大学
Metal Alloy（金属合金）
High performance alloys market trends and forecast 2014-2020

A report from Transparency Market Research (TMR), based in Albany, USA, reviews the high performance alloys market in terms of volume share (kilo tons) and global sales forecast up to 2020. TMR describes high performance alloys as alloys that are designed to perform under intense conditions such as elevated temperatures (above 650C) and pressures found, for example, in aero engines, land-based gas turbines, rocket engines, and chemical and petroleum plants. Aerospace was stated to be the largest segment, accounting for 56.9% of the total high performance alloys market in 2013 followed by industrial gas turbines. (see Figure)

high-performance-alloys

High performance alloys in this report are segmented as non-ferrous alloys, platinum group metal alloys, refractory alloys and superalloys. Non-ferrous alloys were said to be the largest product segment, accounting for 51% of the total market share in 2013. This was followed by superalloys which are characterised by high temperature strength, toughness, resistance to corrosive and oxidising environment, and superior phase stability.

Global demand for high performance alloys was said to stand at 1,110.7 kilo tons in 2013 and is projected to increase significantly over the next six years. Factors such as increasing demand for industrial gas turbines in power generation and growth in automotive and aerospace industries are expected to boost the high performance alloys market.

In terms of demand, North America was the leading global region in the high performance alloys market in 2013. This was followed by Europe. Asia Pacific is estimated to be the fastest growing regional market in terms of demand.
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高性能合金市场2014年至2020年趋势及预测

总部设在美国奥尔巴尼的Transparency Market研究（简称，TMR）的一份报告（TMR），回顾了高性能合金市场（吨）的份额并预测了2020年之前的全球销售。TMR将高性能合金定义为可在在高温（超过650℃）和高压等强烈条件下使用的合金，如，例如航空发动机、工业燃气轮机、火箭引擎和石油化工厂。航空被认为是最大的部分，在2013年占高性能合金总量的56.9%，之后为工业燃气涡轮机市场的应用。（见图）

高性能合金

这份报告中的高性能合金分为有色金属合金、铂族金属合金、高温合金、高温合金。非铁合金被认为是最大的产品市场，2013年占总市场份额的51%。其次是高温合金，其特点是高温强度、韧性、耐腐蚀性、氧化环境和优越的相稳定性。

据说，全球高性能合金的需求在2013年为1110.7公斤，预计在未来六年增加明显。用于发电工业燃气轮机行业需求的不断增长，以及汽车和航空航天工业的增长等因素，将推动高性能合金市场发展。

在需求方面， 2013年北美是高性能合金市场中全球领先的地区。其次是欧洲。亚太地区预计将是需求增长最快的区域市场。
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Researchers test multi-element, high-entropy alloy with surprising results
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At 77K, back‐scattered electron images taken in the wake of a propagated crack show the formation of pronounced cell structures resulting from dislocation activity that includes deformation‐induced nano‐twinning. Image: Ritchie group

A new concept in metallic alloy design—called “high‐entropy alloys”—has yielded a multiple-element material that not only tests out as one of the toughest on record, but, unlike most materials, the toughness as well as the strength and ductility of this alloy actually improves at cryogenic temperatures. This multi-element alloy was synthesized and tested through a collaboration of researchers at the U.S. Department of Energy (DOE)’s Lawrence Berkeley and Oak Ridge National Laboratories (Berkeley Lab and ORNL).

“We examined CrMnFeCoNi, a high‐entropy alloy that contains five major elements rather than one dominant one,” says Robert Ritchie, a materials scientist with Berkeley Lab’s Materials Sciences Division. “Our tests showed that despite containing multiple elements with different crystal structures, this alloy crystalizes as a single phase, face‐centered cubic solid with exceptional damage tolerance, tensile strength above one gigapascal, and fracture toughness values that are off the charts, exceeding that of virtually all other metallic alloys.”

Ritchie is the corresponding author along with ORNL’s Easo George of a paper in Science describing this research. The paper is titled “A fracture resistant high‐entropy alloy for cryogenic applications.” Co-authors are Bernd Gludovatz, Anton Hohenwarter, DhirajCatoor and Edwin Chang.

The tradition of mixing two metals together to create an alloy that possesses properties its constituent elements individually lack goes back thousands of years. In the 4th millennium BC, people began adding tin, a hard metal, to copper, a soft and relatively easy to work metal, to produce bronze, an alloy much stronger than copper. It was later discovered that adding carbon to iron yields the much stronger steel, and the addition of nickel and chromium to the mix yields steel that resists corrosion. Traditional alloys invariably feature a single dominant constituent with minor elements mixed in, and often rely on the presence of a second phase for mechanical performance.

“High‐entropy alloys represent a radical departure from tradition,” Ritchie says, “in that they do not derive their properties from a single dominant constituent or from a second phase. The idea behind this concept is that configurational entropy increases with the number of alloying elements, counteracting the propensity for compound formation and stabilizing these alloys into a single phase like a pure metal.”

Although high‐entropy alloys have been around for more than a decade, it has only been recently that the quality of these alloys has been sufficient for scientific study. George and his research group at ORNL combined high‐purity elemental starting materials with an arc-melting and drop-casting process to produce high quality samples of CrMnFeCoNi (chromium, manganese, iron, cobalt and nickel) in sheets roughly 10 mm thick. After characterizing these samples for tensile properties and microstructure, the ORNL team sent them to Ritchie and his research group for fracture and toughness characterization.

Ritchie, who holds the H. T. and Jessie Chua Distinguished Professor of Engineering chair at the University of California (UC) Berkeley, is an internationally recognized authority on the mechanical behavior of materials.

“As high entropy alloys are single phase, we reasoned that they would be ideal for cryogenic applications, such as storage tanks for liquefied natural gas, hydrogen and oxygen,” he says. “Our work is the first in-depth study that characterizes the fracture toughness properties of this class of alloys, and lo and behold, they are spectacular!”

Tensile strengths and fracture toughness values were measured for CrMnFeCoNi from room temperature down to 77 Kelvin, the temperature of liquid nitrogen. The values recorded were among the highest reported for any material. That these values increased along with ductility at cryogenic temperatures is a huge departure from the vast majority of metallic alloys, which lose ductility and become more brittle at lower temperatures. Ritchie and George believe that the key to CrMnFeCoN’s remarkable cryogenic strength, ductility and toughness is a phenomenon known as “nano-twinning,” in which during deformation, the atomic arrangements in adjacent crystalline regions form mirror images of one another.

“These nano-twins are created when the material undergoes plastic deformation at cryogenic temperatures,” Ritchie says. “This represents a mechanism of plasticity in addition to the planar-slip dislocation activity most metals undergo at ambient temperatures. The result of nano-twinning deformation is a continuous strain hardening, which acts to suppress the localized deformation that causes premature failure.”

Ritchie notes that the mechanical properties of CrMnFeCoNi and other high-entropy alloys have yet to be optimized.

“These high-entropy alloys may well be capable of even better properties,” he says.

This research was supported at both Berkeley Lab and ORNL by the DOE Office of Science.

Source: Lawrence Berkeley National Laboratory
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High-entropy alloys (orange) show an exceptional combination of toughness and strength relative to other materials. Image: Ritchie group
研究人员对多元高熵合金进行测试，结果惊人

[image: image9.jpg]



在77K，传播的裂纹之后的背散射电子图像显示了明显的细胞结构、位错活动，还包括变形‐诱导纳米级的孪晶形成。图片：里奇研究小组提供

金属合金内的一个新概念，其设计被称为“高熵合金”‐已取得了多元素材料，并进行了棘手的记录，但不像大多数材料，实际上提高了低温下的韧性及该合金的强度和塑性。合成及测试通过了美国能源部的研究合作，多元合金（DOE）在劳伦斯伯克利和橡树岭国家实验室（伯克利实验室和橡树岭国家实验室）完成。

“我们研究了CrMnFeCoNi高熵合金‐其包含五大元素，而不是由一个占主导，” Robert Ritchie，伯克利实验室材料科学部材料科学家说。“我们的试验显示，尽管具有多种元素不同的晶体结构，但这种合金结晶作为一个单一阶段，其面临着特殊的立方损伤容限，抗拉强度会高于1G帕斯卡，具有别具一格的断裂韧性值，超过了几乎其他所有金属合金。”

Ritchie是橡树岭国家实验室ORNL’s Easo George一篇论文中的通讯作者。本文标题是“抗断高熵合金的低温应用。”共同作者有Bernd Gludovatz, Anton Hohenwarter, DhirajCatoor和Edwin Chang。

混合两种金属会创造组成元素不具有的性质，其传统可追溯到几千年前。在公元前四千年，人们开始加入锡——这种坚硬金属到铜这种软的且相对容易加工的金属，合金比铜硬多了。后来发现，加入碳的铁会产生更强性的钢，而假如镍和铬会产生抗腐蚀性钢。传统功能相对单一的主导成分合金总是与微量元素混合，并经常依靠于第二阶段机械性能的存在。

“高熵合金‐代表从根本上违背了传统，”里奇说，“他们没有获得他们的性能从一个单一的主要组成部分，或从第二阶段。这个概念的想法是，构型熵随合金元素的数量，抵消对化合物的形成和稳定这些合金为单相纯金属的倾向。”

虽然高熵合金‐已经超过10年了，就在最近，这些合金的质量得到了充分的科学研究。乔治和他的研究小组在橡树岭国家实验室联合高‐纯元素的起始原料与电弧熔炼和铸造工艺生产高质量下降的样品crmnfeconi（铬，锰，铁，钴和镍）在大约10毫米厚的片材。在描述这些样品的显微组织和拉伸性能，橡树岭国家实验室的团队给里奇和他的研究小组与断裂韧性的表征。

里奇，谁拥有H. T.和杰西Chua杰出工程讲座教授在加利福尼亚大学（UC）的伯克利，是一个国际公认的权威材料的力学行为。

“高熵合金均为单相，我们推断，他们会为低温应用的理想选择，如液化天然气储罐，氢和氧，”他说。“我们的工作是第一位的，是深入研究这类合金的断裂韧性，瞧，他们是壮观的！“

测量了从室温到77开尔文-液氮温度CrMnFeCoNi的拉伸强度和断裂韧性值。记录的是任何材料中的最高值。这些值从低温韧性的金属合金开始，绝大多数会有巨大的转变，并失去延展性，而在较低温度下会变得更脆。Ritchie和George认为CrMnFeCoN是低温卓越强度的关键，其延性和韧性现象被称为“纳米孪晶”，在变形过程中，相邻结晶区域的形成是彼此镜像的原子排列。

“这些纳米孪晶是会在低温下产生塑性变形的材料，”里奇说。“除了平面滑移位错，在环境温度下的大多数金属都具有可塑性机制。纳米孪晶变形的结果是连续的应变硬化，其作用是抑制局部变形，导致过早的破裂。”

里奇指出，CrMnFeCoNi和其他高熵合金的力学性能需要优化。

“这些高熵合金可能具有更好的性能，”他说。

本研究受到伯克利实验室和美国能源部科学办公室支持的。

来源：劳伦斯伯克利国家实验室

[image: image10.jpg]Fracture Toughness, K_(MPa.m'?)

0

ceramics

High-entropy

Mezalle
glasses

= Technical ceramics

Lo o Glasses

io 3 (3

Yield Strength, o, (MPa)





高熵合金（橙色）显示了相对特殊结合材料的韧性和强度。图片：里奇研究小组提供
Composite Materials（复合材料）
Composite fan blades boost aircraft fuel efficiency
GE is utilising a next generation carbon fibre composite for the fan blades of its new GE9X engine, which it says will deliver fuel savings of around 5%.

Due to enter service in 2020, the new lightweight blades will debut in Boeing's upcoming 777X passenger aircraft.

"Fewer, thinner blades will enhance the airflow and make for a lighter, more efficient fan that will help with the GE9X engine's overall performance and fuel burn," said Tod Davis, who led the design.

The fourth generation of composite material has a stiffer fibre, which means the blades can be crafted at thicknesses much closer to metal versions. The blades' leading edges, formerly made of titanium, will now be made of a new steel alloy to enhance the component's strength.

"We thoroughly tested the material at various levels from coupon testing of static, fatigue, and fracture toughness properties to component testing of fatigue and ultimate strength capability," Davis said. "These test results have allowed us to select the best material for the GE9X engine."

More than 700 GE9X engines have been ordered so far. The GE team says it is continuing to refine the machine's design to optimise its aerodynamics before the design is frozen in late 2015. Flight testing is expected to begin in 2017.

复合材料风扇叶片提升飞机燃油效率 

GE利用新一代碳纤维复合材料制造其GE9X发动机的风扇叶片，称其将节省燃油5%左右。

该新型轻量级刀片计划于2020年投入服务，将在即将到来的777x波音客机上首次亮相。

“更轻、更薄的刀片将提高气流，让风机更轻、更高效，并将有助于提高GE9X发动机的整体性能和燃油消耗，”领导设计人员Tod Davis说。

第四代复合材料有硬质纤维，这意味着刀片可以在更接近金属的厚度上制作。该刀片的前端之前是由钛制造的，而现在则是新型钢合金，可提高构件强度。

“我们在各种静态挂片、疲劳和断裂韧性以及测试组件疲劳强度和极限承载能力的试验中，彻底测试了该材料，”戴维斯说。“这些结果让我们能够为GE9X发动机选择最佳制造材料。”

目前， GE9x引擎的订单量已经超过700。GE团队称其将持续改进引擎设计，以在2015年底该设计最终定型之前优化其空气动力学设计。飞行测试将在2017年进行。
PlastiComp Develops Drop-in Magnesium Substitute Long Fibre Composites 
PlastiComp, has expanded its Complete LFT composite pellet product line to include drop-in replacements for die-cast magnesium.
The company states the new LFT products duplicate both the mechanical and electrical properties of magnesium in injection moulding or extrusion materials that offer up to 40% reductions in weight.
"Structurally, long fibre reinforced composites have a history of successfully being used to replace metals, such as aluminium, because they offer weight savings and easier fabrication which provide considerable cost reductions. Where composites have previously fallen short is in meeting the combination of both structural and electrical characteristics of metals," said Raj Mathur, Ph.D., Vice President Technology at PlastiComp. "It is common in the consumer electronics and automotive industries to use metals like magnesium for their stiffness and EMI shielding properties. Now, PlastiComp is able to offer LFT drop-in substitutes that allow these types of metal applications to be converted to long fibre."

PlastiComp claims its new LFT composites match the mechanical performance of pressure die-cast magnesium and aluminium with tensile modulus values up to 42,000 MPa. On the electrical side, they offer surface resistivity values down to 0.2 ohm/sq and EMI shielding capabilities in the 60-80 dB range depending on wall section thickness.

"Even though our new materials contain both long fibre reinforcement and nanofillers to achieve magnesium substitution properties they mould extremely well," said Mathur. "PlastiComp has already successfully demonstrated commercial applications, with cross sections in the 0.7 to 1 mm range, which were injection moulded without any difficulty using these LFT composites. Microstructural characterisation showed a conductive network of intertwined carbon fibres and uniform dispersion of the nanofillers throughout the parts."

According to PlastiComp, the combination of mechanical and electrical properties provided in these new LFT composites are achievable in a wide range of polymers from commodity to engineering resins based on performance requirements and price sensitivity of applications.
PlastiComp开发嵌入式镁来替代长纤维复合材料

PlastiComp公司扩大了其完整LFT复合球团生产线，将压铸镁的嵌入式替代材料纳入其中。

该公司称，加入到LFT生产线中的这种新产品，复制了注射成型或挤出材料中镁的机械和电气性能，减重高达40%。

“从结构上讲，长纤维增强复合材料已经有了成功代替金属铝的历史，因为使用它们可降低重量并且容易加工，很大程度地降低了成本。复合材料已达到了要满足金属组合结构和电气特性要求，”Raj Mathur博士，PlastiComp技术副总裁称。“在消费电子产品和汽车行业常见的是，使用镁等刚度和电磁屏蔽性能俱佳的金属。现在，PlastiComp公司的开发使其可以提供LFT嵌入式替代材料，可使从使用这些类型的金属转而使用长纤维。”  

PlastiComp称其新型LFT材料匹配了压膜压铸镁和铝的机械性能，拉伸模量高达42000 MPa。在电力方面，新型材料可使表面电阻值下降到0.2欧姆/平方，并具有电磁屏蔽功能，根据壁厚不同有60-80分贝的范围。

“尽管我们的新材料含有长纤维增强和纳米填料，以非常好地取代镁的模具性能，”马图尔说。“PlastiComp公司已经成功地证明了其商业应用，其横截面在0.7毫米到1毫米范围内，这是注射成型（范围），使用这些LFT复合物没有任何困难。微观结构表征表明，交织在一起的碳纤维和纳米填料会均匀分散在整个导电网络部分。”

根据PlastiComp公司，根据应用的性能要求和价格敏感度，这些新型LFT材料的机械和电气性能在很多种聚合物上都可实现，包括商品和工程树脂。
Practical Application（实际应用）
Hitachi Chemical claims breakthrough phosphor coated encapsulant boosts efficiency 2.2%

Hitachi Chemical is to enter volume production of wavelength conversion particles (WCP) that can be coated to EVA encapsulants for crystalline silicon modules and are claimed to boost conversion efficiencies up to 2.2% (relative) over standard encapsulants. 
The company said that the phosphors dispersed within acrylic resin particles could be mixed with EVA encapsulant sheets by the materials manufacturers, providing access to short wavelength light (ultraviolet light) and converting that into long wavelength light (visible light) with no impact on durability of the existing film formulations. 

The significant increase in efficiency was said to be achievable over conventional PV encapsulants via outdoor tests that comply with JIS C 8919 measuring methods for cell and module output power. 

Hitachi Chemical noted that samples of the phosphor-based WCPs had already been provided to manufacturers and that mass-production and sales would begin shortly. 

The company believes that the WCP technology can also be used for counterfeiting protection as well as for identification of authenticity. 
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Phosphors dispersed within acrylic resin particles could be mixed with EVA encapsulant sheets by the materials manufacturers. Image: Hitachi Chemical
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The significant increase in efficiency were said to be achievable over conventional PV encapsulants via outdoor tests that comply with JIS C 8919 measuring method for cell and module output power. Image: Hitachi Chemical
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Phosphors provide access to short wavelength light (ultraviolet light) and converts that into long wavelength light (visible light) with no impact on durability of the existing film formulations. Image: Hitachi Chemical
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Hitachi Chemical's Jsc results indicate around a 2% relative increase, rather than an absolute increase. Image: Hitachi Chemical
日立化成称突破性磷光体涂层密封剂使效率提高2.2%

日立化成(Hitachi Chemical)将开始批量生产波长转换粒子(WCP)，其可以被涂覆到用于晶硅组件的EVA密封剂，并且号称将转换效率(相对)较标准密封剂提高达2.2%。

该公司表示，材料制造商将分布在丙稀酸树脂粒子内的荧光材料与EVA封装片材混合，获得短波长光(紫外线)，并且将其转换为长波长光(可见光)，对现有薄膜配方的耐久性没有影响。

通过符合JIS C 8919对于电池和组件输出功率测试方法的室外测试，据说较常规光伏密封剂，效率实现大幅提高。

日立化成指出，磷基波长转换粒子的样品已经提供给制造商，可能将很快开始批量生产及销售。
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该公司认为，波长转换粒子技术还可以用于防伪以及鉴别真伪。
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材料制造商将分布在丙稀酸树脂粒子内的荧光材料与EVA封装片材混合。图片来源：日立化成
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通过符合JIS C 8919对于电池和组件输出功率测试方法的室外测试，据说较常规光伏密封剂，效率实现大幅提高。图片来源：日立化成
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荧光材料获得短波长光(紫外线)，并且将其转换为长波长光(可见光)，对现有薄膜配方的耐久性没有影响。图片来源：日立化成日立化成的Jsc结果表明相对提高约2%，而非绝对提高。图片来源：日立化成
Nanodiamonds are forever

Most of North America’s megafauna—mastodons, short-faced bears, giant ground sloths, saber-toothed cats and American camels and horses—disappeared close to 13,000 years ago at the end of the Pleistocene period. The cause of this massive extinction has long been debated by scientists who, until recently, could only speculate as to why.

A group of scientists, including UC Santa Barbara’s James Kennett, professor emeritus in the Department of Earth Science, posited that a comet collision with Earth played a major role in the extinction. Their hypothesis suggests that a cosmic-impact event precipitated the Younger Dryas period of global cooling close to 12,800 years ago. This cosmic impact caused abrupt environmental stress and degradation that contributed to the extinction of most large animal species then inhabiting the Americas. According to Kennett, the catastrophic impact and the subsequent climate change also led to the disappearance of the prehistoric Clovis culture, known for its big game hunting, and to human population decline.

In a new study published this week in the Journal of Geology, Kennett and an international group of scientists have focused on the character and distribution of nanodiamonds, one type of material produced during such an extraterrestrial collision. The researchers found an abundance of these tiny diamonds distributed over 50 million square kilometers across the Northern Hemisphere at the Younger Dryas boundary (YDB). This thin, carbon-rich layer is often visible as a thin black line a few meters below the surface.

Kennett and investigators from 21 universities in six countries investigated nanodiamonds at 32 sites in 11 countries across North America, Europe and the Middle East. Two of the sites are just across the Santa Barbara Channel from UCSB: one at Arlington Canyon on Santa Rosa Island, the other at Daisy Cave on San Miguel Island.

A transmission electron microscopy image of an unusually large, multiply twinned n-diamond or flawed cubic nanodiamond with 20 conjoined crystals from Kangerlussuaq, Greenland.
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“We conclusively have identified a thin layer over three continents, particularly in North America and Western Europe, that contain a rich assemblage of nanodiamonds, the production of which can be explained only by cosmic impact,” Kennett said. “We have also found YDB glassy and metallic materials formed at temperatures in excess of 2200 C, which could not have resulted from wildfires, volcanism or meteoritic flux, but only from cosmic impact.”

The team found that the YDB layer also contained larger than normal amounts of cosmic impact spherules, high-temperature melt-glass, grapelike soot clusters, charcoal, carbon spherules, osmium, platinum and other materials. But in this paper the researchers focused their multi-analytical approach exclusively on nanodiamonds, which were found in several forms, including cubic (the form of diamonds used in jewelry) and hexagonal crystals.

“Different types of diamonds are found in the YDB assemblages because they are produced as a result of large variations in temperature, pressure and oxygen levels associated with the chaos of an impact,” Kennett explained. “These are exotic conditions that came together to produce the diamonds from terrestrial carbon; the diamonds did not arrive with the incoming meteorite or comet.”

Based on multiple analytical procedures, the researchers determined that the majority of the materials in the YDB samples are nanodiamonds and not some other kinds of minerals. The analysis showed that the nanodiamonds consistently occur in the YDB layer over broad areas.
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A transmission electron microscopy image of carbon spherules from the Younger Dryas Boundary 30 cm below the surface in Gainey, Michigan.
“There is no known limit to the YDB strewnfield which currently covers more than 10% of the planet, indicating that the YDB event was a major cosmic impact,” Kennett said. “The nanodiamond datum recognized in this study gives scientists a snapshot of a moment in time called an isochron.”

To date, scientists know of only two layers in which more than one identification of nanodiamonds has been found: the YDB 12,800 years ago and the well-known Cretaceous-Tertiary boundary 65 million years ago, which is marked by the mass extinction of the dinosaurs, ammonites and many other groups.

“The evidence we present settles the debate about the existence of abundant YDB nanodiamonds,” Kennett said. “Our hypothesis challenges some existing paradigms within several disciplines, including impact dynamics, archaeology, paleontology and paleoceanography/paleoclimatology, all affected by this relatively recent cosmic impact.”

Source: Univ. of California, Santa Barbara
纳米钻是永恒的

大多数北美巨型动物——乳齿象、短脸熊、巨型地懒、剑齿猫、美国骆驼和马匹——在近13000年之前的更新世时期的结束时消失了。对于这种大规模灭绝产生的原因在那些到目前为止只能推测出原因的科学家之间一直存在着争议。

包括加州大学圣巴巴拉分校地球科学系的名誉教授詹姆斯•肯尼特在内的一组科学家假定一颗彗星与地球相撞的发生在这次灭绝中发挥了重要的作用。他们的假定认为，一次宇宙撞击事件突然发生在近12800年前全球变冷的新仙女木期。这次宇宙的撞击造成了突发的环境压力和退货，从而使大多数在那时栖息于美州的大型动物灭绝。据肯尼特称，灾难性的影响和随后的气候变化也造成了以大型狩猎活动出名的史前克洛维斯文化的消失以及人口的下降。

在《地质科学》杂志于本周发表的一篇新的研究中，肯尼特和一个国际科学家小组专注于纳米金刚石的特性和分布，这种材料是在这类外星碰撞过程中产生的。研究人员发现，在整个北半球的新仙女木边界（YDB）处超过5000万平方公里范围内分布着这类丰富的微小钻石。这个薄的富碳层经常在表面下方的数米处被看作是一条黑色的细线。

肯尼特与来自六个 国家21所大学的研究人员调查了北美、欧洲和中东11个国家32个地点的纳米金刚石。两个地点正好从加州大学圣巴巴拉分校横跨了圣巴巴拉海峡：一个在圣罗莎岛的阿灵顿峡谷，另一个在圣米格尔岛的菊花洞。
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一张关于格陵兰岛康克鲁斯瓦格具有20个连体晶体的不同寻常的大型乘孪生正菱形钻石或有缺陷的立方纳米金刚石的透射电子显微镜图像。

“我们已经毫无疑问地确定了一个横跨三大洲的薄层，特别是在北美和西欧，其含有纳米金刚石的丰富组合，其产生只能通过宇宙的影响来解释，”肯尼特表示。“我们还发现了在2200摄氏度以上的温度下形成的YDB玻璃和金属材料，其不可能由野火、火山活动或陨石通量造成，只有可能是由宇宙的影响造成的。”

研究小组发现，该YDB层还包含了比正常量更大的宇宙撞击球粒、高温熔融玻璃、葡萄状烟尘簇、木炭、炭小球、锇、铂金以及其他材料。但在本文中，研究人员完全将他们的多重分析方法专注于纳米钻石，研究人员发现了几种形式的纳米钻石，包括立方（首饰中所使用的钻石的形状）和六方晶体。

“在YDB组合中发现了不同类型的钻石，因为它们是由于与冲击混乱相关的温度、压力和氧气含量出现较大变化而产生的，”肯尼特解释说。“这些都是一些聚集在一起通过陆地碳生产出钻石的奇异条件；钻石并没有与到来的陨石或彗星一同出现。”

基于多种分析方法，研究人员确定，在YDB样品中出现的大部分材料是纳米钻石，而不是一些其他各类的矿物质。分析表明，纳米金刚石一贯出现在YDB层的广泛领域中。
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一张关于密歇根盖尼仙女木边缘距表面30厘米的碳小球透射电子显微镜图像。

“对于目前覆盖地球10%以上的YDB分布领域没有已知的限制，这表明YDB事件是一个重大的宇宙影响，”肯尼特表示。“在这项研究中公认的纳米金刚石的数据为科学家提供了一个称为等时的时段中某个时刻的快照。”

迄今为止，据科学家们所称只有两个层，在这两个层中已经发现了不止一个对纳米金刚石的确认：12800年前的YDB，以及6500万年前著名的白垩幻-第三幻界线，其是由于恐龙、菊石和许多其他组织的大面积灭绝而出名的。

“我们呈现的证据平息了关于大量YDB纳米钻石存在的争议，”肯尼特表示。“我们的假设挑战了一些在多个学科中目前存在的范例，包括冲击动力学、考古学、古生物学和古海洋学/古气候学，都受到了这个相对较新的宇宙影响力的影响。”

资料来源：加州大学圣巴巴拉分校

Engineers develop new sensor to detect tiny individual nanoparticles
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Arrays of self-referenced and self-heterodyned whispering-gallery Raman microlasers for single nanoparticle detection. A “pump” laser generates a single Raman lasing mode inside the silica resonators. Upon landing of a nanoparticle on the resonator, Raman laser circulating inside the resonator undergo mode splitting leading to two new lasing modes in different colors. Monitoring the changes in the color difference (frequency difference) enables detecting and measuring of nanoparticles with single particle resolution.
Nanoparticles, engineered materials about a billionth of a meter in size, are around us every day. Although they are tiny, they can benefit human health, as in some innovative early cancer treatments, but they can also interfere with it through viruses, air pollution, traffic emissions, cosmetics, sunscreen and electronics.

A team of researchers at Washington University in St. Louis, led by Lan Yang, PhD, the Das Family Career Development Associate Professor in Electrical & Systems Engineering, and their collaborators at Tsinghua University in China have developed a new sensor that can detect and count nanoparticles, at sizes as small as 10 nm, one at a time. The researchers say the sensor could potentially detect much smaller particles, viruses and small molecules.

The research appears in the Proceedings of the National Academy of Sciences online Early Edition Sept. 1, 2014.

Yang and her colleagues have created the Raman microlaser sensor in a silicon dioxide chip to find individual nanoparticles without the need to “dope” the chip with chemicals called rare-earth ions to provide optical gain for the microlaser. Incorporating additions to the microresonator creates the need for more processing steps and increased costs and invites biocompatibility risks. In addition, the use of rare-earth ions requires specific “pump” lasers matching the energy transitions of the ions to generate optical gain, so for different rare-earth ions, different pump lasers must be used. Using the Raman process loosens the requirement of specific wavelength bands for pump lasers because Raman gain can be obtained using pump at any wavelength band, Yang said.

“This gives us the advantage of using the same dopant-free sensor at different sensing environments by tailoring the lasing frequency for the specific environment, for example, at the band where the environment has minimum absorption, and for the properties of the targeted nanoparticles by just changing the wavelength of the pump laser,” said Sahin Kaya Ozdemir, PhD, a research scientist in Yang’s group and the first author of the paper.

Yang’s team integrated Raman lasing in a silica microcavity with the mode splitting technique pioneered by her group to develop a new, powerful sensor that more readily detects nanoparticles. The technology will benefit the electronics, acoustics, biomedical, plasmonics, security and metamaterials fields.

Yang’s microsensor is in a class called whispering gallery mode resonators (WGMRs) because it works similarly to the renowned whispering gallery in London’s St. Paul’s Cathedral, where a person on one side of the dome can hear a message spoken to the wall by another person on the other side. Yang’s device does much the same thing with light frequencies rather than audible ones.

One of the main differences between early resonators and the novel resonator, known as a morphology dependent resonator, was they didn’t use mirrors to reflect light. Yang’s WGMR is an actual mini-laser that supports “frequency degenerate modes,” patterns of excitation inside the mini-laser’s doughnut-shaped ring that are of the same frequency. One portion of light beamed by the Raman laser goes counterclockwise, another goes clockwise. When a particle lands on the ring and scatters energy between these modes, the single Raman lasing line splits into two lasing lines with different frequencies.
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Raman scattering process: A photon with shorter wavelength from a “pump” laser loses portion of its energy for being scattered by silica molecules and is converted to a “signal” photon of longer wavelength (labelled as Raman signal) together with a “phonon.” Sum of the energies of the signal photon and the phonon equals to the energy of the pump photon. Signal photons inside the whispering-gallery-mode resonator are then coherently amplified leading to Raman laser.
When a Raman laser beam is generated in the resonator, it likely will encounter a particle, such as a virus nanoparticle, on the circle. When the beam initially sees the particle, the beam splits into two, generating two lasing lines that serve as reference to the other to form a self-referenced sensing technique.

“Our new sensor differs from the earlier whispering gallery sensors in that it relies on Raman gain, which is inherent in silica, thereby eliminating the need for doping the microcavity with gain media, such as rare-earth ions or optical dyes, to boost detection capability,” Ozdemir said. “This new sensor retains the biocompatibility of silica and could find widespread use for sensing in biological media.”

“It doesn’t matter what kind of wavelength is used, once you have the Raman laser circulating inside and there is a molecule sitting on the circle, when the beam sees the particle it will scatter in all kinds of directions,” Yang said. “Initially you have a counterclockwise mode, then a clockwise mode, and by analyzing the characterization of the two split modes, we confirm the detection of nanoparticles.”

In addition to the demonstration of Raman microlasers for particle sensing, the team says their work shows the possibility of using intrinsic gain mechanisms, such as Raman and parametric gain, instead of optical dyes, rare-earth ions or quantum dots, for loss compensation in optical and plasmonic systems where dissipation hinders progress and limits applications.

Citation: Ozdemir S, Zhu J, Yan X, Peng B, Yilmaz H, He L, Monifi F, Huang S, Long G, Yang L. Highly sensitive detection of nanoparticles with a self-referenced and self-heterodyned whispering-gallery Raman microlaser. Proceedings of the National Academy of Sciences, online Early Edition, Sept. 1, 2014.

Source: Washington Univ. in St. Louis
工程师们开发出新型传感器探测微小的单个纳米粒子
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用于单一纳米粒子探测的自我参照及自我外差回音壁拉曼激光的阵列。一个“泵”激光在二氧化硅谐振器中产生出单一的拉曼激光模式。当将一个纳米颗粒放置在谐振器上时，拉曼激光在谐振器内部发生循环产生模分裂，最终产生两种不同颜色的激光模式。监测色差（频差）的变化能够对具有单粒子分辨率的纳米粒子进行检测和测量。

尺寸大约为十亿分之一米的工程材料——纳米——每天都围绕在我们身边。虽然它们是微小的，但是它们可以造福于人类的健康，例如在一些早期癌症治疗的创新方面，但是它们也可以对病毒、空气污染、交通排放、化妆品、防晒剂以及电子产生干扰影响。

一组华盛顿大学圣路易斯分校的研究人员在机电系统工程系达斯职业发展的副教授杨兰博士的带领下，与中国清华大学的合作者一同开发出了一个新的传感器，利用它可以对尺寸为10纳米大小的纳米颗粒进行检测和计数，一次检测一个。研究人员表示，该传感器可能会检测出更小的粒子、病毒和小分子。

该研究于2014年9月1日发表于美国国家科学院学报的在线早期版本上。

杨和她的同事们在二氧化硅的芯片中创造了拉曼微型激光器传感器，用以发现单一的纳米粒子，这不需要用称为稀土离子的化学物质 对芯片进行“涂层”，从而为微型激光器提供光增益。向微谐振器掺入增加物会产生对更多处理步骤和增加的成本的需求，并且会招致生物相容性风险。此外，使用稀土离子需要特定的“泵”激光器来匹配离子的能量转换，从而产生光学增益，因此必须要使用不同的稀土离子和不同的泵浦激光器。使用拉曼程序放松了泵浦激光器所使用的特定波段的要求，因为拉曼增益可以在任何波长频带中通过使用泵来获得，杨表示。

“这使得我们获得了通过为特定环境调整振荡频率而在不同传感环境中使用相同的无掺杂剂的传感器的优势，例如，在环境具有最小吸收的频带中，通过仅改变泵激光波长来获得目标纳米颗粒的性质，”杨研究小组的研究科学家以及该论文的第一作者沙欣•卡亚•厄兹代米尔博士表示。

杨的研究小组通过她的研究小组率先开发出的一个新的、功能强大的、更容易检测纳米粒子的传感器，将拉曼激光整合到了一个具有分割技术模式的硅微腔中。该技术将有利于电子、声学、生物医学、等离子体、安全性和超材料领域。

杨的微传感器是属于被称为回音壁模式谐振器（WGMRs）的一类，因为它的工作模式类似于伦敦圣保罗大教学著名的回音壁，在那里，一个在圆顶一侧的人可以听到另一在圆顶另一侧的人对墙壁所说出的话。杨的设备通过光的频率做出了同样的事情，而不是可听设备。

早期谐振器和新型被称为形态取决的谐振器的主要区别在于它们没有使用镜子来反射光线。杨的WGMR是一个实际的微型激光器，它支持“频率简并模式”，其是在微型激光器的环形环内具有相同频率的激发模式。拉曼激光发射的一部分光以逆时针方向前进，而另一部分则以顺时针方向前进。当一个颗粒附着到该环上并且在这些模式之间散发出能量，那么单个拉曼激光线就会分割成两个具有不同频率的光激射线。

拉曼散射过程：一个在“泵”激光中具有较短波长的光子同志受到二氧化硅分子的分散而失去了它的部分能量，并且被转换成一个具有更长波长并且具有一个“声子”的“信号”光子（标记为拉曼信号）。信号光子和声子的能量总和等同于泵光子的能量。在回音壁模式的谐振器内，信号光子之后得到连续放大，从而形成拉曼激光。

当一个拉曼激光束在该谐振器中产生时，它可能会在圆环上遇到颗粒，例如病毒纳米粒子。当该光束最初看到粒子时，光束会分裂成两个激射线，为彼此作为参考以形成一个自参考感测技能。

“我们的新型传感器不同于较早的回音壁传感器，因为依赖于拉曼增益，这在二氧化硅中是固有的，从而省去了掺杂具有增益介质的微腔来提高检测能力的需要，例如稀土离子或光学染料，”厄兹代米尔表示。“这个新的传感器保持了二氧化硅的生物相容性，并且可以在生物介质中找到广泛的检测用途。”

“这与使用什么样的波长无关，一旦你在内部具有了拉曼激光的循环，并且有一个分子坐落于圆圈上，那么当光束看到粒子时就会向各个方向进行分散，”杨表示。“最初你拥有逆时针方向的模式，然后拥有了一个顺时针方向的模式，通过分析这两种分割模式的性质，我们证实了纳米颗粒的检测。”

除了拉曼激光器对于粒子感测的示范，该研究小组称他们的工作表明在耗散阻碍进程并且限制应用程序的光学和电浆系统中为损失补偿了使用本征增益机制的可能性，例如拉车易通和参量增益，而不是光学染料、稀土离子或量子点。

引用：厄兹代米尔S、朱J、闫X、彭B、伊尔马兹H、黑L、莫尼菲F、黄S、龙G、杨L。具有自参考和自外差回音壁拉曼微型激光器的纳米高敏感检测装置。美 国国家科学院学报，早期网络版，2014年9月1 日。

资料来源：华盛顿大学圣路易斯分校
Organic & Polymer（有机高分子材料）
Thermoset materials acquire thermoplastic properties with the aid of triazolinediones
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Some very fast click reactions of triazolinediones can be reversed and the resulting reagents can be used in another click reaction
At Ghent University (Belgium), a new type of so-called 'click' chemistry has been introduced. Like with most of click chemistry, it is based on a long-known efficient chemical reaction, which was now also found to be very practical for diverse and demanding applications. In particular, the unique reactivity of the studied 1,2,4-triazoline-3,5-dione (TAD) reagents has been harnessed to reversibly crosslink polyurethanes, or almost any other polymer matrix. At higher temperatures the TAD-induced crosslinks can temporarily open up, giving the thermoset the ability to be reshaped or even extruded like a typical thermoplastic polymer. This is reported in the current issue of Nature Chemistry, in a joint paper by three Ghent research groups led by Filip Du Prez, Veronique Van Speybroeck and Johan Winne.

The TAD reagents used in these new click reactions are quite stable compounds in bulk, but react almost instantaneously with electron rich unsaturated organic compounds. These preferred and orthogonal reaction partners can be easily implemented in polymer chains, resulting in very straightforward macromolecular linking and functionalisation. The TAD-reagents can be clicked to these reaction partners at room temperature without the aid of any catalyst in an almost instantaneous and air- and moisture insensitive manner. In most cases, this 'dummy proof/sure thing'-reaction will lead to the creation of an irreversible chemical bond. But when the TAD-reaction partner is part of an indole group, a temporary 'unclick reaction' can happen at temperatures around 120°C, releasing the original TAD reagent, which can then click to another partner.

With this TAD-based chemistry, a series of click reactions can thus be performed with alternating reaction partners. The reaction sequence can even be 'programmed' by choosing suitable alternative substrates. This is a new concept for the field, which was named a 'transclick' reaction by the Ghent researchers.

The key feature of the TAD reagents, which enables these new 'dynamic' click chemistry applications, is the remarkable reaction kinetics. The energy barriers that are associated with the bond-forming and –breaking steps are very low. This has been verified by advanced calculations. The usual way to 'make a reaction click' is to make sure it is a very energetically favorable reaction. This implies that the backward reaction is highly unfavorable, and thus not feasible. "In our search for a suitable reaction partner for ultrafast reacting TADs, all we needed to do was make sure that the reaction was favorable enough to be a true click reaction under ambient conditions, while retaining the ability to reverse the process at a reasonable temperature," the researchers explain.

What results is a very user-friendly chemical system for performing click reactions. This fact can be further appreciated by another useful feature of the process: TAD molecules are bright red compounds, which are rendered completely colorless after reaction, giving the user an immediate visual feedback. Additionally, the fact that most indole and TAD molecules can be synthesized from bulk chemicals and thus on a large scale, makes this a very interesting platform for industrial partners. The unique reactivity of TAD also opens up possibilities to functionalise or cross-link simple but unreactive raw materials such as natural plant oils. "This is the first time our research group has been spontaneously contacted by several (chemical) companies, interested in performing joint research on one particular type of chemistry for so many different types of applications", Prof. Du Prez clarifies.

More information: "Triazolinediones enable ultrafast and reversible click chemistry for the design of dynamic polymer systems." Stijn Billiet,et al.Nature Chemistry 6, 815–821 (2014) DOI: 10.1038/nchem.2023. Received 16 February 2014 Accepted 26 June 2014 Published online 11 August 2014 Corrected online 11 August 2014
热固性材料在噻唑烷二酮（triazolinediones）的帮助下获得热塑性能
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噻唑烷二酮（triazolinediones）的一些非常快的点击反应是可逆的，而产生的试剂可用于另一个点击反应

（比利时）根特大学引入了一种所谓的“点击”化学。像大多数点击化学一样，它是基于一个长期有效的化学反应，现在还发现其在不同的及要求严格的领域中有广泛应用。特别是，接受研究的1,2,4-triazoline-3,5-dione（TAD）的独特的反应试剂，已被用于可逆地交联聚氨酯，或任何其他的聚合物基体。在较高温度下，TAD诱导的交联点可以暂时解开，让热固性进行重塑，甚至会产生像典型热塑性聚合物的能力。有关研究结果的一篇联合论文刊载于最新版的《自然化学》杂志，由Filip Du Prez, Veronique Van Speybroeck和Johan Winne这三个集团共同发表。

这些点击反应中使用的新型TAD试剂是非常稳定的化合物，但会瞬间做出电子丰富的不饱和有机化合物反应。这些容易发生的正交反应可在聚合物链中很容易实现，从而产生非常简单的高分子交联和官能化。TAD试剂可以在室温下被点击发生这些反应物，不用借助任何催化剂，并是以一种几乎瞬间且对空气和湿度不敏感的方式进行。在大多数情况下，这种“假证明/肯定”反应会导致产生不可逆的化学键。但当TAD反应“伙伴”是一部分吲哚类时，可在120°C下发生一种临时的非点击反应，释放出原始TAD试剂，然后该试剂也可“点击”另一个合作伙伴。

利用这种以TAD为基础的化学品，就可与交替发应伙伴执行一系列的点击反应。反应顺序甚至可以通过选择合适的替代物被“改编”。这是该领域的一个新概念，被根特大学的研究人员者命名为“反式点击（transclick）”反应。

TAD试剂使其可被用于这些新的‘动态’点击化学应用。其关键特征是有明显的反应动力学。与键的形成和破坏有关能量壁垒很低。这已被先进的计算验证。进行点击反应通常的方法是，确保这是一个非常积极有利的反应。这意味着逆向反应是非常不顺利的，因此并不可行。我们对TAD合适的超快反应伙伴进行了搜索，我们要做的就是确保可以在环境条件下可以进行良好的反应，进行真正的点击反应，同时还可在合理温度下逆转这一过程，”研究者解释道。

结果产生了一种执行点击反应的易于使用的化学系统。这个事实可以通过另一个有用功能的过程得以进一步增值：TAD分子是亮红色化合物，在进行反应后完全无色，会给用户一个即时的视觉反馈。此外，事实上大多数吲哚和TAD分子搜可以来自大块化学品，从而在大规模上，使其成为工业合作伙伴的一个非常有趣的平台。TAD的这种独特反应也开辟了官能化或交联简单但不反应的原材料的可能性，如天然植物精油。“这是第一次我们的研究小组被几个（化学）公司自发联系，这公司都感兴趣的是，对一种特定的化学品的不同应用进行联合研究，”Du Prez教授解释道。

更多信息：“噻唑烷二酮激发了聚合物动态系统设计的超快和可逆点击化学”，Stijn Billiet，等；《自然化学》6，815，821（2014）：–DOI 10.1038/nchem.2023。2014年2月16日收到，2014年6月26日接受，2014年8月11日网上公布，2014年8月11日在线修正

Materials scientists and mathematicians benefit from newly crafted polymers
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Fig: (top) The researchers developed a method combining electrostatic self-assembly and covalent fixation to construct two geometries of triply fused tetracyclic polymer labelled (5).The products were made from molecules with several branches and two negatively charged groups. (bottom) A scheme showing random combination of the end groups during covalent conversion to form the two types of triply fused tetracyclic polymer.

For the first time, the synthesis of a multicyclic type of polymer provides insights for tailoring polymer properties as well as the mathematics of complex geometries.

Polymers come with a range of properties dictated by their chemical compositions and geometrical arrangement. A team of researchers at Tokyo Institute of Technology have now applied an approach to synthesise a new type of multicyclic polymer geometry. "This additional step will give a library of architectures to allow systematic studies of what properties derive from what structures," explains Yasuyuki Tezuka, adding, "Mathematicians who study these complex geometries are also interested to know they can be made at the nanoscale."

Rings have very different properties to linear polymers,particularly when considering dynamic rather than static characteristics, such as diffusion. Tezuka adds that these differences are amplified when moving from single ring or linear chains to self-assembled structures such as micelles—pompom-ball-like structures of aggregated linear chains.

However, the Tokyo Tech researchers were motivated more by the geometry itself than the possible applications. While mathematicians are interested because these structures are novel, the geometry studies also provide insights for chemists. "You may have two complex structures that are so-called isomers, that is, they are from identical starting materials like brothers," explains Tezuka. "The geometry tells us that the two constructions are isomers."

In fact, the geometry of the polymer, known as K3,3, has been a popular field of study for mathematicians in graph theory. The geometry comprises four rings (tetracyclic) fused three ways (triply fused) with an inherently non-planar structure.

The team's approach combines fixation by covalent bonding with electrostatic self-assembly, which involves negatively and positively charged molecular units coming together, as in a salt. Salts should be insoluble in organic solvents, "But in polymer synthesis the situation is different," explains Tezuka. "The polymer is a long chain, and very hydrophobic and organically soluble. So if you add a little salt it is still soluble."

While a number of multicyclic polymers have been achieved using this approach since it was developed by Tezuka and his colleagues ten years ago, it is not so easy when several charged units are involved. The team succeeded by developing special highly branched and symmetric molecular chemicals and adding ionic groups and polymer chain ends. "The result came from trial and error and then we optimised the chemistry," says Tezuka.

He emphasises the contribution of a particularly dedicated student, Takuya Suzuki, who successfully exploited the difference in size of the component molecules to separate the two final products of these reactions: the non-planar K3,3 polymer and another tetracyclic triply fused molecule with a ladder-type geometry. "I personally didn't believe they could be separated but he found the conditions to separate the two components completely," says Tezuka. "It's a very nice example of Japanese craftsmanship!"

The team are now in collaboration with simulation specialists with the aim of generalising the approach. "This paper is the basic proof of concept," says Tezuka. "There are many other structures that are not easy to make at the nanoscale."
More information: Takuya Suzuki , Takuya Yamamoto , and Yasuyuki Tezuka. "Constructing a macromolecular K3,3 Graph through electrostatic self-assembly and covalent fixation with a dendritic polymer precursor." Journal of the American Chemical Society, 136(28), 10148-10155 (2014). DOI: 10.1021/ja504891x
材料科学家和数学家受益于新制造的聚合物
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图：（上）研究人员开发出一种方法，结合了静电自组装和共价固定，以构建标记的三重融合四环聚合物的两个几何形状（5）。该产品是由多分支的分子和两个带负电荷的基团组成。（底部）该组合展示了在共价转化形成三重融合四环聚合物的两种几何形状时，端基的随意组合。

第一次，多旋回聚合物的合成为剪裁聚合物特性及复杂几何形状的数学运算提供了见解。

取决于化学组成和几何安排，该聚合物具有一系列性能。东京工业大学的一个研究团队现在已经应用了一种方法来合成新的多环聚合物几何结构。”这个额外步骤可产生一系列的架构，以便我们研究哪种特性是来自于哪种构架，”Yasuyuki Tezuka解释并补充道，“研究这些复杂的几何结构的数学家同时也有兴趣了解它们可以在纳米尺度上制造。”

环对线性聚合物有非常不同的特性，尤其是考虑其动态而不是静态时，如扩散等。Tezuka补充说，这些差异会被放大，尤其是在从单环或线性链转移到胶束等自组装结构时。胶束是绒球球形聚集的线性链结构。

然而，东京科技人员受到了更多几何本身的激励而不是世纪应用。虽然这些结构是新的，使数学家很感兴趣，但对几何结的构研究还为化学家提供了见解。“你可能会得到两个复杂的结构，即所谓的异构体，也就是说，他们具有相同的起始原料，就像兄弟一样，” Tezuka解释道。“几何告诉我们，这两个结构是异构体。”

事实上，被称为K3,3的聚合物的几何结构，一直是图论中数学家研究的热门领域。其几何特性包括三种方式融合（三重融合）的四个环（四环），还有一个固有的非平面结构。

该小组的方法结合了静电自组装共价键固定，其中包括在盐中融合负和正电荷分子单位。在有机溶剂中的盐是不溶的，但在高分子合成中情况是不同的，”Tezuka解释道。“该聚合物是一种长链，在有机溶剂中具有很强的疏水性。所以如果你加一点盐的话，它仍然是水溶性的。”

虽然已使用了这种方法获得了一些多旋回聚合物，但因为它是由Tezuka和同事们在十几年前开发的，当几个带电单位参与时，它并不是那么容易。该团队成功开发了特殊的高度支链及对称分子的化学物质，并添加了离子基团和聚合物链末端。”结果来自于反复的试验，然后我们优化了该化学物质，”Tezuka说。

他强调了一个特别贡献的学生Takuya Suzuki，他成功地利用了分子大小的成分分离了这些反应的两个最终产品：梯型几何非平面K3,3聚合物和另一个四环三重融合分子。“我个人并不相信他们可以分开，但他发现了能完全分开两个组分的条件，”Tezuka说。“这是日本技术一个很好的例子！”

这个团队现在正与模拟专家合作，以使该方法能广泛应用。”本文是对概念的基本证明，”Tezuka说。“还有许多其他结构并不容易在纳米尺度上被制造出来。”

更多信息：Takuya Suzuki , Takuya Yamamoto和Yasuyuki Tezuka；“通过与一个树枝状聚合物前驱体的静电自组装和共价固定来构建高分子K3,3图”；《美国化学学会杂志》，136（28），10148-10155（2014）。DOI：10.1021/ja504891x
E-Material（电子材料）
Atomically thin material opens door for integrated nanophotonic circuits
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Far-field photons excite silver nanowire plasmons. The wire plasmons propagate to the wire's distal end where they efficiently interact with the two-dimensional material semiconductor molybdenum disulfide (MoS2). The plasmons are absorbed in the MoS2 creating excitons that subsequently decay converting back into propagating photons. Image: Illustration by Michael Osadciw, Creative Services, University of Rochester
A new combination of materials can efficiently guide electricity and light along the same tiny wire, a finding that could be a step towards building computer chips capable of transporting digital information at the speed of light.

Reporting in The Optical Society's (OSA) journal Optica, optical and material scientists at the University of Rochester and Swiss Federal Institute of Technology in Zurich describe a basic model circuit consisting of a silver nanowire and a single-layer flake of molybdenum disulfide (MoS2).

Using a laser to excite electromagnetic waves called plasmons at the surface of the wire, the researchers found that the MoS2 flake at the far end of the wire generated strong light emission. Going in the other direction, as the excited electrons relaxed, they were collected by the wire and converted back into plasmons, which emitted light of the same wavelength.

"We have found that there is pronounced nanoscale light-matter interaction between plasmons and atomically thin material that can be exploited for nanophotonic integrated circuits," said Nick Vamivakas, assistant professor of quantum optics and quantum physics at the University of Rochester and senior author of the paper.

Typically about a third of the remaining energy would be lost for every few microns (millionths of a meter) the plasmons traveled along the wire, explained Kenneth Goodfellow, a graduate student at Rochester's Institute of Optics and lead author of the Optica paper.

"It was surprising to see that enough energy was left after the round-trip," said Goodfellow.

Photonic devices can be much faster than electronic ones, but they are bulkier because devices that focus light cannot be miniaturized nearly as well as electronic circuits, said Goodfellow. The new results hold promise for guiding the transmission of light, and maintaining the intensity of the signal, in very small dimensions.

Ever since the discovery of graphene, a single layer of carbon that can be extracted from graphite with adhesive tape, scientists have been rapidly exploring the world of two-dimensional materials. These materials have unique properties not seen in their bulk form.

Like graphene, MoS2 is made up of layers that are weakly bonded to each other, so they can be easily separated. In bulk MoS2, electrons and photons interact as they would in traditional semiconductors like silicon and gallium arsenide. As MoS2 is reduced to thinner and thinner layers, the transfer of energy between electrons and photons becomes more efficient.

The key to MoS2's desirable photonic properties is in the structure of its energy band gap. As the material's layer count decreases, it transitions from an indirect to direct band gap, which allows electrons to easily move between energy bands by releasing photons. Graphene is inefficient at light emission because it has no band gap.

Combining electronics and photonics on the same integrated circuits could drastically improve the performance and efficiency of mobile technology. The researchers say the next step is to demonstrate their primitive circuit with light emitting diodes.

Source: University of Rochester
原子厚度的材料为集成纳米光子电路打开大门
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远场光子激发了银纳米线等离激元。导线等离子体振子传播到了线的远端，在那里它们有效地与二维物质半导体二硫化钼（MoS20产生了相互作用。该等离子体振子是在二硫化钼中得到吸收的，并且创造出随后产生衰减而转换回传播光子的激子。图像：插图由罗切斯特大学创意服务的迈克尔•奥塞斯维提供。

材料的一种新组合可能会有效地引导电力和光沿着相同的微小金属丝前进，这一发现可能会是朝着建立能够以光速传播数字信息的计算机芯片所迈出的一个步骤。

在光学学会（OSA）的《光学》杂志中进行报告时，罗切斯特以及苏黎世大学瑞士联邦技术研究所的光学和材料科学家们描述了一个由银纳米线和单层片状二硫化钼（MoS2）组成的基本模型电路。

通过使用激光来激发金属比表面称为等离子体振子的电磁波，研究人员发现，金属丝远端的二硫化钼薄片产生出了强烈的光发射。而在另一端上，由于激发电子的放松，它们受到了金属丝的收集并且转换回等离子体振子，其发射出了具有相同波长的光。

“我们已经发现，在等离子激光和如原子般薄的材料之间存在着明显的光物质相互作用，其能够用于纳米光子集成电路，”罗切斯特大学量子光学和量子物理学的副教授兼本论文的资深作者尼克•瓦米瓦卡斯表示。

通常在等离子沿着电线行走时，每几微米（百万分之一米）就会有损耗大约三分之一的剩余能量，罗切斯特大学光学研究所的研究生兼该光学论文的主要作者肯尼斯•古德费洛表示。

“看到有足够的能量在往返后被剩余下来是非常令人惊讶的，”古德费洛表述。

光子器件可以比电子器件快得多，但是它们非常的笨重，因为聚集光的器件不能够小型化至类似电子电路的尺寸，古德费洛表示。新的研究结果有望在非常小的尺寸中引导光的传输并且保持信号的强度。

自可以通过粘性带来从石墨中提取的一种单层碳——石墨烯——被发现以来，科学家一直在迅速地探索二维材料的世界。这些材料具有在他们的散装形式中所不具有的独特性质。

像石墨、二硫化钼是由相互薄弱键合的层组成的，因此它们能够轻易地被分开。在散装二硫化钼中，电子和光子就像它们会在如硅和砷化镓这样的传统半导体中所做的那样来进行相互作用。随着二硫化钼被减少至越来越薄的层中时，电子和光子之间的能量传输就变得更为有效。

二硫化钼所期望的光子性质的关键在于其能量带隙的结构。随着材料的导数的减少，它从一个间接带隙转换到了一个直接带隙，这使得电子更易于通过释放光子而在能带之间进行移动。石墨烯在光发射方面具有较低的效率，因为它没有带隙。

将电子和光子在同一个集成电路中结合能够显著提高移动技术的性能和效率。研究人员表示，下一步是要证明它们具有发光二级管的原始电路。

资料来源：罗切斯特大学

Titania-based material holds promise as new insulator
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Energy dispersive x-ray spectroscopy image taken within a scanning electron microscope, illustrating a Bi2212 wire shown in blue and green, coated with the titania-based insulation shown in red. Image: Sasha Ishmael
Research from North Carolina State Univ. shows that a type of modified titania, or titanium dioxide, holds promise as an electrical insulator for superconducting magnets, allowing heat to dissipate while preserving the electrical paths along which current flows. Superconducting magnets are being investigated for use in next-generation power generating technologies and medical devices.

Regular conductors conduct electricity, but a small fraction of that energy is lost during transmission. Superconductors can handle much higher currents per square centimeter and lose virtually no energy through transmission. However, superconductors only have these desirable properties at low temperatures.

“Superconducting magnets need electrical insulators to ensure proper operation,” says Dr. Sasha Ishmael, a postdoctoral researcher at NC State and lead author of a paper describing the work. “Changing the current inside the superconductor is important for many applications, but this change generates heat internally. The magnets will operate much more safely if the electrical insulators are able to shed any excess heat. Otherwise, the higher temperatures could destroy the superconductor.

“This titania-based material is up to 20 times better at conducting heat than comparable electrical insulators,” Ishmael says. “It has characteristics that are very promising for use as electrical insulators for superconducting technologies.”

The precise chemical composition of the modified titania is proprietary information. The material’s development and characterization was a joint effort between NC State and nGimat LLC, based in Lexington, Ken.

“We’re now looking at the effect of radiation on this material, to determine if it can be used for high energy physics applications, such as particle colliders,” says Dr. Justin Schwartz, senior author of the paper and Kobe Steel Distinguished Professor and head of the Dept. of Materials Science and Engineering at NC State.

The paper is published online in Superconductor Science and Technology.

Source: North Carolina State Univ.
二氧化钛材料望成为新的绝缘体
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扫描电子显微镜中拍摄到的能量色散X射线光谱图像，显示出蓝色和绿色的Bi2212线外面覆盖有红色的二氧化钛绝缘材料。图片：Sasha Ishmael

北卡罗来纳州立大学的研究表明一种改良的二氧化钛，或钛的二氧化物，有希望作为超导磁体的电绝缘体，消散热量，同时保护电流通过的路径。超导磁体正在研究中，将应用在下一代发电技术和医疗设备中。

常规导体传导电力，但会有一小部分能量在传输过程中丢失。超导体在每平方厘米中可以处理更高的电流，并在传输中几乎没有能量损失。然而，超导体只有在低温环境下才有这些理想性能。

“超导磁体需要的电绝缘体来确保正常运作，” Sasha Ishmael博士说，他是北卡罗来纳州的博士后研究员，也是一篇解释超导体论文的主要作者。“改变超导体内的电流对许多应用来说是重要的，但这种变化会在内部产生的热量。如果电绝缘体能够将多余的热量发散出去，那么磁铁就会更加安全运行。否则，高温会破坏超导体。

 “这种二氧化钛的材料的导热性能比同类电绝缘体好20倍，” Ishmael说。“它的这些特点使它成为十分有前景的超导技术的电气绝缘材料。”

改良的二氧化钛的精确化学成分是专有信息。该材料的研发和特性是北卡罗来纳州和nGimat有限责任公司（总部设在列克星敦，肯）共同努力的成果。

 “我们现在研究这种材料的抗辐射作用，以确定它是否可用于高能物理应用，如粒子对撞机，” Justin Schwartz博士说，他是该论文的第一作者，也是神户制钢特聘教授，还是北卡罗来纳州材料科学与工程学院的负责人。

本文刊载于在线《超导科技》。

来源：北卡罗莱纳州立大学。

Sprinkling spin physics onto a superconductor

[image: image34.jpg]



Antiferromagnetic spin-spin interactions are mediated and enhanced by electrons in a superconductor. Image: S. Kelley/E.Edwards
Joint Quantum Institute Fellow Jay Sau, in collaboration with physicists from Harvard and Yale, has been studying the effects of embedding magnetic spins onto the surface of a superconductor. They recently report in paper that was chosen as an "Editor's Suggestion" in Physical Review Letters, that the spins can interact differently than previously thought. This hybrid platform could be useful for quantum simulations of complex spin systems, having the special feature that the interactions may be controllable, something quite unusual for most condensed matter systems.

The textbook quantum system known as a spin can be realized in different physical platforms. Due to advances in fabrication and imaging, magnetic impurities embedded onto a substrate have emerged as an exciting prospect for studying spin physics. Quantum ‘spin’ is related to a particle’s intrinsic angular momentum. What’s neat is that while the concept is fairly abstract, numerous effects in nature, such as magnetism, map onto mathematical spin models.

A single spin is useful, but most practical applications and studies of complex phenomena require controlling many interacting spins. By themselves, spins will interact with each other, with the interaction strength vanishing as spins are separated. In experiments, physicists will often use techniques, such as lasers and/or magnetic fields, to control and modify the interplay between spins. While possible in atomic systems, controlling interactions between quantum spins has not been straightforward or even possible in most solid state systems.

In principle, the best way to enhance communication between spins in materials is to use the moving electrons as intermediaries. Mobile electrons are easy to come by in conductors, but from a quantum physics perspective, these materials are dirty and noisy. Here, electrons flow around, scattering from the countless numbers of vibrating atoms, creating disruptions and masking quantum effects. One way physicists get around this obstacle is to place the spins on a superconducting substrate, which happens to be a quiet, pristine quantum environment.

Why are superconductors are a clean quantum host for spins? To answer this, consider the band structure of this system.

Band structure describes the behavior of electrons in solids. Inside isolated atoms, electrons possess only certain discrete energies separated by forbidden regions. In a solid, atoms are arranged in a repeating pattern, called a lattice. Due to the atoms’ close proximity, their accompanying electrons are effectively shared. The equivalent energy level diagram for the collective arrangement of atoms in a solid consists not of discrete levels, but of bunches or bands of levels representing nearly a continuum of energy values. In a solid, electrons normally occupy the lowest lying energy levels. In conducting solids the next higher energy level (above the highest filled level) is close enough in energy that transitions are allowed, facilitating flow of electrons in the form of a current.

Where do superconductors, in which electrical current flows freely without dissipation, fit into this energy level scheme? This effect is not the result of perfectly closing a gap—in fact the emergence of zero resistivity is a phase transition. As some materials are cooled the electrons can begin to interact, even over large distances, through vibrations in the crystal called phonons. This is called “Cooper pairing.” The pairs, though relatively weak, require some amount of energy to break, which translates into a gap in the band structure forming between the lowest energy superconducting state and the higher energy, non-superconducting states. In some sense, the superconducting state is a quantum environment that is isolated from the noise of the normal conducting state.

In this research, physicists consider what happens to the spin-spin interactions when the spins are embedded onto a superconductor. Generally, when the spins are separated by an amount greater than what’s called the coherence length, they are known to weakly interact antiferromagnetically (spin orientation alternating). It turns out that when the spins are closer together, their interactions are more complex than previously thought, and have the potential to be tunable. The research team corrects existing textbook theory that says that the spin-spin interactions oscillate between ferromagnetic (all spins having the same orientation) and antiferromagnetic. This type of interaction (called RKKY) is valid for regular conductors, but is not when the substrate is a superconductor.

What’s happening here is that, similar to semiconductors, the magnetic spin impurities are affecting the band structure. The spins induce what are called Shiba states, which are allowed electron energy levels in the superconducting gap. This means that there is a way for superconducting electron pairs to break-up and occupy higher, non-superconducting energy states. For this work, the key point is that when two closely-spaced spins are anti-aligned then their electron Shiba states mix together to strengthen their effective antiferromagnetic spin interaction. An exciting feature of this result is that the amount of mixing, and thus effective interaction strength, can be tuned by shifting around the relative energy of Shiba states within the gapped region. The team finds that when Shiba states are in the middle of the superconducting gap, the antiferromagnetic interaction between spins dominates.

Author and theorist Jay Sau explains the promise of this platform, “What this spin-superconductor system provides is the ability connect many quantum systems together with a definitive interaction. Here you can potentially put lots of impurity atoms in a small region of superconductor and they will all interact antiferromagnetically. This is the ideal situation for forming exotic spin states.”

Arrays of spins with controllable interactions are hard to come by in the laboratory and, when combined with the ability to image single spin impurities via scanning tunneling microscopy (STM), this hybrid platform may open new possibilities for studying complex interacting quantum phenomena.

From Sau’s perspective, “We are at the stage where our understanding of quantum many-body things is so bad that we don’t necessarily even want to target simulating a specific material. If we just start to get more examples of complicated quantum systems that we understand, then we have already made progress.”

Source: Joint Quantum Institute
超导体上的洒旋转物理学
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反铁磁自旋-自旋相互作用通过超导体的电子调解并增强。图片：S. Kelley/E.Edwards

联合量子研究所研究员Jay Sau，与来自哈佛大学和耶鲁大学的物理学家合作，一直在研究将磁性旋转嵌入到超导体表面的效果。他们最近的文章被《物理评论快报》作为“编者建议”选中，其中他们报告说自旋的相互作用与之前的想法不同。这种混合平台对复杂的自旋系统的量子仿真可能会有用处，它具有特殊的功能，能够控制相互作用，这对大多数凝聚态系统来说是大不寻常的。

被称为自旋的教科书式的量子系统可在不同的物理平台上实现。由于制造和成像的进步，将磁性金属杂质嵌在基片上，逐步构建了研究自旋物理的一个令人兴奋的前景。量子“自旋”关系到一个粒子的内禀角动量。其灵活之处在于，尽管这个概念相当抽象，但在自然界有无数的效果会映射到数学自旋模型上，如磁力。

单个自旋是有用的，但大多数实际应用和复杂现象的研究需要控制很多交互自旋。通过自身，自旋会彼此相互作用，当自旋分离时相互作用力就会消失。在实验中，物理学家将经常使用激光和/或磁场等技术，来控制和修改自旋之间的相互作用。虽然在原子系统中有可能实现，但量子自旋之间的相互作用的控制在大多数固态系统中并不是那么简单，甚至没有实现的可能。

原则上，提高材料自旋之间的交流的最佳方式是使用移动电子作中介。移动电子在导体中来去自如，但是从量子物理学的角度来看，这些材料是肮脏的、嘈杂的。在这里，电子流动一周，从无数振动的原子中散射出来，产生干扰并掩蔽量子效应。物理学家解决这个障碍的方法是将旋转安放在超导基板上，这恰好是一个安静、干净的量子环境。

为什么超导体对于自旋来说是一个干净的量子宿主？要回答这个问题，就要考虑这个系统的能带结构。

能带结构描述了在固体中的电子的行为。内部孤立的原子，电子仅拥有被禁止区域隔开的某些离散的能量。在固体中，原子排列成重复的图案，也就是所谓的晶格。由于原子“近在咫尺，其附带的电子能有效地共享。原子在固体中整体排列的等效能级图不仅由离散的水平构成，还包括代表一个几乎连续的能量值的水平条带。在固体中，电子往往占据最低的能量水平。在导电性固体中，下一个较高的能量水平（高于最高填充电平）能量足够接近，所以允许转换，方便电子以电流的形式流动。

在超导体中电流流动自由且没有损耗，那么超导体如何融入这个能级的方案？这种效果不是完全闭合间隙的结果——实际上零电阻率的出现是一个相转移。因为一些材料被冷却后，电子可通过晶体中振动（称为声子）开始进行交互，即使在很长的距离上。这被称为“库珀配对”。虽然比较弱，但配对需要一定量的能量来打破，这意味着，在带结构的最低能量超导态和较高的能量，以及非超导状态之间形成一个间隙。在某种意义上，该超导状态是隔离在正常导通状态下的噪声之外的量子环境。

在这项研究中，物理学家会考虑当自旋嵌入超导体时，自旋-自旋相互作用会有什么变化。通常，当自旋被分开超过了所谓的相干长度时，我们就认为它们就具有了较弱的相互作用反铁磁性（自旋方向交替）。事实证明，当自旋更紧密地靠近在一起时，它们之间的相互作用比之前的构想的更为复杂，并且有可调谐的潜力。该研究小组修正现有教科书中的理论，指出自旋-自旋相互作用在铁磁体（具有相同的方向的自旋）和反铁磁之间振荡。这种类型的相互作用（称为RKKY）对常规的导体有效，但当基片是超导体时无效。

在这里，类似于半导体，磁自旋的金属杂质影响的能带结构。自旋诱导所谓的斯波状态，允许超导能间隙的电子能级。这意味着，有一种方法，使超导电子对分开并占据更高的、非超导能量状态。这项工作的关键点是，当两个紧密排列的自旋是反对齐时，它们的电子斯波状态混合在一起，加强其有效的反铁磁自旋相互作用。该结果中一个令人兴奋的特点是混合量，以及随之变化的互动力，是可以通过各斯波状态相对能量转移在空出的区域进行调整。该小组发现，当斯波状态在超导能隙中间时，自旋之间的反铁磁作用占主导地位。

作家和理论家Jay Sau解释了这个平台的前景，“这中自旋超导系统提供的是以一个明确的交互连接多个量子系统的能力。在这里，你有可能把大量的杂质原子压缩到超导体的一个小区域内，它们将进行反铁磁性相互作用。这是用于形成奇特自旋态的理想情况。”

可控相互作用的自旋阵列很难在实验室里得到，当结合通过扫描隧道显微镜（STM）对单一自旋的杂质成像的能力，这种混合平台可能会打开学习复杂的相互作用的量子现象的新的可能性。

从Sau的角度来看，“我们正处在这样一个阶段，我们对量子多体物体的认识是如此糟糕，我们没有必要，甚至也不想要针对模拟特定材料。如果我们刚开始拿到我们理解的更多复杂量子系统的示例，那么我们已经取得了进展。”

资料来源：联合量子研究所
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