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Tech News & New Tech（技术前沿）
Measuring thermoelectric behavior by “Tinkertoy” materials  
Sandia National Laboratories researchers have made the first measurements of thermoelectric behavior by a nanoporous metal-organic framework (MOF), a development that could lead to an entirely new class of materials for such applications as cooling computer chips and cameras and energy harvesting.

“These results introduce MOFs as a new class of thermoelectric materials that can be tailored and optimized,” said Sandia physicist François Léonard. “This discovery brings us a step closer to realizing the potential of MOFs in practical applications.”

The results were published in “Thin Film Thermoelectric Metal–Organic Framework with High Seebeck Coefficient and Low Thermal Conductivity,” which appeared April 28, 2015, online in Advanced Materials. This work builds on previous research in which the Sandia team realized electrical conductivity in MOFs by infiltrating the pores with a molecule known as tetracyanoquinodimethane, or TCNQ, as described in a 2014 article in Science.

“The fact that a TCNQ-filled MOF conducts electricity quite well made us hopeful that we’d also see thermoelectricity, but it was by no means a given,” said Sandia senior scientist Mark Allendorf. “We found that not only is the material thermoelectric but also the efficiency of its temperature conversion approaches that of the best conducting materials like bismuth telluride.”

Thermoelectric devices convert heat to electricity and have no moving parts, making them extremely attractive for cooling and energy harvesting applications. Thermoelectric MOFs could take these advantages a step further with improved performance, smaller size and flexible designs.

The researchers also gained a fundamental understanding of the charge transport properties of these novel materials that furthers the long-range goal of molding MOFs into electronic and optoelectronic devices.

Guest@MOF concept described

Described as “molecular tinker toys,” MOFs have a crystalline structure that resembles molecular scaffolding, consisting of rigid organic molecules linked together by metal ions. Those organic molecules are the sticks and the metal ions are the balls.

The hybrid of inorganic and organic components produces an unusual combination of properties: nanoporosity, ultralarge surface areas and remarkable thermal stability, which are attractive to chemists seeking novel materials. The empty space framed by the organic molecules and metal ions is what truly sets apart MOFs—empty space that can be filled with practically any small molecule a chemist chooses.

“We describe this concept as Guest@MOF, with the guest being practically any molecule small enough to fit in the MOF pores,” explained Alec Talin, a materials scientist at Sandia. “The great thing about chemistry is you can synthesize a wide variety of molecules to be inserted inside a MOF to change its properties. In optimizing materials, this gives you a lot of knobs to turn.”

MOF-enabled efficient energy conversion

The researchers had to devise a method to measure the thermoelectric properties of TCNQ@MOF, where TCNQ was the guest molecule. MOFs are so new—they were only discovered in 1999—that researchers often find themselves on the frontier of science with few established tools or even a clear understanding of the material’s fundamental properties.

Léonard, Talin and Kristopher Erickson, a former Sandia postdoctoral fellow, created a thermoelectric device by connecting Peltier heaters and coolers to each end of a thin film of TCNQ@MOF to generate a tiny temperature gradient. They accurately measured the temperature gradient with an infrared camera while simultaneously measuring the generated voltage. From these data they obtained the voltage per unit of temperature change, known as the Seebeck coefficient.

Patrick Hopkins, an assistant professor of mechanical engineering at the University of Virginia, and his graduate student Brian M. Foley used a laser technique to measure the thermal conductivity.

The resulting measurements showed great promise. TCNQ@MOF has a high Seebeck coefficient and low thermal conductivity, two important properties for efficient thermoelectricity. The Seebeck coefficient was in the same range as bismuth telluride, one of the top solid state thermoelectric materials.

“The next step is, how do we make it better?” said Allendorf. “The energy conversion is not competitive yet with solid state materials, but we think we can improve that with better electrical conductivity.”

Measurements yield fundamental understanding of electronic structure

The measurements also captured data that has advanced the team’s fundamental understanding of the TCNQ@MOF electronic structure. Sandia physicist Catalin Spataru and materials scientist Mike Foster conducted detailed electronic structure calculations of TCNQ@MOF and Sandia materials scientist Reese Jones performed thermal conductivity simulations.

“We were trying to understand the role of the guest molecule, TCNQ in this case, when it infiltrates the pore of a MOF.  Finding a representative configuration for the combined TCNQ@MOF system via computer simulations was particularly challenging, as we don’t expect guest molecules to form an ordered structure,” said Spataru.

The simulations allowed the researchers to verify the source of the charge transport and establish that TCNQ@MOFs is a p-type material. Applications such as transistors and diodes require semiconductors of both p-type and n-type.

“We’re now looking for a molecule that in combination with a MOF creates an n-type semiconductor with similar properties to TCNQ@MOF,” said Léonard. “Once we find that, we’ll be at the early stage of creating a full thermoelectric device.”

MOFs in space, smartphones and cars

Once thermoelectric MOFs realize sufficient energy conversion efficiency, they could begin replacing existing cooling methods in devices where compactness and weight are priorities. Cameras mounted on satellites, which require constant cooling to function properly, are one example. Replacing the fans in computer chips with thermoelectric MOFs could reduce the weight of laptop computers, smartphones and other portable electronics and the number of moving parts that will eventually wear out.

Energy-harvesting thermoelectric devices capitalize on wasted heat to draw power. A thermoelectric device near a car engine or exhaust system could transfer that wasted heat into a power source for the car’s electronics. Thermoelectric devices are also used to provide localized cooling for passenger comfort.

“Another potential application is using temperature gradients in the ground to power sensors in remote areas,” said Léonard. “Thermoelectrics could be quite ideal for this application, as you could set up a device and leave it to run for long periods of time.”

Future work seeks to improve efficiency

The researchers are now improving the thermoelectric efficiency of TCNQ@MOF. One avenue is to change the MOF films from the polycrystalline structures used in the initial research to single-crystal.

“A unified structure should conduct electricity better,” said Sandia chemist Vitalie Stavila, who grew the MOF thin films. “However, we believe the interfaces between the polycrystal grains contribute to the low thermal conductivity. So the best energy conversion efficiency will likely be achieved by balancing these two parameters.”

The researchers are also turning their thermoelectric measurement technique to other MOFs and materials, such as carbon nanotube thin films.

“This is a very exciting time to be working on MOFs,” said Allendorf. “Fundamental science is only beginning to catch up with these new applications, which are advancing at rapid pace. The improved understanding we’re beginning to get will help us extend MOFs into many exciting but challenging new areas.”

SOURCE: Sandia National Laboratories
测量“组装式”材料的热电性能 

美国桑迪亚国家实验室的研究人员首次测量了纳米多孔金属有机骨架(以下简称MOF)的热电性能，促进了应用于计算机芯片与摄像机冷却以及能量收集方面的全新材料的发展。

“研究成果显示，MOF可作为一种可定制和优化的新型热电材料，”桑迪亚物理学家François Léonard说。“该发现使我们进一步认识到MOF的实际应用潜力。”

该成果以“具有高塞贝克系数和低热导率的薄膜热电金属有机骨架”为题在线发表于2015年4月28日的《先进材料》（Advanced Materials）杂志上。该项研究工作建立在之前研究的基础上，即桑迪亚团队通过将四氰基对苯二醌二甲烷（简称，TCNQ）分子渗透到孔里实现了MOF的电导率，结果刊载于2014年《科学》杂志。

“TCNQ填充的MOF有相当好的导电性，让我们对其热电性充满希望，但是这并不确定，”桑迪亚高级科学家 Mark Allendorf说。“我们发现，最佳的导电材料，如碲化铋，不但是热电材料，而且温度转换处理效率高。”

热电装置将热能转换为电能，且没有可动部件，这使它们对冷却和能量收集应用方面极具吸引力。热电MOF可以其更好的性能、更小的尺寸和灵活的设计，进一步发挥这些优势。

研究人员也获得了对这些新材料电荷传输性能的基本理解，这些新材料推动了用MOF铸造电子和光电子装置的长期目标的实现。

客体@MOF概念 

MOF被称为“分子组装式玩具”，具有类似分子骨架的晶体结构，由金属离子连在一起的刚性有机分子组成。有机分子是棍，而金属离子是球。

无机成分和有机成分的混合物产生了一组不同寻常的特性：纳米多孔性，超大表面积和出色的热稳定性，这些特性吸引着寻找新材料的化学家们。有机分子和金属离子形成的空白空间可以真正区分MOF——空白空间可用化学家选择的几乎任何小分子进行填充。

“我们将这种概念称为客体@MOF，客体几乎可以是任何足够小的适合MOF孔的分子，”桑迪亚材料科学家Alec Talin解释说。“化学领域中最大的优点是，我们可以合成多种多样的分子，并将这些分子嵌入MOF来改变MOF的性能。在材料优化中，这给了我们很多可以旋转的旋钮。”

MOF促进能源转换

研究人员必须设计一种方法来测量TCNQ@MOF的热电性能，其中TCNQ是客体分子。MOF 在1999年才被发现，它如此新，以至于研究人员常常发现它们处在科学的前沿，几乎没有已建立的工具，乃至对材料的基本性质的清晰认识都很少。

Léonard，Talin和前桑迪亚博士后Kristopher Erickson开发了一种热电装置，通过将帕尔贴加热器和冷却器连接到TCNQ@MOF薄膜的每一端，形成一个微小的温度梯度。他们用红外摄像机准确地测量温度梯度，同时测量了产生的电压。他们从这些数据得到了每单位温度变化的电压，即塞贝克系数。

美国弗吉尼亚大学机械工程系助理教授Patrick Hopkins和他的研究生Brian M. Foley采用激光技术测量了热导率。

由此产生的测量值显示了巨大的潜力。TCNQ@MOF具有高塞贝克系数和低热导率，这是高效热电性的两个重要特性。该塞贝克系数与最好的固态热电材料之一碲化铋在同一范围。

“下一步是，我们如何让它变得更好？” Allendorf说。“这种材料的能量转换与固态材料尚不具有竞争性，但是我们认为可以用更好的电导性对其进行改善。”

测量促进了对电子结构的基本理解

测量也获得了一些数据，这些数据提高了研究团队对TCNQ@MOF电子结构的基本理解。桑迪亚物理学家Catalin Spataru和材料科学家Mike Foster做了详细的TCNQ@MOF电子结构计算，桑迪亚材料科学家Reese Jones进行了热导率模拟。

Spataru说：“我们正试图了解客体分子，即本例中的TCNQ，在渗入MOF孔中后的作用。通过计算机模拟找到一种TCNQ@MOF联合系统的典型形态特别具有挑战性，因为我们并不期望客体分子形成一种有序结构。”

“该模拟允许研究者验证电荷输送来源并证实TCNQ@MOFs是一种p-型材料。诸如晶体管和二极管等应用需要p-型和n-型半导体。”

“我们正在寻找一种分子，它与MOF结合形成n-型半导体，具有与TCNQ@MOF相似的性能。”Léonard说。“一旦找到，我们将进入开发完整的热电装置的初期。”

MOF在太空、智能手机和汽车领域的应用

一旦热电MOF具备了足够的能量转换效率，它们就可能取代会优先考虑实度和重量的装置中现有的冷却法。卫星上的摄像机需要恒定冷却来正常运行，这就是一个例子。用热电MOF取代计算机芯片中的风扇可以减轻便携计算机、智能手机和其它便携式电子设备的重量，并减少最终耗尽的可动部件数量。

能量收集热电装置从废热中吸取能量。一台靠近汽车发动机或排气系统的热电装置可能将废热转变为汽车电子器件的能源。热电装置也用于为乘客的舒适度提供局部冷却。

“另一个潜在的应用，是利用地面温度梯度为偏远地区的传感器提供动力，” Léonard说。“这可能是热电相当理想的应用，因为你可以设立一个装置，让它运行很长时间。”

未来将力图研究如何提高效率

目前研究人员正致力于提高TCNQ@MOF的热电效率。一种途径是，将MOF薄膜从最初研究中使用的多晶结构改变为单晶结构。

“统一结构的导电性本应该更好，”桑迪亚化学家Vitalie Stavila说，他负责制备MOF薄膜。“然而，我们相信，多晶体晶粒之间的界面将导致低热导率。因此，最佳能量转换效率将很可能通过平衡这两个因素来实现。”

研究人员也正在将他们的热电测量技术转向其它MOF和材料，如纳米碳管薄膜。

“研究MOF是令人兴奋，”Allendorf说。“基础科学刚刚开始赶上这些快速进步的新型应用。我们不断增加的关于MOF的认识，将帮助我们将MOF扩展应用于很多令人兴奋但具有挑战性的新领域。”

来源：桑迪亚国家实验室

Whispering gallery for graphene electrons

[image: image1.jpg]



An international research group led by scientists at NIST has developed a technique for creating nanoscale whispering galleries for electrons in graphene. The researchers used the voltage from a scanning tunneling microscope (right) to push graphene electrons out of a nanoscale area to create the whispering gallery (represented by the protuberances on the left), which is like a circular wall of mirrors to the electron. Image: Jon Wyrick, CNST/NIST
An international research group led by scientists at NIST has developed a technique for creating nanoscale whispering galleries for electrons in graphene. The development opens the way to building devices that focus and amplify electrons just as lenses focus light and resonators (like the body of a guitar) amplify sound.

They reported their findings in Science.

In some structures, such as the dome in St. Paul’s Cathedral in London, a person standing near a curved wall can hear the faintest sound made along any other part of that wall. This phenomenon, called a whispering gallery, occurs because sound waves will travel along a curved surface much farther than they will along a flat one. Using this same principle, scientists have built whispering galleries for light waves as well, and whispering galleries are found in applications ranging from sensing, spectroscopy and communications to the generation of laser frequency combs.

“The cool thing is that we made a nanometer scale electronic analogue of a classical wave effect,” said NIST researcher Joe Stroscio. “These whispering galleries are unlike anything you see in any other electron based system, and that’s really exciting.”

Ever since graphene, a single layer of carbon atoms arranged in a honeycomb lattice, was first created in 2004, the material has impressed researchers with its strength, ability to conduct electricity and heat and many interesting optical, magnetic and chemical properties.

However, early studies of the behavior of electrons in graphene were hampered by defects in the material. As the manufacture of clean and near-perfect graphene becomes more routine, scientists are beginning to uncover its full potential.

When moving electrons encounter a potential barrier in conventional semiconductors, it takes an increase in energy for the electron to continue flowing. As a result, they are often reflected, just as one would expect from a ball-like particle.

However, because electrons can sometimes behave like a wave, there is a calculable chance that they will ignore the barrier altogether, a phenomenon called tunneling. Due to the light-like properties of graphene electrons, they can pass through unimpeded—no matter how high the barrier—if they hit the barrier head on. This tendency to tunnel makes it hard to steer electrons in graphene.

Enter the graphene electron whispering gallery.

To create a whispering gallery in graphene, the team first enriched the graphene with electrons from a conductive plate mounted below it. With the graphene now crackling with electrons, the research team used the voltage from a scanning tunneling microscope (STM) to push some of them out of a nanoscale-sized area. This created the whispering gallery, which is like a circular wall of mirrors to the electron.

“An electron that hits the step head-on can tunnel straight through it,” said NIST researcher Nikolai Zhitenev. “But if electrons hit it at an angle, their waves can be reflected and travel along the sides of the curved walls of the barrier until they began to interfere with one another, creating a nanoscale electronic whispering gallery mode.”

The team can control the size and strength, i.e., the leakiness, of the electronic whispering gallery by varying the STM tip’s voltage. The probe not only creates whispering gallery modes, but can detect them as well.

NIST researcher Yue Zhao fabricated the high mobility device and performed the measurements with her colleagues Fabian Natterer and Jon Wyrick. A team of theoretical physicists from the Massachusetts Institute of Technology developed the theory describing whispering gallery modes in graphene.

Graphene-based quantum electronic resonators and lenses have as yet untold potential, but if conventional optics is any guide, the ramifications could be huge.

Source: NIST
石墨烯电子回音廊 
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一个由美国国家标准技术研究所（NIST）的科学家带领的国际研究小组，开发了一种技术。这种技术可用于创建石墨烯电子的纳米级回音廊。研究人员使用来自扫描穿隧式显微镜（右）的电压，从纳米领域将石墨烯电子推出，来创建回音廊（左边的突起为代表），就像是一个圆弧的电子镜墙。供图：CNST/NIST，Jon Wyrick

一个由美国国家标准技术研究所（NIST）的科学家带领的国际研究小组，开发了一种技术，用于创建石墨烯电子的纳米级回音廊。该技术的发展为建造可以集中、放大电子的设备开辟了道路，就好比透镜聚焦光线、谐振器（如吉他的主体）放大声音。

他们将研究结果刊载于《科学》杂志上。

在一些结构里，比如伦敦圣保罗大教堂的圆顶，一个人站在弧形墙旁就能听到墙其他部分发出的轻微声响。这种现象，称为回音廊，它的发生是因为声波沿曲面传播的速度快于平面。科学家运用同样的原理建立了光波回音廊，传感、光谱学到激光频率梳产生的通信的很多运用中都有回音廊的存在。

“厉害的是，我们做了一个纳米尺度的经典波浪效应的电子模拟，”NIST研究员Joe Stroscio说。“这些回音廊不同于任何其他的电子系统，这真是令人兴奋。”

石墨烯是蜂窝状晶格排列的碳原子单层，于2004年首次被创造出来；该材料的强度、导电和导热能力，和许多有趣的光、磁和化学性质给研究者们留下了深刻印象。 

然而，早期关于石墨烯的电子行为的研究为材料缺陷所阻碍。作为干净和近乎完美的石墨烯产品变得更普通，科学家开始发现它的潜能。

当移动电子，在传统的半导体中接触潜在的屏障，它需要增加电子能量来继续流动。结果，它们经常被反射，就像人们预期的球状颗粒。

然而，由于电子有时表现得像波，所以它们有可能会忽略屏障，这种现象被称为隧道。由于石墨烯电子的光状性质，如果它们迎面撞到屏障上，它们可以畅通无阻地通过——不管多高的屏障。这一隧道趋势难以控制石墨烯中的电子。

进入石墨烯电子回音廊。

为了打造石烯的回音廊，小组用下面安装好的导电板的电子丰富石墨烯。随着石墨烯与电子爆裂，研究组使用来自扫描穿隧式显微镜的电压，从纳米领域将石墨烯电子推出，来创建回音廊，就像是一个圆弧的电子镜墙。

“电子迎面撞可以直通隧道，”NIST研究员Nikolai Zhitenev说。“但如果电子以特定角度撞上，它们的波可以反射，沿屏障的弧形墙通过，直到它们开始互相干涉，产生纳米级电子回音廊模式。”

小组可以控制大小和强度，比如，通过改变扫描穿隧式显微镜末端的电压的泄漏。探头不仅可以创建回音廊模式，也可以检测到它们。

NIST的研究人员Yue Zhao和同事Fabian Natterer、Jon Wyrick，制作了高速移动设备和执行了测量。一组麻省理工学院的理论物理学家，发展了石墨烯回音廊模式的理论。

石墨烯量子电子谐振器和透镜还不有为人知的潜力，但如果常规光学有指导意义，其影响可能是巨大的。

来源：美国国家标准与技术研究院（National Institute of Standards and Technology，NIST）

CLAIRE brings electron microscopy to soft materials
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CLAIRE image of Al nanostructures with an inset that shows a cluster of six Al nanostructures.

Soft matter encompasses a broad swath of materials, including liquids, polymers, gels, foam and—most importantly—biomolecules. At the heart of soft materials, governing their overall properties and capabilities, are the interactions of nano-sized components. Observing the dynamics behind these interactions is critical to understanding key biological processes, such as protein crystallization and metabolism, and could help accelerate the development of important new technologies, such as artificial photosynthesis or high-efficiency photovoltaic cells. Observing these dynamics at sufficient resolution has been a major challenge, but this challenge is now being met with a new non-invasive nanoscale imaging technique that goes by the acronym of CLAIRE.

CLAIRE stands for “cathodoluminescence activated imaging by resonant energy transfer.” Invented by researchers with the U.S. Dept. of Energy (DOE)’s Lawrence Berkeley National Laboratory (Berkeley Lab) and the Univ. of California (UC) Berkeley, CLAIRE extends the incredible resolution of electron microscopy to the dynamic imaging of soft matter.

“Traditional electron microscopy damages soft materials and has therefore mainly been used to provide topographical or compositional information about robust inorganic solids or fixed sections of biological specimens,” says chemist Naomi Ginsberg, who leads CLAIRE’s development. “CLAIRE allows us to convert electron microscopy into a new non-invasive imaging modality for studying soft materials and providing spectrally specific information about them on the nanoscale.”

Ginsberg holds appointments with Berkeley Lab’s Physical Biosciences Div. and its Materials Sciences Div., as well as UC Berkeley’s departments of chemistry and physics. She is also a member of the Kavli Energy NanoScience Institute (Kavli-ENSI) at Berkeley. She and her research group recently demonstrated CLAIRE’s imaging capabilities by applying the technique to aluminum nanostructures and polymer films that could not have been directly imaged with electron microscopy.

“What microscopic defects in molecular solids give rise to their functional optical and electronic properties? By what potentially controllable process do such solids form from their individual microscopic components, initially in the solution phase? The answers require observing the dynamics of electronic excitations or of molecules themselves as they explore spatially heterogeneous landscapes in condensed phase systems,” Ginsberg says. “In our demonstration, we obtained optical images of aluminum nanostructures with 46 nm resolution, then validated the non-invasiveness of CLAIRE by imaging a conjugated polymer film. The high resolution, speed and non-invasiveness we demonstrated with CLAIRE positions us to transform our current understanding of key biomolecular interactions.”

CLAIRE works by essentially combining the best attributes of optical and scanning electron microscopy into a single imaging platform. Scanning electron microscopes use beams of electrons rather than light for illumination and magnification. With much shorter wavelengths than photons of visible light, electron beams can be used to observe objects hundreds of times smaller than those that can be resolved with an optical microscope. However, these electron beams destroy most forms of soft matter and are incapable of spectrally specific molecular excitation.

Ginsberg and her colleagues get around these problems by employing a process called “cathodoluminescence,” in which an ultrathin scintillating film, about 20 nm thick, composed of cerium-doped yttrium aluminum perovskite, is inserted between the electron beam and the sample. When the scintillating film is excited by a low-energy electron beam (about 1 KeV), it emits energy that is transferred to the sample, causing the sample to radiate. This luminescence is recorded and correlated to the electron beam position to form an image that is not restricted by the optical diffraction limit.

Developing the scintillating film and integrating it into a microchip imaging device was an enormous undertaking, Ginsberg says, and she credits the “talent and dedication” of her research group for the success. She also gives much credit to the staff and capabilities of the Molecular Foundry, a DOE Office of Science User Facility, where the CLAIRE imaging demonstration was carried out.

“The Molecular Foundry truly enabled CLAIRE imaging to come to life,” she says. “We collaborated with staff scientists there to design and install a high efficiency light collection apparatus in one of the Foundry’s scanning electron microscopes and their advice and input were fantastic. That we can work with Foundry scientists to modify the instrumentation and enhance its capabilities not only for our own experiments but also for other users is unique.”

While there is still more work to do to make CLAIRE widely accessible, Ginsberg and her group are moving forward with further refinements for several specific applications.

“We’re interested in non-invasively imaging soft functional materials like the active layers in solar cells and light-emitting devices,” she says. “It is especially true in organics and organic/inorganic hybrids that the morphology of these materials is complex and requires nanoscale resolution to correlate morphological features to functions.”

Ginsberg and her group are also working on the creation of liquid cells for observing biomolecular interactions under physiological conditions. Since electron microscopes can only operate in a high vacuum, as molecules in the air disrupt the electron beam, and since liquids evaporate in high vacuum, aqueous samples must either be freeze-dried or hermetically sealed in special cells.

“We need liquid cells for CLAIRE to study the dynamic organization of light-harvesting proteins in photosynthetic membranes,” Ginsberg says. “We should also be able to perform other studies in membrane biophysics to see how molecules diffuse in complex environments, and we’d like to be able to study molecular recognition at the single molecule level.”

In addition, Ginsberg and her group will be using CLAIRE to study the dynamics of nanoscale systems for soft materials in general.

“We would love to be able to observe crystallization processes or to watch a material made of nanoscale components anneal or undergo a phase transition,” she says. “We would also love to be able to watch the electric double layer at a charged surface as it evolves, as this phenomenon is crucial to battery science.”

A paper describing the most recent work on CLAIRE has been published in Nano Letters.

Source: Lawrence Berkeley National Laboratory
利用CLAIRE技术对软材料进行电子显微镜成象
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上为利用CLAIRE技术展现出的铝纳米结构图像，内插图显示了一组六铝纳米结构。 

软材料涵盖广泛的物质，包括液体、聚合物、胶、泡沫，以及最重要的生物分子。软材料的核心，是纳米级大小组成的相互作用，支配着它们全部的特性和功能。观察在这些相互作用的动态，是理解蛋白质结晶和代谢等重要生物过程的关键，并有助于加速重要新技术的发展，如人工光合作用或高效光伏电池。在足够高的分辨率下观察这些动态一直是个重大挑战，但这种挑战可通过一种新型非侵入性纳米成像技术来实现，该技术缩写为CLAIRE。

CLAIRE代表着“通过共振能量转移的阴极射线发光激活成像”，由来自美国能源部(DOE)劳伦斯伯克利国家实验室（伯克利实验室）和加州大学（UC）伯克利分校的研究者发明。CLAIRE增大了软材料动态影像的电子显微镜的分辨率。   

“传统的电子显微镜会破坏软材料，并且因此主要被用来提供地形上或构造上的关于稳健无机固体或生物样品固定部分的信息，”领导CLAIRE发展的化学家Naomi Ginsberg说。“在软材料研究方面，CLAIRE可使我们将电子显微镜转换到新的非侵入性成像模式，并提供具体的相关纳米级光谱信息。

Ginsberg任命于伯克利实验室物理生物科学部和材料科学部，以及伯克利大学学院化学与物理部门。她也是伯克利Kavli能量纳米科学研究所的一员。她和她的研究小组，最近通过将CLAIRE技术应用到无法进行电子显微镜直接成像的铝纳米聚合物薄膜上，展示了该技术的成像能力。 

“是分子固体上的什么微观缺陷导致了其光学功能和电子特性？通过什么潜在的可控过程，最初在溶液相，单个的微观成分形成这样的固体？得出答案，就需要我们观察电子激发动态或分子在压缩相系统中探索空间异质景观时自身的动态，” Ginsberg说。“在证明过程中，我们得到了约46 nm分辨率的铝纳米结构的光学影像，而后通过对共轭高分子膜成像验证了CLAIRE的非侵入性。我们用CLAIRE证明的高分辨率、速度和非侵入性，改变了我们目前对关键生物分子相互作用的理解。” 

CLAIRE的作用方式，就是在本质上将最好的光学属性与扫描电子显微镜检查法结合到一个单一的成像平台上。扫描电子显微镜利用电子光束而不是用于照明和放大的光。电子光束具有比可见光的光子更短的波长，可用来观测那些比可用光学显微镜分辨的小几百倍的物体。然而，这些电子束会破坏大多数软物质形态，且不能进行光谱上特殊的分子激发。 

Ginsberg和她的同事们通过一个被称为“阴极射线发光”的过程来解决这些问题，在此过程中，一个由铈掺杂钇铝钙钛矿制成的厚度约为20 nm的超薄闪烁薄膜，被插入到电子束与样本之间。当闪烁薄膜由低能电子束激发（约1 keV）时，它发出的能量被转移到样本，使样本辐射。这种发光被记录且关联到电子束的位置，形成一个不受光学衍射极限限制的图像。

发展闪烁薄膜并将其集成到一个微芯片成像装置，是一项巨大的事业，Ginsberg说，她称赞是她的研究小组的“天赋和奉献”造就了此次成功。她还对“分子铸造”（Molecular Foundry）的员工和能力给予称赞，分子铸造是美国能源部（DOE）科学用户设施办公室，是CLAIRE成像进行的地方。

“分子铸造真正使CLAIRE成像进入到生活，”她说。“我们与科学家合作，设计了一个高效的光收集装置，并将其安装在铸造厂的一个扫描电子显微镜上，他们的建议和投入都很棒。我们可以与Molecular Foundry的科学家修改仪表，加强其能力，这不仅仅是为我们自己的实验，对其他用户也是独一无二的。”

使CLAIRE更广泛普及，虽然还有很多工作要做，但Ginsberg 和她的团队正在为一些具体的应用推动进一步改进。

“我们对非侵入性成像的软功能材料，像在太阳能电池和发光装置的激活层很有兴趣，”她说。“尤其是有机和有机/无机混合材料，这些材料的形态是复杂的，且需要纳米级的分辨率来关联功能的形态特征。”

Ginsberg和她的团队为在生理条件下观察生物分子间的相互作用，也致力于液体细胞创造工作。由于电子显微镜只能在高真空下操作，空气分子会破坏电子束，也由于液体在高真空下蒸发，水样本必须冷冻干燥或密封在特定细胞。

“我们需要液体细胞来研究光合膜内捕光蛋白的的动态组织，”Ginsberg说。“我们也应能执行其他在膜生物物理学上的研究，去发现如何分子在复杂的环境中扩散，我们也希望能在单分子水平上研究分子识别。”

此外，Ginsberg和她的团队将利用CLAIRE技术从总体上研究软质材料在纳米尺度的动力学。

“我们希望能够观察结晶过程，或对由纳米级的成分韧炼或经受一个过渡阶段组成的材料进行观察，”她说。“我们也希望能够看到双电层在带电表面的发展，这个现象对电池科学至关重要。”

有关CLAIRE最新研究成果的文章已刊载于Nano Letters杂志。

来源：劳伦斯伯克利国家实验室

Nanomaterials inspired by bird feathers

Inspired by the way iridescent bird feathers play with light, scientists have created thin films of material in a wide range of pure colors—from red to green—with hues determined by physical structure rather than pigments.

Structural color arises from the interaction of light with materials that have patterns on a minute scale, which bend and reflect light to amplify some wavelengths and dampen others. Melanosomes, tiny packets of melanin found in the feathers, skin and fur of many animals, can produce structural color when packed into solid layers, as they are in the feathers of some birds.

"We synthesized and assembled nanoparticles of a synthetic version of melanin to mimic the natural structures found in bird feathers," said Nathan Gianneschi, a professor of chemistry and biochemistry at the Univ. of California, San Diego. "We want to understand how nature uses materials like this, then to develop function that goes beyond what is possible in nature."

Gianneschi's work focuses on nanoparticles that can sense and respond to the environment. He proposed the project after hearing Matthew Shawkey, a biology professor at the University of Akron, describe his work on the structural color in bird feathers at a conference. Gianneschi, Shawkey and colleagues at both universities report the fruits of the resulting collaboration in ACS Nano.

To mimic natural melanosomes, Yiwen Li, a postdoctoral fellow in Gianneschi's lab, chemically linked a similar molecule, dopamine, into meshes. The linked, or polydopamine, balled up into spherical particles of near uniform size. Ming Xiao, a graduate student who works with Shawkey and polymer science professor Ali Dhinojwala at the Univ. of Akron, dried different concentrations of the particles to form thin films of tightly packed polydopamine particles.

The films reflect pure colors of light; red, orange, yellow and green, with hue determined by the thickness of the polydopamine layer and how tightly the particles packed, which relates to their size, analysis by Shawkey's group determined.

The colors are exceptionally uniform across the films, according to precise measurements by Dimitri Deheyn, a research scientist at UC San Diego's Scripps Institution of Oceanography who studies how a wide variety of organisms use light and color to communicate. "This spatial mapping of spectra also tells you about color changes associated with changes in the size or depth of the particles," Deheyn said.

The qualities of the material contribute to its potential application. Pure hue is a valuable trait in colorimetric sensors. And unlike pigment-based paints or dyes, structural color won't fade. Polydopamine, like melanin, absorbs UV light, so coatings made from polydopamine could protect materials as well. Dopamine is also a biological molecule used to transmit information in our brains, for example, and therefore biodegradable.

"What has kept me fascinated for 15 years is the idea that one can generate colors across the rainbow through slight (nanometer scale) changes in structure," said Shawkey whose interests range from the physical mechanisms that produce colors to how the structures grow in living organisms. "This idea of biomimicry can help solve practical problems but also enables us to test the mechanistic and developmental hypotheses we've proposed," he said.

Natural melanosomes found in bird feathers vary in size and particularly shape, forming rods and spheres that can be solid or hollow. The next step is to vary the shapes of nanoparticles of polydopamine to mimic that variety to experimentally test how size and shape influence the particle's interactions with light, and therefore the color of the material. Ultimately, the team hopes to generate a palette of biocompatible, structural color.

Source: Univ. of California, San Diego 

受到鸟类羽毛启发的纳米材料  

光照在彩虹色鸟羽毛的方式给科学家以启示，使他们创建出了一系列纯色（从红色到绿色）的薄膜材料，其色调由物理结构决定，而不是色素。  

光与那些在微小尺度有特定模式的材料相互反应会产生结构色，这种材料会弯曲或反射光，以放大一些波长并削弱其他波长。黑素体，是一种在许多动物的羽毛、皮肤和软毛中发现的黑色素小体，可以在被塞进实心层时产生结构色，它们在一些鸟类的羽毛里。 

“我们合成和组装合成版黑色素的纳米颗粒来模仿鸟羽毛中发现的天然结构。”加利福尼亚大学圣迭戈分校的化学和生物化学教授Nathan Gianneschi说。”我们想了解，自然是如何利用像这样的材料，开发出超越自然界可能存在的功能的。” 

Matthew Shawkey是阿克伦大学的一位生物教授，他在一次会议上对鸟类羽毛中的结构色阐述了他的工作。在听到Matthew Shawkey的阐述后，Giannesch提出了这个项目。Gianneschi的研究工作集中在能够感知和对环境做出响应的纳米颗粒。Gianneschi, Shawkey和两个大学的同事们在ACS Nano上报告了由此合作的成果。

为了模拟自然界的黑素体，Gianneschi实验室的博士后-Yiwen Li，以化学方法连接类似分子、多巴胺到网格。这种关联，或多巴胺，团成附近相同大小的球状颗粒。Ming Xiao是在Shawkey实验室工作的一位研究生，他同阿克伦大学高分子科学教授AliDhinojwala共事，干燥了不同颗粒的浓度形成紧凑的聚多巴胺颗粒薄膜。

Shawkey小组分析表明，薄膜反射纯色光；红色、橙色、黄色、绿色，具体色调由聚多巴胺层厚度和（于大小相关的）颗粒填实的紧密程度。

根据Dimitri Deheyn的精确测量，通过薄膜的色彩异常统一。Dimitri Deheyn是加州大学圣地亚哥斯克里普斯海洋研究所的一位研究科学家，他研究各种各样生物如何用光和色彩来进行沟通。“这种光谱的空间绘制，也会告诉你，颜色变化同颗粒大小和深度变化联系在一起，”Deheyn说。

材料的品质会促进其潜在应用。纯色是色传感器一个有价值的特点。不像颜料型的涂料或染料，结构色不会褪色。聚多巴胺，如黑色素，可吸收紫外线，所以由聚多巴胺做出的涂层可以保护材料。多巴胺也是一种生物分子，例如在我们的大脑中传输信息，因此可生物降解。  

“在彩虹上，通过结构上的微小变化（纳米级），可以产生色彩。这个想法让我着迷了15年，”Shawkey说。他的兴趣从产生色彩的物理机制到如何在生物体结构中产生。“这种仿真想法可以帮助解决实际问题，也使我们测试机制和我们提出的发展假设，”他说。

在鸟羽毛发中发现的天然黑色素，随着大小尤其是形状的不同，形成是实心或空心的杆和球。接下来就是，改变聚多巴胺的纳米颗粒来模仿这种多样性，以测试大小和形状是如何影响颗粒与光（以及材料的颜色）之间的相互作用的。最终，研究小组希望能生成一个生物相容性、结构色的“调色板”。 

来源：加利福尼亚大学圣迭戈分校   
Metal Alloy（金属合金）
Out with heavy metal

Researchers have demonstrated a new process for the expanded use of lightweight aluminum in cars and trucks at the speed, scale, quality and consistency required by the auto industry. The process reduces production time and costs while yielding strong and lightweight parts, for example delivering a car door that is 62% lighter and 25% cheaper than that produced with today's manufacturing methods.

In partnership with General Motors, Alcoa and TWB Company LLC, researchers from the U.S. Dept. of Energy (DOE)'s Pacific Northwest National Laboratory have transformed a joining technique called friction stir welding, or FSW. The technique now can be used to join aluminum sheets of varying thicknesses, which is key to producing auto parts that are light yet retain strength where it's most needed. The PNNL-developed process also is ten times faster than current FSW techniques, representing production speeds that, for the first time, meet high-volume assembly requirements. The advancement is reported in the May issue of the Journal of Materials.

"We looked at the barriers preventing the use of more lightweight alloys in cars, picked what we felt was a top challenge, and then formulated a team that represented the entire supply chain to tackle it," said Yuri Hovanski, the program manager at PNNL and lead author. "The result is a proven process that overcomes the speed, scale and quality limitations of FSW that previously were showstoppers for the auto industry."

The two-phase, six-year project is funded by the DOE's Office of Energy Efficiency and Renewable Energy with in-kind partner contributions from each of the participating companies.

Aluminum can't take the heat

To create door frames, hoods and other auto parts, sheets of metal are welded together end-to-end into a "tailor-welded blank" which is then cut into appropriate sizes before being stamped into the final shape. This process allows a high degree of customization. For example, a thicker gauge of metal can be used on one side of a car part, where extra strength is needed, joined via a weld to a thinner gauge on the side where it's not.

Conventional laser welding works great to join varying thicknesses of steel, but can be problematic when applied to aluminum due to the reactivity of molten aluminum to air. Instead, manufacturers today must create several components from single sheets that are then riveted together after being stamped, resulting in additional production steps and more parts that drive up cost and weight.

"Reducing the weight of a vehicle by 10% can decrease fuel consumption by 6%-8%, so the auto industry is very interested in a welding technique such as FSW that is aluminum friendly," Hovanski said.

Mixed, not melted

A friction-stir welding machine looks and acts like a cross between a drill press and a sewing machine. Lowered onto two metal sheets sitting side-by-side, the "drill bit," or in this case pin tool, spins against both edges. As it travels along, the pin creates friction that heats, mixes and joins the alloys without melting them. By auto industry production standards, however, the process was too slow—just one-half meter welded per minute—which is why the technique has been used only in niche applications, if at all.

Supply chain success

Hovanski and colleagues at PNNL initially compared several joining techniques before selecting FSW, which was the only one to pass all of GM's rigorous weld quality specifications. Researchers then conducted a comprehensive series of lab-scale welding tests on aluminum sheets provided by Alcoa.

In all, dozens of unique tool designs with varying shapes, lengths and diameters of the pin were created. These were assessed against a variety of weld parameters, such as the depth, rotation speed and angle of the tool. Through statistical analysis, the team identified the optimal combination of tool specification and weld parameters that could consistently withstand high-speed production demands.

"What we discovered was a win-win," Hovanski said. "The faster the weld, the better the quality and strength of the join, thus the significant increase in speed."

PNNL provided the weld and tool specifications to TWB Company and GM. TWB Company then independently welded, formed and analyzed more than 100 aluminum blanks in close coordination with GM, making them the first qualified supplier of aluminum tailor-welded blanks. GM subsequently stamped their first full-sized inner door panel supplied by TWB Company—free of imperfections—from aluminum sheets in varying thicknesses. 

Today, TWB Company has a dedicated FSW machine at their production facility in Monroe, MI, built around PNNL's process that is capable of producing up to 250,000 parts per year. "TWB can now provide aluminum tailor welds not only to GM, but the entire automotive industry," said Blair Carlson, a group manager at GM who con-conceptualized the project.

Next up

With over two years of funding left, the team continues to collaborate, with a focus on even faster weld speeds and the ability to maneuver around the contours and corners of complex aluminum parts, for which laser welding is not commercially feasible. The team also is modifying FSW to join different alloys, such as automotive-grade aluminum alloys with light, ultra-high strength alloys currently reserved for aerospace applications.

"Going forward, we see this process, and future versions of it, enabling completely novel combinations of materials that will revolutionize material use in the auto industry," Hovanski said.

Source: Pacific Northwest National Laboratory
远离重金属  

研究人员证明出一种新的工艺，可以按照汽车行业要求的速度、规模、质量及一致性，扩大铝在汽车和卡车行业的应用。新工艺缩短了生产时间，降低了成本，同时能生产出结实牢固的轻量级部件，例如，与按照当今生产方法生产的车门相比，利用新工艺生产的车门比之前轻62%，且费用降低了25%。 

来自美国能源部门(DOE)太平洋西北国家实验室（PNNL）的研究人员与通用汽车公司（GM）,美国铝业公司（Alcoa）与帝达贝有限公司（TWB）合作，改造了一种被称为摩擦搅拌焊(FSW)的技术。现在，该技术可用于将不同厚度的铝表进行结合，这是生产轻质且坚固的汽车部件的关键。PNNL研发的工艺也比目前的FSW技术快10倍，首次表明生产速度达到了高容量装备要求。此次技术进步刊登在5月份发表的《材料杂志》（Journal of Materials）上。

“一些障碍使得更轻量级的合金无法在汽车中使用，我们发现解决这些障碍是一项高难度挑战，随后我们组建了一支团队，代表整个生产链来解决该问题，”PNNL的项目经理兼首席作者Yuri Hovanski说，“结果证明新工艺克服了曾经阻碍汽车行业发展的速度、规模和质量限制。

美国能源部的能源效率和可再生能源办公室提供资金，加上来自所有公司的实物贡献，共同支持了这个两阶段六年的项目。 

铝不能吸热

为创建门窗、抽油烟机和其他汽车零部件，金属端对端焊接到一起形成“激光拼焊板”， 切成均匀大小，最后再被印成最终形状。这需要很高的定制化程度。比如，厚实一点的金属可用于汽车部件需要额外力量的一侧，而在不需要额外力量的一侧焊缝较薄的金属。

传统激光焊接可以完美连接不同厚度的钢板，但是焊接铝时有些困难，因为熔融铝会使其与空气产生反应。然而，生产商如今必须用单个金属片制造出好几个零部件，这些金属片被敲印之后铆接在一起，这会造成多余的生产步骤、多余的零部件，以及多余的成本和重量。

Hovanski说：“汽车重量减少10%，燃料消费可以减少6%-8%，所以汽车行业对有利于铝的 FSW之类的技术很感兴趣。”

混合而非融化

搅拌摩擦焊接机的外观和功用像钻床和缝纫机的混合体。“钻头”，或搅拌头，在两片金属底部并排粘连，相对两个边缘旋转。前行之时，搅拌头产生摩擦，会将合金加热，混合并焊接到一起，但是不会融化合金。然而，按照生产标准，该过程速度太慢——每分钟仅焊接半米，这就是该技术只用在小规模应用中的原因，如果有应用的话。

供应链的成功

Hovanski和PNNL的同事们首先比较了几种接合技术，才选择了FSW，FSW是唯一一种通过GM所有严格焊缝质量规范的技术。研究人员随后又对Alcoa提供的铝板进行了全面的一系列实验室规模焊接测试。

总共创造了几十个有不同形状、长度、直径的接口的独特的工具设计。按照各种焊接参数对其进行评估，比如深度、转速和工具角度。通过统计分析，团队确认了可以不断达到高速生产要求的工具规格和焊接参数的最优组合。

“这是双赢策略，”Hovanski说，“焊接技术越快，接缝质量越好，越坚固，速度提高也越快。”

PNNL为TWB公司和GM提供了焊接和工具参数。随后，TWB公司与GM密切配合，独立对100多个铝坯进行焊接、加工和分析，成为首个定制焊接铝坯的合格供应商。GM紧随其后，印制了第一个由TWB公司提供的全尺寸内门板——完美无瑕，这些内门板由不同厚度的铝板制成。

如今，在密歇根州门罗维尔，TWB公司有专门的围绕PNNL过程建造FSW机器作为生产设备，每年可生产25万个零部件。Blair Carlson说：“如今，TWB不仅只为GM，而且可以为整个汽车行业提供定制焊接铝。”他是GM的一名组长，参与了该项目的概念拟定。

下一步

该小组剩余两年多的资金，继续合作，致力于更快焊接速度，提高打磨铝合金部件轮廓和边角的能力，因为激光焊接还没有用于商业用途。小组也正在改进FSW技术，从而可以焊接不同的铝合金，比如带光汽车铝合金和目前用于航天航空应用的超高强度铝合金。

Hovanski 说：“我们不断前进，从此工艺看到了该技术的未来，该技术完全可以将材料进行全新地接合，而汽车行业的材料应用也将会因此爆发一次革命。

来源：西北太平洋国家实验室

Conflict saps Ukraine steel 
For the Ukrainian steel industry, 2014 was the worst in the last 15 years, worldsteel data shows.

Last year threw the country back to the mid-1990s, when Ukraine's crude steel production plummeted from more than 40 million metric tons/year to the 24.4 million mt/year average during 1994-1999 -- due to the vanished USSR market that Ukraine was a big supplier to, and the fact newly born states (former soviet republics) had yet to export.
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Ukraine was submerged in instability throughout 2014.

The armed conflict in its eastern regions of Lugansk and Donetsk resulted in a 17% year-on-year drop in the country's crude steel production, which totaled 27.2 million mt, barely above annual totals during the mid-1990s.

Saleable steel output, at 23.8 million mt in 2014, also fell 18%, says national industry association Metallurgprom.
Just over half (23 million mt) of Ukraine's 43 million mt/year steel capacity is based in the Donetsk and Lugansk regions and that is why the war there affected the overall output so much.

Last year, Ukraine's major mining and steelmaking group Metinvest alone reported over 10 instances of shelling that directly or indirectly damaged company's coke, sinter and steelmaking plants.

Other Ukrainian steelworks had similar experiences and struggled to work around the damages of war.

For example, mills developed alternative routes -- bypassing the war zone -- to deliver raw materials, urgently laying new rail to replace those uprooted by explosions.

They also quickly restored power supply after transmission lines or substations were downed by artillery fire.

But international traders started to increasingly avoid Ukrainian steel products because there was no guarantee some steel mills would be able to fulfill orders given the tenuous circumstances.

Among the four operational steelmakers of the Donetsk region, only billet mill Elektrostal Kurakhovo managed to lift output by 10% from 2013.

Unlike integrated steelworks, electric arc furnace-based Elektrostal benefited from being much less dependent on railway infrastructure (the destruction of which was among the worst) and the fact it does not need such a variety of raw materials as do the blast furnace-based mills.

Kurakhovo did secure more orders during the August-October outage of competitor -- billet- and section-maker Yenakievo Iron & Steel Works, but its position actually strengthened as early as January 2014, when Russia's Mechel mothballed its 1.1 million mt/year billet and bar mill, Donetsk Electrometallurgical Plant (DEMZ).
冲突削弱乌克兰钢铁 

世界钢铁数据显示， 2014年是近15年来乌克兰钢铁工厂最不景气的一年。

去年，这个国家回归到了20世纪90年代中期的水平，当时，乌克兰粗钢从超过4000万吨的年均产量骤降至了2440万吨——1994-1999的平均水平，原因是，乌克兰进行大量供应的苏维埃社会主义共和国联盟市场销声匿迹，而且新生的国家（前苏联加盟共和国）尚未出口。
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乌克兰被淹没在了动荡的2014年。

乌克兰东部地区卢甘斯克与顿涅茨克的武装冲突，导致其粗钢产量同比下降17%，总计2720万吨，几乎超过20世纪90年代中期的年度总额。 

2014年可供出售的钢铁产量为2380万吨，较之前也下降了18%，国家行业协会Metallurgprom说。

乌克兰4300万吨的钢铁年产量中，有超过一半（2300万吨）来自于卢甘斯克和顿涅茨克地区，这就是为什么战争对出口总额的影响如此之大的原因。

去年，仅仅乌克兰主要的矿业和钢铁集团Metinvest报道出10多个案例，直接或间接地毁坏了公司的焦炭、烧结和炼钢工厂。

乌克兰其它的钢铁厂也有过类似的经历，并且极力弥补战争带来的损失。

比如，工厂开发替代路线——绕过战区——提供原材料，快速铺置新铁轨来取代被炸毁的。

当输电线路和变电站被炮火击落之后，它们也迅速地恢复了电能供应。 

但是国际贸易商开始越来越多地避免乌克兰钢铁产品，因为一些钢铁厂不能保证在贫乏脆弱的条件下依旧满足需求量。

在顿涅茨克地区的四个经营型钢铁企业中，只有钢坯轧机场Elektrostal Kurakhovo想方设法地将产量比2013年提高10%。

不同于综合钢铁厂，电弧炉厂Elektrostal从以下两方面获益——减少对铁路基建的依赖，还有它不像以高炉为主的钢厂那样需要各种各样的原材料。

在竞争对手（方钢制造商和型钢制造商Yenakievo钢铁厂）八月到十月的停机期间，Kurahovo获得了更多的订单，但实际上它的地位确实在2014年1月得到了提升，当时，俄罗斯的Mechel封存了其年产量为110万吨的钢坯轧机和小型轧机厂顿涅茨克电冶金工厂(DEMZ)。
Composite Materials（复合材料）
First large-scale graphene fabrication

One of the barriers to using graphene at a commercial scale could be overcome using a method demonstrated by researchers at the U.S. Dept. of Energy (DOE)’s Oak Ridge National Laboratory (ORNL).

Graphene, a material stronger and stiffer than carbon fiber, has enormous commercial potential but has been impractical to employ on a large scale, with researchers limited to using small flakes of the material.

Now, using chemical vapor deposition, a team led by ORNL’s Ivan Vlassiouk has fabricated polymer composites containing 2-in-by-2-in sheets of the one-atom thick hexagonally arranged carbon atoms.

The findings, reported in the journal Applied Materials & Interfaces, could help usher in a new era in flexible electronics and change the way this reinforcing material is viewed and ultimately used.

“Before our work, superb mechanical properties of graphene were shown at a micro scale,” said Vlassiouk, a member of ORNL’s Energy and Transportation Science Div. “We have extended this to a larger scale, which considerably extends the potential applications and market for graphene.”

While most approaches for polymer nanocomposition construction employ tiny flakes of graphene or other carbon nanomaterials that are difficult to disperse in the polymer, Vlassiouk’s team used larger sheets of graphene. This eliminates the flake dispersion and agglomeration problems and allows the material to better conduct electricity with less actual graphene in the polymer.

“In our case, we were able to use chemical vapor deposition to make a nanocomposite laminate that is electrically conductive with graphene loading that is 50 times less compared to current state-of-the-art samples,” Vlassiouk said. This is a key to making the material competitive on the market.

If Vlassiouk and his team can reduce the cost and demonstrate scalability, researchers envision graphene being used in aerospace (structural monitoring, flame-retardants, anti-icing, conductive), the automotive sector (catalysts, wear-resistant coatings), structural applications (self-cleaning coatings, temperature control materials), electronics (displays, printed electronics, thermal management), energy (photovoltaics, filtration, energy storage) and manufacturing (catalysts, barrier coatings, filtration).

Source: Oak Ridge National Laboratory
首次大规模石墨烯制备 

美国能源部门(DOE)属下橡树岭国家实验室 (ORNL)的研究人员用一种方法克服阻碍石墨烯进行商业用途的障碍。

石墨烯是一种比碳化纤维更加强韧坚固的材料，它有巨大的商业潜力，但是不能大规模应用，仅限于研究人员对小片材料的使用。

现在，以ORNL的Ivan Vlassiouk为首的研究小组运用化学汽相积淀，制造出了聚合物复合材料，包含了六角排列碳原子的2-2单原子层。

实验结果发表在《应用材料与界面》(Applied Materials & Interfaces)杂志，该结果帮助开启了柔性电子产品新时代，改变了人们对该增强型材料的认知，并最终改变了其应用方式。

“在开展研究工作之前，我们就观察到，微尺度下石墨烯有超强的力学性能，”ORNL的能源和交通运输科学分部成员Vlassiouk说，“我们已经将其扩展到更大领域，这会极大提高石墨烯的应用潜力和市场。

虽然大部分构造聚合物纳米复合材料的方法，是使用石墨烯薄片或很难分散于聚合物中的其它碳纳米材料，但Vlassiouk团队使用的是大片石墨烯。这就消除了片状分散和聚集问题，聚合物中的石墨烯减少，从而导电性更强。

Vlassiouk 说：“该实验中，我们可以使用化学气相沉淀制作导电纳米复合材料层压板，与目前最先进的样品相比，该压板中石墨烯含量是原来的50分之一。这是纳米复合材料获取市场竞争力的关键所在。

如果Vlassiouk和他的团队能够降低成本并扩大规模，那么研究人员预想石墨烯可应用以下领域，包括航天航空领域（结构监测、阻燃剂、防冻、导电）、汽车领域（催化剂、耐磨涂层）、结构应用（自洁涂料、温控材料）、电子产品（显示器、印刷型电子产品、温度管理）、能源（太阳能光电板、过滤、能量存储）及制造业（催化剂，隔离涂料，过滤）等。

来源：橡树岭国家实验室

Ilium Composites Launches New Easy-Conform L-RTM Reinforcement
Ilium has taken advantage of its versatile and patented production technology to develop a Light-RTM reinforcement which exhibits vastly improved drape and conformability characteristics.

Ilium explains that, due to its unique stitch-free production process, customer feedback suggested that conformability was lower than that found in traditional stitched L-RTM reinforcements and subsequently, complex mould geometries could take longer to lay up. It explains that its latest version of iSpring range now achieves the same level of drape and elongation with up to 66% less force. One additional benefit increases maximum elongation by between 24% and 29% creating a more homogeneous, natural drape. Under tension, the new material naturally spreads any given load over the entire section, rather than a smaller local area.

Ilium says that its new higher drape reinforcement now has all the previous advantages that customers have enjoyed; better print-through performance, increased strength, improved fire retardant properties, instant preformability and overlap avoidance, but now with even more versatility and ease of application.
Ilium Composites公司推出了新型易适应的L-RTM增强材料 

Ilium公司已利用其通用的专利生产工艺开发了一种轻型树脂传递模塑工艺（L-RTM）增强材料，这种材料的悬垂性和适应性大幅提升。 

Ilium公司解释说，由于这种新型材料独特的无缝生产工艺，客户反馈表明，其适应性低于传统的有缝L-RTM增强型材料，而随后复杂的模具几何形状可能需要更长时间成形。该公司解释说，目前这种材料iSpring系列最新版最多只用66%的力量就可以达到了相同水平的悬垂性和伸长率。一个额外的益处可使最大伸长率增加24%至29%，从而产生更均质、自然的悬垂性。在拉力下，新型材料将任何给定的负荷自然地扩散至整个部分，而不是较小的局部区域。 

Ilium公司说，目前其研发出的新型高悬垂性增强型材料具备以往客户喜欢的所有优点；还具备更好的印透性、增加的强度、改进的阻燃剂性能、即时预成型和避免重叠，但是现在它具有更强的通用性，应用更方便。

A metal composite that will float your boat

Researchers have demonstrated a new metal matrix composite that is so light that it can float on water. A boat made of such lightweight composites will not sink despite damage to its structure. The new material also promises to improve automotive fuel economy because it combines light weight with heat resistance.

Although syntactic foams have been around for many years, this is the first development of a lightweight metal matrix syntactic foam. It is the work of a team of researchers from Deep Springs Technology (DST) and the New York Univ. Polytechnic School of Engineering.

Their magnesium alloy matrix composite is reinforced with silicon carbide hollow particles and has a density of only 0.92 g/cc compared to 1.0 g/cc of water. Not only does it have a density lower than that of water, it is strong enough to withstand the rigorous conditions faced in the marine environment.

Significant efforts in recent years have focused on developing lightweight polymer matrix composites to replace heavier metal-based components in automobiles and marine vessels. The technology for the new composite is very close to maturation and could be put into prototypes for testing within three years. Amphibious vehicles such as the Ultra Heavy-lift Amphibious Connector (UHAC) being developed by the U.S. Marine Corps can especially benefit from the light weight and high buoyancy offered by the new syntactic foams, the researchers explained.

"This new development of very light metal matrix composites can swing the pendulum back in favor of metallic materials," forecasted Nikhil Gupta, an NYU School of Engineering professor in the Dept. of Mechanical and Aerospace Engineering and the study's co-author. "The ability of metals to withstand higher temperatures can be a huge advantage for these composites in engine and exhaust components, quite apart from structural parts."

The syntactic foam made by DST and NYU captures the lightness of foams, but adds substantial strength. The secret of this syntactic foam starts with a matrix made of a magnesium alloy, which is then turned into foam by adding strong, lightweight silicon carbide hollow spheres developed and manufactured by DST. A single sphere's shell can withstand pressure of over 25,000 pounds per square inch (PSI) before it ruptures—one hundred times the maximum pressure in a fire hose.

The hollow particles also offer impact protection to the syntactic foam because each shell acts like an energy absorber during its fracture. The composite can be customized for density and other properties by adding more or fewer shells into the metal matrix to fit the requirements of the application. This concept can also be used with other magnesium alloys that are non-flammable.

The new composite has potential applications in boat flooring, automobile parts, and buoyancy modules as well as vehicle armor.

Source: New York Univ.
能让船漂浮起来的金属复合材料

研究人员已研究出一种新型的金属复合材料，它非常轻，可以漂浮在水面上。用这种轻量化复合材料制造的船即使在结构受到破坏时也会不沉入水中。这种新型材料还具有提高汽车燃料经济性的潜力，因为它结合了轻量化与耐热性。

尽管复合泡沫塑料已经存在很多年了，但这是研发的第一款轻量化金属复合泡沫塑料。这项研究工作是由深泉技术学院(DST)和纽约大学理工学院（NYU）的研究团队共同进行的。

他们研制出的镁合金基复合材料，采用碳化硅空心颗粒进行了加强，与1.0 g/cc的水密度相比，它的密度只有0.92 g/cc。它不仅比水的密度低，还具有足够的强度，能够耐受海洋环境中面对的严酷条件。

近几年主要的研究集中于开发轻量化聚合物复合材料，用以取代汽车和海上船舶上较重的金属基部件。这种新型材料的技术已非常接近成熟，三年内可能进入原型测试。研究人员解释道，水陆两用车尤其将受益于这种新型泡沫塑料的轻量化和高浮力，例如美国海军陆战队开发的超重型两栖连接器(UHAC) 。

“这种轻型金属复合材料的新发展，可能使材料使用的钟摆摆回偏向金属材料，” NYU理工学院机械与航空工程系教授、本研究的共同作者Nikhil Gupta预测道。“金属耐受高温的能力是将这些复合材料用作发动机和排气的部件时的一大优势，更不用说结构部件。”

DST和NYU制造的复合泡沫塑料具备塑料泡沫的轻，但也增加了足够的强度。该复合泡沫塑料的关键是，首先由镁合金构成基体，然后通过加入DST开发和制造的高强度、轻量化的碳化硅空心球体使之变成泡沫塑料。单一球壳破裂前可耐受压力超过每平方英寸（PSI）25000磅——使消防水龙带可以耐受的最大压力的100倍。

空心颗粒也为复合泡沫塑料提供撞击保护，因为每个球壳在破裂的时候起到能量吸收器的作用。这种复合材料的密度和其他性能可以被定制，通过增加或减少金属基体中的球壳来满足使用要求。这种概念也可用于其它不易燃的镁合金。

这种新型复合材料具有船舶地板、汽车零件、浮力组件与车辆装甲方面的应用前景。

来源：纽约大学
Practical Application（实际应用）
Within colors of bees and butterflies, an optical engineer’s dream is realized

Evolution has created in bees, butterflies, and beetles something optical engineers have been struggling to achieve for years — precisely organized biophotonic crystals that can be used to improve solar cells, fiber-optic cables, and even cosmetics and paints, a new Yale-led study has found.

The Yale team used high-intensity X-rays at the Argonne National Laboratory in Chicago to investigate color-producing nanostructures within hair-like structures that cover some species of butterflies, weevils and beetles, bees, and spiders and tarantulas. They found that the architecture of these nanostructures are identical to chemical polymers engineered by chemists and materials scientists, according to the report published May 14 in the journal Nano Letters.

Engineers, however, have had difficulty organizing these polymers in larger structures that would make them commercially feasible.

“These biophotonic nanostructures have the same shapes commonly seen in blends of large, synthetic, Lego-like molecules called block copolymers, developed by chemists,” said lead author Vinod Saranathan, former Yale graduate student and now faculty member at Yale-NUS College in Singapore.

These artificial nanostructures need to be an order of magnitude larger — such as that found in the scales of beetles and butterflies — in order to interfere with light and make saturated colors. Engineers, chemists, and physicists currently find it difficult to control the self-assembly of synthetic polymers to achieve the desired shape of molecules over a large area, Saranathan said.

“Arthropods such as butterflies and beetles, which have evolved over millions of years of selection, appear to routinely make these photonic nanostructures using self-assembly and at the desired optical scale just like in modern engineering approaches,” said Richard Prum, the William Robertson Coe Professor in the Department of Ecology and Evolutionary Biology and senior author of the paper.

The research was funded by the National Science Foundation and the Royal Society.

Access to specimens was facilitated by the Hope Entomological Collections at the Oxford University Museum of Natural History, Yale Peabody Museum of Natural History Entomology Collections, Smithsonian U.S. National Museum Entomology Collections and CSIRO Australian National Arthropod Collection.
蜜蜂和蝴蝶使光学工程师梦想成真 

一项新的耶鲁领导的研究表明，蜜蜂、蝴蝶和甲虫发生进化后具备了精确组织的生物光子晶体，而这是光学工程师多年来一直在努力想要获得的。该物质可以用于完善太阳能电池、光纤电缆，甚至是化妆品和油漆。 

耶鲁团队在芝加哥阿贡国家实验室用高强度的X射线研究颜色生产的纳米毛状结构，这种结构覆盖在蝴蝶、象鼻虫、蜜蜂，还有蜘蛛和狼蛛。根据发表在五月十四日《纳米快报》杂志上的报告，他们发现这些纳米结构的层次结构同那些由化学家和材料科学家设计的化学聚合物相同。

然而，工程师很难在更大的结构上组织这些聚合物，所以没有商业可行性。

“这些生物光子纳米结构的形状，同由化学家开发的、被称为嵌段共聚物的合成的大型乐高式的分子中存在的一样，”第一作者Vinod saranathan说到。他是前耶鲁研究生，现在是新加坡耶鲁新加坡大学的教员。

为了干扰光让颜色饱满，这些人工纳米结构需要幅度较大的顺序——如甲虫和蝴蝶鳞屑上的结构。目前，工程师、化学家和物理学家很难控制合成聚合物的自组装在大范围内实现所需的分子形状，Saranathan说。

“节肢动物如蝴蝶的和甲虫，这已在数百万年内选择进化，似乎常规地让这些光子纳米结构使用自组装，且在想要的光学尺度就像代工程的方法，” Richard Prum，生态学和进化生物学部的威廉罗伯森-科系教授，且是论文的资深作者。

该研究是由美国国家科学基金会和英国皇家学会资助。

在牛津自然历史博物馆的希望昆虫收藏、耶鲁皮博迪自然历史博物馆、史密森美国国家博物馆昆虫学收藏、耶鲁皮博迪自然历史博物馆史密森昆虫学收藏，美国国家博物馆昆虫学收藏和澳洲国家节肢动物收集在获取标本方面提供了帮助。
Laser technique for self-assembly of nanostructures
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Image: Swinburne Univ. of Technology

Researchers from Swinburne Univ. of Technology and the Univ. of Science and Technology of China have developed a low-cost technique that holds promise for a range of scientific and technological applications.

They have combined laser printing and capillary force to build complex, self-assembling microstructures using a technique called laser printing capillary-assisted self-assembly (LPCS).

This type of self-assembly is seen in nature, such as in gecko feet and the salvinia leaf, and scientists have been trying to mimic these multi-functional structures for decades.

The researchers have found they can control capillary force—the tendency of a liquid to rise in narrow tubes or be drawn into small openings—by changing the surface structure of a material.

"Using laser printing techniques we can control the size, geometry, elasticity and distance between tiny pillars—narrower than the width of a human hair—to get the self-assembly that we want," Swinburne's Dr. Yanlei Hu, said. He is the lead author of a study published in the Proceedings of the National Academy of Science.

Ultrafast laser printing produces an array of vertical nanorods of varying heights. After the laser process, the material is washed in a development solvent using a method similar to traditional darkroom film processing. The gravity-governed capillary force difference creates pillars of unequal physical properties along different axes.

"A possible application of these structures is in on-chip micro-object trap-release systems which are in demand in chemical analysis and biomedical devices," co-author Dr Ben Cumming said.

The researchers demonstrated the ability of the LPCS structures to selectively capture and release microparticles.

"This hybrid strategy for preparing hierarchical structures features simplicity, scalability and high flexibility in comparison to other state-of the-art approaches such as photolithography, electron-beam lithography and template replicating," Director of the Centre for Micro-Photonics at Swinburne, Prof. Min Gu, said.

"Moreover, the assembled cells can be used as automatic micro-grippers for selective trapping and controllable releasing, suggesting many potential applications in the field of chemistry, biomedicine and microfluidic engineering."

Source: Swinburne Univ. of Technology
用于自组装纳米结构的激光技术   
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供图：斯温伯恩科技大学  

斯温伯恩科技大学和中国科学技术大学的研究人员，研究出一种有望应用于一系列科学和技术领域的低成本技术。 

他们使用被称为激光打印毛细管辅助自组装（LPC）的技术，将激光打印和毛细管力进行结合，构建出了复杂的、自组装微结构。

这种自组装类型，可在自然界见到，如壁虎的脚和槐树叶，科学家在几十年一直试图模拟这些多功能结构。

研究人员发现，他们可以通过改变材料的表面结构来控制毛细管力（即，在窄管上升或被卷入小口的液体的趋势）。

“使用激光打印技术，我们可以控制大小、形状、弹性和微柱之间的距离（比人发的宽度还要小），得到我们想要的的自组装结构，”斯温伯恩科技大学博士胡燕磊（音译）说。研究结果刊载于《美国国家科学院院刊》，胡燕磊是文章的第一作者。 

超快激光打印出不同高度的垂直纳米棒阵列。激光处理后，用一种类似传统暗房照片处理过程的方法，将材料在发展溶剂中清洗。受重力控制的毛细力差沿不同轴支柱产生不相同物理性质的柱子。

“这些结构或可应用于片上试验的微型物体捕获-释放系统，这个系统在化学分析和生物医学设备上有需求，”合著者Ben Cumming博士说。

研究人员展示了LPC结构选择性地捕获和释放微粒的能力。

“相比其他最新水平的方法，如光刻、电子束光刻和模板复制，这种准备层次结构的混合策略具备简单、可扩展和高灵活性等特点，”斯温伯恩大学微型光子学中心主任顾敏教授（音译）说。

“此外，组装细胞可作为选择性捕获和可控释放的自动微夹持器，这在化学、生物医学和微流体工程领域有许多潜在的应用。” 

来源：斯温伯恩科技大学
3-D printed spider webs

Spider silk has long been noted for its graceful structure, as well as its advanced material properties: Ounce for ounce, it is stronger than steel.

MIT research has explained some of the material’s mysteries, which could help design synthetic resources that mimic the extraordinary properties of natural silk. Now, scientists at MIT have developed a systematic approach to research its structure, blending computational modeling and mechanical analysis to 3D-print synthetic spider webs. These models offer insight into how spiders optimize their own webs.

“This is the first methodical exploration of its kind,” says Professor Markus Buehler, head of MIT’s Department of Civil and Environmental Engineering (CEE), and the lead author of a paper appearing this week in Nature Communications. “We are looking to expand our knowledge of the function of natural webs in a systematic and repeatable manner.”

Coupling multiscale modeling with emerging microscale 3D-printing techniques, the team enabled a pathway to directly fabricate and test synthetic web structures by design. The lessons learned through this approach may help harness spider silk’s strength for other uses, and ultimately inspire engineers to digitally design new structures and composites that are reliable and damage-resistant.

The paper was written by Buehler, along with CEE research scientist Zhao Qin, Harvard University professor Jennifer Lewis, and former Harvard postdoc Brett Compton.

Further unraveling the mysteries of spider silk

The study unearths a significant relationship between spider web structure, loading points, and failure mechanisms. By adjusting the material distribution throughout an entire web, a spider is able to optimize the web’s strength for its anticipated prey.

The team, adopting an experimental setup, used metal structures to 3D-print synthetic webs, and directly integrate their data into models. “Ultimately we merged the physical with the computational in our experiments,” Buehler says.

According to Buehler, spider webs employ a limited amount of material to capture prey of different sizes. He and his colleagues hope to use this work to design real-world, damage-resistant materials of lower density.

The 3D-printed models, Lewis says, open the door to studying the effects of web architecture on strength and damage tolerance — a feat that would have been impossible to achieve using only natural spider webs.

“Spider silk is an impressive and fascinating material,” she says. “But before now, the role of the web architecture had not yet been fully explored.” To investigate the geometric aspects of spider webs through the use of a similar material to silk that can be 3D-printed with uniform mechanical properties was Lewis’ mission.

Buehler’s team used orb-weaver spider webs as the inspiration for their 3-D designs. In each of their samples, they controlled the diameter of the thread as a method of comparing homogeneous and heterogeneous thread thickness.

In simulation, the team created “the ideal environment to test and optimize the web structures” under different loading conditions, and then use synthetic materials to print identical webs, Qin says. “We are on the way to quantifying the mechanism that makes the spider’s web so strong,” he says.

The work revealed that spider webs consisting of uniform thread diameters are better suited to bear force applied at a single point, such as the impact coming from flies hitting webs; a nonuniform diameter can withstand more widespread pressure, such as from wind, rain, or gravity.

The combination of computational modeling and 3D-printing makes it possible to test and optimize designs efficiently.

“This work is an excellent demonstration of how we can exploit designs in nature in the development of novel materials and structures.” says Sandra Shefelbine, an associate professor of mechanical and industrial engineering at Northeastern University not involved in this work.

Marc Meyers, a professor of mechanical and aerospace engineering at the University of California at San Diego, adds: “Biological materials and structures are the new frontier of engineering. This most recent significant contribution by Markus Buehler and colleagues goes beyond the first stage, which is to understand nature, and make significant inroads into creating a bioinspired structure.”

Lewis says that the team now plans to examine the dynamic aspects of webs through controlled impact and vibration experiments. This, she says, will change the printed material’s properties in real time, opening the door to printing optimized, multifunctional structures.

Source: MIT
3-D打印的蜘蛛网 

一直以来蜘蛛丝因其优美的结构而著称，此外，其还具备先进的材料特性：同等质量下，比钢的强度还大。

美国麻省理工学院（MIT）的研究已解释了这种材料的一些奥秘，并有助于设计可具备天然丝非凡特性的合成资源。目前，MIT的科学家们发明了一种系统方法来研究它（蜘蛛丝）的结构，该方法同时融合了计算机建模、机械分析与3D打印合成的蜘蛛网。这些模型有助于深刻理解蜘蛛是如何优化它们的网的。

 “这是该类研究中首次系统的探索，我们希望以系统、可重复的方式扩展我们对天然网功能的认知。”Markus Buehler说，他是MIT土木与环境工程系（CEE）主任，他与其他作者合著的该研究的文章刊载于本周《自然-通讯》（Nature Communications）杂志。

该团队将多尺度建模和微尺度3D-打印技术结合起来，开启了一条途径，可按照设计直接制造和测试合成网结构。通过该方法取得的经验教训可能有助于利用蜘蛛丝的强度作其它的用途，最终激发工程师数字化设计可靠的、抗损坏的新结构和复合材料。 

这篇文章是Buehler与CEE研究科学家Zhao Qin、哈佛大学教授Jennifer Lewis和前哈佛大学博士后Compton共同完成的。

进一步揭开蜘蛛丝的奥秘

本研究揭示了蜘蛛网结构的负载点与破坏机理的重要关系。通过调整贯穿整个网的材料分配，蜘蛛能够根据它的预期猎物优化网的强度。

该团队采用一种实验装置，利用金属结构3D-打印合成网，然后直接将数据整合到模型中。Buehler说：“最终在我们在实验中将实物和计算机合并在一起。”

据Buehler说，蜘蛛网使用数量有限的材料来捕捉不同大小的猎物。他和同事们希望利用这项工作来设计现实生活中、抗损坏的低密度材料。

Lewis说，3D-打印模型打开了网络架构对强度和耐损伤性影响的研究之门——这是只利用天然蜘蛛网不可能取得的成绩。

她说：“蜘蛛丝是一种令人印象深刻、吸引人的材料。但是以前，网络架构的作用没有得到充分探究。” Lewis的使命是，利用与蜘蛛丝相似的材料探究蜘蛛网的几何学性质，这种材料可以被3D-打印后具有相同的机械性能。

Buehler的团队使用园蛛科蜘蛛的网作为他们3-D设计的灵感。在每个样本中，他们控制丝的直径作为一种比较同类和异类丝厚度的方法。

Qin说，在模拟中，该团队创建了在不同负载条件下的“检验和优化网结构的理想环境”，然后使用合成材料打印完全相同的网。他说：“我们正在将这种使得蜘蛛网如此结实的机制定量化。”

这项工作揭示了具有相同直径的蜘蛛网更适合承受作用于单个点的力量，例如来自苍蝇拍打网的冲击力；不同直径的蜘蛛网能抵抗范围更广的压力，例如来自风、鱼或重力的力量。

计算机建模与3D的结合使得有效地检验和优化设计成为可能。

一位未参与这项工作的美国东北大学机械与工业工程系副教授Sandra Shefelbine说：“这项工作是我们如何利用大自然中的设计开发新颖材料与结构的一个极好的范例。” 

美国加利福尼亚大学圣地亚哥分校机械航空工程系教授Marc Meyers补充说：“生物材料和结构是工程学的新前沿。Markus Buehler及同事们最新的重要贡献已超越了第一阶段，即了解自然，并在生物启发结构的创造方面取得重大进展。”

Lewis说，目前该团队计划通过可控的撞击和振动实验来检验网的动力学性质。她说，这将实时改变打印材料的性能，开启了打印优化、多功能结构之门。

来源：麻省理工学院 

For batteries, one material does it all
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A battery made of all one material created by engineers at UMD. The electrolyte (green) forms the basis of the battery, and the electrodes at top and bottom are created by adding carbon (gray). This solid state battery is forty times thicker than current examples, which are made with thin films. Credit: Maryland NanoCenter 

Engineers at the University of Maryland have created a battery that is made entirely out of one material, which can both move electricity and store it.

"To my knowledge, there has never been any similar work reported," said Dr. Kang Xu of the Army Research Laboratory, a researcher only peripherally related to the study. "It could lead to revolutionary progress in area of solid state batteries."

Envision an Oreo cookie. Most batteries have at either end a layer of material for the electrodes like the chocolate cookies to help move ions though the creamy frosting – the electrolyte. Chunsheng Wang, a professor in the University of Maryland's Department of Chemical and Biomolecular Engineering, and his team have made a single material that incorporates the properties of both the electrodes and electrolyte – the crunchy cookie and the smooth center.

"Our battery is 600 microns thick, about the size of a dime, whereas conventional solid state batteries are thin films—forty times thinner. This means that more energy can be stored in our battery," said Fudong Han, the first author of the paper and a graduate student in Wang's group.

The new material consists of a mix of sulfur, germanium, phosphorus and lithium. This compound is used as the ion-moving electrolyte. At each end, the scientists added carbon to this electrolyte to form electrodes that push the ions back and forth through the electrolyte as the battery charges and discharges. Like a little bit more sugar added at each end of a cookie-cream mixture, the carbon merely helps draw the electricity from side to side through the material.

Though the battery is extremely easy to make – a powder compressed in a plastic and steel cylinder – it is still at the proof-of-concept stage, Han said. "We are still testing how many times it can change and discharge electricity to see if it is a real candidate for manufacturing."
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UMD Engineers made a battery of all one material simply by sprinkling carbon (red) into each side of a new material (blue) that forms the electrolyte and both electrodes at the ends of the battery. Credit: Maryland NanoCenter 

The reason the new battery is revolutionary is because it solves the problem of what happens at the interface between the electrolyte and the electrode. A prolonged interaction between the two can result in a wall of useless material that keeps the batteries from working well. The wall increases the resistance at this solid-electrolyte interface. This in turn increases the heat in the battery, rendering the battery even less useful. 

Because Han and Wang's battery is all one material, energy can flow through without a lot of resistance. This means that the battery easily charges up and discharges smoothly.

Sulfide-based compounds are not particularly environmentally friendly materials, Han said. "So next we will try to use oxides, which do not degrade into a poisonous gas," instead. The battery's solid powder is, however, safer than the current liquid-based batteries.

The work was published on April 29, 2015 in the journal Advanced Materials.
电池，只要一种材料就够了 
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美国马里兰大学的工程师们研制出由一种材料构成的电池。电解质（绿色）构成了电池的基础，顶部和底部的电极由基础材料添加碳（灰色）制成。这种固态电池薄膜的厚度相当于现有电池的40倍。图片提供：马里兰大学纳米中心

马里兰大学的工程师们研制出完全用一种材料制成的可充放电电池。

“据我所知，尚无任何类似研究的报道，”美国陆军研究实验室的Kang Xu博士说，他是一位与本研究有次要关系的研究者。“它将引领固态电池领域发生革命性进步。”

想象一块奥利奥饼干。大部分电池就像巧克力饼干一样两端各有一层电极材料来帮助电子穿过奶油层，即电解质。马里兰大学化学与生物分子工程系教授Chunsheng Wang和他的团队研发了一种单一的材料，这种材料兼具电极和电解质的特性，如同松脆的饼干和中心顺滑的奶油层。

文章的第一作者、Wang团队的一名研究生Fudong Han说：“我们研制的电池有600微米厚，约为一分硬币的厚度，而一般固态电池薄膜仅为该新型电池薄膜薄的40分之一。这意味着我们的电池可以存储更多的电能。”

这种新材料由硫磺、锗、磷和锂的混合物构成。该混合物被用作离子移动电解质。科学家们在两端的电解液中加上碳形成电极，在电池充放电时驱使离子在电解质中反复穿梭。就像在饼干奶油混合物的两端多加一点糖，碳只是推动电子从材料的一边穿到另一边。

Han说，尽管电池非常容易制造，仅将粉末压缩到一个塑料和铁筒中即可，但是，目前仍然处于概念验证阶段。“我们仍在检测电池的充放电次数，看它是否可以量产。”
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马里兰大学的工程师研发了一种只用一种材料的电池，他们在新材料（蓝色）的两边加入碳（红色）形成了电解质和电池两端的电极。图片提供：马里兰大学纳米中心。

新型电池革新之处在于，它解决了电解液和电极界面发生反应的问题。两者间长时间的相互作用会形成一层无用材料，这些无用材料会像一面墙一样阻碍电池工作。这面墙加大了固体和电解液界面的电阻，从而便增加了电池的热量，缩短了电池寿命。

因为Han和Wang的电池使用同一种材料，所以，电流通过时不存在太多阻力。这意味着这种电池可以平顺地充放电。

Han说，硫基混合物不是那么环保的材料。“因此接下来，我们将尝试采用不会降解为有毒气体的氧化物，”来代替（该材料）。不管怎样，这种电池的固体粉末比目前的液基电池安全。

该成果发表于2015年4月29日的《先进材料》（Advanced Materials）杂志上。
Organic & Polymer（有机高分子材料）
Intense lasers cook up complex, self-assembled nanomaterials 1,000 times faster

Nanoscale materials feature extraordinary, billionth-of-a-meter qualities that transform everything from energy generation to data storage. But while a nanostructured solar cell may be fantastically efficient, that precision is notoriously difficult to achieve on industrial scales. The solution may be self-assembly, or training molecules to stitch themselves together into high-performing configurations.

Now, scientists at the U.S. Department of Energy’s Brookhaven National Laboratory have developed a laser-based technique to execute nanoscale self-assembly with unprecedented ease and efficiency.

“We design materials that build themselves,” said Kevin Yager, a scientist at Brookhaven’s Center for Functional Nanomaterials (CFN). “Under the right conditions, molecules will naturally snap into a perfect configuration. The challenge is giving these nanomaterials the kick they need: the hotter they are, the faster they move around and settle into the desired formation. We used lasers to crank up the heat.”

Yager and Brookhaven Lab postdoctoral researcher Pawel Majewski built a one-of-a-kind machine that sweeps a focused laser-line across a sample to generate intense and instantaneous spikes in temperature. This new technique, called Laser Zone Annealing (LZA), drives self-assembly at rates more than 1,000 times faster than traditional industrial ovens. The results are described in the journal ACS Nano.

“We created extremely uniform self-assembled structures in less than a second,” Majewski said. “Beyond the extraordinary speed, our laser also reduced the defects and degradations present in oven-heated materials. That combination makes LZA perfect for carrying small-scale laboratory breakthroughs into industry.”

The scientists prepared the materials and built the LZA instrument at the CFN. They then analyzed samples using advanced electron microscopy at CFN and x-ray scattering at Brookhaven’s now-retired National Synchrotron Light Source (NSLS)—both DOE Office of Science User Facilities.

“It was enormously gratifying to see that our predictions were accurate—the enormous thermal gradients led to a correspondingly enormous acceleration!” Yager said.

Ovens versus lasers

Imagine preparing a complex cake, but instead of baking it in the oven, a barrage of lasers heats it to perfection in an instant. Beyond that, the right cooking conditions will make the ingredients mix themselves into a picture-perfect dish. This nanoscale recipe achieves something equally extraordinary and much more impactful.

The researchers focused on so-called block copolymers, molecules containing two linked blocks with different chemical structures and properties. These blocks tend to repel each other, which can drive the spontaneous formation of complex and rigid nanoscale structures.

“The price of their excellent mechanical properties is the slow kinetics of their self-assembly,” Majewski said. “They need energy and time to explore possibilities until they find the right configuration.”

In traditional block copolymer self-assembly, materials are heated in a vacuum-sealed oven. The sample is typically “baked” for a period of 24 hours or longer to provide enough kinetic energy for the molecules to snap into place—much too long for commercial viability. The long exposure to high heat also causes inevitable thermal degradation, leaving cracks and imperfections throughout the sample.

The LZA process, however, offers sharp spikes of heat to rapidly excite the polymers without the sustained energy that damages the material.

“Within milliseconds, the entire sample is beautifully aligned,” Yager said. “As the laser sweeps across the material, the localized thermal spikes actually remove defects in the nanostructured film. LZA isn’t just faster, it produces superior results.”

LZA generates temperatures greater than 500 degrees Celsius, but the thermal gradients—temperature variations tied to direction and location in a material—can reach more than 4,000 degrees per millimeter. While scientists know that higher temperatures can accelerate self-assembly, this is the first proof of dramatic enhancement by extreme gradients.

Built from scratch 
“Years ago, we observed a subtle hint that thermal gradients could improve self-assembly,” Yager said. “I became obsessed with the idea of creating more and more extreme gradients, which ultimately led to building this laser setup, and pioneering a new technique.”

The researchers needed a high concentration of technical expertise and world-class facilities to move the LZA from proposal to execution.

“Only at the CFN could we develop this technique so quickly,” Majewski said. “We could do rapid instrument prototyping and sample preparation with the on-site clean room, machine shop, and polymer processing lab. We then combined CFN electron microscopy with x-ray studies at NSLS for an unbeatable evaluation of the LZA in action.”

Added Yager, “The ability to make new samples at the CFN and then walk across the street to characterize them in seconds at NSLS was key to this discovery. The synergy between these two facilities is what allowed us to rapidly iterate to an optimized design.”

The scientists also developed a new microscale surface thermometry technique called melt-mark analysis to track the exact heat generated by the laser pulses and tune the instrument accordingly.

“We burned a few films initially before we learned the right operating conditions,” Majewski said. “It was really exciting to see the first samples being rastered by the laser and then using NSLS to discover exactly what happened.”

Future of the technique

The LZA is the first machine of its kind in the world, but it signals a dramatic step forward in scaling up meticulously designed nanotechnology. The laser can even be used to “draw” structures across the surface, meaning the nanostructures can assemble in well-defined patterns. This unparalleled synthesis control opens the door to complex applications, including electronics.

“There’s really no limit to the size of a sample this technique could handle,” Yager said. “In fact, you could run it in a roll-to-roll mode—one of the leading manufacturing technologies.”

The scientists plan to further develop the new technique to create multi-layer structures that could have immediate impacts on anti-reflective coatings, improved solar cells, and advanced electronics.

This research and operations at CFN and NSLS were funded by the DOE Office of Science. 

Brookhaven National Laboratory is supported by the Office of Science of the U.S. Department of Energy.  The Office of Science is the single largest supporter of basic research in the physical sciences in the United States, and is working to address some of the most pressing challenges of our time.  

SOURCE: Brookhaven National Laboratory
强激光能使复杂的自组装纳米材料的合成速度加快1000倍
纳米材料有着良好的性能，其十亿分之一的尺度使得它能将所有东西变成能源生产并存储起来。但是尽管一个纳米结构的太阳能电池的效率可以达到非常高，但是在工业尺度上，它的精确度很难满足要求。解决的办法可以是自组装，或是让这些分子自己粘结到一起合成高性能的结构。

如今，美国能源部布鲁克海文国家实验室的科学家们发明一种基于激光的技术，来实现纳米材料的自组装，取得了意想不到的轻松和效果。

“我们设计能自行组装的材料，” Kevin Yager说，他是布鲁克林海文功能纳米材料中心（CFN）的科学家。“在适当的条件下，分子会自然地迅速变成完美的结构。关键是需要给这些纳米材料一个动机“它们的温度越高，就能运动得更快以变成我们想要的形状。我们用激光来促进加热。”

Yager和Brookhaven实验室的博士后研究者Pawel Majewski建立了一种机械装置，能够将一束激光扫向样品产生强烈的、迅速的升温。这项新技术，被称为激光区域退火（LZA），它能够使自组装的速率比传统工业炉加热时自组装的速率快1000倍以上。实验的结果在一篇发表在ACS Nano的期刊上有描述。

“我们在一秒钟以内制造出了均一的自组装结构，” Majewski说。“除了惊人的速度，我们在激光还能减少炉子加热得到的材料中会出现的瑕疵和降解。这些优点的组合使LZA成为一种将实验室小规模的突破转向工业生产的完美技术。”

科学家们在CFN准备好了材料并建起了LZA装置。他们随后用CFN的高级电子显微镜分析了样品，同时还用到了布鲁克海文的原国家同步光源实验室——能源部科学用户设施办公室的X射线散射来分析样品。

“看到我们的预期是准确的让人感动十分满足——巨大的热量梯度导致了相对应的巨大的加速！” Yager说。

烘箱vs激光

想象一下做一个很复杂的蛋糕，但是是用许多密集的激光迅速给它加热，而不是放在烤箱中烤。除此之外，正确的烘焙条件能够使那些成分自行混合成一个秀色可餐的食物。这个纳米尺度的食谱十分出色而且更加有效。

研究者们着眼于所谓的嵌段共聚物，这是含有两种不同化学结构和特性的化合物连接而成的分子结构。这些单体趋于相互排斥，可以促进复杂的、严密的纳米结构的自发形成。

“他们优良的机械性能的价值在于缓慢的自组织动力学，” Majewski说。“他们需要能量和时间直到他们找到一个合适的构型。”

传统的嵌段共聚物自组织材料都是在真空炉中加热。样品通常要“烘”上24小时甚至更久以获得足够的动能来确保每个分子找到自己合适的位置——这对于商业可行性来说时间太长。长时间的处于高温下也将导致不可避免的热降解，使产品中充满裂缝和瑕疵。

而LZA处理，可以急速升温，迅速激发聚合物，而不会产生破坏材料的持续的能量。

“几毫秒之内，真个样品就能优美的排列好，” Yager说。“当激光扫过材料时，局部的热量会急剧上升，并且确实能够去除纳米膜中的瑕疵。LZA不仅仅是快，它能制造出十分优异的结果。”

LZA能使温度升到500℃以上，但是热量梯度——温度变化与材料中方向和位置紧密相关——可以达到4000度每毫米以上。尽管科学家们都知道更高的温度能加速自组织，这是第一个关于极端温度梯度增加材料性能的证明。

从零开始

“几年前，我们发现了一个关于热量梯度能够促进自组织的细小的提示，”Yager说。“我便开始沉迷于创造越来越大的温度梯度，这最终使我建立了这套激光装置，并引领了新的技术。”

研究者们需要致力于专业技术和世界级的设备来推动LZA的实现。

“只有在CFN我们才能将这项技术发展的如此之快，” Majewski说。“我们可以就地迅速的进行原型机的制造、样品的制备，在干净的房间、机械工厂、多聚物加工实验室。我们之后又结合了CFN的电子显微镜和NSLS的X射线研究，最后成就了LZA不可摧毁的评价。”

Yager还说，“这项发现的关键在于我们能够在CFN制备新的样品然后走到马路对面的NSLS在几秒钟内对其进行表征。两所机构的合作才使得这项设计得以迅速发展。”

科学家们还研发了一个新的纳米尺的测量表面温度的技术，叫做melt-mark分析，来监测激光产生的转却的热量，同时据此调整仪器。

“我们一开始烧毁了很多膜，直到我们找到了合适的反应条件，” Majewski说。“看到用激光合成的第一个样品然后用NSLS分析究竟发生了什么是非常令人激动的。”

技术的未来

LZA是世界上第一台这类的机械设备，但它标志着大批合成精细材料的纳米技术向前迈进了巨大的一步。激光甚至可以用来在材料表面“刻画”结构，这意味着纳米结构能够组成明确的结构。这项无与伦比的合成控制技术打开了复杂应用如电子行业的大门。

“这项技术关于可以处理的样品的大小确实没有什么限制，”Yager说。“事实上，你可以采用卷对卷模式——一个主要的制造技术。”

科学家们想进一步发展这项新技术来制造本可以调节抗反射膜的冲击、优化太阳能电池和推进电子技术的多层结构。

在CFN和NSLS的这项研究和实验资金来源于能源部科学办公室。

布鲁克海文国家实验室受到美国能源部科学办公室的支持。科学办公室是美国物理学基础研究的唯一最大的资助者，并且正在致力于解决一些目前我们所面临的最严峻的挑战。

来源：布鲁克林国家实验室
Materials crystallize with surprising properties

Think about your favorite toys as a child. Did they light up or make funny noises when you touched them? Maybe they changed shape or texture. In ACS Central Science, researchers report a new material that combines many of these characteristics. Beyond being fun, these materials, called organic “supercooled” liquids, may be useful for optical storage systems and biomedical sensors.

Some materials, like ordinary table salt, are crystals. When most crystals are heated up and then cooled again, they recrystallize. A few others don’t quite snap back to their original well-ordered crystals when cooled but form amorphous supercooled liquids. For certain applications such as organic electronics and pharmaceutics, thermally stable amorphous organic materials are very important for device reliability and consistent efficacy. To better understand these processes, Jinsang Kim and colleagues investigated how modifications of molecular structure can provide unique thermal stability to molten organic liquid in a wide temperature range.

The researchers studied a chemical called DPP, which has been widely used in dyes and organic electronics applications. They found that when two balanced intermolecular interaction forces implemented in DPP molecules are working toward opposite directions, the DPP remains in a uniquely stable supercooled liquid state. Interestingly, a small “shear force” (getting rubbed) can break the force balance and induce rapid crystallization with a color change and bright “glow” under UV light. They say that their work has provided an understanding about molecular features that could be used to create thermally stable supercooled liquids.

Source: American Chemical Society
某些材料结晶时具有特殊属性

把你最喜欢的玩具想象成一个婴儿。当你触碰他们时，他们会十分高兴或者发出有趣的声音吗？也许他们只是改变了形状或者结构。美国化学学会中心科学的研究人员最近报道了一种具有许多上述特点的新材料。该类材料，也称作有机“过冷”液体，不仅有趣，而且对于光存贮器系统和生物医学感应器也有用处。

有些物质，如普通食盐，都是结晶体。大部分晶体加热后重新冷却就会再结晶。其他一些晶体在冷却后并不会迅速恢复其原来有序的晶体，而是形成非晶形的过冷液体。在某些应用，如有机电子学和制药业中，耐热稳定的非晶形有机材料对于设备可靠性与连续功效至关重要。为了更好地理解此过程，Jinsang Kim和其同事研究了在广泛的温度范围内，分子结构的改变是如何为熔化的有机液体提供独特的耐热性。

研究人员研究了一种叫做二酮吡咯并吡咯（DPP）的化学物质，其广泛用于染料和有机电子学应用中。他们发现，在DPP分子中的两种平衡的分子间相互作用力朝着相反的方向发生作用时，DPP就会保持一种独特的稳定的过冷液体状态。有趣的是，一股小的剪切力就能打破力平衡，通过改变颜色和紫外线下亮光的照射，迅速地结晶。他们表示，研究工作已经有所进展，对用于产生耐热稳定过冷液体的分子特点也有了进一步的了解。

信息来源：美国化学学会
E-Material（电子材料）
Wearables may get boost from boron-infused graphene

A microsupercapacitor designed by scientists at Rice Univ. that may find its way into personal and even wearable electronics is getting an upgrade. The laser-induced graphene device benefits greatly when boron becomes part of the mix.

The Rice lab of chemist James Tour uses commercial lasers to create thin, flexible supercapacitors by burning patterns into common polymers. The laser burns away everything but the carbon to a depth of 20 microns on the top layer, which becomes a foam-like matrix of interconnected graphene flakes.

By first infusing the polymer with boric acid, the researchers quadrupled the supercapacitor’s ability to store an electrical charge while greatly boosting its energy density.

The simple manufacturing process may also be suitable for making catalysts, field emission transistors and components for solar cells and lithium-ion batteries, they said.

The research is detailed in ACS Nano.

Capacitors charge quickly and release their energy in a burst when needed, as in a camera flash. Supercapacitors add the high-energy capacity of batteries to the package and have potential for electric vehicles and other heavy-duty applications. The potential to shrink them into a small, flexible, easily produced package could make them suitable for many more applications, according to the researchers.

In the earlier work, the team led by Rice graduate student Zhiwei Peng tried many polymers and discovered a commercial polyimide was the best for the process. For the new work, the lab dissolved boric acid into polyamic acid and condensed it into a boron-infused polyimide sheet, which was then exposed to the laser.

The two-step process produces microsupercapacitors with four times the ability to store an electrical charge and five to 10 times the energy density of the earlier, boron-free version. The new devices proved highly stable over 12,000 charge-discharge cycles, retaining 90% of their capacitance. In stress tests, they handled 8,000 bending cycles with no loss of performance, the researchers reported.

Tour said the technique lends itself to industrial-scale, roll-to-roll production of microsupercapacitors. “What we’ve done shows that huge modulations and enhancements can be made by adding other elements and performing other chemistries within the polymer film prior to exposure to the laser,” he said.

“Once the laser exposes it, those other elements perform new chemistries that really increase the supercapacitor’s performance. This is a step in making these even more amenable for industrial applications.”

Source: Rice Univ.
将硼引入石墨烯有望推动可穿戴产品的发展
由美国莱斯大学的科学家们设计的可用于个人乃至可佩戴式电子产品的超级微电容器，获得了升级：将硼引入石墨烯，可使激光诱导的石墨烯设备大大受益。

莱斯实验室的化学家James Tour利用商品化激光器将模型烧蚀到常用聚合物中，开发了薄型、弹性化超级电容器。激光烧蚀了除顶层20微米深的碳以外的所有东西，使碳变成了互联石墨烯薄片的泡沫状矩阵。

首先通过将硼酸注入聚合物，研究人员使得超级电容器存储电荷的能力翻了两番， 极大地提高了它的能量密度。

他们说，这种简单的制造工艺也适合制造催化剂、场致发射三极管以及太阳能电池和锂离子电池组件。

该研究详细内容刊载于《美国化学学会纳米》（ACS Nano）杂志。

电容器可以快速充电，并在需要的时候如照相机闪光灯一样突然释放能量。超级电容器为程序包增加了电池高能容量，它具有电动车辆和其他重型应用的应用潜力。研究人员称，该电容器可缩小为小型、弹性化、易生产的程序包，这使得它们适合更多的应用。

在早期的工作中，莱斯大学研究生Zhiwei Peng领导的团队尝试了很多聚合物后发现，一种商品化聚酰亚胺是该工艺最好的材料。在这项新工作中，该实验室将硼酸溶解到聚酰胺酸中并压缩成注入硼聚酰亚胺薄膜，然后将其暴露于激光下。 

这两个步骤制造的超级微电容器，具有相当于早期无硼电容器4倍的电荷存储能力，和5～10倍的能量密度。新设备被证明可实现高度稳定充放电循环12000次以上，可保留90%的电容量。研究人员称，在压力测试中，这种电容器可以完成8000次弯曲循环而无性能损失。

Tour说，该技术适合超级微电容器的大规模、卷对卷生产。他说：“我们已经完成的研究工作表明，若在聚合物薄膜接受激光照射前，在其内部加入其他成分，或进行其他的化学反应，就可以实现极大的调整和增强。”

“一旦暴露于激光，那些其他成分就会发生新的化学反应，这些反应实际上会提高超级电容器的性能。该步骤使得这些电容器更适合工业应用。”

来源：莱斯大学

Topological insulators become a little less “elusive”

Scientists have proposes a new family of materials whose topological state can be directly observed experimentally. Courtesy of SISSA

They are “strange” materials, insulators on the inside and conductors on the surface. They also have properties that make them excellent candidates for the development of spintronics (”spin-­based electronics”) and, more in general, quantum computing. However, they are also elusive, as their properties are extremely difficult to observe. Now a SISSA study, published in Physical Review Letters, proposes a new family of materials whose topological state can be directly observed experimentally, thus simplifying things for researchers. The research was carried out with investigators from the Universities of Innsbruck in Austria and Würzburg in Germany, the latter especially important as these extraordinary materials were discovered in Würzburg in 2007.

“What interests us of topological insulators is not so much that their being insulators but that they exhibit conducting states on their surface” explains SISSA researcher Massimo Capone. “This features makes them unique, as none of the other insulating or conducting materials exhibits this dichotomy. Unfortunately, the characteristics that describe these materials are very subtle, such that they are truly difficult to identify and study.” The latest paper by Capone and co-­‐workers published in Physical Review Letters explains how such characteristics could be found in materials with more evident properties, thus simplifying research in this field and opening up new possibilities.

The mathematical explanation of why some materials are insulators and others are conductors was one of the first tangible results of the theory of quantum mechanics. Quantum mechanical models postulate that, in solids, the atoms making up the material may only have certain energy states (“positions” where the electrons spin around the nucleus) but not others. “Possible and impossible states alternate in a band pattern”, explains Capone. “In insulators some bands are completely “occupied,” and others are empty, whereas in conductors some empty places remain within a band”. Topological insulators resemble normal insulators, with the difference that the energy states are inverted. “It’s as if the bands contained artificial holes,” continues Capone.

Conduction in these materials is strange for another reason as well. “The electrons contained in the energy layers have a spin, which we can think of as a direction of rotation around their axis. In a metal (a conductor), the electrons driven by an electrical field normally move in the same direction, independent of their spin, whereas in these topological insulators electrons with opposite spin propagate in opposite directions”, says Adriano Amaricci, another SISSA researcher involved in the project. “This feature makes them attractive for spintronics.” In fact, in electronics the information is encoded in sequences or strings of 0’s and 1’s, which correspond to “on” and “off” states, whereas in spintronics the 0’s and 1’s correspond to the type of spin, which may be only “up” or “down.” Topological insulators could constitute the material basis for this alphabet.

The feature distinguishing topological insulators from a normal metal is very abstract and elusive. “To have an idea, try to compare this situation with the difference between a magnetic and non-­‐ magnetic state. The latter is a difference that can easily be measured,” explains Amaricci.

The properties of topological insulators are instead abstract and mathematically defined, so it is difficult to know when we are dealing with such a material. “Through the use of a mathematical model and simulations, we demonstrated that new topological insulators can be found in materials that exhibit ‘spectacular’ features that are easily detected owing to strong electron-­‐ electron interactions” continues Amaricci. “This way, it will be easier to identify these materials experimentally, to then better investigate this important field of research.”

Very important indeed, according to Capone: “the scientist who discovered these materials, in

2007, was Laurens Molenkamp who, according to rumours circulating in the research community, is a likely candidate for a future Nobel Prize”. Molenkamp works at the University of Würzburg, which took part in the current study. Together with colleagues in Würzburg, and in particular Sangiovanni and Trauzettel, it might be possible to involve Molenkamp himself in the future developments of this research project.

SOURCE: Sissa Medialab
科学家对拓扑绝缘体的了解更进一步

意大利国际高等研究院称，科学家们提出一种新型材料，可以通过试验方法直接观察到其拓扑状态。

这些材料结构很奇异，里面是绝缘体而表面则是导体。他们也具有特殊的功能，非常适合用于发展自旋电子学（关于自旋电子的学科），甚至是量子计算。但是，科学家对其了解很少，因为很难观察到它们的特点。现在，一篇发表在《物理评论快报》（Physical Review Letters）上的意大利国际高等研究院研究报告，提出了一种新型材料，可以通过试验方法直接观察到其拓扑状态，从而解开了研究人员的一些难题。该研究是由来自奥地利因斯布鲁克大学和德国维尔茨堡的人员进行的。尤其是德国维尔茨堡的研究人员的研究十分关键，因为这些特殊的材料是于2007年在维尔茨堡被发现的。

SISSA研究人员Massimo Capone解释，“引起我们兴趣的并不是它们的绝缘性，而是表现在表面的导电状态。这些特点使它们很独特，因为其他绝缘材料或者导电材料都不同时具备这两种特性。用一些模糊的字眼来描述该材料是因为它们实在是很难让人认识和研究。”由Capone与其同事写的最新文章发表在了《物理评论快报》上，该文章解释了这种新特性是如何在具有众多显著特性的材料中发现的，从而使得该领域研究变得简单，也增加了更多的可能性。 

关于为何有些材料是绝缘体而有些材料是导电体的数学解释，是量子力学理论首要的有形成果之一。量子力学模型假定，在固体中，构成该种材料的原子可能只具有某种能量状态（电子围绕原子核旋转的位置）。Capone解释道，“可能与不可能的状态在带型中交替出现，”

在其他方面看来，这些材料的传导性也显得十分奇异。SISSA中参与该研究的一位研究人员Adriano Amaricci称，“能量层中包含的电子能够自旋，我们可以将其看做它们围绕轴旋转。在金属（导电体）中，电场驱动电子独立于各自的轴而绕着一个方向运动。但是在这些拓扑绝缘体中， 反方向旋转的电子会以相反的方向运转。因此这种特性成为了研究自旋电子学的典型材料。”事实上，在电子学中，信息都是按照0和1的序列或字符串进行排列的，对应的是开或者关的状态。而在自旋电子学中，0和1对应的是旋转的类型，指的可能是上或者下。拓扑绝缘体初步构成了物质基础。

这种令拓扑绝缘体区别于普通金属的特点十分抽象，令人捉摸不透。Amaricci说，“为了找到线索，我们试着将此情况与磁性状态和非磁性状态之间的区别进行对比。后者的区别易于测量。”

拓扑绝缘体的属性十分抽象，属于数学上的定义，因此，很难确定我们何时才能真正地了解该材料。Amaricci补充道：“通过数学模型和模拟实验的运用，我们证实了新型的拓扑绝缘体可以在某种材料中找到。由于强烈的电子间的相互作用，这种材料的特殊属性很容易被检测到。由此，通过实验就很容易识别这些材料，从而更好的研究该领域。”
 

更重要的是，根据Capone所述：“2007年发现该种材料的科学家是Laurens Molenkamp，而且根据研究团队所传，他未来可能成为诺贝尔奖获得者。”Molenkamp就职于德国维尔茨堡大学，该大学也参与目前的研究。Molenkamp ，还有维尔茨堡的同事，尤其是Sangiovanni和Trauzettel，可能将会参与该研究项目未来的发展。

信息来源：意大利国际高等研究院媒体实验室
Unlocking the creation of wearable electronic devices

An international team of scientists, including Prof. Monica Craciun from the Univ. of Exeter, have pioneered a new technique to embed transparent, flexible graphene electrodes into fibers commonly associated with the textile industry.

The discovery could revolutionize the creation of wearable electronic devices, such as clothing containing computers, phones and MP3 players, which are lightweight, durable and easily transportable.

The international collaborative research, which includes experts from the Centre for Graphene Science at the Univ. of Exeter, the Institute for Systems Engineering and Computers, Microsystems and Nanotechnology (INESC-MN) in Lisbon, the Univs. of Lisbon and Aveiro in Portugal and the Belgian Textile Research Centre (CenTexBel), is published in Scientific Reports.

Prof. Craciun, co-author of the research said: “This is a pivotal point in the future of wearable electronic devices. The potential has been there for a number of years, and transparent and flexible electrodes are already widely used in plastics and glass, for example. But this is the first example of a textile electrode being truly embedded in a yarn. The possibilities for its use are endless, including textile GPS systems, to biomedical monitoring, personal security or even communication tools for those who are sensory impaired. The only limits are really within our own imagination.”

At just one atom thick, graphene is the thinnest substance capable of conducting electricity. It is very flexible and is one of the strongest known materials. The race has been on for scientists and engineers to adapt graphene for the use in wearable electronic devices in recent years.

This new research has identified that “monolayer graphene”, which has exceptional electrical, mechanical and optical properties, make it a highly attractive proposition as a transparent electrode for applications in wearable electronics. In this work graphene was created by a growth method called chemical vapor deposition (CVD) onto copper foil, using a state-of-the-art nanoCVD system recently developed by Moorfield.

The collaborative team established a technique to transfer graphene from the copper foils to a polypropylene fiber already commonly used in the textile industry.

Dr. Helena Alves who led the research team from INESC-MN and the Univ. of Aveiro said: “The concept of wearable technology is emerging, but so far having fully textile-embedded transparent and flexible technology is currently non-existing. Therefore, the development of processes and engineering for the integration of graphene in textiles would give rise to a new universe of commercial applications. “

Dr. Ana Neves, Associate Research Fellow in Prof Craciun’s team from Exeter’s Engineering Dept. and former postdoctoral researcher at INESC added: “We are surrounded by fabrics, the carpet floors in our homes or offices, the seats in our cars, and obviously all our garments and clothing accessories. The incorporation of electronic devices on fabrics would certainly be a game-changer in modern technology.

“All electronic devices need wiring, so the first issue to be address in this strategy is the development of conducting textile fibers while keeping the same aspect, comfort and lightness. The methodology that we have developed to prepare transparent and conductive textile fibers by coating them with graphene will now open way to the integration of electronic devices on these textile fibers.”

Dr. Isabel De Schrijver, an expert of smart textiles from CenTexBel said: “Successful manufacturing of wearable electronics has the potential for a disruptive technology with a wide array of potential new applications. We are very excited about the potential of this breakthrough and look forward to seeing where it can take the electronics industry in the future.”

Prof. Saverio Russo, co-author and also from the Univ. of Exeter, added: “This breakthrough will also nurture the birth of novel and transformative research directions benefitting a wide range of sectors ranging from defense to health care. “

In 2012 Professor Craciun and Professor Russo, from the Univ. of Exeter’s Centre for Graphene Science, discovered GraphExeter—sandwiched molecules of ferric chloride between two graphene layers which makes a whole new system that is the best known transparent material able to conduct electricity. The same team recently discovered that GraphExeter is also more stable than many transparent conductors commonly used by, for example, the display industry.

Source: Univ. of Exeter
揭秘穿戴式电子设备的制造

包括来自埃克塞特大学的Monica Craciun教授在内的一个国际科学家团队，开发出一项新技术，能够将透明柔韧的的石墨烯电极嵌入纺织行业中常见的纤维上。

该发明将会革新穿戴式电子设备的制造，包括含有电脑、手机和MP3播放器的服装的制造，这些设备轻质、耐用、便携。

这是一项国际合作研究。来自英国埃克塞特大学石墨烯科学中心，葡萄牙里斯本系统工程和计算机、微系统与纳米技术研究所，葡萄牙里斯本大学和阿威罗大学以及比利时纺织研究中心的专家们共同合作，并实现了这一成果，有关这项研究的结果已刊载于《科学报告》（Scientific Reports）上。

该研究的合著者Craciun教授说：“这是未来穿戴式电子设备发展的一个中心环节。这种可能性已经存在多年，透明柔韧的电极已经广泛用于塑料、玻璃等领域。但是，真正将纺织电极嵌入纱线，这还是首例。其用途是无穷无尽，比如纺织GPS系统、生物医学监控、个人安全甚至是帮助感官受损的人的通讯工具。而仅有的限制也在我们的预料之中。”

石墨烯仅有一个原子的厚度，是最薄的导电体。其非常柔韧，是目前所知最强的材料之一。近几年，科学家与工程师们已经展开竞赛，争相将石墨烯用于穿戴式电子设备中。

该研究已经发现，单层石墨烯所具有的独特的电子、机械和光学方面的性质，使得其非常适合作为一种透明电极，应用于穿戴式电子产品。在此研究过程中，研究人员采用由Moorfield最新发明的先进纳米化学气相沉积（CVD）系统，创造了石墨烯并置于铜箔之上。

该合作团队开发了一项新技术，能将石墨烯从铜箔转移到纺织行业常见的聚丙烯纤维上。

带领来自INESC-MN与阿威罗大学的研究团队的Helena Alves博士说：“穿戴式技术的概念正逐渐兴起，但是目前还未开发出能够完全嵌入纤维的透明柔韧的技术。因此，把石墨烯融于纺织产品的加工与设计工作将会引起新一轮广泛的商业应用。”

Ana Neves博士是英国埃克塞特大学工程学院Craciun教授研究团队的一名副研究员，也是INESC的一名前博士后研究员。他补充说：“我们周围充满了纤维织物，如我们家中或办公室的地毯，轿车中的座椅以及所有服装和服装配饰。把电子设备嵌入纤维织物将会成为现代技术中的获胜者。”

“所有电子设备都需要安装线路，所以，要解决的第一个问题就是在保持舒适和轻质的同时，开发导电纺织纤维。通过将石墨烯涂层置于纤维表面来发明一种透明导电的纺织纤维，我们采用的这种方法为把电子设备和纺织纤维的融合创造条件。”

Isabel De Schrijver博士是比利时纺织研究中心研究智能纺织品的一位专家，他说：“如果成功制造出穿戴式电子产品，那么这就是一项能够带来一系列新应用的颠覆性技术。我们对这项可能实现的突破表示非常激动，也十分期待看到未来它将会把电子行业引往何处。”

合著者Saverio Russo教授，来自英国埃克塞特大学。他说：“这项新突破也会产生一个新奇的变革性的研究方向，使得从国防到医疗保健的广大行业受益。”

在2012年，英国埃克塞特大学石墨烯科学中心的Craciun教授与Russo教授，发现了GraphExeter，即夹在两个石墨烯层之间的氯化铁分子结构。该结构最特别的是，它是透明的，而且具有导电性。最近该研究团队又发现，GraphExeter比目前显示器等行业普遍应用的许多透明导体更具稳定性。

来源：埃克塞特大学
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