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Tech News & New Tech（技术前沿）
New type of nanowires, built with natural gas heating
A team of Korean researchers, affiliated with UNIST has recently pioneered in developing a new simple nanowire manufacturing technique that uses self-catalytic growth process assisted by thermal decomposition of natural gas. According to the research team, this method is simple, reproducible, size-controllable, and cost-effective in that lithium-ion batteries could also benefit from it.

In their approach, they discovered that germanium nanowires are grown by the reduction of germanium oxide particles and subsequent self-catalytic growth during the thermal decomposition of natural gas, and simultaneously, carbon sheath layers are uniformly coated on the nanowire surface.

This study is a collaboration among scientists, including Prof. SooJin Park (School of Energy and Chemical Engineering) and Prof. Sang Kyu Kwak (School of Energy and Chemical Engineering), Dr. Sinho Choi (UNIST), Combined M.S./Ph.D. Student Dae Yeon Hwang (UNIST), and Researcher Jieun Kim (Korea Research Institute of Chemical Technology).
In a study, reported in the January 21, 2016 issue of Nano Letters, the team demonstrated a new redox-responsive assembly method to synthesize hierarchically structured carbon-sheathed germanium nanowires (c-GeNWs) on a large scale by the use of self-catalytic growth process assisted by thermally decomposed natural gas.
According to the team, this simple synthetic process not only enables them to synthesize hierachially assembled materials from inexpensive metal oxides at a larger scale, but also can likely be extended to other metal oxides as well. Moreover, the resulting hierarchically assembled nanowires (C-GeNWs) show enhanced chemical and thermal stability, as well as outstanding electrochemical properties.

The team states, "This strategy may open up an effective way to make other metallic/semiconducting nanomaterials via one-step synthetic reactions through an environmentally benign and cost-effective approach."
Source: Ulsan National Institute of Science and Technology
使用天然气加热方式制造新型纳米线
韩国一个隶属于蔚山国家科学技术研究所的研究小组,最近率先开发了一种新的简单的纳米线制造技术,该技术采用天然气热分解辅助下的自催化生长过程。根据研究小组介绍,这一方法很简单,复制性好, 尺寸可控，成本效益好，锂离子电池也可以从该方法中受益。

在他们的方案中, 他们发现在天然气热分解过程中由于锗氧化物颗粒的减少和随后的自催化生长导致锗纳米线生长，同时，碳鞘层均匀地包覆在纳米线表面。

这项研究是科学家们的合作成果,包括SooJin Park教授(能源和化学工程学院)和Sang Kyu Kwak(能源和化学工程学院), Sinho Choi博士(UNIST),具有硕士/博士学位。学生Dae Yeon Hwang (UNIST),研究员Jieun Kim (韩国化学技术研究所)。

在研究中, 2016年《Nano Letters》1月21日报道, 团队展示了一种新的氧化还原响应的组合方法来合成分层结构的碳鞘层纳米线（c-genws），大规模采用辅以天然气热分解的自催化生长过程。

根据团队介绍,这个简单的合成过程不仅使他们能够大规模使用廉价的金属氧化物材料合成螺旋分级材料,而且可能被应用到其他金属氧化物。此外,产生的螺旋分级纳米线(C-GeNWs)显示出增强的化学和热稳定性,以及出色的电化学性能。

该团队指出：“这种方案可能开启有效的方法，通过环保性和成本效益的一步合成反应方法来制造其他金属/半导体纳米材料。”

资料来源: 蔚山国家科学技术研究所

On the Path to Predicting Volcanic Eruptions
By looking at the composition of crystals trapped at different times during the evolution of the magma body, the team was able to show that the magma that eventually erupted had spent most of its lifetime in a bubble-free state.
Despite advances in the field of volcanology, volcanoes are still unpredictable behemoths, capable of spurting forth magma and ash at a moment’s notice.
But scientists from the University of Oxford, Durham University, and the Vesuvius Volcano Observatory are attempting to understand what makes a volcano tick, or, more aptly, erupt. To do that, they’re looking to the past.

The Ancient Romans believed the Phlegraean Fields, a highly volcanic area located near Naples, was a mythological hotspot. A volcanic crater known as Solfatara was thought to be the home of Vulcan, the god of fire. Another crater — Lake Avernus — was believed to be the gateway to Hades.
Studying ejecta expelled from the Phlegraean Fields’ caldera about 4,000 years ago, the scientists discovered that some eruptions are possibly triggered by a rapid proliferation of gas bubbles in magma chambers vey late in the volcanoes’ lifetime, and result in an eruption within days or months.
Previously, these buildups were believed to have occurred slowly over tens to hundreds of years.
The team’s research, which is published in Nature Geoscience, may point to a better indicator of an impending eruption. Instead of looking at the seismic activity and ground deformation, the researchers suggest monitoring the gases emitted at the Earth’s surface. A change in the gases may be the hallmark of an upcoming eruption.  
In the study, the scientists looked to a mineral called apatite. “By looking at the composition of crystals trapped at different times during the evolution of the magma body — and with the apatite crystals in effect acting as ‘time capsules’ — the team was able to show that the magma that eventually erupted had spent most of its lifetime in a bubble-free state, becoming gas-saturated only very shortly before eruption,” according to the University of Oxford.
Prof. David Pyle, a coauthor of the study, explained that volcanologists are very much like physicians. Each volcano has a different set of traits, and a different history. Only by performing “the equivalent of a biopsy” can volcanologists truly understand what is occurring beneath the Earth’s surface.
With about 1,500 active volcanoes worldwide, according to the U.S. Geological Survey, scientists need to look into a lot more “patient histories” to truly make advances in volcanic eruption prediction. 
“This still doesn’t provide us with a simple way to predict the eruptions of any volcano,” he writes in The Conversation. “But it does show how taking a forensic look at the deposits of past eruptions at a specific site offer a way to help identify the monitoring signals that will give us clues to future behavior. And this moves us a step closer to being able (to) predict when an eruption is likely.”
预测火山喷发之路
通过观察多次收集的岩浆本体散发晶体的成分,团队能够揭示岩浆最终喷发前大部分的时间都处于没有气泡的状态。

尽管有火山学领域的进步,火山仍然是不可预知的巨兽, 即刻能喷射出岩浆和火山灰。

但是来自牛津大学的科学家们,杜伦大学和维苏威火山观测站试图弄清是什么触发火山,或者,更恰当地说,爆发。要做到这一点,他们将调查过往。

古罗马人认为佛勒格拉平原,一个那不勒斯附近的火山活动高发区域,是一个神话的热点。火山坑称为硫质喷气孔被认为是火神的故乡,火的神。另一个火山口-阿佛那斯湖-被认为是通往地狱之路。

研究来自约4000年前佛勒格拉平原的火山口喷出物,科学家们发现了一些火山喷发可能在历程最末期由气泡快速扩散引发,并导致在几天或几个月后喷发。

以前,这些积聚物被认为在数十年至数百年缓慢形成。

团队的研究,发表在自然地球科学,可能指出瞬间爆发的一个更好的描述。取代看地震活动和地面变形,研究人员建议监测地球表面的气体排放。气体的变化可能即将爆发的标志。

在这项研究中,科学家们调查一个叫做磷灰石矿物。牛津大学指出：“观察多次收集的岩浆本体散发晶体的成分-和实际上充当“时间胶囊作用的磷灰石晶体”-团队能够展示岩浆爆发前大部分的时间都处于没有气泡的状态,只有爆发前非常短时间内成为饱和气态”。

David Pyle教授，研究的合著者解释说,火山学家们非常像外科医生。每个火山都有一组不同的特征,不同的历史。只有通过执行“等效活检”火山学家能真正理解在地球表面之下正发生什么。

据美国地质调查局统计,全球约有1500座活火山,科学家们需要调查更多的“病人历史”真正取得在火山喷发预测方面的进步。

他在交流中写道：“这仍然没有为我们提供一个简单的方法来预测任何火山的喷发,但这确实展示了如何在指定位置验视过去喷发的积存物，提供一种帮助识别监测迹象方法，这些迹象将给我们未来行为提供线索。这使我们向能够预测何时可能喷发又近了一步。”

Physicists create artificial graphene
FAYETTEVILLE, AR — An international group of physicists led by the University of Arkansas has created an artificial material with a structure comparable to graphene.
“We’ve basically created the first artificial graphene-like structure with transition metal atoms in place of carbon atoms,” said Jak Chakhalian, professor of physics and director of the Artificial Quantum Materials Laboratory at the U of A.
In 2014, Chakhalian was selected as a quantum materials investigator for the Gordon and Betty Moore Foundation. His selection came with a $1.8 million grant, a portion of which funded the study.
Graphene, discovered in 2004, is a one-atom-thick sheet of graphite. Graphene transistors are predicted to be substantially faster and more heat-tolerant than today’s silicon transistors and may result in more efficient computers and the next-generation of flexible electronics. Its discoverers were awarded the Nobel Prize in physics in 2010.
The U of A-led group published its findings this week in Physical Review Letters, the journal of the American Physical Society, in a paper titled “Mott Electrons in an Artificial Graphene-like Crystal of Rare Earth Nickelate.”
“This discovery gives us the ability to create graphene-like structures for many other elements,” said Srimanta Middey, a postdoctoral research associate at the U of A who led the study.
The research group also included U of A postdoctoral research associates Michael Kareev and Yanwei Cao, doctoral student Xiaoran Liu and recent doctoral graduate Derek Meyers, now at Brookhaven National Laboratory.
Additional members of the group were David Doennig of the University of Munich, Rossitza Pentcheva of the University of Duisburg-Essen in Germany, Zhenzhong Yang, Jinan Shi and Lin Gu of the Chinese Academy of Sciences; and John W. Freeland and Phillip Ryan of the Advanced Photon Source at Argonne National Laboratory near Chicago.
The research was also partially funded by the Chinese Academy of Sciences.
Source: University of Arkansas
物理学家创造人造石墨烯
费耶特维尔，AR – 由阿肯色大学领导的一个国际物理学家小组已经创造了一种结构可比石墨烯的人造材料。

“我们基本已经创造出了第一颗人造石墨烯状结构，其中用过渡金属原子替代碳原子，”阿肯色大学物理学教授及人造量子材料实验室主任Jak Chakhalian称。

2014年，Chakhalian被选定为戈登与贝蒂莫尔基金会量子材料的调查员。随着他的加入，他还带来了 1.8万美元的赠款，赠款的一部分资助了这项研究。

石墨烯，于2004年发现，是一种单原子厚的片材。相比今天的硅晶体管，石墨烯晶体管被预测将在本质上更快且更耐热，并可能促进更高效的计算机及下一代柔性电子产品的创造。它的发现者于2010年获得了诺贝尔物理学奖。

阿肯色大学领导的研究小组本周在美国物理协会的杂志物理评论快报上发表了其调查结果，该论文名为“稀土镍人工石墨烯状晶体中的莫特电子”。

“这一发现使我们能够为许多其他元素创造石墨烯状结构的，”阿肯色大学博士后研究助Srimanta Middey称，Srimanta也领导了该项研究。

该研究小组还包括阿肯色大学的博士后研究助理Michael Kareev和Cao Yanwei、博士生Liu Xiaoran及近期刚毕业且现在在布鲁克海文国家实验室工作的博士生Derek Meyers。

该组的其他成员还有慕尼黑大学的David Doennig、德国杜伊斯堡 - 埃森大学的Rossitza Pentcheva、中国科学院的Yang Zhenzhong ，Shi Jinan和Lin Gu以及近芝加哥阿贡国家实验室先进光子源的John W. Freeland和Phillip Ryan。

该研究部分资金由中国社科院资助。

来源：阿肯色大学
The iron stepping stones to better wearable tech without semiconductors
The road to more versatile wearable technology is dotted with iron. Specifically, quantum dots of iron arranged on boron nitride nanotubes (BNNTs). The new material is the subject of a study to be published in Scientific Reports later this week, led by Yoke Khin Yap, a professor of physics at Michigan Technological University.
Yap says the iron-studded BNNTs are pushing the boundaries of electronics hardware. The transistors modulating electron flow need an upgrade.
"Look beyond semiconductors," he says, explaining that materials like silicon semiconductors tend to overheat, can only get so small and leak electric current.
The key to revamping the fundamental base of transistors is creating a series of stepping-stones that use quantum tunneling.
The nanotubes are the mainframe of this new material. BNNTs are great insulators and terrible at conducting electricity. While at first that seems like an odd choice for electronics, the insulating effect of BNNTs is crucial to prevent current leakage and overheating. Additionally, electron flow will only occur across the metal dots on the BNNTs.
In past research, Yap and his team used gold for quantum dots, placed along a BNNT in a tidy line. With enough energy potential, the electrons are repelled by the insulating BNNT and hopscotch from gold dot to gold dot. This electron movement is called quantum tunneling.
"Imagine this as a river, and there's no bridge; it's too big to hop over," Yap says. "Now, picture having stepping stones across the river--you can cross over, but only when you have enough energy to do so."
Unlike with semiconductors, there is no classical resistance with quantum tunneling. No resistance means no heat. Plus, these materials are very small; the nanomaterials enable the transistors to shrink as well. An added bonus is that BNNTs are also quite flexible, a boon for wearable electronics.
Source: Michigan Technological University
没有半导体的铁垫脚石可更好的用于可穿戴技术
在向更灵活的可穿戴技术的发展道路上点缀着铁。具体而言，铁的量子点设置在氮化硼纳米管（硼氮纳米管BNNTs）。这种新材料是之后本周即将发表在科学报告的一片文章中的主题，该课题由密歇根理工大学的物理学教授Yoke Khin Yap领导。

Yap说，铁云集的硼氮纳米管正推动电子硬件的界限。调制电子流晶体管需要升级。

“跨过半导体来看，”他说，并解释说像硅半导体这样的材料容易过热，能获得的电流较小且会泄漏。

改造晶体管基础的关键是创造一系列使用量子隧穿的垫脚石。

纳米管是这种新型材料的主机。硼氮纳米管是伟大的绝缘体，导电性非常差。虽然起初对电子产品来说这似乎是一个奇怪的选择，但硼氮纳米管的绝缘效果至关重要，因其可以防止漏电及过热。此外，电子流将仅在硼氮纳米管的金属点周围出现。

在以往的研究中，Yap和他的团队用黄金做量子点，沿BNNT摆放成整齐的阵容。有了足够的能源潜力，电子被绝缘BNNT排斥，从金点跳到金点。该电子移动被称为量子隧穿。

“想象这是一条河，而且也没有桥，河太宽了跳不过去，”Yap说。“现在，场景中有了垫脚石用于过河 - 你可以过河了，但你必须要有足够的能量。”

不同于半导体，与量子隧道没有经典阻力。没有阻力意味着没有热量。并且，这些材料非常小;纳米材料也会使晶体管缩小。另外一个好处是硼氮纳米管也相当灵活，这对穿戴电子产品来说也是额外的福利。

来源：密歇根理工大学
'Electronic nose' may help to diagnose diseases
The device analyzes a gas mixture using semiconductor sensors.
"Smell is determined by a combination of existing gases in the atmosphere. It is found that the conductivity of the semiconductor probe changes during sedimentation of the gas molecules from the atmosphere. This allows determining their presence," says Timur Muksunov. "During manufacture the sensor can be customized to react well to some gases, and react badly to the others."
However, according to the scientist, it is impossible to make a sensor that reacts to only one gas - the system is needed to achieve sensitivity and selectivity. This allows, when using certain processing techniques, accurately recognizing the gas mixture in the air. Experiments confirm this.
One of them was determining the freshness of fruits and vegetables. Fruits and vegetables emit hydrogen sulphide, ammonia, and other gases. The closer the date of writing off the products, the more of these gases are in the air.
"We investigated the apples: a control part we put in the refrigerator and the rest were left at room temperature," says the scientist. "After 12 hours the device was able to identify that the second part emits gases more intensively than the control part. Now the vegetable warehouse receives products by their organoleptic characteristics, and using the device it will be able to more accurately determine the shelf life of products, which will affect its quality."
The device is fully developed, now there is a test of its effectiveness. The work is conducted in conjunction with the Radiophysics Faculty of Tomsk State Univ.
Source: National Research Tomsk State Univ.
“电子鼻”可能有助于诊断疾病

该装置使用半导体传感器分析了一种气体混合物。

“气味由大气中现有气体的组合来确定。据发现半导体探针的导电性在大气中气体分子的沉淀过程中会发生改变。这允许确定它们的存在，” Timur Muksunov说。“在制造过程中，传感器可以被定制，以对一些气体做出良性反应，并对其它气体做出恶性反应。”

然而，据科学家称，不可能使传感器只对一种气体做出反应- 系统需要获得灵敏度和选择性。这允许在使用某些固有加工技术时，准确地识别空气中的气体混合物。实验也证实了这一点。

其中一个实验正在确定水果和蔬菜的新鲜度。水果和蔬菜放出硫化氢、氨和其它气体。越接近产品的失效日期，空气中这些气体含量越高。

“我们研究了苹果：把苹果的一部分放在冰箱里，其余部分放置在室温下，”科学家说。“12小时后，该装置能够确定第二部分发射的气体比第一部分更集中，现在蔬菜仓库可以通过感官特性接收产品，通过使用该设备，将能够更准确地确定产品的保质期，这将影响其质量。”

该设备得到了充分发展，现在还做了其有效性的测试。这项工作是与托木斯克州立大学的无线电物理学教授一起进行。

资料来源：托木斯克州立大学国家研究。
Bumpy liquid films could simplify fabrication of microlenses
Have you ever noticed that, when heated, a film of oil in a pan doesn’t remain completely flat? Instead, it forms a wavy pattern that resembles the exterior of an orange. These sorts of deformations inspired a group of researchers at the Technical University of Darmstadt, in Germany, to explore whether they could be used to improve and streamline microfabrication processes.
The film of oil is a classic example of a hydrodynamic systems with a liquid-gas or liquid-liquid interface, for instance. Other examples, including bubbles and the tiny droplets of fat in milk, have a liquid-liquid interface. Planar liquid films, like the oil film, are particularly mechanically unstable and may undergo changes in morphology if not kept at a uniform temperature.

Only sufficiently thin liquid films undergo significant surface deformations upon exposure to stresses at the surface, while highly regular periodic flow patterns develop in the bulk of thicker films when subjected to the same stresses.
In marked contrast to thinner films, thicker films don’t show significant surface deformations. So, in the context of developing unconventional microfabrication techniques, most efforts have focused on the interfacial instabilities of very thin films.
These efforts indicated that accentuated patterns can be achieved, but they are unfortunately highly irregular in the spread direction of the film. This fundamental drawback can be traced to the same reason a water jet running from a faucet eventually splits up into droplets: surface tension.
As the group describes in Applied Physics Letters, they combined the highly regular convection pattern that forms in thicker layers with strong interfacial deformations possible only in much thinner liquid films. “Unlike previous work addressing systems with several interfaces, in our approach each layer has a vastly different initial thickness than the other,” said Iman Nejati, the paper’s lead author and a scientific research Ph.D. student at the Institute for Nano and Microfluidics, Center of Smart Interfaces, TU Darmstadt.
This approach essentially involves sandwiching a thin film of oil that’s sensitive to irradiation with ultraviolet (UV) light between a solid planar substrate and a much thicker layer of another immiscible liquid. This implies that the system has not only a liquid-gas interface, as the initial example of the oil film in a pan, but also a liquid-liquid interface.
“Exposing this multilayer system to a surprisingly small temperature difference in the direction of the layering causes stresses at the liquid-gas interface because of a temperature-dependent surface tension,” said Nejati. “These stresses drive rotating cellular flow patterns in the thicker layer, which are highly periodic in the spread direction of that layer.”
Rather than using the stresses caused by the temperature-dependent surface tension directly to pattern the film, the group’s approach relies on the flow pattern in the thicker layer to deform the thinner film beneath.
This strategy enables “patterning large areas with highly regular structures in a parallel fashion — all structures are fabricated at the same time — in a single-process step, which saves time and reduces costs,” explained Nejati. “Since the structures are generated from a liquid, without tools making mechanical contact with the working material, the surface is very smooth and doesn’t require any further processing.”
And by engineering the temperature distribution along the liquid-gas interface of the thicker layer, the convection cells and deformation of the thin film can be adapted to meet the specifications of a desired structure of interest. Once the desired deformation is achieved, it’s “frozen” in place by irradiation with UV light.
The combination of the named advantages is highly desirable features of the new technique, because all common microfabrication technologies — including photolithography, printing, or embossing — fail to meet at least one of these criteria. “Given the relative simplicity of the equipment needed for our method, and how easily it adapts to specific situations, it can be used for manufacturing low-quantity products as well,” Nejati added.
What applications does the group envision for their method? For starters, it’s ideal for fabricating microlens arrays. “These arrays locally enhance light intensity and can be used by the optics industry in integral imaging systems, unconventional photolithography and photovoltaic systems,” explained Nejati. “For photovoltaics, an array of lenses placed atop a solar cell can serve as a light collector to enhance the efficiency of the photovoltaic system by making it less sensitive to the inclination angle of the solar light with respect to the cell surface.” The group’s method could easily be integrated into the manufacturing process of solar cells.
In the near future, “there will be no direct need to solidify the structures by UV light,” he noted. “Instead, the array of lenses can remain in the liquid state, which allows us to change the periodicity of the liquid lenses if, say, the temperature difference driving the convection cells is varied. This should contribute to the development of tunable lens arrays.”
颠簸的液膜能够简化显微镜的制造
你有没有注意到，当加热时，锅里的油不能完全保持平坦？相反，其形成类似于桔子的外部的波状图案。这些类型的变形启发了德国达姆施塔特技术大学的一组研究人员，以探究它们是否可以用来改进和简化流程的微细加工。

油的薄膜是如液 - 气或液 - 液接口流体动力系统的一个典型例子。其它实例中，包括气泡和脂肪牛奶中的微小液滴，具有液 - 液接口。平面的液体薄膜，例如油膜，尤其机械不稳定，如果不保持在均匀的温度下，可能经历形态变化。

只有足够薄的液体膜在暴露于表面压力下时，才能经受显著的表面变形，而高度规则的周期性流动模式在暴露于相同的压力下时，会变成凝聚的厚膜。

与薄膜对比鲜明的是，厚膜不会表现出显著的表面变形。因此，在开发非常规微细加工技术环境中，大部分努力集中于极薄膜界面的不稳定方面。

这些努力表明，突出模式是可以实现的，但遗憾的是，它们在膜的扩散方向高度不规则。这一根本性的缺陷可以追溯到与水龙头射流最终分裂成水滴相同的原因：表面张力。

正如该小组在应用物理快报中描述那样，他们将形成厚膜层的高常规对流与只有在非常薄的液膜才有的强界面变形结合。“不像有多个接口的工作处理系统，在我们的方法中，每一层都有一个相比其它层来说非常不同的初始厚度，” 达姆施塔特技术大学智能接口中心，纳米和微流体学院的科研博士生、本篇论文的第一作者Iman Nejati说。

这一方法主要涉及在固体平面基板与另一个更厚的不混溶液体层之间插入一层对紫外光照射（UV）敏感的薄膜。这意味着，这意味着，该系统不仅具有液 - 气接口，如最初平底锅油膜的例子，还具有液 - 液接口。

“将这种多层系统暴露于分层方向的令人惊讶的小温差方向，会引起液 - 气接口的压力，这是由于表面张力依赖温度，” Nejati说。“这些应力驱动较厚层的旋转蜂窝流动模式，这在该层的传播方向具有高度周期性”。

不同于使用依赖温度的表面张力引起的应力直接图案化膜，该组的方法依赖于在较厚层的流动模式下将下方的薄膜变形。

此策略使“具有高度规则的结构图案以平行方式大面积模式化 - 所有结构都在同一时间制造 - 在单一的工艺步骤中，从而节省了时间并降低了成本，”Nejati解释说。“自从结构从液体中生成，而不使用与工作材料接触制造机械化的工具，表面会非常光滑且不需要进一步处理。”

通过操纵沿液 - 气接口较厚层上的温度分布，对流细胞和薄膜的变形可被调整，以满足所关注的期望结构的规格。一旦所需的变形实现，它被紫外光照射的地方就会“冻结”。

特定优点的组合是新技术高度期望的特征，因为所有常见微细技术 - 包括光刻、印刷或压花 – 都不符合任何这些标准。“考虑到我们方法所需的相对简单的设备，它将如何轻易的适应特定情况，它也可以用于制造低质量产品，” Nejati补充说。

该研究小组为他们的方法预见了什么应用程序？对于初学者来说，它用来制造微透镜阵列很理想。“这些阵列局部增强的光强度，并且可以应用于光学工业中积分成像系统、非常规的光刻和光伏系统，”Nejati解释说。“对于光伏，放置太阳能电池之上的透镜阵列可作为一个光收集器通过使其到太阳能光的相对所述细胞表面的倾斜角较不敏感，以提高光伏系统的效率。”该调查小组的方法可以很容易地集成到太阳能电池的制造工艺上。

在不久的将来，“对通过紫外光来巩固结构不会有直接需求，”他说。“相反，透镜阵列可保持在液体状态，这使我们能够改变液体透镜的周期性如果，比如说，驱动对流细胞的温度差异在变化。这应该有助于可调透镜阵列的发展。”
Metal Alloy（金属合金）
Researchers combine diamond and cubic boron nitride with a novel alloying process for a superhard material 
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Bulk diamond-cBN alloy samples synthesized at 20 GPa/2200 °C with a diameter of ~3 mm, over a copper screen to exhibit its transparency c and d: Polished rake faces of diamond-cBN alloy cutters  (D. W. He/SCU) 

Researchers at Sichauan University, China, University of Nevada, USA, and the Chinese Academy of Sciences, China, have published work on the combination of diamond and cubic boron nitride to form a new superhard material suitable for cutting tool applications. 
Diamond and cubic boron nitride (cBN) as conventional superhard materials have found widespread industrial applications, but both have inherent limitations. Diamond is not suitable for high-speed cutting of ferrous materials due to its poor chemical inertness, while cBN is only about half as hard as diamond. 

Because of their affinity in structural lattices and covalent bonding character, state the authors of the paper, diamond and cBN could form alloys that can potentially fill the performance gap. However, the idea has never been demonstrated because samples obtained in the previous studies were too small to be tested for their practical performance. 

The paper, Diamond-cBN alloy: A universal cutting material (http://scitation.aip.org/content/aip/journal/apl/107/10/10.1063/1.4929728), published in Applied Physics Letters, reports the synthesis and characterisation of transparent bulk diamond-cBN alloy compacts whose diameters (3 mm) are sufficiently large for them to be processed into cutting tools. The testing results show that the diamond-cBN alloy has superior chemical inertness over polycrystalline diamond and higher hardness than single crystal cBN. High-speed cutting tests on hardened steel and granite suggest that diamond-cBN alloy is indeed a universal cutting material. 

The researchers tested the cutting performances of the alloy on hardened steel and granite bars on a CNC lathe. They found that the diamond-cBN alloy rivalled polycrystalline cubic boron nitride's wear and tool life on the steel samples and exhibited significantly less wear when cutting through granite. The alloy also demonstrated a more preferable high-speed cutting performance than either polycrystalline CBN or commercial polycrystalline diamonds. 

Future work for the team involves developing synthesis technology for centimetre sized diamond-cBN alloy bulks to bring the process up to industrial-scale production. 
研究者采用新式合金过程合成用于超硬材料的金刚石-立方氮化硼合金
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在20GPa/2200℃条件下合成的直径为3毫米的金刚石-立方氮化硼合金样品，在铜屏幕显示出其透明性（图片c）。图片d：金刚石-立方氮化硼合金切刃抛光的前刀面。 (图片提供 贺/四川大学)

来自中国四川大学、美国内华达大学和中国科学院的研究人员,发布了关于合成金刚石和立方氮化硼形成新的适合切割工具应用的超硬材料相关工作。

金刚石和立方氮化硼(cBN)作为传统的超硬材料有广泛的工业应用,但都有固有的局限性。由于其化学惰性弱，金刚石不适合钢铁材料的高速切削,而立方氮化硼硬度仅大致为金刚石硬度的一半。

论文的作者论述，因为他们结构框格的亲和力在和共价键特征, ,金刚石和立方氮化硼可能填补彼此性能上的缺陷。然而,这个想法从来没有被证实，由于先前的研究获得的样品太小无法用于测试实用性能。

论文，金刚石-立方氮化硼合金:通用切削材料(http://scitation.aip.org/content/aip/journal/apl/107/10/10.1063/1.4929728),发表在《应用物理快报》,报道了直径(3毫米)透明大块金刚石-立方氮化硼合金的合成和性质，合金足够大可加工入刀具中。测试结果表明, 金刚石-立方氮化硼合金具有比多晶金刚石更优越的化学惰性，比单晶立方氮化硼更高的硬度。对淬硬钢和花岗岩的高速切削测试表明金刚石-立方氮化硼合金的确是一个通用的切割材料。

研究人员在数控车床测试了合金对于淬硬钢和花岗岩棒的切削性能。他们发现合金磨损性能和刀具寿命可媲美多晶立方氮化硼，并且在切割花岗岩时表现出明显较少的磨损。合金还显出了更可取的高速切割性能，这一点超过了任何多晶立方氮化硼或者商业用的多晶金刚石。

团队未来的工作是开发厘米大小的金刚石-立方氮化硼合金大块合成技术，使加工过程实现工业规模的生产。
Composite Materials（复合材料）
New Composite Moulding Hydraulic Press System for Aerospace Components

French Oil Mill Machinery and TMP recently developed a hydraulic press system to improve the part quality of critical composite aerospace components while dramatically reducing production cost, energy consumption and noise emissions.

The downacting, sideplate hydraulic press system is designed with an Integrated RTM Package and Precision Control Motion Package. Also included in the rugged design are French's patented tapered keys which extend the life of the headblock, sideplates and main cylinder. The reservoir and hydraulic power are mounted on top of the headblock, reducing the overall footprint of the press. A platform with ladder is provided to allow access and serviceability. The energy efficient hydraulic has been designed to reduce horsepower and noise throughout the moulding cycle.

According to French Oil, the press comes standard with steel, multi-zone electrically heated platens that are rated to 500º F and have nickel plated water cooling passages for corrosion resistance. Each platen includes edge insulation for enhanced temperature uniformity and provides three stages of cooling. Customers may choose to upgrade to our specialised Uni-Temp  platens foreven more advanced temperature control for both heating and cooling phases.

It says that customers may also elect to include the Edge II Control System, a specialised recipe and data collection system programmed to monitor critical processing data, insuring consistent results. Customers can create and store process recipes, then capture and retrieve data with chart and display graphs on a colour touchscreen interface. The system has an Ethernet communication port, allowing integration into the customer’s plant system. Further, French engineers can log into the permission-based control system remotely to make electrical upgrades or for troubleshooting.

A mould cart with casters is available to allow easy tooling transport from the layup or tooling room to the press room. Guides are provided to insure proper alignment between the cart and the press. Low friction rollers or bearings allow the tooling to be manually loaded and unloaded between the cart and the press.

French Oil explains that it provides technical assistance to re-assemble and start-up the press once it arrives at the customer’s facility. In addition, the French Oil technician will facilitate basic operation training to help the customer start moulding their critical components soon after delivery.
应用于航空元件的新型综合模铸液压压下系统
法国油压机械公司和TMP公司最近开发出一种液压压下系统，以改善关键复合航空元件的部件质量,同时大大减少生产成本,能源消耗和噪声排放。

下压,侧板液压压下系统采用集成RTM包和精密控制运动包设计。也包括延长顶部凸块、侧板和主液压缸使用寿命法国专利锥形键的加固设计。蓄能器和液压源安装在顶部凸块,降低压下的占用空间。提供一个带有梯子的平台,实现进入和可服务性。节能液压设计降低了整个成型周期功率和噪声。

根据法国公司介绍,压下按标准来自于钢铁、额定500ºF分域电热模板，水冷却通道为耐腐蚀镀镍板。每个模板包括边缘隔热和提供三级冷却。客户可以选择升级到我们的专业Uni-Temp模板，获得更先进的加热和冷却阶段的温度控制

客户也可以选择包括第二边缘控制系统、专门的配方和数据收集系统程序来监控关键过程数据,确保一致的结果。客户可以创建和存储过程方案,然后在彩色触摸屏界面捕获和检索数据与图表。系统有一个以太网通信端口,允许系统集成到客户的工厂。此外, 法国工程师可以远程登录到允许级控制系统进行电气升级或故障排除。

从上部或工具室至压下室，带投掷器的模具车可用于简单的工具运输。导向装置以确保车和压下之间的同轴度。低摩擦辊或轴承使得手动加载和卸载车和压下室。

法国公司解释说, 装置到达客户后立即提供了重新组装和启动压下的技术支持。此外, 法国公司技术人员将提供基本操作培训,以帮助客户交付后不久开始制造他们的关键组件。

Covestro Uses Innovative Recycling Process

Materials manufacturer Covestro is testing an innovative and environmentally friendly process for recycling saline process wastewater in plastics production. 

According to Covestro, a pilot plant for the process at the Krefeld-Uerdingen site in Germany was opened on Friday by Federal Minister for the Environment, Dr. Barbara Hendricks. The new technology reduces the salt levels in waters such as the Rhine and conserves potable water resources. It is being used in the production of polycarbonate, a high-performance plastic required in many sectors, including automotive engineering, electronics and medical technology.

The German Federal Ministry for the Environment has provided some EUR 740,000 in funding to support the project as an outstanding example of how a closed-cycle approach can be put into practice in industry. The total cost of investment is around EUR 3.7 million. 

During the opening ceremony, Dr. Markus Steilemann, Head of Innovation at Covestro, explained that by taking this step the company is once again demonstrating its capacity and will to use new processes to help conserve resources and protect the environment. “The generous support from the federal government encourages us to remain diligent in our efforts to develop sustainable technologies and products.”

Dr. Klaus Jaeger, Site Manager for the Covestro plants in North-Rhine Westphalia (NRW), Germany, highlighted the huge importance of material lifecycles for the company. “The new process reinforces our network structure at the key Krefeld-Uerdingen site, as it benefits all production operations here,” said Jaeger.  

Covestro explains that its current project marks the first time in Germany that saline industrial wastewater has been recycled at an industrial pilot plant. Pretreated salt water such as this is usually released into waterways, specifically the Rhine, which runs directly along the site. Thanks to the new plant, some of this wastewater can now be used in an electrolysis process to manufacture chlorine. Chlorine itself is one of the key raw materials for producing polycarbonate and other plastics. 

It says that the new process helps save up to 30,000 metric tons of salt and 400,000 metric tons of fully desalinated water in chlor-alkali electrolysis every year. That corresponds to the avoidance of emissions totaling 6,200 metric tons of CO2 equivalents annually. Every hour, the process stops up to 70 cubic meters of saline wastewater from being released into the Rhine, thereby protecting a similar quantity of potable water resources.

Covestro says it has already optimised chlor-alkali electrolysis by using energy-saving processes. For example, the oxygen depolarised cathode technology jointly developed by the company helps reduce energy consumption by a further 30 percent compared to the standard process. If all chlorine producers in Germany were to employ this market-ready process, the country’s total electricity consumption would be reduced by one percent. That roughly corresponds to the annual energy consumption of a large city such as Cologne.
Covestro使用创新的循环过程
材料制造商Covestro正在测试一个创新和环保方法来回收塑料生产过程中的含盐污水。

根据Covestro,德国Krefeld-Uerdingen场的一个试验工厂周五被联邦环境部长芭芭拉•亨德里克斯博士开放。新技术减少了水体含盐量等例如莱茵河和节约饮用水资源。它被用于生产聚碳酸酯、一种应用在许多领域的高性能塑料,包括汽车工程、电子和医疗技术。

德国联邦环境部提供了约740000欧元的资金支持该项目，作为一个封闭循环的方法如何应用到实践中的杰出的案例。总投资成本约370万欧元。

开幕式期间,Dr. Markus Steilemann，Covestro的创新总监解释说,通过这一步该公司再次展示其能力，并将使用新的过程来帮助节约资源和保护环境。“联邦政府的慷慨支持鼓励我们努力开发可持续发展的技术和产品时保持勤奋。”

Covestro工厂在德国北莱茵威斯特法伦州(北威州)站点管理员Dr. Klaus Jaeger 强调了材料生命周期对公司而言是很重要的。“新方法加强了我们在关键的Krefeld-Uerdingen站点的网络结构,因为它给所有生产操作带来好处,“Jaeger说。 

Covestro解释说,当前项目标志着首次在德国,含盐工业废水可以在试验工厂进行循环。预处理的盐水，例如通常被排入水道的,特别是直接流经站点的莱茵河。多亏了新工厂,其中一些废水现在可以用在一个生产氯的电解过程中。氯本身是一个关键的原材料当生产聚碳酸酯和其他塑料时。

它说,新的过程每年有助于节省30000吨盐和400000吨通过氯碱电解完全淡化海水。这相当于每年减少排放了总计6200吨二氧化碳。每小时,该技术阻止多达70立方米的含盐废水被释放到莱茵河,从而保护类似数量的饮用水资源。

Covestro说它已经通过应用节能技术优化了氯碱电解过程。例如,公司联合开发的去除氧阴极的技术帮助减少的能源消耗量要比标准的技术多30%。如果德国所有氯生产商应用这个准备上市的技术，,该国的电力消费总量将减少百分之一。,大致相当于例如科隆这样的大城市一年的能源消耗量。
Highly Engineered Lightweight Composite Trench Covers for Areas Imposing High Loads
UK manufacturer Fibrelite can now provide the perfect lightweight alternative to traditionally used heavy concrete and metal access covers for areas with particularly high wheel loads such as aircraft pavements, taxiways of civil airports, shipping ports and dockyards.

"Having re-configured the internal fibreglass architecture we can meet the permanent set and test load requirements of BS EN 124, Class F900 (when tested in accordance with the Air BP test footprint),” explains David Holmes, Fibrelite's Technical Director and Head of Product Development. “The biggest single benefit of using Fibrelite’s composite covers at the higher load ratings is their strength to weight ratio – very strong and still manually lifted.”

Fibrelite explains that the request to provide F900 heavy duty trench covers initially came from the UK’s largest container port in the South-East of England. Their work inspectors were exploring replacement options for extremely heavy and corroding steel covers that had been installed years earlier; these extremely heavy covers required a crane and dedicated lifting equipment, which incurred a financial cost with equipment and manpower to lift the covers every time the ships come into dock.

According to Fibrelite, the benefit of using a retrofit system is that costly and time-consuming installation is eliminated. There are no breakouts of existing structures and no curing time resetting structures into concrete. In critical high trafficked areas this is a major advantage.

“These highly engineered composite trench covers have eliminated costly and time consuming procedures, as well as allowing for a load rating of up to 90 tonnes. The associated increase in productivity and significant reduction in costs were huge benefactors for the consulting engineers and customers alike,” explains Holmes.

Fibrelite says that, with recent statistics attributing over half of injuries (resulting in absence from work) to manual handling, it’s already known that reducing hazards in this area is a priority on a global scale. Because of legislation restricting acceptable manual handling weights, we are seeing a global trend towards lighter weight composite manhole and access cover materials, which also have the benefits of ease of handling and corrosion resistance.

It says, lightweight composite covers that provide safe and easy access eliminating unsafe manual handling issues are replacing aging concrete and heavy cast iron access covers all over the world. By using lighter materials, operational injuries are prevented, work sites are made safer and ease of installation and maintenance is made available to utility workers and contractors.

Fibrelite has designed the lightweight covers to incorporate up to two lifting points for specially designed lifting handles. These allow the operator to remove the cover without trapping fingers or bending over thus maximising the safety of the lifting technique. The weight is kept close to the body preventing back injury; one of the main causes of absence from work and personal injury claims. The chart below shows that the safest place to lift or pull a load is close to the body at waist height.

高负载区域的高质量的轻质复合沟盖板
英国制造商Fibrelite现在可以向负载高强度的车轮轮压的区域例如飞机行道,民用机场的滑行道的海运港口和造船厂提供完美的轻量级的替代物去替代传统使用的沉重的混凝土和金属的盖板。

“重新配置内部玻璃纤维结构，我们可以满足BS EN 124，ClassF900(当依照Air BP测试脚步进行测试时)的固定装置和测试负载要求,”Fibrelite产品开发的技术指导和总监大卫•霍尔姆斯解释说。在高压区域使用Fibrelite的复合盖板的最大好处是他们的强度重量比——非常强大,还是手动搬起。”

Fibrelite解释说,为F900提供重型沟盖板的要求最初来自英国英格兰东南部的最大的集装箱港口。他们的检验员正在探索替代选项为前几年安装的非常沉重和腐蚀的钢盖板;这些极其沉重的盖板需要起重机和专用起重设备,这种情况导致每次船只进入码头，提起盖板都会产生设备和人力成本。

根据Fibrelite,使用改造系统的好处是免除了昂贵和费时的安装工作。没有突破现有的结构和没有将时间重置结构固化到水泥。在重要的高交通流量的地区，这是一个重大优势。

“这些高质量的复合沟盖板免除了昂贵且耗时的过程,同时载重率可达90吨。相关的生产力的增加和成本的显著减少是巨大的吸引点对前来咨询的工程师和客户,”霍尔姆斯解释道。

Fibrelite表示,最近的统计数字将超过一半的伤害(因为工作缺勤)归咎于手动处理,减少危险在这个领域在全球范围内是一个优先级是为人们所熟知的。由于立法限制可接受的手工处理的重量,我们看到全球趋势是向更轻重量复合检修孔和舱口盖的材料发展,这种材料趋势减轻工作量、并且抗腐蚀。

它说,这种提供安全、简单的出入通道,同时消除了不安全的人工操作的轻质复合覆盖正在取代老化混凝土和重型铸铁盖板覆盖在世界各地。通过使用较轻的材料,操作伤害可以被预防,工地变得更安全,安装和维护更便捷对于公用事业工人和承包商来说。

Fibrelite为特殊设计的拉高手柄设计了包括两个拉高点的轻量级盖板。这些允许操作员去移动盖板而不用捕获抓手或弯腰去最大化地保证提升技术的安全性。重量保持到靠近身体的位置为预防背部损伤工作缺勤和人身伤害索赔的主要原因之一。下面的图表显示,最安全的去提升或拉动重物的地方靠近身体要的高度。
Bauer Hockey’s Newest Stick Supreme 1S Uses Textreme Technology

Bauer Hockey has introduced its latest stick, the SUPREME 1S which is reinforced by TeXtreme, TeXtreme carbon fibre fabrics help reduce the weight while, at the same time, increase the durability and strength of the stick.

Bauer Hockey uses the TeXtreme Technology in all of the three of its product families; SUPREME, VAPOR and NEXUS, to reduce weight, improve the mechanical performance and for the superior surface smoothness, which reduces the need for finishing drastically compared to other carbon fibre materials. “Through our partnership with TeXtreme we are able to incorporate a high performance material into our elite products in a way that helps us deliver to our consumers the premium products they expect from BAUER,” said Craig Desjardins, GM Hockey for Bauer Hockey. 

“TeXtreme helps us maximise playability and integrate innovative designs and features we develop,” Craig continued. In addition to TeXtreme, another feature of the stick is eLASTech Technology which reinforces the TeXtreme carbon fibres with micro nanotubes, helping to prevent cracks from slashes growing as well as extending the pop life of the stick. Also making its return from the 1S predecessor, the MX3, is the Power Sense Core 2 blade which integrates SENSE layer materials with the TeXtreme carbon fibre to create a well-balanced and lightweight blade while maintaining key dampening attributes.

Oxeon explains that the SUPREME 1S features a new design in order to offer a powerful shot. The stick features a higher kick point in order to allow more energy to transfer.

Bauer Hockey is the market leading brand within ice hockey and Oxeon claims that more than 400 NHL players use BAUER sticks reinforced by its TeXtreme.

鲍尔曲棍球的最新球棍SUPREME 1S使用Textreme技术
鲍尔曲棍球也推出了其最新的曲棍球棒, SUPREME 1S 由TeXtreme加固,TeXtreme碳纤维织物帮助减少重量的同时增加了球棍的耐用性和强度。

鲍尔曲棍球使用TeXtreme技术在它的所有的三个产品系列中; SUPREME, VAPOR and NEXUS,为减轻重量,改善力学性能和优越的表面平滑,这达达减少了完成所需的与其他碳纤维材料相比。“通过与TeXtreme合作，我们能够将高性能材料融合到我们的精英产品,这样我们就可以把消费者期待的鲍尔的高端产品带给他们。”鲍尔,”克雷格德斯贾丁斯说。

“TeXtreme帮助我们将可玩性和集成创新设计和功能开发最大化,”克雷格继续说。除了TeXtreme,球棍的另一个特性是eLASTech技术,这种技术强化了TeXtreme碳纤维通过微纳米管,帮助防止由于猛打造成的球棍开裂同时延长球棍的寿命。也使其从1 s的前身返回，MX3,是Power Sense Core 2叶片，其将SENSE层材料与TeXtreme碳纤维相结合来创建一个均衡和轻量级的叶片,同时保持关键回潮属性。

Oxeon解释说,SUPREME 1S以新设计为特色去提供一个强大的打击。球棍以更高的打击点为特色以允许更多的能量转移。

鲍尔曲棍球是市场领先品牌在冰上曲棍球领域，Oxeon声称超过400 国家冰球联盟玩家用使用经TeXtreme加固的鲍尔棒。

Practical Application（实际应用）
Scientists have put a high precision blood assay into a simple test strip
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A droplet of the test liquid is applied to the strip (1). The liquid, which spreads along the strip due to capillary action, captures magnetic particles that are "linked" with antibodies to the test protein (2). As they move along the strip, the particles bind to the required protein. The liquid then meets two lines -- the test line (3) and the control line (4). The test line contains antibodies that capture the protein and also the magnetic markers that were bound to it. The control line is activated in any case if the test strip is suitable for use. Credit: Courtesy of MIPT Press Service.
Researchers from the General Physics Institute of the Russian Academy of Sciences (GPI RAS) and Moscow Institute of Physics and Technology (MIPT) have developed a new biosensor test system based on magnetic nanoparticles. It is designed to provide highly accurate measurements of the concentration of protein molecules (e.g. markers, which indicate the onset or development of a disease) in various samples, including opaque solutions or strongly colored liquids.
The new development is similar (in its principal) to a pregnancy test. The analysis is conducted using small test strips made of porous material with two test lines. A droplet of the sample liquid is applied to one end of the strip and after a short period the result is shown as the activation of one or both lines. These test strips can be stored for a long time before being used. The test can be done quickly and does not need to be carried out by specially trained staff; tests can easily be performed next to a patient or even in field conditions.
At molecular level, the magnetic nanoparticles "link" with antibodies to the required protein and then they are placed on a porous plate close to the intended point of contact with the test solution. The liquid, which spreads along the plate due to capillary action, captures the magnetic particles. It then meets two lines - the test line and the control line. The test line contains antibodies that capture the protein in question and also the magnetic markers that became attached to molecules of the protein due to the fact that the nanoparticles are also "linked" to the antibodies. The control line only captures the antibodies with magnetic markers, and it will be activated in any case, if the test strip is usable. The control line serves as an indicator as to whether the test is suitable for use, the protein antibodies in it have not been destroyed due to improper storage, and the test liquid has been applied correctly.
After the sample has permeated the test strip and the antibodies have interacted with one another, the result can be read. This is as far as the resemblance to a pregnancy test goes. In a "classic" pregnancy test, the result can either be "yes" or "no". With this test, however, scientists are not only able to, with a high level of sensitivity, detect a protein, but they can also accurately determine the concentration of the protein. The accuracy of determining the concentration will even exceed the accuracy of methods that are only performed in laboratory conditions by trained staff.
Alexey Orlov, the corresponding author of the study and a Research Fellow of GPI RAS (who also completed an undergraduate degree at MIPT in 2010, and a postgraduate degree in 2013): "Normally, tests that can be performed not only under lab conditions but also in the field, use fluorescent or coloured markers and the results are determined visually, by sight or by using a video camera. In our case, we are using magnetic particles, which have a significant advantage: they can be used to conduct analyses even if the test strip is dipped into a completely opaque liquid, to determine the substances in whole blood for example. The precise numerical measurement is conducted entirely electronically using a portable device. This completely excludes any ambiguity."
The scientists note that along with the high level of sensitivity of determining the concentration of a protein, the new test system also allows measurements to be taken over a wide dynamic range: the upper limit of the test concentration is more than 4000 times greater than the lower limit.
Dynamic range is a familiar term in photography: in relation to a camera, it means the ability of the image sensor or film to distinguish gradations of brightness without washing out to white or converting an image into a dark spot. In biochemical measurements, dynamic range implies the ability to measure the concentration of a protein in a very dilute solution as well as in a very saturated solution.
The new system was tested by measuring 0.025 nanograms per millilitre of prostate-specific antigen in the blood (the "healthy" range is anything lower than 4 nanograms). Prostate-specific antigen is one of the most commonly monitored markers in clinical examinations on men.
Prostate-specific antigen, PSA, is one of the possible markers for prostate cancer - and it is also used in forensics to detect traces of semen. Both applications have certain limitations and they are not able to conclusively provide a diagnosis/prove the guilt of a suspect, but the new biosensor platform will be able to do more than analyse PSA; this particular protein was chosen as a demonstration of the method's capabilities.
This level of sensitivity of determining PSA is enough to tell whether there has been a recurrence after the removal of the prostate, and the results obtained give an idea of the potential of the new development. It is not only able to indicate when a particular indicator is outside of the normal range, but it can also be used to easily trace the dynamics of the concentration of protein markers in a disease.

Having checked the results obtained by the new method against the "gold standard" for determining PSA - enzyme-linked immunosorbent assay (ELISA), the scientists proved that the new test system works well and that it has significant advantages over traditional methods.
In the new test system, the researchers used their own patented method MPQ (magnetic particle quantification) to precisely count magnetic nanoparticles by their nonlinear magnetization. Using this method, scientists are able to record anything above 60 zeptomoles (the prefix zepto- means ten to the minus twenty-first power!) of nanoparticles in a linear range exceeding ten million times. These parameters have never been recorded at this level before. The method involves applying an alternating magnetic field to the nanoparticles at two frequencies and monitoring the induction response at combinatorial frequencies.
Many methods of analysing substances are based on the fact that test objects, whether they are particles or molecules, are affected by an electromagnetic field. At the correct frequency, a sample starts to either actively absorb radiation, or radiate in response. In this case, the scientists used a combination of two frequencies of the magnetic field and monitored the response at the frequency which is their linear combination - this is called the "combinatorial" frequency.
Maxim Nikitin, the Head of MIPT's Laboratory of Nanobiotechnology and a co-author of the study: "We previously demonstrated the high level of sensitivity of this method of detecting magnetic particles in a joint project with US researchers from the University of Chicago. We used our sensors to record magnetic radioactive nanoparticles based on the isotope 59-Fe in the bodies of animals in vivo (see ?. Nikitin et al., J.Appl. Phys. 2008, 103, 07A304). In particular, it was found that the threshold for detection using this electronic method coincides with the reporting threshold of accompanying gamma radiation, which means that radioactive markers can be replaced with magnetic nanoparticles in a number of various biophysical studies. In the present study, we use this methodology to achieve ultra-sensitivity for conducting immunoassays."
"...the threshold for detection using this electronic method coincides with the reporting threshold of accompanying gamma radiation" means that in a number of biomedical research magnetic markers and the special device to detect them can be used to identify that was previously possible using radioactive preparations. From a doctor's point of view, magnetic products are clearly better for diagnostic studies as they prevent patients from being exposed to excess radiation.
Dr. Petr Nikitin, Head of Research and Head of Laboratory at GPI RAS (graduated from MIPT in 1979): "The magnetic methods developed and the recorders for counting nanomarkers on test strips not only provide these limits and ranges of measurement of concentrations of antigens, but they are also able to effectively control all stages of the process: from the development and optimization of immunoassay protocols to conducting and interpreting results. This, in particular, is achieved by conducting quantitative monitoring of the redistribution of nanomarkers during biochemical reactions along all three-dimensional porous components of test strips, which has not previously been possible using any other method. Furthermore, the iron salts used to synthesize the nanoparticles are comparably more accessible and cheaper than the reagents used to synthesize gold nanoparticles, which are commonly used in threshold tests such as the pregnancy test."
The combination of reliability, accessibility, and high accuracy and sensitivity of the new method means that it is likely to make a rapid transition from a laboratory prototype to mass production. The developers have not yet given a specific timeframe, but they emphasize that their test system can be used not only to diagnose diseases, but also for a number of other applications. The biosensor is able to conduct analyses on food products and medicines; it will also be able to be used to conduct environmental monitoring. And it will be able to do all this at the location itself, without any complicated or expensive equipment.
Source: Moscow Institute of Physics and Technology
科学家们利用简单试纸条进行高灵敏度血液分析
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测试液体的液滴应用于带(1),液体的传播沿地带由于毛细管作用,捕捉磁性粒子与抗体测试”与“蛋白质(2)。他们沿着地带,粒子绑定到所需的蛋白质。液体然后满足两行——测试线(3)和控制(4)。测试线包含蛋白质和抗体捕获磁标记绑定到它。控制线路在任何情况下被激活,如果测试条适合使用。来源:由初期的新闻服务。

普通物理研究所的研究人员俄罗斯科学院(GPI RAS)和莫斯科物理与技术研究院(初期)开发了一种新的基于磁性纳米颗粒的生物传感器测试系统。设计用于高度准确地测量包括不透明液体或较浓颜色液体在内的多种样品中的蛋白分子浓度（例如制造源，显示疾病的产生或发展）。

这种新开发的测试系统类似于早孕测试。利用由多孔材料制成的含有一条测试线和控制线的小型试纸条就可进行分析。一滴液体样品加在试纸条的一端上，在较短时间后，分析结果可根据控制线或测试线和控制线的显色反应而呈现出来。这些试纸条在使用前可长时间储存着。这种测试快速进行，也不需要由经过专业训练的人员来执行；测试可在病人旁边或者甚至在野外条件下轻松完成。

在分子水平上，这种磁性纳米颗粒与要求蛋白的抗体偶联在一起，然后将它们放置在事先确定好的试纸条加样位点附近的多孔纤维素板上。这种液体样品在毛细管运动作用下沿着这种纤维素板扩散，并捕获磁性纳米颗粒。它接着遇见测试线和控制线。测试线含有能够捕获蛋白的检测抗体，这种检测抗体也能捕获与蛋白抗体偶联的磁性纳米颗粒。控制线含有控制抗体，该控制抗体仅捕获与磁性纳米颗粒偶联的抗体，只要测试条可以使用，那么控制线在任何情况下都会发生显色反应。因此，控制线可用来指示这项测试是否可靠、它的蛋白抗体是否因储存错误而被破坏，以及测试液体是否正确地加入到试纸条中。

渗透测试样品之后地带和抗体相互交流,可以读取结果。这是一个怀孕测试的相似之处。在“典型”怀孕测试,结果可以是“是”或“不是”。这个测试,然而,科学家不仅能够得到高水平的敏感性,发现一种蛋白质，而且他们也可以准确地确定蛋白质的浓度。确定浓度的准确性甚至会超过方法的准确性只有由受过训练的人员在实验室条件下进行。

Alexey Orlov，研究的通讯作者, GPI RAS研究员 (他也在2010年初期完成了本科生学位,在2013年获得研究生学位)谈到:“在正常情况下，利用荧光或颜色标志物，测试不仅能够在实验室条件下执行，也能够在户外条件下开展，检测结果可通过目测或者摄像机加以确定。就我们的这项研究而言，我们使用磁性颗粒，其显著优势在于：即便试纸条上滴入完全不透明的液体（如全血样品），它们也能被用来确定全血样品中的物质。利用一种可携带的设备可完全通过电子学方法进行准确地定量测定。这完全排除了任何不明确的地方。”

科学家们指出, 除了高灵敏地检测蛋白浓度外，这种新的测试系统的动态测量范围更广：测试浓度上限是下限的4000多倍。。

动态范围是一个在摄影方面熟知的名词:就相机来说,它意味着图像感光器或胶片来区分亮度等级而没有冲洗成白色或转化图像为黑点的能力。在生化测量方面，动态范围意味着能够衡量一个蛋白质的浓度很稀以及饱和的能力。

这种新的测试系统可被用来测量血液中的最低浓度为0.025ng/ml的前列腺特异性抗原(PSA)。PSA是临床男性筛查中最常用的检测标志物之一。健康的PSA浓度低于4ng/ml。

PSA是前列腺癌的潜在标志物之一，而且它在法医学上也被用来检测精液痕迹。这两项应用具有一些局限性，它们不能够决定性地诊断或证实嫌疑人的罪行，但是这种新的传感器检测平台将不只是分析PSA；之所以选择这种特殊的蛋白进行研究是为了证实这种方法的确可行。

这种程度的灵敏度确定PSA足以判断有复发后切除前列腺,和获得的结果给出一个新开发的潜力。它不仅能够显示当一个特定的指标超出正常范围,但它也可以用来轻松微量浓度的动态蛋白质标记的疾病。

为了验证这种新方法的测试结果，研究人员利用了作为金标准方法的酶联免疫吸附法(ELISA)进行测量，并进行比较，结果证实这种新的测试系统工作非常良好，而且比传统方法更有显著优势。

在这项新的测试系统中，研究人员利用他们自己的专利方法---磁性颗粒定量(magnetic particle quantification, MPQ)---先进行非线性磁化，然后准确地对磁性纳米颗粒进行计数。利用这种方法，研究人员能够记录最低至60×10-21摩尔的磁性纳米颗粒，并且线性范围超过1000万倍。在此之前，还从没有在这种水平上记录到这些参数。这种方法涉及给磁性纳米颗粒施加两种频率交替变化的磁场，并监控在组合频率下的感应反应。

很多分析物质的方法是基于测试对象(不论是颗粒还是分子)受到电磁场的影响。在适当的频率下，样品开始积极地吸收辐射，或者作为响应，发出辐射。在这项研究中，研究人员使用磁场的两种频率组合，并监控这两种频率线性组合所产生的频率---也被称作组合频率(combinatorial frequency)---下的反应。

MIPT纳米生物技术实验室主管和研究的合著者Maxim Nikitin说：“我们之前在美国芝加哥大学研究人员的一个合作项目中已证实这种检测磁性颗粒方法的高灵敏度。我们使用我们的传感器在动物体内记录基于同位素59Fe的放射性磁性纳米颗粒(参见?. Nikitin et al., J.Appl. Phys. 2008, 103, 07A304)。尤其是，我们也已发现这种电子方法的检测阈值与伴随的γ射线辐射的报道阈值相一致，这意味着在许多生物物理研究中，磁性纳米颗粒能够替换放射性标志物。在当前的研究中，我们使用这种方法实现免疫检测时的超高灵敏度。

 “这种电子方法的检测阈值与伴随的γ射线辐射的报道阈值相一致，这意味着在许多生物物理研究中，磁性纳米颗粒能够替换放射性标志物。”从医生角度来看，磁性纳米颗粒明显更好地用于诊断研究，因为这可防止病人遭受过量放射性辐射。

GPI RAS实验室主管和研发负责人Petr Nikitin博士(1979年从MIPT毕业)说，“所开发的磁性方法和对试纸条上的纳米标志物(即与抗体偶联的磁性纳米颗粒)进行计数的记录仪不仅提供抗原浓度测量的检测极限和范围，而且它们也能够有效地控制检测过程的全部阶段：从免疫检测程序的开发和优化，到执行免疫检测和判读检测结果。特别地，这是通过定量监控生化反应期间纳米标志物沿着试纸条的三维多孔纤维素膜(如前面提及的多孔纤维素膜)的再分布而实现的。再者，用来合成这些磁性纳米颗粒的铁盐相对而言更容易获得，也比用来合成金纳米颗粒的试剂更加便宜，其中金纳米颗粒常用于诸如早孕测试之类的阈值测试中。”

这种新方法的可靠性、易获得性、高准确性和高灵敏度意味着它可能从实验室原型快速转变为可以大规模产生的产品。这种方法的开发者迄今为止还给出具体的时间表，但是他们强调他们的测试系统不仅可用来诊断疾病，而且也能够用于许多其他方面的应用。这种测试系统能够分析食品产品和药物；它也能够用于环境监控。它能够在现场自行完成全部检测过程，而且也不需要任何复杂或昂贵的设备。

来源: 莫斯科物理技术学院

Switching light with a silver atom
The switch is based on the voltage-induced displacement of one or more silver atoms in the narrow gap between a silver and a platinum plate. Credit: Alexandros Emboras / ETH Zurich
The quantity of data exchanged via communications networks around the globe is growing at a breathtaking rate. The volume of data for wired and mobile communications is currently increasing by 23% and 57% respectively every year. It is impossible to predict when this growth will end. This also means that all network components must constantly be made more efficient.
These components include so-called modulators, which convert the information that is originally available in electrical form into optical signals. Modulators are therefore nothing more than fast electrical switches that turn a laser signal on or off at the frequency of the incoming electrical signals. Modulators are installed in data centres in their thousands. However, they all have the disadvantage of being quite large. Measuring a few centimetres across, they take up a great deal of space when used in large numbers.
From micromodulators to nanomodulators
Six months ago, a working group led by Jürg Leuthold, Professor of Photonics and Communications already succeeded in proving that the technology could be made smaller and more energy-efficient. As part of that work, the researchers presented a micromodulator measuring just 10 micrometres across - or 10,000 times smaller than modulators in commercial use.
Leuthold and his colleagues have now taken this to the next level by developing the world's smallest optical modulator. And this is probably as small as it can get: the component operates at the level of individual atoms. The footprint has therefore been further reduced by a factor of 1,000 if you include the switch together with the light guides. However, the switch itself is even smaller, with a size measured on the atomic scale. The team's latest development was recently presented in the journal Nano Letters.
In fact, the modulator is significantly smaller than the wavelength of light used in the system. In telecommunications, optical signals are transmitted using laser light with a wavelength of 1.55 micrometres. Normally, an optical device can not be smaller than the wavelength it should process. "Until recently, even I thought it was impossible for us to undercut this limit," stresses Leuthold.
New structure
But his senior scientist Alexandros Emboras proved the laws of optics wrong by successfully reconfiguring the construction of a modulator. This construction made it possible to penetrate the order of magnitude of individual atoms, even though the researchers were using light with a "standard wavelength".
Emboras's modulator consists of two tiny pads, one made of silver and the other of platinum, on top of an optical waveguide made of silicon. The two pads are arranged alongside each other at a distance of just a few nanometres, with a small bulge on the silver pad protruding into the gap and almost touching the platinum pad.
Short circuit thanks to a silver atom
And here's how the modulator works: light entering from an optical fibre is guided to the entrance of the gap by the optical waveguide. Above the metallic surface, the light turns into a surface plasmon. A plasmon occurs when light transfers energy to electrons in the outermost atomic layer of the metal surface, causing the electrons to oscillate at the frequency of the incident light. These electron oscillations have a far smaller diameter than the ray of light itself. This allows them to enter the gap and pass through the bottleneck. On the other side of the gap, the electron oscillations can be converted back into optical signals.
If a voltage is now applied to the silver pad, a single silver atom or, at most, a few silver atoms move towards the tip of the point and position themselves at the end of it. This creates a short circuit between the silver and platinum pads, so that electrical current flows between them. This closes the loophole for the plasmon; the switch flips and the state changes from "on" to "off" or vice versa. As soon as the voltage falls below a certain threshold again, a silver atom moves back. The gap opens, the plasmon flows, and the switch is "on" again. This process can be repeated millions of times.
ETH Professor Mathieu Luisier, who participated in this study, simulated the system using a high-performance computer at the CSCS in Lugano. This allowed him to confirm that the short circuit at the tip of the silver point is brought about by a single atom.

A truly digital signal
As the plasmon has no other options than to pass through the bottleneck either completely or not at all, this produces a truly digital signal - a one or a zero. "This allows us to create a digital switch, as with a transistor. We have been looking for a solution like this for a long time," summarizes Leuthold.

As yet, the modulator is not ready for series production. Although it has the advantage of operating at room temperature, unlike other devices that work using quantum effects at this order of magnitude, it still remains very slow for a modulator: so far, it only works for switching frequencies in the megahertz range or below. The ETH researchers want to fine-tune it for frequencies in the gigahertz to terahertz range.
Improving the lithography process
The researchers also want to further improve the lithography method, which was redeveloped by Emboras from scratch to build the parts, so that components like this can be produced reliably in future. At present, fabrication is only successful in one out of every six attempts. Nevertheless, the researchers consider this a success, as lithography processes on the atomic scale remain uncharted territory.
In order to continue his research into the nanomodulator, Leuthold has strengthened his team. However, he points out that greater resources would be required to develop a commercially available solution. Despite this, the ETH professor is confident that he and his team will be able to present a practicable solution within the next few years.
Source: ETH Zurich
用一个银原子转换光
    这种开关是建立在一个银原子和一个铂片之间狭窄通路中一个或多个银原子组成的电压感应设备上的基础上。来源：Alexandros Emboras / ETH Zurich（瑞士联邦理工学院）

    全球通过信息网络交换的数据数量正在以惊人的比率增长。有线和移动电话的数据量每年分别增加了23%和57%。想要预测什么时候这种增长会停止是不可能的。这就意味着制作的网络部件必须不断地更加高效。

    这些部件包括所谓的调节器，这些调节器是将原本电子形式的信息转换为光信号。调节器也因此不过是按照输入光信号的频率开关激光信号的快速电子开关。调节器在数据中心被成千上万的安装，但是当数量太大的时候也都有缺点。在测量一些厘米宽时，它们如果被大量使用会占据很大空间。

从微米调节器到纳米调节器

    六个月之前，由光电和通讯教授Jürg Leuthold领导的一个工作团队已经成功证明这项技术可以被更小更加节能的制造出来。作为这项工作的一部分，研究者们展示了一个可以测量仅仅10微米宽或比商业用途的调节器小10,000倍的调节器。

    Leuthold 和他的同事现在已经通过研发一个世界上最小的光学调节器将这项技术推向更高一层的水平。并且这可能和它可以达到的一样小：这些组件以单独原子的水平运作。如果你将这个开关和光导包含在一起的话，这个足迹因此会被更进一步减少1000的因素。然而，这种开关本身甚至更小，它的尺寸据测量是处在原子级的。这个团队最新发热进展最近被展示在《纳米快报》上。

    实际上，这种调节器比起使用在系统中的光波长已经小了非常多。在通讯行业，光信号利用1.55微米波长的激光进行传输。通常而言，光设备不能比它应该处理的波长更小。“直到最近，甚至我都认为对我们而言底切这个限制是不可能的，”Leuthold强调。

新结构

    但是他的一个年资较深的科学家lexandros Emboras通过成功地重新配置调节器的结构证明了光学定律是错误的。这个结构使它能够渗透到数量级的单独原子中去，即使研究者们过去一直用“标准波长”使用光。

    Emboras的调节器包括两个极小的衬垫，一个是银制的，另一个是铂制的，在光波导的顶端是硅制的。这两个衬垫以几个纳米的距离被互相安置在旁边，在银片的部分有一个小突起突出到缝隙中，使之几乎和铂片相接触。

由于一个银原子的短路

    以下是这个调节器如何工作的：进入光导纤维的光通过光波导被导入这个缝隙的入口。在这个金属的表面，光变成表面等离子。在金属表面的最外原子层中的光转换能量成为电子时，一个等离子体振子产生了，使电子按照入射光的频率震荡。这些电子震荡远比光射线本身的直径要小得多。这就允许它们进入缝隙并成功通过障碍物。在缝隙的另一边，这种电子震荡可以被转换回光信号。

    现在如果在银片上施加电压，一个或至多几个银原子会移向点的顶端，并将自身排列至末端。这就在银片和铂片之间制造了短路，因此电流能够在它们之间流动。这就关闭了等离子体振子的漏洞，这个开关轻击，接着状态就会从“开启”转换成“关闭”，反之亦然。只要电压再次降低到某种临界值，一个银原子就会退回。缝隙打开，等离子体振子流动，开关又处在“开启”状态了。这个过程可以被重复几百万次。

   参与了这个研究的瑞士联邦理工学院教授Mathieu Luisier利用在卢加诺的CSCS的一台高性能电脑模仿了这个系统。这使他能够证实银点顶端的短路是由单一原子产生的。

一个真实的数码信号

    由于等离子体振子只能通过这个障碍物，无论完整与否，这就产生了一个可信的数码信号，即一个1或者一个0。“这就允许我们就像用一个晶体管一样制造一个数码开关。“我们想要寻找类似这样一个解决方案已经很久了。”Leuthold.总结道。

    至今这种调节器还不能批量生产。尽管它有能在室温操作的优点，而不像其他设备需要在数量级量子效应下运作，对于一个调节器来说它仍然太慢了：到目前为止，它仅能为兆赫及以下范围的开关频率工作。瑞士联邦理工学院的研究者们想要对它进行调整，使之能够在千兆赫到兆赫范围之间的频率运转。

改善光刻工艺

    研究者们也想要进一步改善光刻工具，它是由Emboras从擦除到建造部件重新发展的，因此这样的组件可以在未来被可靠地生产。现在，在每六种尝试中仅有一种制作是成功的。不管怎样，研究者们都认为这是一种成功，因为在原子级的光刻技术仍处于未知的领域。

为了将自己的研究扩展到纳米级调节器，Leuthold已经加强了他的团队。然而，他指出更好的资源要求研发一种商业可用的解决方案。不去管这些，这个瑞士联邦理工学院的教授对于他和他的团队在接下来几年拿出一个可实行的方案十分自信。

来源：瑞士联邦理工学院

NASA's ICESat-2 equipped with unique 3-D manufactured part
The 3-D manufactured part -- a black bracket holding the instrument's fiber-optic cables -- is visible in the back of the ATLAS instrument. Credit: NASA
NASA's follow-on to the successful ICESat mission will employ a never-before-flown technique for determining the topography of ice sheets and the thickness of sea ice, but that won't be the only first for this mission.
Slated for launch in 2018, NASA's Ice, Cloud and land Elevation Satellite-2 (ICESat-2) also will carry a 3-D printed part made of polyetherketoneketone (PEKK), a material that has never been used in 3-D manufacturing, let alone flown in space.

"This is a first for this material," said Craig Auletti, lead production engineer on ICESat-2's only instrument, the Advanced Topographic Laser Altimeter System (ATLAS) now being built at NASA's Goddard Space Flight Center in Greenbelt, Maryland. The part is a bracket that supports the instrument's fiber-optic cables.
PEKK Offers Advantages
Instrument developers chose PEKK because it's strong, but perhaps more important, it's electrostatically dissipative -- that is, it reduces the build up of static electricity to protect electrostatically sensitive devices.
It also produces very little outgassing, a chemical process similar to what happens when plastics and other materials release gas, producing, for example, the "new car smell" in vehicles. In a vacuum or under heated conditions, these outgassed contaminants can condense on and harm optical devices and thermal radiators, significantly degrading instrument performance.
Although 3-D or additive manufacturing is used to create a variety of products, so far, it remains a rare occurrence in spaceflight applications. In fact, the PEKK bracket is believed to be only the second 3-D manufactured part to be flown in a spaceflight instrument, said Oren Sheinman, the ATLAS mechanical systems engineer NASA Goddard.
Three-dimensional parts printed of Ultem 9085 were produced and flown on the International Space Station by the NASA Ames Research Center's Synchronized Position Hold, Engage, Reorient, Experimental Satellites (SPHERES) program.
Additive or 3-D manufacturing is attractive because it offers a fast, low-cost alternative to traditional manufacturing. With additive manufacturing, a computer-operated device literally prints a solid object, layer by layer, using a high-power optic laser that melts and fuses powdered materials in precise locations using a 3-D CAD model. "Had we manufactured this part classically, it would have taken six to eight weeks. We got it in two days," Sheinman said, adding that costs to the project were up to four times less than with a traditionally machined part.
ATLAS: A Technical Marvel
The bracket, however is just one of the mission's firsts. ATLAS, itself, is a technical marvel, said ATLAS Instrument Scientist Tony Martino. It will be NASA's first space-borne, photon-counting laser altimeter and is expected to usher in a new, more precise method for measuring surface elevations.
As with its predecessor, ICESat-2 is designed to measure changes in ice-sheet elevations in Greenland and the Antarctic, sea-ice thicknesses, and global vegetation. However, it will execute its mission using a never-before-flown technique.
ICESat, which ended operations in 2009, employed a single laser, which made it more difficult to measure changes in the elevation of an ice sheet. With a single beam, researchers couldn't tell if the snowpack had melted or if the laser was slightly off and pointed down a hill. ICESat-2 overcomes those challenges by splitting the green-light laser into six beams, arranged in three pairs, firing continuously at a rapid 10,000 pulses per second toward Earth.
Unlike analog-laser altimetry, which uses analog detectors and digitizes the return signal, ICESat-2 will employ a technique called photon counting. Used in aircraft instruments, photon counting has not yet been used for altimetry in a spaceflight instrument. It more precisely records the time-of-flight of individual photons as they travel from the instrument, reflect off Earth's surface, and then are detected as they return to the instrument's detectors -- measurements that scientists use to calculate Earth's surface elevation.
Perhaps more important to scientists who want to know how the ice sheets change over time, the multiple beams will give scientists dense cross-track samples that will help them determine a surface's slope, while the high-pulse rate will allow ATLAS to take measurements every 2.3 feet along the satellite's ground path -- all at a higher resolution due to the photon counting.
"This is one of the new capabilities," Martino said. "We're getting cross track slope every time the satellite passes over." Furthermore, the satellite will pass over the same area every 90 days during ICESat-2's three-year mission, giving scientists a very detailed multi-year snapshot of how the ice is changing.
"It's almost completely built," Martino said, adding that the spacecraft will fly on the last Delta II launch vehicle. "All functional parts are there and our first comprehensive testing starts in February. We're on track."
Source: NASA/Goddard Space Flight Center
美国宇航局的ICESat-2卫星配置有独特的3D制造部件

这个3D制造部件既是一个装有光纤电缆仪器的黑色支架，在先进地形激光测高计系统（ATLAS）设备的背面是可以看到的。来源：美国宇航局（NASA）

美国宇航局对于成功的ICESat卫星（冰云和陆地高程卫星）任务的第二代产品将采用一种前所未有的技术来决定海冰的冰原和厚度的地势，但不会是这个任务唯一的第一次。

准备要在2018年着陆，美国航天局的冰、云和陆面高地卫星2号（ICESat-2）将携带一个由聚醚酮酮（PEKK）制造的3D打印部件，这种材料之前从未在3D制造中使用过，现在让其独自在太空中飞行。

“这是这种材料第一次如此使用，”ICESat-2唯一设备的产品工程师带头人Craig Auletti说道，先进地形激光测高计系统（ATLAS）正在位于马里兰的美国宇航局格林贝尔特的戈达德宇宙飞行中心被建造。这个组件是一个支持仪器的光纤电缆的支架。

PEKK提供了优点

设备开发者选择PEKK的原因是因为它的强壮，但或许更重要的是，它的静电消耗可以减少静电的加强，从而保护静电敏感的设备。

它几乎不产生释气，这个化学过程类似塑料和其它材料释放气体的过程，产生如车辆中“新车的气味。”在拟真空或加热情况下，这些释气污染物会凝结并损害光学设备和热辐射，会极大降低设备性能。

尽管3D或增量制造被用来制造各种各样的产品，目前为止，它在航空应用中仍很少出现。ATLAS的机械系统工程师美国航天局格兰德的Oren Sheinman说：“实际上，PEKK支架被认为仅仅是飞行于航天设备中的第二个3D制造部件。”

聚醚酰亚胺9085的3D打印部分由美国航天局的艾美斯研究中心的同步定位、占有、重定向和实验卫星(SPHERES)项目生产和飞行于国际空间站。

增量或3D制造由于相比传统制造提供了快速低廉的选择，因此是吸引人的。使用增量制造，电脑操作的设备可以正确地打印出一个固体物件，一层一层地进行，利用3D的CAD模型在精确的位置下使用大功率声光激光器融化和装引信于粉状材料。“如果我们按传统制造这个部件，会需要六到八周时间。现在我们只用了两天，”Sheinman说，他同时补充说这个项目的成本已经上升到比传地统机械加工的部件少了4倍。

ATLAS：一次技术的奇迹

然而这个支架只是这个任务的一等品之一。ATLAS:本身就是一个技术的奇迹，ATLAS设备科学家如是说。它将会成为美国航天局的第一个太空运载的量子计数的激光高度计，并且对于测量地面高程来说是预计引进一个新的和更精确的工具。

就像它的前辈一样ICESat-2被设计用来测量格陵兰岛和南极洲的冰层高度，海冰厚度和环球植被。然而，它将用一种从未使用过的技术来履行它的使命。

ICESat在2009年结束运行，使用单一激光，这使它在测量冰层高度的改变时更加困难。在单跨梁下，研究者们无法辨别是否积雪场已经融化，或者是否激光被轻微偏移并指向一座山。ICESat-2通过拆分使激光变成六道梁，安排成3对，向地面以每秒10，000高速脉冲克服了这些挑战。

不像模拟激光测高法那样使用模拟探测器和数字化返回信号，ICESat-2卫星采用了一种称为光子计数的技术。原本使用于飞行仪表的光子计数目前还咩有被应用于航天设备上。在更精确的记录中，它们在仪器之间旅行时单独的光子的渡越时间反射了地球表面，接着当它们返回设备的探测器时被探测到，所得测量值科学家们会用来估测地球的地面高程。

或许对于想要知道冰川随时间改变是如何变化的科学家们而言是更为重要的，多波束将给科学家稠密的联络测线样本帮助他们决定一个表面的斜率，然而高脉冲率将允许ATLAS沿着卫星的着陆路径每2.3米进行测量，由于光子计数所有的这些都处在较高的分辨率下。

“这是新能力之一，”Martino说。“每次卫星越过的时候我们都正十字跟踪斜率。”此外，在ICESat-2卫星三年的任务期间，每90天就会经过同一地区，这给科学家们研究冰川如何改变的提供了非常详细的多年的快照。

“它基本已被完全建好了，”Martino说，并补充说航天器将继续在最后一个Delta II运载火箭上飞。“所有的操作部件都准备好了，我们的第一次全面试验将在2月开始。我们已经走向正轨。”

资料来源：美国航天局/戈达德宇宙飞行中心

Organic & Polymer（有机高分子材料）
Silicone-Based Systems as Dielectric Elastomer Transducers

Human muscles possess many excellent and fascinating properties such as fast response, great flexibility, high strength and self-healing abilities. For many years, the challenge for engineers and researchers has been to find a technology that can match these properties. An emerging technology with  potential – in the near future ­–to even outperform human muscles is the principle of dielectric elastomer transducers (DETs). DETs have many potential and diverse application areas such as artificial muscles, valves and pumps, wave energy generators, and ultra-thin loudspeakers. DETs consist of a thin elastomer membrane sandwiched between two ultrathin and flexible electrodes. When a voltage is applied to the DET it has the ability to change its size and shape and can also be used to generate energy when subjected to mechanical deformation. DETs can consequently be used as sensors, actuators, and generators.
One of the most frequently used materials for the elastomer membranes in DETs are silicone elastomers, which are promising materials due to superior properties such as high efficiency, reliability and fast response times. Silicone elastomers furthermore have many interesting and desirable properties that many other materials do not possess, namely very high thermal stability, chemical and biological stability and inertness, ozone and UV resistance, hydrophobicity, transparency, high gas permeability, low glass transition temperature, and low surface tension. For the DET technology to progress towards industrial implementation, a leap in material development is required, specifically targeting longer lifetime and higher elastomer energy densities to provide more efficient transduction at lower driving voltages.
Anne Ladegaard Skov and co-workers (Technical University of Denmark) now present a timely and comprehensive review about the current state of silicone elastomers for DETs. This includes the different material strategies that have up to now been used to improve silicone elastomers for DETs. The pros and cons of different approaches such as using commercial elastomers, composites, polymer blends, grafted elastomers and complex network structures are discussed and evaluated and recommendations for next steps in material development are suggested. Furthermore material requirements and parameters for silicone DETs are given based on their chemical, physical and electrical properties. It was found that for the technology to be commercially viable in the future it is essential that all aspects of the elastomer are taken into account, namely dielectric losses, lifetime and the very often ignored polymer network integrity and stability.
以硅树脂为依托的系统可以作为介电弹性体传感器系统

人类肌肉拥有许多优秀的和吸引人的属性,如快速响应,极大的灵活性、高强度和自愈能力。多年来,工程师和研究人员面临的挑战是找到一个可以匹配这些属性的技术。一个新兴的有潜力的技术——在不久的将来-——甚至超过人类的肌肉的是介电弹性体传感器(DETS)的原则。DETS有很多潜力和不同的应用领域,如人造肌肉,阀门和泵,波浪能发电机,超薄扬声器。DETS由一层薄薄的橡胶膜夹在两个超薄和灵活的电极构成。当电压被加载到DET时，它有能力改变它的大小和形状,也可以用来发电,当受到机械变形时。结果DETS可以被用作传感器,驱动器,发电机。

DETS中的橡皮膜的最常用的材料之一是硅橡胶,硅橡胶由于优越的性质,如效率高、可靠性高和快速响应时间成为发展前景广阔的材料。此外，硅橡胶有很多有趣的和可取的属性是其他材料不具备,即非常高的热稳定性、化学和生物稳定性和惰性,耐臭氧和紫外线,疏水性,透明度,高透气性,低玻璃化转变温度、低表面张力。对于DET技术进一步发展到工业应用,需要材料的跨越性发展,尤其是专门针对产品寿命长和更高的弹性密度方面，目的是提供以较低电压驱动的更有效的转导。

Anne Ladegaard Skov和合作者(丹麦技术大学)现在对DETS的硅橡胶的当前状态进行一个及时、全面的审查。这包括迄今被用于改善DETS的硅橡胶的不同的材料策略,。不同的策略的利弊，例如使用商业橡胶、复合材料,聚合物共混物,嫁接弹性体和对复杂的网络结构进行了讨论和评价，对下一步在材料发展的建议进行了整合。此外DETS的硅橡胶的材料的要求和参数被出示,基于它们的化学,物理和电气性能。发现这项技术在未来进行商业上的可行性是至关重要的,橡胶的所有方面都需要考虑到,即介质损失,使用期和经常忽略的聚合物网络的完整性和稳定性。
Bioleaching of Rare Earth Elements
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In this new study, Vanessa Brisson and Lisa Alvarez-Cohen from the University of California, Berkeley, CA, USA, and Wei-Qin Zhuang from the University of Auckland, Auckland, New Zealand, investigate bioleaching of rare earth elements (REEs) from monazite sand as a potential alternative to conventional extraction.  They characterize the bioleaching performance of two newly isolated fungal strains, an Aspergillus terreus strain ML3-1 and a Paecilomyces spp. strain WE3-F, along with one strain from a culture collection, phosphate solubilizing fungus Aspergillus niger ATCC 1015.  They first cultivated the fungal strains in the medium containing monazite to achieve bioleaching. The supernatants from all three strains were then collected for the following abiotic leaching experiments, where they were compared to the leaching by hydrochloric acid and organic acids. The cell-free spent media from the two newly isolated strains leached rare earth elements to concentrations 1.7–3.8 times those of HCl solutions of comparable pH, indicating that organic compounds excreted by these organisms in the presence of monazite sand played crucial role in leaching. Organic acids released by the fungi included acetic, citric, gluconic, itaconic, oxalic, and succinic acids. Bioleaching also preferentially releases REEs over radioactive Thorium, leaving Thorium in the solid residual.
REEs are increasingly of high value for a variety of technologies pertaining to consumer and portable electronics, and digital devices.  However, conventional chemical extraction of REEs from monazite, one of the main commercial ores used to obtain REEs, consume high amounts of energy and produce toxic waste streams. Adding to the problem of environmental pollution, monazite ore often co-occurs with a radioactive element thorium, which solubilizes into the waste water.  Therefore, the authors propose that the results of this study offer a promising environmentally friendly alternative to conventional REE extraction, and further study should be done to understand and optimize the bioleaching process.
稀土元素的生物浸取
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在这项研究中，来自美国加利福尼亚州立大学伯克利分校的凡妮莎•布里松和莉萨•阿尔瓦雷斯-科恩以及来自新西兰奥克兰大学的庄卫秦研究将独居石稀土元素（REE）的生物浸取作为传统提取的一个潜在的替代方式。他们表征了两个新分离的真菌菌株的生物浸取性能，一个土曲霉ML3-1和一个拟青霉属菌株WE3-F，以及一个菌种保存中心的菌株——溶磷菌黑曲霉ATCC 1015。他们首先在含有独居石的生物基中培育真菌菌株以实现生物浸取。之后收集所有这三个菌株的上清液用于之后的非生物浸取实验，在该实验中他们将盐酸的浸取与有机酸的浸取进行了对比。由这两个新分离的菌株产生的无细胞已用培养基浸取出的稀土元素的浓度是那些具有可比pH值的HCl溶液产生的稀土元素的浓度的1.7-3.8倍，这表明在独居石存在的情况下这些生物体排出的有机化合物在浸取过程中发挥着至关重要的作用。由真菌释放出的有机酸包括乙酸、柠檬酸、葡糖酸、衣康酸、草酸和琥珀酸。相对于具有放射性的钍，浸取也会优先释放出REE，令钍保留在固体残留物中。

对于多种有关消费者和便携式电子产品以及数字设备的技术，稀土元素所具有的价值越来越高。然而，通过用于获得REE的主要商业矿石——独居石——进行REE的传统化学提取会消耗大量的能源，并且会产生有毒的废物流。在增加对环境的污染问题的过程中，独居石通常会一并产生具有放射性的元素钍，该元素会溶解进废水中。因此，笔者建议称，这项研究结果为传统的稀土提取提供了一个有前途的环保型替代方式，应该进行进一步的研究以了解及优化生物浸取的过程。
E-Material（电子材料）
Phosphine as a superconductor? Sure, but the story may be complicated
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Illustrations of two compounds made from phosphorus atoms (orange) and hydrogen atoms (white). Such compounds are potential superconductors, and may form when phosphine is squeezed under extremely high pressures, according to University at Buffalo chemists who predicted the compounds' structures using XtalOpt, an open-source computer program created at UB. Courtesy of Tyson Terpstra
BUFFALO, NY — Phosphine is one of the newest materials to be named a superconductor, a material through which electricity can flow with zero resistance.
In 2015, scientists reported that they had liquefied the chemical and squeezed it under high pressure in a diamond vise to achieve superconductivity.
Now, a different group of researchers is providing insight into what may have happened to the phosphine as it underwent this intense compression.
University at Buffalo chemists say that according to their calculations, phosphine’s superconductivity under pressure likely arose due to the compound decomposing into other chemical products that contain phosphorus and hydrogen.
“So it’s probably a mix of these decomposition products — and not phosphine itself — that results in the superconductivity observed in experiments,” says Eva Zurek, Ph.D., an associate professor of chemistry in the UB College of Arts and Sciences.
The findings could assist scientists in their quest to find or create new commercially feasible superconductors, which are sought after because the materials transmit energy with ultra-high efficiency, losing no energy and giving off no heat, she says.
“In experiments where high pressures are involved, it’s difficult for scientists to characterize what materials they’ve created,” Zurek says. “But understanding what’s actually there is important, because it gives us an idea of how we might go about making new superconducting compounds.”
The new study was published on January 16, 2016 in the Journal of the American Chemical Society as a Just Accepted Manuscript and will appear in a future print edition of the journal.
Breaking things down (literally)
At room temperature, phosphine is composed of one atom of phosphorus (P) and three of hydrogen (H).
But the UB researchers calculated that, under pressure, PH3 becomes unstable and likely breaks down into structures that include PH2, PH and PH5, which are more stable.
Zurek’s team used XtalOpt, an open-source computer program that one of her former students created, to understand which combinations of phosphorus and hydrogen were stable at pressures of up to 200 gigapascals — nearly 2 million times the pressure of our atmosphere here on Earth, and similar to the pressure at which phosphine was squeezed in the diamond vise in the superconductor experiment.
The search for superconductors
One reason researchers are so keen on finding new superconductors is that the only known superconductors are superconducting only at extremely low temperatures (well below freezing), which complicates practical applications and makes their maintenance extremely difficult.
Interest in the field has intensified over the past year, since a team led by scientist Mikhail Eremets smashed previous temperature records by finding that a hydrogen and sulfur compound squeezed under 150 gigapascals of pressure was a superconductor at 203 degrees Kelvin, about -94 degrees Fahrenheit. That may seem cold, but it’s a lot warmer than past thresholds.
Eremets and his colleagues were also the group that conducted the experiment on phosphine, with superconductivity observed at temperatures higher than 100 Kelvin (roughly -280 degrees Fahrenheit).
“Finding materials that are superconducting at high temperatures would revolutionize our electric power infrastructure, because virtually no energy would be wasted during transmission and distribution through superconducting wires,” Zurek said. “In addition, superconducting magnets could be employed for high-speed levitating trains (maglev) that move more smoothly and efficiently than wheeled trains. These technologies exist nowadays, but the superconductors must be cooled to very low temperatures for them to work.”
The new study by Zurek’s team was funded by the National Science Foundation and the Department of Energy (DOE) National Nuclear Security Administration via the Carnegie/DOE Alliance Center. The research was supported by UB’s Center for Computational Research, an academic supercomputing facility.
Source: University at Buffalo
磷化氢作为超导体？当然，但是其内情可能相当复杂
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由磷原子（橙色）和氢原子（白色）制成的两种化合物的图片。据通过使用XtalOpt来预测该化合物的结构的布法罗大学的化学家显示，这类化合物很有可能是超导体，并且有可能在氢在极高的压力下受到挤压而形成。XtalOpt是UB创建的一个开源式计算机程序。承蒙泰森·特普斯特拉的帮助。

布法罗，纽约——磷化氢是最新地被命名为超级导体的材料之一，电子能够通过该材料零阻碍地流动。
在2015年，科学家报告称，他们将这种化学品进行了液化，并且将其在高压下挤压入一个金刚石台钳中以实现超导性。
现在，一组完全不同的研究人员将深入了解在磷化氢经历这种强烈的压缩过程时会有什么变化。
布法罗大学的化学家表示，据他们的计算，磷化氢在压力下很有可能产生超导性，这是因为该化合物分解成了含有磷和氢的其他化工产品。

 “因此，有可能是这些分解产物的混合物——而不是磷化氢本身——产生了在实验中观察到的超导性，”UB艺术与科学学院化学系的副教授伊娃·楚雷克博士称。
这一发现可能有助于科学家们在求知过程中帮助他们找到或创造出新的商业可行的超导体，这种超导体广受欢迎，因为该材料能够以超高效率传输能量，并且不会损失任何能量以及释放出任何热量，她称。
 “在一个涉及高压的实验中，科学家很难表征他们创造出了什么材料，”楚雷克表示。“但是了解实际上是什么物质是非常重要的，因为这会给我们提供一个概念，令我们了解如何去创造新的超导化合物。”
这项新的研究于2016年1月16日作为一个刚刚接受的手稿刊登于《美国化学会志》，并且将在未来出现在该杂志的印刷版中。
分解事物（直译）
在室温下，磷化氢是由一个磷原子（P）和三个氢原子（H）构成的。
但是UB的研究人员计算出，在压力下，PH3变得不稳定，并且很有可能分解成包含PH2、PH和PH5的结构，这种结构更加稳定。

楚雷克的研究小组利用XtalOpt——一个由她之前的学生创造出的开源式计算机程序——了解哪些磷和氢的组合在高达200千兆帕斯卡的压力下是稳定的，该压力是我们地球上此地大气压力的200万倍，并且该压力与磷化氢在超导体实验中被挤压入金刚石台钳的压力类似。
寻求超导体
研究人员这么热衷于寻找新的超导体的一个原因在于唯一已知的超导体只有在极低的温度下（远低于冰点）才具有超导性，这复杂化了实际应用，并且令它们的维护变得非常困难。
在过去一年中对该领域的兴趣有所加剧，这是因为由科学家米哈伊尔·厄麦兹领导的一个研究小组突破了之前的温度记录，找到了一个在150千兆帕斯卡的压力下挤压的氢和硫的化合物在203开底度下是超导体，大约达到了-94华底度。该温度似乎很冷，但是这比之前的阈值暖和多了。
厄麦兹及其同事也是进行有关磷化氢的实验的研究小组成员，该化合物在高于100开尔文（大约-280华氏度）的温度下被发现具有超导性。
 “寻找在高温下具有超导性的材料将彻底改革我们的电力基础设施，因为通过超导线路进行传输和分配几乎没有能量的浪费，”楚雷克表示。“此外，超导磁体可能被用于移动比轮式列车更加平稳且更具效力的高速磁悬浮列车（磁悬浮）。现在这些技术是存在的，但是超导体必须冷却到非常低的温度下才能工作。”

楚雷克的研究小组进行的最新研究受到了美国国家科学基金会的资助，并且借助卡内基/DOE联盟中心获得了国家核安全管理局能源部（DOE）的资助。这项研究受到了学术超级计算机构——UB的计算研究中心的支持。
资料来源：布法罗大学

Graphene leans on glass to advance electronics
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Left: This is a schematic of a graphene field-effect-transistor used in this study. The device consists of a solar cell containing graphene stacked on top of a high-performance copper indium gallium diselenide (CIGS) semiconductor, which in turn is stacked on an industrial substrate (either soda-lime glass, SLG, or sodium-free borosilicate glass, BSG). The research revealed that the SLG substrate serves as a source of sodium doping, and improved device performance in a way not seen in the sodium-free substrate. Right: A scanning electron micrograph of the device as seen from above, with the white scale bar measuring 10 microns, and a transmission electron micrograph inset of the CIGS/graphene interface where the white scale bar measures 100 nanometers. Credit: Brookhaven National Laboratory

Graphene, the two-dimensional powerhouse, packs extreme durability, electrical conductivity, and transparency into a one-atom-thick sheet of carbon. Despite being heralded as a breakthrough "wonder material," graphene has been slow to leap into commercial and industrial products and processes.
Now, scientists have developed a simple and powerful method for creating resilient, customized, and high-performing graphene: layering it on top of common glass. This scalable and inexpensive process helps pave the way for a new class of microelectronic and optoelectronic devices--everything from efficient solar cells to touch screens.
The collaboration--led by scientists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory, Stony Brook University (SBU), and the Colleges of Nanoscale Science and Engineering at SUNY Polytechnic Institute--published their results February 12, 2016, in the journal Scientific Reports.
"We believe that this work could significantly advance the development of truly scalable graphene technologies," said study coauthor Matthew Eisaman, a physicist at Brookhaven Lab and professor at SBU.
The scientists built the proof-of-concept graphene devices on substrates made of soda-lime glass--the most common glass found in windows, bottles, and many other products. In an unexpected twist, the sodium atoms in the glass had a powerful effect on the electronic properties of the graphene.
"The sodium inside the soda-lime glass creates high electron density in the graphene, which is essential to many processes and has been challenging to achieve," said coauthor Nanditha Dissanayake of Voxtel, Inc., but formerly of Brookhaven Lab. "We actually discovered this efficient and robust solution during the pursuit of something a bit more complex. Such surprises are part of the beauty of science."
Crucially, the effect remained strong even when the devices were exposed to air for several weeks--a clear improvement over competing techniques.
The experimental work was done primarily at Brookhaven's Sustainable Energy Technologies Department and the Center for Functional Nanomaterials (CFN), which is a DOE Office of Science User Facility.
The graphene tweaks in question revolve around a process called doping, where the electronic properties are optimized for use in devices. This adjustment involves increasing either the number of electrons or the electron-free "holes" in a material to strike the perfect balance for different applications. For successful real-world devices, it is also very important that the local number of electrons transferred to the graphene does not degrade over time.
"The graphene doping process typically involves the introduction of external chemicals, which not only increases complexity, but it can also make the material more vulnerable to degradation," Eisaman said. "Fortunately, we found a shortcut that overcame those obstacles."
The team initially set out to optimize a solar cell containing graphene stacked on a high-performance copper indium gallium diselenide (CIGS) semiconductor, which in turn was stacked on an industrial soda-lime glass substrate.
The scientists then conducted preliminary tests of the novel system to provide a baseline for testing the effects of subsequent doping. But these tests exposed something strange: the graphene was already optimally doped without the introduction of any additional chemicals.
"To our surprise, the graphene and CIGS layers already formed a good solar cell junction!" Dissanayake said. "After much investigation, and the later isolation of graphene on the glass, we discovered that the sodium in the substrate automatically created high electron density within our multi-layered graphene."
Pinpointing the mechanism by which sodium acts as a dopant involved a painstaking exploration of the system and its performance under different conditions, including making devices and measuring the doping strength on a wide range of substrates, both with and without sodium.
"Developing and characterizing the devices required complex nanofabrication, delicate transfer of the atomically thin graphene onto rough substrates, detailed structural and electro-optical characterization, and also the ability to grow the CIGS semiconductor," Dissanayake said. "Fortunately, we had both the expertise and state-of-the-art instrumentation on hand to meet all those challenges, as well as generous funding."
The bulk of the experimental work was conducted at Brookhaven Lab using techniques developed in-house, including advanced lithography. For the high-resolution electron microscopy measurements, CFN staff scientists and study coauthors Kim Kisslinger and Lihua Zhang lent their expertise. Coauthors Harry Efstathiadis and Daniel Dwyer--both at the College of Nanoscale Science and Engineering at SUNY Polytechnic Institute--led the effort to grow and characterize the high-quality CIGS films.
"Now that we have demonstrated the basic concept, we want to focus next on demonstrating fine control over the doping strength and spatial patterning," Eisaman said.
The scientists now need to probe more deeply into the fundamentals of the doping mechanism and more carefully study material's resilience during exposure to real-world operating conditions. The initial results, however, suggest that the glass-graphene method is much more resistant to degradation than many other doping techniques.
"The potential applications for graphene touch many parts of everyone's daily life, from consumer electronics to energy technologies," Eisaman said. "It's too early to tell exactly what impact our results will have, but this is an important step toward possibly making some of these applications truly affordable and scalable."
For example, graphene's high conductivity and transparency make it a very promising candidate as a transparent, conductive electrode to replace the relatively brittle and expensive indium tin oxide (ITO) in applications such as solar cells, organic light emitting diodes (OLEDs), flat panel displays, and touch screens. In order to replace ITO, scalable and low-cost methods must be developed to control graphene's resistance to the flow of electrical current by controlling the doping strength. This new glass-graphene system could rise to that challenge, the researchers say.
Source: Brookhaven National Laboratoy
石墨烯依靠玻璃来推进电子
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左：这是一个在本研究中使用的石墨烯场效应晶体管的示意图。该装置是由一个在高性能铜铟镓二硒化物（CIGS）半导体顶端堆叠了石墨烯的太阳能电池构成的，其反过来堆叠在一个工业基材上（要么是纳钙玻璃，SLG，或者是无钠硼硅玻璃，BSG）。该研究显示，SLG衬底作为一个掺杂纳的资源，并且以一种在游离纳衬底中未见过的方式改善设备的性能。右：上方是一张该设备的电子扫描显微照片，其中包含测量10微米的白色刻度条，以及一张CIGS/石墨烯界面的透射电子显微照片插图，其中的白色刻度条测量的是100纳米。图片：布鲁克海文国家实验室

二维动力模块——石墨烯——将极端耐久性、导电性和透明性包装在单原子厚的碳片中。尽管被标榜为突破性的“神奇材料”，石墨烯在进入商业和工业产品和工艺的过程中步伐一直非常缓慢。

现在，科学家已经开发出一种简单而有效的方法来创造具有弹性的、定制的并且具有高性能的石墨烯：将其分层堆放在普通玻璃上。这种可扩展的廉价程序有助于为新一类的微电子和光电子器件铺平道路——从高效的太阳能电池到触摸屏。

该合作小组——由美国能源部（DOE）布鲁克海文国家实验室、纽约州立石溪大学（SBU）以及纽约州立大学理工学院纳米科学与工程学院的科学家所领导——于2016年2月12日在《科学报告》杂志上发表了他们的研究结果。

“我们认为，这项工作可能会显著推进真正可扩展的石墨烯技术的发展，”该研究的合著者兼布鲁克海文实验室的物理学家及SBU的教授马修•艾萨曼表示。

科学家们在由钠钙玻璃制成的基板上创建了证明概念的石墨烯设备——钠钙玻璃是在窗户、瓶子及许多其他产品中发现的最为常见的玻璃。在一次意想不到的扭曲过程中，玻璃中的钠原子对石墨烯的电子特性产生了强大的影响。

“钠钙玻璃内部的钠能够在石墨烯中创造出高的电子密度，这对于许多程序都非常重要，并且一直以来在实现方面都具有挑战性，”之前就职于布鲁克海文实验室而目前就职于Voxtel公司的合著者南蒂萨•纳迪萨纳亚克表示。“事实上，我们是在探索更加复杂的事物过程中发现这个高效且可靠的解决方案的。这样的惊喜是科学吸引人的地方之一。”

最重要的是，该效果即使是在该设备暴露于空气中数周之后仍然非常强劲——相对于同类技术的一个明显改善。

实验室的工作主要是在布鲁克海文国家实验室的可持续能源技术部门及纳米功能材料中心（CFN)进行的，这是DOE科学用户机构办公室。

有关石墨烯调整的问题围绕着一个称为掺杂的过程，在该过程中电子特性会为设备的使用得到最优化。这种调查包含了增加电子的数量或是材料中自由电子“洞”的数量，以此寻求不同应用的完美平衡。对于现实世界中的成功设备而言，转移到石墨烯的电子的局部数量不会随着时间而降解也是非常重要的。

“石墨烯掺杂过程中通常涉及了外部化学品的使用，这不仅增加了复杂性，而且也有可能令该材料更加容易降解，”艾萨曼说。“幸运的是，我们发现了一个克服这些障碍的捷径。”
该研究小组最初是为了优化一个堆叠在高性能铜铟镓硒（CIGS）半导体上的含有石墨烯的太阳能电池，而其反过来又堆叠在一个工业化钠-钙玻璃基板上。

之后，科学家进行了新系统的初步测试，为测试随后的掺杂的效果提供了一个基准。但是这些测试暴露出一些奇怪的事情：石墨烯在没有引入任何额外的化学品的情况下就已经得到了最佳掺杂。

“令我们惊讶的是，石墨烯和CIGS层已经形成了一个良好的太阳能电池结！”迪萨纳亚克称。“经过多次调查，以及之后在玻璃上石墨烯的分离，我们发现，基片上的纳会自动在我们的多层石墨烯内创建高电子密度。”

准确解释这个由钠充当掺杂剂的机构涉及了一个对该系统以及其在不同条件下的性能的艰苦探索，包括制造设备以及在宽范围的基底下测量掺杂强度，包含有钠或无钠的基底。

“开发和表征该装置需要复杂的纳米加工，将原子厚度的石墨烯微妙地转印到粗糙基质上，详细的结构和光电特性，以及还需要扩大CIGS半导体的能力，”迪萨纳亚克称。“幸运的是，我们既具有专业的知识也具有国家最先进的仪器，用以满足所有这些挑战，同时我们还具有慷慨的资助。”

大部分实验室的工作是在布鲁克海文实验室利用内部开发的技术进行的，包括先进的光刻。对于高分辨率的电子显微镜测量，CFN的职员科学家及研究合著者金•基斯林格和张利华展示了他们的专长。合著者哈里•艾弗斯塔西亚季斯和丹尼尔•德怀尔——两位均就职于纽约州立大学理工学院纳米科学与工程学院——一展所长培育并且表征了高质量的CIGS薄膜。

“现在我们已经证明了这个基本概念，接下来我们希望集中展示对掺杂强度和空间图案的精确控制，”艾萨曼表示。

科学家们现在需要更加深入地探讨掺杂机制的基础，并且更加认真地研究材料在暴露于现实世界的工作条件下的韧性。然而，初步研究结果表明，相对于许多其他掺杂技术，玻璃-石墨烯方法对于降解更具有抵抗力。

“石墨烯的潜在应用触及了每个人日常生活的许多方面，从消费电子到能源技术，”艾萨曼说。“现在谈论我们的研究结果会带来什么影响还为时过早，但是这是朝着制造出一些可能真正实惠且具有可扩展性的应用所迈出的重要一步。”

例如，石墨烯的高导电率和透明度令其成为了一个透明的导电电极的有力候选，用以取代在一些应用中相对脆性并且昂贵的铟锡氧化物（ITO），包括太阳能电池、有机发光二级管（OLED）、平板显示器以及触摸屏。为了取代ITO，可扩展性和低成本的方法必须得以开发通过控制掺杂强度来控制石墨烯对电流电动的阻力。研究人员表示，这种新型的玻璃-石墨烯系统可能会上升至那种挑战。

资料来源：布鲁克海文国家实验室

Advance could aid development of nanoscale biosensors
Imagine a hand-held environmental sensor that can instantly test water for lead, E. coli, and pesticides all at the same time, or a biosensor that can perform a complete blood workup from just a single drop. That's the promise of nanoscale plasmonic interferometry, a technique that combines nanotechnology with plasmonics--the interaction between electrons in a metal and light.

Now researchers from Brown Univ.'s School of Engineering have made an important fundamental advance that could make such devices more practical. The research team has developed a technique that eliminates the need for highly specialized external light sources that deliver coherent light, which the technique normally requires. The advance could enable more versatile and more compact devices.

"It has always been assumed that coherent light was necessary for plasmonic interferometry," said Domenico Pacifici, a professor of engineering who oversaw the work with his postdoctoral researcher Dongfang Li, and graduate student Jing Feng. "But we were able to disprove that assumption."

The research is described in Nature Scientific Reports.
Plasmonic interferometers make use of the interaction between light and surface plasmon polaritons, density waves created when light energy rattles free electrons in a metal. One type of interferometer looks like a bull's-eye structure etched into a thin layer of metal. In the center is a hole poked through the metal layer with a diameter of about 300 nanometers--about 1,000 times smaller than the diameter of a human hair. The hole is encircled by a series of etched grooves, with diameters of a few micrometers. Thousands of these bulls-eyes can be placed on a chip the size of a fingernail.

When light from an external source is shown onto the surface of an interferometer, some of the photons go through the central hole, while others are scattered by the grooves. Those scattered photons generate surface plasmons that propagate through the metal inward toward the hole, where they interact with photons passing through the hole. That creates an interference pattern in the light emitted from the hole, which can be recorded by a detector beneath the metal surface.

When a liquid is deposited on top of an interferometer, the light and the surface plasmons propagate through that liquid before they interfere with each other. That alters the interference patterns picked up by the detector depending on the chemical makeup of the liquid or compounds present in it. By using different sizes of groove rings around the hole, the interferometers can be tuned to detect the signature of specific compounds or molecules. With the ability to put many differently tuned interferometers on one chip, engineers can hypothetically make a versatile detector.

Up to now, all plasmonic interferometers have required the use of highly specialized external light sources that can deliver coherent light--beams in which light waves are parallel, have the same wavelength, and travel in-phase (meaning the peaks and valleys of the waves are aligned). Without coherent light sources, the interferometers cannot produce usable interference patterns. Those kinds of light sources, however, tend to be bulky, expensive, and require careful alignment and periodic recalibration to obtain a reliable optical response.
But Pacifici and his group have come up with a way to eliminate the need for external coherent light. In the new method, fluorescent light-emitting atoms are integrated directly within the tiny hole in the center of the interferometer. An external light source is still necessary to excite the internal emitters, but it need not be a specialized coherent source.

"This is a whole new concept for optical interferometry," Pacifici said, "an entirely new device."

In this new device, incoherent light shown on the interferometer causes the fluorescent atoms inside the center hole to generate surface plasmons. Those plasmons propagate outward from the hole, bounce off the groove rings, and propagate back toward the hole after. Once a plasmon propagates back, it interacts with the atom that released it, causing an interference with the directly transmitted photon. Because the emission of a photon and the generation of a plasmon are indistinguishable, alternative paths originating from the same emitter, the process is naturally coherent and interference can therefore occur even though the emitters are excited incoherently.

"The important thing here is that this is a self-interference process," Pacifici said. "It doesn't matter that you're using incoherent light to excite the emitters, you still get a coherent process."

In addition to eliminating the need for specialized external light sources, the approach has several advantages, Pacifici said. Because the surface plasmons travel out from the hole and back again, they probe the sample on top of the interferometer surface twice. That makes the device more sensitive.

But that's not the only advantage. In the new device, external light can be projected from underneath the metal surface containing the interferometers instead of from above. That eliminates the need for complex illumination architectures on top of the sensing surface, which could make for easier integration into compact devices.
The embedded light emitters also eliminate the need to control the amount of sample liquid deposited on the interferometer's surface. Large droplets of liquid can cause lensing effects, a bending of light that can scramble the results from the interferometer. Most plasmonic sensors make use of tiny microfluidic channels to deliver a thin film of liquid to avoid lensing problems. But with internal light emitters excited from the bottom surface, the external light never comes in contact with the sample, so lensing effects are negated, as is the need for microfluidics.

Finally, the internal emitters produce a low intensity light. That's good for probing delicate samples, such as proteins, than can be damaged by high-intensity light.

More work is required to get the system out of the lab and into devices, and Pacifici and his team plan to continue to refine the idea. The next step will be to try eliminating the external light source altogether. It might be possible, the researchers say, to eventually excite the internal emitters using tiny fiber optic lines, or perhaps electric current.

Still, this initial proof-of-concept is promising, Pacifici said.

"From a fundamental standpoint, we think this new device represents a significant step forward," he said, "a first demonstration of plasmonic interferometry with incoherent light".

Source: Brown Univ.
进展可能有助于纳米生物传感器的发展

想象一下，一个手持式环境传感器能够在同一时间内对水中的铅、大肠杆菌和农药进行测试，或者一个生物传感器能够仅仅用一滴血就能够进行一个完整的血液病情的检查。这就是纳米电浆干涉仪的承诺，这是一项将纳米技术与电浆——金属电子与光电子之间的相互作用——相互结合的技术。

目前，来自布朗大学工程学院的研究人员已经取得了一个重要的根本性进展，有可能令这样的设备更加实用。该研究小组已经开发出一项技术能够消除对提供连贯光的高度专业化的外部光源的需求，该技术通常是需要这种外部光源的。取得的进展有可能会产生更多的功能以及更紧凑的设备。

“人们一直认为连贯的光对于电浆干涉是必要的，”与博士后研究员李东方及研究生冯景一同监督该研究的工程学教授多梅尼科•帕奇菲奇说。“但是，我们能够推翻这个假设。”

该研究在自然科学家报告中有所描述。

电浆干涉仪利用光线与表面等离子体激元以及在光能在金属中引起自由电子时创造的密度波之间的相互作用。一类干涉仪看起来像是蚀刻在一个金属薄层上的靶心结构。在该中心是该金属层上产生的一个直径约300纳米的孔——该数据比人的头发的直径还要小上1000倍左右。该孔是由一系列刻蚀的槽所包围，其直径可达到几微米。成千上万的这种靶心可以放置在一个指甲盖大小的芯片上。

当来自外部能源的光照射到一个干涉仪的表面，一些光子穿过了中心孔，而另一些则被槽散射掉。那些散射的光子会产生通过金属向孔内传播的表面等离子体，在那里它们与穿过孔的光子产生相互作用。其在孔发射的光内创造了一个干涉图案，该图案能够被金属表面下方的检测器记录下来。

当液体沉积于干涉仪的顶部，光与表面等离子体振子在它们与彼此相互干扰之前就会通过该液体传播。这改变了依赖于液体化学组成或其内部呈现的化合物的检测器记录的干涉图案。通过使用不同尺寸的槽来围绕着孔，干涉仪能够得到调整以检测特定化合物或分子的特性。通过这种能力将不同调谐的干涉仪放置在一个芯片上，工程师能够假设性地制造出一个多功能的探测器。

到目前为止，所有的等离子干涉仪都需要使用高度专业化的外部光源来提供连贯的光——一种光束，其内部的光波是平行的，具有相同的波长，并且在同相中穿行（这意味着波的高峰和低谷是对齐的）。如果没有连贯光源，干涉仪无法产生有用的干涉图案。这类光源，但是，往往体积较大，价格昂贵，并且需要仔细对准及定期校准才能获得可靠的光学响应。

但是帕奇菲奇及其团队已经想出了一个消除对外部连贯光的需求的办法。在新的方法中，荧光发光原子会在干涉仪中心的小孔内得到直接集成。外部光源对于激发内部发射器仍然是必要的，但是它不必是一个专门的连贯光源。

“这是光干涉的一个全新理念，”帕奇菲奇称，“一个全新的设备。”

在这个新的设备中，在干涉仪中显示的非连贯光令中心孔内的荧光原子产生了表面等离子体。这些等离子体从孔内向外传播，在凹槽环上得到反弹，之后 再传播回孔内。一旦等离子体传播回来，其会与释放它的原子产生相互作用，从而通过直接传输的光子产生干扰。由于光子的发射和等离子体的产生是源自同一发射器的难以区分的可替代路径，因此该过程是自然连贯的，并且因此干扰能够在发射器得到不连贯的激发时产生。

“这里最重要的是，这是一个自干扰过程，”帕奇菲奇说。“即使你使用的是一个不连续的光来激发发射器也是没有关系的，你仍然能够获得一个连续过程。”

除了消除对特定外部光源的需求，该方法还具有几个优点，帕奇菲奇表示。由于表面等离子体移动到孔的外部又移动回孔内，它们就两次探测了干涉仪表面顶部的样品。这使得该装置更加灵敏。

但是这并不是唯一的优势。在新的装置中，外部光能够从含有干涉仪的金属表面的下发得到投影，而不是从金属表面的上方。这消除了对感测表面顶部复杂的照明结构的需求，这可能令集成到小型设备中更加容易。

嵌入式光发射器也消除了对控制沉积在干涉仪表面的样品液体的含量的需求。大液滴的液体有可能会导致透镜效应，一种能够扰乱干涉仪的结果的光的弯曲。大多数等离子传感器都利用微小的微流体通道来提供一个液体薄膜，从而避免透镜效应的问题。但是，通过安置在表面下方的内部光发射器，外部光永远都不会与该样品接触，从而令透镜效应无效，就像微流体需求一样。

最后，内部发射器产生一个较低强度的光。这对于探测细腻的样品非常好，例如蛋白质，因为高强度的光会破坏细腻的样品。

需要更多的努力来令该系统走出实验室，进入设备，并且帕奇菲奇及其团队计划继续改进该想法。下一步将是设法消除所有的外部光源。这是有可能的，研究人员称，最终利用微小的光纤线路或电流来激发内部发射器。

不过，这个初步证明的概念是有希望的，帕奇菲奇表示。

“从基本角度来看，我们认为这种新的设备代表了向前迈进的重要一步，”他称，“用非连贯光的等离子体干涉仪的第一个示范”。

资料来源：布朗大学

MCanxixun Information and News Service








Vol.103 2016











2
1

