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Tech News & New Tech（技术前沿）
Chemists make new silicon-based nanomaterials

Chemists from Brown Univ. have found a way to make new 2-D, graphene-like semiconducting nanomaterials using an old standby of the semiconductor world: silicon.

In a paper published in Nanoletters, the researchers describe methods for making nanoribbons and nanoplates from a compound called silicon telluride. The materials are pure, p-type semiconductors (positive charge carriers) that could be used in a variety of electronic and optical devices. Their layered structure can take up lithium and magnesium, meaning it could also be used to make electrodes in those types of batteries.

“Silicon-based compounds are the backbone of modern electronics processing,” said Kristie Koski, assistant professor of chemistry at Brown, who led the work. “Silicon telluride is in that family of compounds, and we’ve shown a totally new method for using it to make layered, 2-D nanomaterials.”

Koski and her team synthesized the new materials through vapor deposition in a tube furnace. When heated in the tube, silicon and tellurium vaporize and react to make a precursor compound that is deposited on a substrate by an argon carrier gas. The silicon telluride then grows from the precursor compound.

Different structures can be made by varying the furnace temperature and using different treatments of the substrate. By tweaking the process, the researchers made nanoribbons that are about 50 to 1,000 nm in width and about 10 microns long. They also made nanoplates flat on the substrate and standing upright.

“We see the standing plates a lot,” Koski said. “They’re half hexagons sitting upright on the substrate. They look a little like a graveyard.”

Each of the different shapes has a different orientation of the material’s crystalline structure. As a result, they all have different properties and could be used in different applications.

The researchers also showed that the material can be “doped” through the use of different substrates.

Doping is a process through which tiny impurities are introduced to change a material’s electrical prosperities. In this case, the researchers showed that silicon telluride can be doped with aluminum when grown on a sapphire substrate. That process could be used, for example, to change the material from a p-type semiconductor (one with positive charge carriers) to an n-type (one with negative charge carriers).

The materials are not particularly stable out in the environment, Koski says, but that’s easily remedied.

“What we can do is oxidize the silicon telluride and then bake off the tellurium, leaving a coating of silicon oxide,” she said. “That coating protects it and it stays pretty stable.”

From here, Koski and her team plan to continue testing the material’s electronic and optical properties. They’re encouraged by what they’ve seen so far.

“We think this is a good candidate for bringing the properties of 2-D materials into the realm of electronics,” Koski said.

Source: Brown Univ. 
化学家造出硅纳米新材料

布朗大学的化学家已经找到一种方法，可以使用半导体世界的旧用材料硅，制造出像石墨烯的新型二维半导体纳米材料。

在Nanoletters发表的一篇论文中,研究人员描述了从称为碲化硅的化合物中获得纳米带和纳米片的方法。材料是纯的、p型半导体(正电荷载荷),可用于各种电子和光学设备。其分层结构可以采用锂和镁,这意味着它也可以用于在这些类型的电池中制造电极。

布朗的化学助理教授Kristie Koski说, “硅化合物是现代电子产品加工的支柱”，他领导了这项研究工作。“碲化硅是该化合物家族中的一员，我们研究出一种全新的方法，可用它来做分层二维纳米材料。”

Koski和她的团队通过在管式炉中的气相沉积合成该新材料。硅与碲会在加热时蒸发，反应产生前体化合物，沉积在氩载气衬底上。然后，碲化硅从前体化合物中产出。

不同的结构可以通过改变炉温度和衬底的不同处理方法。通过调整过程，研究人员做出宽约50至1000纳米、长约10微米的纳米束。他们还做出平放于衬底和站直的纳米盘。

“我们看到过很多站着的盘子,” Koski说。“它们一半六边形坐直在衬底上，看起来有点像一个墓地。

每个不同的形状有晶体结构材料的不同的取向。结果,它们都有不同的属性,可用作不同的用途。

研究人员还显示,这种材料可以通过使用不同的底物“掺杂”。

半导体掺杂这个过程是通过引入微小杂质来改变材料的电属性。在这种情况下,研究人员表明,碲化硅可以生长于掺杂铝的蓝宝石衬底。这一过程可以被用来将材料从p型半导体材料(一个带正电荷的半导体)转变为n型材料（一个带负电荷的半导体)。

材料在环境中并不是特别稳定, Koski说,但这很容易补救。

“我们所能做的就是氧化碲化硅,然后烤掉碲,留下一层二氧化硅”，她说，“该涂层可以起到保护作用，使它保持非常稳定。”

从这里开始, Koski和她的研究小组计划继续测试材料的电子和光学性质。他们被他们目前所见过的所鼓励。

她说：“对于将二维材料的属性加入到电子领域，我们认为这是个很好的候选材料。”

来源：布朗大学

Accelerating materials discovery with world’s largest database of elastic properties
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This is a graphical representation of the dataset, showing volume per atom (represented by arrow direction), shear modulus (x-axis), bulk modulus (y-axis), and Poisson’s ratio (color) for all the compounds calculated. For comparison, the actual values for diamond, the hardest known material, as well as other compounds, are also plotted.

Scientists at the U.S. Dept. of Energy (DOE)’s Lawrence Berkeley National Laboratory (Berkeley Lab) have published the world’s largest set of data on the complete elastic properties of inorganic compounds, increasing by an order of magnitude the number of compounds for which such data exists.

This new data set is expected to be a boon to materials scientists working on developing new materials where mechanical properties are important, such as for hard coatings, or stiff materials for cars and airplanes. While there is previously published experimental data for approximately a few hundred inorganic compounds, Berkeley Lab scientists, using the infrastructure of the Materials Project, have calculated the complete elastic properties for 1,181 inorganic compounds, with dozens more being added every week.

Their research was published in Scientific Data. The two lead authors are Berkeley Lab scientists Maarten de Jong and Wei Chen. Co-authors include Kristin Persson, Mark Asta, Thomas Angsten and Anubhav Jain of Berkeley Lab, as well as collaborators from UC San Diego, Delft Univ. of Technology, Eindhoven Univ. of Technology, Duke Univ. and MIT.

The calculated elastic constants “show an excellent correlation with experimental values,” their paper reports.

Harnessing the power of the Materials Project

The Materials Project is a Google-like database of material properties aimed at accelerating innovation; it uses supercomputers to calculate the properties of all known materials based on first-principles quantum-mechanical frameworks. Co-founded and co-led by Persson and MIT’s Gerbrand Ceder, the Materials Project has attracted more than 10,000 users since launching in 2011.

The elastic properties of a material are important for material design but quite difficult and tedious to measure experimentally, according to Asta, a Berkeley Lab materials scientist who is also chair of the Dept. of Materials Science and Engineering at UC Berkeley. A compound’s elastic constant is not just one number but a whole tensor, or array of numbers, because the direction in which a material is being pulled or sheared matters.

“In a crystal, the atoms are stacked in certain ways,” he explained. “If one pulls in one direction, they will measure the stiffness of bonds between a certain arrangements of atoms, but if one pulls in a different direction, the stiffness of different combinations of bonds are measured. So the relationship between force and displacement depends on the direction of the force relative to the arrangement of atoms that make a crystal structure. And in addition to pulling there’s also shearing. So the elastic constant tensor can have up to 21 independent numbers.”

Being able to measure all this in the lab requires high-quality materials and equipment, which is one reason for the dearth of experimental data. The Berkeley Lab researchers estimated that no more than 200 materials have been characterized experimentally for their full elastic constant tensor.

Another reason the elastic tensor data has been lacking is that methods for performing calculations of this property in a high-throughput manner have become available only recently. “The computational methods have been available for quite some time, probably at least 20 years, but it’s the infrastructure of the Materials Project that has enabled us to automate the whole process,” said Chen, one of the lead co-authors. “These calculations are tricky to do. Even this year, you can find papers where they have run a calculation for just one elastic constant.”

Asta explained that the Materials Project infrastructure allows the development of custom workflows, and efficient interfacing to the supercomputers, such as those at Berkeley Lab’s National Energy Research Scientific Computing Center (NERSC), which were used in the calculations. “The Materials Project infrastructure enables a calculation to recover when something’s not happening right,” he said.

Study yields big surprise: New thermoelectric material discovered

What makes this data even more useful is that the elastic constant can be used to predict some other useful material properties, including thermal conductivity, which is very difficult to calculate. “From a materials design standpoint, what’s really intriguing about the elastic constant is that it correlates with much more complex properties of a material, so it can be used as a way of screening for other properties,” said Asta.

In fact, in running a large-scale screening of materials, the Berkeley Lab scientists have discovered a new thermoelectric material, which will be described in a forthcoming paper. Thermoelectrics convert heat to energy and should have low thermal conductivity; finding a new thermoelectric material that is significantly cheaper or more efficient could lead to a breakthrough energy technology to convert waste heat to electricity.

“We had our experimental collaborators successfully synthesize the material, and they validated our prediction,” Chen said. “So it is very promising. We are now doing more work to further enhance its properties while also doing a larger-scale screening to look for even better thermoelectric materials.”

The compound they found belongs to a new class of compounds that was not being explored for thermoelectrics.

Future work: Let the machine do the learning

There are an estimated 50,000 inorganic compounds; given enough time, the Materials Project could eventually calculate the elastic tensor for all of them. But the scientists are now looking at how the process can be accelerated even more. “We want to use statistical learning to extract information to build predictive models in order to predict the elastic constants,” Chen said.

For example, machine-learning algorithms have identified the volume per atom of a material as a key descriptor of the material’s bulk modulus, which is a measure of the pressure required to change the volume of a material.

“If we can come up with a trained algorithm that can relate elastic properties to very simply computed properties that we already have from the Materials Project or from experiments, then we can make predictions across a much broader range of materials,” Asta said.

Source: Lawrence Berkeley National Laboratory
用世界上最大的弹性性能数据库加快新材料的发现
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这是该数据集的图示表现，图中显示出每个原子的体量（用箭头方向表示）、剪切模量（X轴）、体积模量（Y轴），以及所有被计算的化合物的泊松比（颜色）。作为对照，已知最硬的材料金刚石以及其他化合物的实际数值也被一同绘制出。
美国能源部门（DOE）下属的劳伦斯伯克利国家实验室（伯克利实验室）的科学家们已经发表了关于无机物完全弹性性能最大的数据库，数据以化合物的数量级为序列逐级递增，这也是这样的数据存在的原因。
这个新的数据库预计将成为那些致力于开发以机械性能为重的新材料的材料科学家们的一个福音，比如用于汽车和飞机的硬质涂层和硬质材料。虽然此前已公布了针对大约几百种无机物的实验数据，伯克利实验室的科学家们通过使用该材料学项目的基础设施已经计算出1181种无机化合物的完全弹性性能，并且每周有几十个新增数据。
他们的研究被发表于科学数据杂志。两名主要作者分别是伯克利实验室的科学家马腾·德·容（Maarten de Jong）和魏晨（Wei Chen）.共同作者包括伯克利实验室的克里斯汀·佩尔松（Kristin Persson），马克·阿斯塔（Mark Asta），托马斯·昂斯顿（Thomas Angsten）和安布哈雅·詹那（Anubhav Jain），已及来自加州大学圣地亚哥分校、代尔夫特理工大学、荷兰埃因霍芬理工大学、杜克大学和麻省理工学院的合作者们。
他们在论文中表明，被计算出的弹性常量“显示出了与实验数据极好的相关性”。

发挥这个材料项目的影响力
“材料项目”（Materials Project）是针对材料特性的像谷歌一样的数据库，其目的是为了加速创新；它在量子力学第一性原理的框架下，使用超级计算机计算所有已知化合物的材料性能。在佩尔森（Persson）和麻省理工学院的葛布兰德· 塞德（Gerbrand Ceder）的共同创立和共同引导下，这个材料学项目自2011年创立起已经吸引了10000多名使用者。

伯克利实验室的材料科学家Asta，同时也是加州大学伯克利分校材料自然科学与工程学部门的主席，他说，材料的弹性性能对于材料设计来说是很重要的，但是这个性能很难通过实验用数据测算出来，复合弹性常数并不仅是一个数字而是一个整的张量，或者说是一个系列的数字，因为材料会按此方向受到牵引或者剪切。
Asta解释道，“在一个晶体中，原子按照一定的排列方式堆积着，如果一个原子按照一个方向运动着，那他们会测量原子一定排列之间键的硬度，但是，如果一个原子推向不同的方向，那就会测量键的不同组合的硬度。所以力和位置变换之间的关系取决于相对于组成结晶结构的原子排列的方向。除了拉伸之外还有剪切。因此，弹性常数张量必须达到21独立的数字。
在实验室中测量所有这些，需要高质量材料和设备，这就是试验数据缺乏的一个原因，伯克利实验室的研究者们估计不超过200种材料对弹性常数张量通过实验的方法被标注出了特点。
弹性常数张量数据缺乏的另一个原因是，在高通量方式中这种性能的运行计算的方法最近才被应用。“计算方法已经被应用了有一段时间，大概至少20年，但是这种计算方法是已经允许我们自动化整个进程的材料工程的基础,”主要作者之一Chen表示，“这些计算非常棘手。即使是在今年，我们都可以看见很多论文中都仅仅计算了一个弹性常量。”

Asta解释道，“材料工程”基础设施促进了原子流程的发展，并且实现对超级计算机的有效接口连接，比如伯克利实验室中国家能源研究科学计算中心（NERSC）的那些计算机，他说，“材料工程基础设施可在失误出现的情况下恢复计算。”
研究产生了巨大的惊喜：发现新热电材料

使数据更加有用的是可以用弹性常数预测一些有用的材料的性能，包括非常难以计算的导热性。“从材料设计的观点来看，弹性常数真正令人感兴趣是因为它与材料更为复杂的性质相关，所以它可被用作筛选其它性能的一种方式。”阿斯塔说。

事实上，在进行大规模的材料筛选时，伯克利实验室的科学家发现了一种新的热电材料，这将在即将发表的论文上进行说明。热电材料将热转换为能量，并应具有低的热导率；寻找更便宜或者更有效的新的热电材料可能导致将废热转换为电能技术的突破。

“我们的实验合作者成功地合成了材料，他们验证了我们的预测。”陈说，“所以这是非常有前途的。我们现在正在做更多的工作以进一步提高其性能，同时，我们也做了较大规模的筛选以寻找更好的热电材料。”

他们发现的化合物属于一类新的化合物，它没有因为热电被研究过。

未来的工作：让机器来研究

估计有50000种无机化合物；给予足够的时间，该材料项目可能最终计算出全部的弹性张量。但科学家们现在正在研究如何可以更加加速这一过程。“我们想用统计学习来提取信息以建立预测模型来预测常数弹性。”陈说。

例如，机器研究算法已经确定了每一种材料的原子量来作为材料体积弹性的模量，这是一种测量改变材料体积所需的压力的量度方式。

“如果我们能拿出一个训练过的算法，能将弹性性质与非常简单的计算性质联系起来，因为我们已经从材料项目或试验中获得了计算性质，所以我们可以在更广泛的范围内对材料作出预测。”Asta说。

资料来源：劳伦斯伯克利国家实验室

Solving molybdenum disulfide’s “thin” problem

Silver nanodiscs on monolayer molybdenum disulfide.

The promising new material molybdenum disulfide has an inherent issue that’s steeped in irony. The material’s greatest asset—its monolayer thickness—is also its biggest challenge.

Monolayer molybdenum disulfide’s ultra-thin structure is strong, lightweight and flexible, making it a good candidate for many applications, such as high-performance, flexible electronics. Such a thin semiconducting material, however, has very little interaction with light, limiting the material’s use in light emitting and absorbing applications.

“The problem with these materials is that they are just one monolayer thick,” said Koray Aydin, assistant professor of electrical engineering and computer science at the McCormick School of Engineering. “So the amount of material that is available for light emission or light absorption is very limited. In order to use these materials for practical photonic and optoelectric applications, we needed to increase their interactions with light.”

Aydin and his team tackled this problem by combining nanotechnology, materials science and plasmonics, the study of the interactions between light and metal. The team designed and fabricated a series of silver nanodiscs and arranged them in a periodic fashion on top of a sheet of molybdenum disulfide. Not only did they find that the nanodiscs enhanced light emission, but they determined the specific diameter of the most successful disc, which is 130 nm.

“We have known that these plasmonic nanostructures have the ability to attract and trap light in a small volume,” said Serkan Butun, a postdoctoral researcher in Aydin’s lab. “Now we’ve shown that placing silver nanodiscs over the material results in twelve times more light emission.”

The use of the nanostructures—as opposed to using a continuous film to cover the molybdenum disulfide—allows the material to retain its flexible nature and natural mechanical properties.

Supported by Northwestern’s Materials Research Science and Engineering Center and the Institute for Sustainability and Energy at Northwestern, the research is described in NanoLetters. Butun is first author of the paper. Sefaatiin Tongay, assistant professor of materials science and engineering at Arizona State Univ., provided the large-area monolayer molybdenum disulfide material used in the study.

With enhanced light emission properties, molybdenum disulfide could be a good candidate for light emitting diode technologies. The team’s next step is to use the same strategy for increasing the material’s light absorption abilities to create a better material for solar cells and photodetectors.

“This is a huge step, but it’s not the end of the story,” Aydin said. “There might be ways to enhance light emission even further. But, so far, we have successfully shown that it’s indeed possible to increase light emission from a very thin material.”

Source: Northwestern Univ.
解决二硫化钼“薄”问题

富有前景的新材料，二硫化钼固有的问题很有讽刺性。该材料的最大的优点是其单层厚度，同时也是其最大的被质疑处。

单层二硫化钼的超薄结构强度高、重量轻、柔韧好的特点，使其适用在许多领域，如高性能挠性电子产品。不过，此超薄半导体材料与光的相互作用微弱，限制了材料在发光和光吸收应用领域上的发展。

“这些材料的问题是只有单层厚，”美国西北大学麦考克工程和应用科学学院电气工程与计算机科学系助理教授Koray Aydin说。“所以，可用于发光或光吸收的材料数量是非常有限的。为了让这些材料具有光电子学实际应用价值，我们需要增强它们与光的相互作用。”

Aydin和他的团队解决了这个问题，通过结合纳米技术、材料科学和等离子体、光与金属之间相互作用的研究。该团队设计和制作了一系列的银奈米盘，并周期性排列在一张二硫化钼上。他们不仅发现奈米盘可以增强二硫化钼的发光性，也确定了圆盘最有效的直径是130 纳米。

“我们已经知道这些等离子纳米结构能够吸收和捕捉住少量的光，”Aydin实验室的博士后研究员Serkan butun说。“我们现在已经表明，将银奈米盘置于材料上，会使该材料的发光性能提高12倍以上。” 

使用纳米结构——而不是连续膜覆盖二硫化钼——可以使得材料保留其挠性特征和固有的机械性能。

该研究得到了西北大学材料研究科学与工程中心（Northwestern’s Materials Research Science and Engineering Center）以及可持续性和能源研究所（the Institute for Sustainability and Energy at Northwestern）的支持，并发表在《NanoLetters》杂志上。Butun是论文的第一作者。亚利桑那州立大学材料科学与工程学院的助理教授Sefaatiin Tongay，提供了研究所需的大面积单层二硫化钼材料。

在增强其发光性后，二硫化钼可作为发光二极光的一种优良备选材料。研究团队的下一步是使用相同的方法，提高材料的光吸收能力，为太阳能电池和光电探测器创造一个更好的材料。

“这是一大步跨越，但研究之路还很长，”Aydin说。“可能还有很多方法可以增强材料的发光性。但是，到目前为止，我们已经成功地证明，极薄材料的发光性是可以人为加强的。”

来源：美国西北大学
Metal Alloy（金属合金）
New breakthrough in thermoelectric materials
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Generation of dislocation arrays during the liquid-phase compaction process. The Te liquid (red) between theBi0.5Sb1.5Te3 grains flows out during the compacting process and facilitates theformation of dislocation arrays embedded in low-energy grain boundaries. Credit: Institute for Basic Science 

A joint South Korean and American research group has developed a scalable production method for a state of the art alloy for the use in solid state thermoelectric devices. This new alloy is nearly twice as efficient as existing materials and may lead to a new host of applications. Uses include refrigeration, consumer electronics, transportation as well as novel devices which have not been produced yet do to the inefficiencies of existing materials.

French physicist Jean Charles Athanase Peltier discovered a key concept necessary for thermoelectric (TE) temperature control in 1834. His findings were so significant, TE devices are now commonly referred to Peltier devices. Since his work, there have been steady advancements in materials and design. Despite the technological sophistication Peltier devices, they are still less energy efficient than traditional compressor/evaporation cooling.

In the 1960's, Peltier devices were primarily made from Bismuth-Telluride (Bi2Te3) or Antimony-Telluride (Sb2Te3) alloys and had a peak efficiency (zT) of 1.1, meaning the electricity going in was only slightly less than the heat coming out. Since the 1960's there have been incremental advancements in alloy technology used in Peltier devices.

In 2014, researchers in South Korea at IBS Center for Integrated Nanostructure Physics along with Samsung Advanced Institute of Technology, the Department of Nano Applied Engineering at Kangwon National University, the Department of Energy Science at Sungkyunkwan University, and Materials Science department at California Institute of Technology California, USA have formulated a new method for creating a novel and much more efficient TE alloy.
TE alloys are special because the metals have an incredibly high melting point. Instead of melting the metals to fuse them, they are combined through a process called sintering which uses heat and/or pressure to join the small, metallic granules. The joint team, including IBS researchers, used a process called liquid-flow assisted sintering which combined all three antimony, bismuth and telluride granules into one alloy (Bi0.5Sb1.5Te3). Additional melted tellurium was used as the liquid between the Bi0.5Sb1.5Te3 granules to help fuse them into a solid alloy, and excess Te is expelled in the process.

By creating the alloy this way, the joints between the fused grains, also known as the grain boundaries, took on a special property. Traditionally sintered Bi0.5Sb1.5Te3 have thick, coarse joints which have led to a decrease in both thermal and electrical conductivity. The new liquid-phase sintering creates grain boundaries which are organized and aligned in seams called dislocation arrays. These dislocation arrays greatly reduce their thermal conduction, leading to an enhancement of their thermoelectric conversion efficiency.

In tests, the efficiency (zT) reached 2.01 at 320 K within the range of 1.86 ±0.15 at 320 K (46.85° C) for 30 samples, nearly doubling the industry standard. When the melt spun Bi0.5Sb1.5Te3 alloy is used in a Peltier cooler, the results are also significant. The new material was able achieve a temperature change of 81 K at 300 K (26.85° C).

The applications for such a material are abundant. As new fabrication techniques are developed, Peltier cooling devices may be used in place of traditional compression refrigeration systems. More importantly, as electrical vehicles and personal electronic devices become more ubiquitous in our daily lives, it is becoming increasingly necessary to have more efficient systems for localized electrical power generation and effective cooling mechanisms. This new thermoelectric alloy paves the way for the future of modern TE devices.

More information: Sang Il Kim, Kyu Hyoung Lee, Hyeon A. Mun, Hyun Sik Kim, Sung Woo Hwang, Jong Wook Roh, Dae Jin Yang, Weon Ho Shin, Xiang Shu Li, Young Hee Lee, G. Jeffrey Snyder, Sung Wng Kim (2015). Dense dislocation arrays embedded in grain boundaries for high-performance bulk thermoelectric. Science. www.sciencemag.org/lookup/doi/10.1126/science.aaa4166
热电材料新突破
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在液相压实过程中位错列的产生。Bio.5Sb1.5Te3晶粒之间的碲液体（红色）在压缩过程中流出，并且便于嵌入低能量晶界的位错列的形成。图片来源：基础科学学院

韩国和美国的一个联合研究小组已经开发出一种可扩展的生产方法，该方法能够令艺术合金的一个状态在固态热电装置中使用。这种新的合金几乎比现有的材料功效强两倍以上，并且可能会产生一系列新的应用程序。用途包括制冷、消费电子产品、运输以及那些由于现有材料的低效率尚未被生产出来的新颖设备。

法国物理学家简•查尔斯•阿塔纳塞•佩尔蒂埃在1834年发现了一个对热电（TE）温度控制非常有用的重要概念。他的研究结果是如此之显著，以至于TE装置现在通常被称为佩尔蒂埃。由于他的工作，在用料和设计方面一直以来都得到了稳定的发展。即使是技术成熟的佩尔蒂埃装置，它们仍然要比传统的压缩机/蒸发冷却机的能源效率要低。

在20世纪60年代，佩尔蒂埃装置主要是由铋碲化（Bi2Te3）或锑碲（Sb2Te3）的合金制成，并且具有1.1的峰值效率（zT），这意味着进入的电力仅比散发的热量少一点点。自20世纪60年代起，佩尔蒂埃装置所使用的合金技术得到了巨大进步。

在2014年，韩国IBS综合纳米结构物理中心的研究人员与三星尖端技术研究所、江原大学纳米应用技术系、成均管大学的能源科学系以及美国加利福尼亚加州理工学院材料科学部门已经制定了一个新的规则，对TE合金现为有效。

碲（TE）合金很特殊，因为它有难以置信的高熔点。与通过融化来融合金属不同，碲合金通过一种称为烧结的方式结合，这种方式通过加热和/或加压来联结细小的金属颗粒。包括IBS研究员在内的联合小组使用一种称为液相流的方法将锑、铋和碲化物合成一种合金 (Bi0.5Sb1.5Te3)。另外一种熔融的碲作为液相用于Bi0.5Sb1.5Te3颗粒以促进颗粒形成固体合金，同时在此过程中剔除多余的碲（Te）。

通过这种方式制造合金，熔融颗粒的结合点（即晶界）将具有某种特性。传统方式烧结的Bi0.5Sb1.5Te3的结合点厚实、粗大，降低了导热性和导电性。采用新型的液相烧结法制造的晶界在焊接处聚集排列，即形成位错阵列。这种位错阵列会大大降低导热性，以此提高热电转换效率。

测试显示， 30种样品在320K(46.85° C)的条件下的zT效能在1.86 ±0.15之间，（碲合金）zT效能达到了2.01，几乎是行业标准的两倍。当熔融纺丝Bi0.5Sb1.5Te3合金运用于珀尔贴冷却器（Peltier cooling）中，该结果同样显著。这种新型的材料在300 K (26.85° C)条件下可以获得81K的温度变化。

这种材料的运用十分广泛。由于新的制造技术得到发展，珀尔贴冷却器可被用来替换传统的压缩制冷系统。更重要的是，随着电动汽车和个人电子设备在日常生活中的日渐普及，高效的局部电力生产及冷却机制变得越来越有必要。这种新型的热电材料为现代化的TE设备发展铺平了道路。

更多信息参考：Sang Il Kim, Kyu Hyoung Lee, Hyeon A. Mun, Hyun Sik Kim, Sung Woo Hwang, Jong Wook Roh, Dae Jin Yang, Weon Ho Shin, Xiang Shu Li, Young Hee Lee, G. Jeffrey Snyder, Sung Wng Kim (2015). Dense dislocation arrays embedded in grain boundaries for high-performance bulk thermoelectric. Science. www.sciencemag.org/lookup/doi/10.1126/science.aaa4166
Mixing up a batch of stronger metals

Just as a delicate balance of ingredients determines the tastiness of a cookie or cake, the specific ratio of metals in an alloy determines desirable qualities of the new metal, such as improved strength or lightness.

A new class of alloys, called high entropy alloys, is unique in that these alloys contain five or more elements mixed evenly in near equal concentrations and have shown exceptional engineering properties, such as high strength at elevated temperatures. Alloys more typically are made up of two or three metals.

A team of researchers at Oak Ridge National Laboratory (ORNL) and the Univ. of Tennessee, Knoxville (UT), has found that this class of alloy retains enhanced mechanical properties even when the mixing is uneven or disordered, which opens up new possibilities for future alloy design.

In a study in Nature Communications, the team—led by Louis Santodonato of ORNL, Yang Zhang of the Univ. of Illinois at Urbana-Champaign, and Peter Liaw of UT—focused on the structural evolution of the alloy Al1.3CoCrCuFeNi, from the high-temperature liquid to room temperature. They observed the phase transition of the material as it cooled, including the disordered and partially ordered solid solution structures.

High entropy alloys have been around for more than 10 years, but as Santodonato explains, “The focus has been on the perfectly mixed alloy. We looked at a deviant one and found the effect is still pervasive.”

To study the alloy, the team used neutron diffraction at the Spallation Neutron Source, x-ray diffraction at the Argonne National Laboratory Advanced Photon Source, electron microscopy at the ORNL Center for Nanophase Materials Sciences—all User Facilities operated by DOE’s Office of Science—and computational simulations done at DOE’s National Energy Technology Laboratory.

To perform the neutron measurements, the team had to levitate the sample and heat it with a high-powered laser. The levitation system is made of a special nozzle designed to produce a gas flow that can trap a small bead of material—about an eighth of an inch in diameter—floating in air above the nozzle. The levitation ensures the sample is not in contact with any solid surface that would melt, react with, and contaminate the sample at these temperatures, while a laser is used to heat the sample as it floats on the gas flow.

“Together these techniques helped us sort out the real-world atomic mixing that deviates from the standard case, and neutrons helped us detect and understand the deviations,” Santodonato said.

The novel part of this work is neutron scattering and, in particular, the ability to follow the evolution of the alloy’s atomic structure as it cools from the molten state.

“With neutrons, we can see the atoms,” said Zhang. “Neutron scattering experiments reveal the atomic-level structure of the materials. We found this material, although not a true high entropy alloy in the strict sense, still exhibits significant disorder.”

“Additionally, the microscopy tells us the larger scale structure of the material, and the simulation shows excellent comparisons to the experimental data,” Zhang said.

The team hopes their results open vast possibilities for future alloy designs, including understanding how high entropy alloys may be used in radiation shielding applications.

“In the future, we may be able to test how the material’s structure responds in a high-radiation environment,” Liaw said.

Source: Oak Ridge National Laboratory
混合制造完美合金

就像微妙地搭配各种成分以制作不同口味的饼干或蛋糕一样，合金中金属的不同配比也决定着新金属材料的特性，比如可以提升其强度或亮度。

一种称为高熵合金的新合金，其独特之处在于，这些合金包含5个或5个以上均匀混合的元素，近乎平等分配，表现出杰出的机械性质，如耐高温高强度。合金通常由两种或三种金属制成。

橡树岭国家实验室(ORNL) 和诺克斯维尔田纳西大学 (UT)的一个研究小组发现即使是金属没有得到均匀有序混合，这类合金也具有很高的机械性质，这对未来的合金构思开辟了新的可能性。

《自然通讯》杂志上刊载的一项研究讲述的是，由橡树岭国家实验室(ORNL)的路易斯Santodonato、伊利诺伊大学香槟分校的张杨和诺克斯维尔田纳西大学 (UT)的彼得•利奥组成的研究团专注于Al1.3CoCrCuFeNi合金结构演变，从高温液体到室温状态。他们观察了该材料冷却时的相变，包括无序和偏序固溶体结构。

高熵合金已经存在了十多年，但Santodonato解释说“我们研究的重点一直都是制造出完美混合合金。即便是有瑕疵的合金，其机械特性也有明显变化。”

该小组研究合金的方法是，使用散裂中子源中子衍射，阿贡国家实验室先进光子源x射线衍射，橡树岭国家实验室纳米材料科学中心电子显微镜，由美国能源部科学办公室进行操作，能源部国家能源技术实验室完成计算机模拟。

要进行中子测量，该研究团队必须使该样本处于飘浮状态，并用大功率激光进行加热。该悬浮系统是由一个能产生气流控制一小圆珠状材料（直径大概0.8英寸）的特殊喷嘴构成。悬浮状态要确保样品不接触任何可能融化、起反应或污染样品的实体表面，而激光是用来加热悬浮于气体流上的样品。

“这些技术方法可以帮助我们找到偏离标准情况的现实原子混合，而中子帮助我们发现和理解这些偏差，”Santodonato说。

这项工作的创新点在于中子散射，特别是能够追踪合金的原子结构从熔融状态冷却演变过程。

“有了中子，我们可以更好观察原子，”张说。“中子散射实验揭示了材料的原子层级结构。我们发现这种材料，虽然在严格的意义上不是真正的高熵合金，仍表现出显著的比例失调。”

“此外，显微镜告诉我们，材料规模结构越大，模拟实验数据越能显示出强烈的对比，”张说。

该团队希望他们的研究结果能够为未来合金设计提供更多的可能性，包括了解高熵合金如何应用于辐射屏蔽。

“在将来，我们可以检测高辐射环境中的材料变化，”利奥说。

来源：橡树岭国家实验室
Composite Materials（复合材料）
Taking aircraft manufacturing out of the oven

Composite materials used in aircraft wings and fuselages are typically manufactured in large, industrial-sized ovens: Multiple polymer layers are blasted with temperatures up to 750 F, and solidified to form a solid, resilient material. Using this approach, considerable energy is required first to heat the oven, then the gas around it, and finally the actual composite.

Aerospace engineers at Massachusetts Institute of Technology (MIT) have now developed a carbon nanotube (CNT) film that can heat and solidify a composite without the need for massive ovens. When connected to an electrical power source, and wrapped over a multilayer polymer composite, the heated film stimulates the polymer to solidify.

The group tested the film on a common carbon-fiber material used in aircraft components, and found that the film created a composite as strong as that manufactured in conventional ovens—while using only 1% of the energy.

The new “out-of-oven” approach may offer a more direct, energy-saving method for manufacturing virtually any industrial composite, says Brian L. Wardle, an associate professor of aeronautics and astronautics at MIT.

“Typically, if you’re going to cook a fuselage for an Airbus A350 or Boeing 787, you’ve got about a four-story oven that’s tens of millions of dollars in infrastructure that you don’t need,” Wardle says. “Our technique puts the heat where it is needed, in direct contact with the part being assembled. Think of it as a self-heating pizza. … Instead of an oven, you just plug the pizza into the wall and it cooks itself.”

Wardle says the carbon nanotube film is also incredibly lightweight: After it has fused the underlying polymer layers, the film itself—a fraction of a human hair’s diameter—meshes with the composite, adding negligible weight.

The team, including MIT graduate students Jeonyoon Lee and Itai Stein and Seth Kessler of the Metis Design Corporation, has published its results in ACS Applied Materials and Interfaces.

Carbon nanotube deicers

Wardle and his colleagues have experimented with CNT films in recent years, mainly for deicing airplane wings. The team recognized that in addition to their negligible weight, carbon nanotubes heat efficiently when exposed to an electric current.

The group first developed a technique to create a film of aligned carbon nanotubes composed of tiny tubes of crystalline carbon, standing upright like trees in a forest. The researchers used a rod to roll the “forest” flat, creating a dense film of aligned carbon nanotubes.

In experiments, Wardle and his team integrated the film into airplane wings via conventional, oven-based curing methods, showing that when voltage was applied, the film generated heat, preventing ice from forming.

The deicing tests inspired a question: If the CNT film could generate heat, why not use it to make the composite itself?

How hot can you go?

In initial experiments, the researchers investigated the film’s potential to fuse two types of aerospace-grade composite typically used in aircraft wings and fuselages. Normally the material, composed of about 16 layers, is solidified, or cross-linked, in a high-temperature industrial oven.

The researchers manufactured a CNT film about the size of a Post-It note, and placed the film over a square of Cycom 5320-1. They connected electrodes to the film, then applied a current to heat both the film and the underlying polymer in the Cycom composite layers.

The team measured the energy required to solidify, or cross-link, the polymer and carbon fiber layers, finding that the CNT film used one-hundredth the electricity required for traditional oven-based methods to cure the composite. Both methods generated composites with similar properties, such as cross-linking density.

Wardle says the results pushed the group to test the CNT film further: As different composites require different temperatures in order to fuse, the researchers looked to see whether the CNT film could, quite literally, take the heat.

“At some point, heaters fry out,” Wardle says. “They oxidize, or have different ways in which they fail. What we wanted to see was how hot could this material go.”

To do this, the group tested the film’s ability to generate higher and higher temperatures, and found it topped out at over 1,000 F. In comparison, some of the highest-temperature aerospace polymers require temperatures up to 750 F in order to solidify.

“We can process at those temperatures, which means there’s no composite we can’t process,” Wardle says. “This really opens up all polymeric materials to this technology.”

The team is working with industrial partners to find ways to scale up the technology to manufacture composites large enough to make airplane fuselages and wings.

“There needs to be some thought given to electroding, and how you’re going to actually make the electrical contact efficiently over very large areas,” Wardle says. “You’d need much less power than you are currently putting into your oven. I don’t think it’s a challenge, but it has to be done.”

Source: Massachusetts Institute of Technology
新型薄膜使制造飞机无需锅炉

飞机的机翼和机身中所使用的复合材料，通常是在大型工业规模的锅炉中制造的：多个聚合物层在高达750F的温度下被喷砂，从而固态化以形成固体的弹性材料。运用这种方法，首先需要相当大的能量为加热烘箱，然后令气体环绕它，并且最终得到实际的复合材料。

美国麻省理工学院（MIT）的航天工程师目前已经开发出一种薄膜，不需要大规模锅炉的情况下就能加热和巩固复合材料的碳纳米管（CNT）。当连接到电功率源并且包裹着一个多层聚合物复合材料时，加热的薄膜刺激聚合物固化。

该小组在一个飞机部件中使用的常见碳纤维材料上测试这种薄膜，并且他们发现，该薄膜创造了一种与传统锅炉所制造的复合材料同样坚固的复合材料——同时只利用了1%的能量。

MIT航空航天学院的副教授布赖恩•L•沃德尔表示，新的“免锅炉”方式可能会为制造几乎所有的工业复合材料提供一个更直接、更节能的方法。

“通常情况下，如果你要为空中客机A350或波音787制造一个机身，你会获得一个将在你不需要的基础设施上花费数千万美元的四层锅炉，”沃德尔表示。“我们的技术令热量出现在需要的地方，直接与组装部位进行接触。把它看作是一个自热的比萨饼。……与锅炉相反，你只需要将比萨饼插入墙壁，它自己就会自行烹饪。”

沃德尔表示，碳纳米管薄膜的质量同样也极其轻：在其熔融了底层的聚合物层之后，该薄膜本身——一根人类头发直接的一小部分——与复合材料相结合，从而增加了可忽略不计的重量。

该团队，包括麻省理工学院的研究生李郑尹和板井•斯坦以及梅蒂斯设计公司的赛斯•凯斯勒，已经在《ACS应用材料与界面》杂志上刊载了其研究结果。

碳纳米管除冰装置 

沃德尔与他的同事们在近几年已经测试了CNT薄膜，主要用于为飞机机翼除冰。该研究团队意识到，碳纳米管能够在暴露于电流下时得到有效加热。

该研究小组首先开发出了一种技术来创造由微小的结晶性碳管构成的定向碳纳米管薄膜，像森林中的树木一样直立。研究人员用一个杆将“森林”推平，从而创造了一个致密的定向碳纳米管薄膜。

在实验中，沃德尔与他的团队通过常规的、烘箱系固化方法将该薄膜集成到飞机机翼中，结果表明，当施加电压时，薄膜产生热量，从而防止冰的形成。

结冰测试激发了一个问题：如果CNT薄膜会产生热量，为什么不用它来复合其自身？

可以达到多高的温度？

在最初的实验中，研究人员调查了薄膜融合两种通常用于飞机机翼和机身的航空级复合材料的潜力。通常情况下，由大约16层构成的这种材料在高温工业炉中是固化的或交联的。

研究人员制造出一款尺寸大约与便利贴一样的CNT薄膜，并且将该薄膜放置在一个正方形的Cycom5320-1上。他们将电极连接到薄膜上，然后施加一个电流来加热该薄膜以及Cycom复合层的底层聚合物。

该小组测量了聚合物和碳纤维层固化或交联所需的能量，他们发现，CNT薄膜固化复合材料所需的能量仅为传统烘箱基础方法所需能量的百分之一。这两种方法都会产生具有类似性质的复合材料，例如交联密度。

沃德尔表示，该结果推动该小组进一步地测试CNT薄膜：因为不同的复合材料需要不同的温度来融合，因此研究人员想要观察CNT薄膜是否能够确实吸取热量。

“在某些时候，加热器会失效，”沃德尔表示。“他们会氧化，或以不同的方式失效。我们希望了解的是这种材料能够达到多高的温度。”

为了做到这一点，小组测试了该薄膜产生越来越高温度的能力，并且发现其能突破1000F。相比较而言，某些温度最高的航天聚合物要求温度高达750F才能固化。

“我们可以在这些温度下进行处理，这就意味着没有我们无法处理的复合物，”沃德尔表示。“这确实令这种技术可以面向所有的聚合物材料。”

该研究小组正在与行业合作伙伴一同想方设计来扩大该技术，以生产出大到足以制造飞机机身和机翼的复合材料。

“对于电极，我们还需要进行一些思考，并且了解你如何能够真正令电极有效地接触非常大的区域，”沃德尔表示。“你需要的动力要比目前投入到锅炉的动力少得多。我并不认为这是一个挑战，但它是一项需要完成的工作。”

资料来源：美国麻省理工学院

Carbon nanotube composites show promise for use in “unconventional” computing

As we approach the miniaturization limits of conventional electronics, alternatives to silicon-based transistors—the building blocks of the multitude of electronic devices we've come to rely on—are being hotly pursued.

Inspired by the way living organisms have evolved in nature to perform complex tasks with remarkable ease, a group of researchers from Durham Univ. and the Univ. of São Paulo-USP are exploring similar "evolutionary" methods to create information processing devices.

In the Journal of Applied Physics, the group describes using single-walled carbon nanotube composites (SWCNTs) as a material in "unconventional" computing. By studying the mechanical and electrical properties of the materials, they discovered a correlation between SWCNT concentration/viscosity/conductivity and the computational capability of the composite.

"Instead of creating circuits from arrays of discrete components (transistors in digital electronics), our work takes a random disordered material and then 'trains' the material to produce a desired output," said Mark K. Massey, research associate, School of Engineering and Computing Sciences at Durham Univ.

This emerging field of research is known as "evolution-in-materio," a term coined by Julian Miller at the Univ. of York. What exactly is it? An interdisciplinary field blends together materials science, engineering and computer science. Although still in its early stages, the concept has already shown that by using an approach similar to natural evolution, materials can be trained to mimic electronic circuits, without needing to design the material structure in a specific way.

"The material we use in our work is a mixture of carbon nanotubes and polymer, which creates a complex electrical structure," explained Massey. "When voltages (stimuli) are applied at points of the material, its electrical properties change. When the correct signals are applied to the material, it can be trained or 'evolved' to perform a useful function."

While the group doesn't expect to see their method compete with high-speed silicon computers, it could turn out to be a complementary technology. "With more research, it could lead to new techniques for making electronics devices," he noted. The approach may find applications within the realm of "analog signal processing or low-power, low-cost devices in the future."

Beyond pursuing the current methodology of evolution-in-materio, the next stage of the group's research will be to investigate evolving devices as part of the material fabrication "hardware-in-the-loop" evolution. "This exciting approach could lead to further enhancements in the field of evolvable electronics," said Massey.
Source: American Institute of Physics
碳纳米管复合材料有望在“非传统”计算中运用 
当我们处理传统电子产品的微型化限制时，硅晶体管的替代品-我们开始依赖的大量电子设备的结构单元，正为人们热追。
生物体已进化到可以非常轻松地执行复杂的任务。受到这个启发，一群来自英国杜伦大学和巴西圣保罗大学的研究人员正在研究类似的“进化”方法，用来建立信息处理设备。
在《应用物理》杂志中，小组成员描述了将单壁碳纳米管（SWCNTs）复合材料用来作为“非传统”计算的材料。在研究了这种材料的机电特性后，他们发现了单壁碳纳米管浓度、粘度、电导率和这种复合材料的计算能力之间的关系。
来自杜伦大学工程和计算机科学学院的研究助理-Mark K. Massey声称：“我们在研究汇中选择了一个随机的无序材料，然后使“训练”这种材料使其产生期望的产量，而不是从一系列分立元件（数字电子晶体管）中创建电路。
这一新兴的研究领域被称为“进化的物质，”此词由纽约大学的Julian Miller创造。它究竟是什么？这是一个融合了材料科学、工程和计算机科学的跨学科领域。尽管仍处于早期阶段，这个概念已经显示，通过使用类似自然进化的方法，材料可被人们开发用来模拟电子电路，而不需通过特殊方式去设计材料结构。
Massey解释说：“我们工作中用到的材料是一种碳纳米管和聚合物的混合物，它创建了一种复杂的电气结构。当正确的信号被施加到材料上，它可以被开发或“进化”来执行一个有用的功能。”
然而研究组不希望看到他们的方法与高速硅计算机脑竞争，它可被证明是一个互补的技术。“随着更多研究的进行，它可为电子设备制作带来新技术，”他说。该方法可能会在未来“模拟信号处理或低功耗、低成本的设备”领域获得应用。
除了探究现在物质演化的方法，研究组的下一阶段是将进化设备作为材料制造“硬件在环”演变的一部分来研究。Massey说，“这种激动人心的方法能引领演化电子领域的进一步提升”。

来源：美国物理研究所
Practical Application（实际应用）
Ordinary clay can save the day

Carbon capture will play a central role in helping the nations of the world manage and reduce their greenhouse gas emissions. Many materials are being tested for the purpose of capturing carbon dioxide. But now researchers led by the Norwegian Univ. of Science and Technology (NTNU) have found that ordinary clay can work just as effectively as more advanced materials.

"It is quite remarkable that clay can capture as much carbon dioxide as other materials that are being investigated," says Jon Otto Fossum, professor at NTNU's Dept. of Physics.

Clay offers many benefits compared to other materials, particularly because other potential materials can be expensive, difficult to produce, toxic and not particularly environmentally friendly.

A possible practical future use of this discovery could be to include clays in carbon dioxide filters for industrial-scale carbon dioxide emissions reduction.

"What we are doing is basic research," Fossum says. "It will take more research to develop the technology, so we don't expect clay-based carbon capture to be readily available anytime soon."

The results are published in Scientific Reports.

Selective, reusable and inexpensive

A good material for capturing carbon dioxide must meet specific requirements. It should have a large surface area and good adsorption capability. It should be able to capture carbon dioxide selectively before it captures other molecules, it should not need a lot of energy for it to work, and it must be reusable. Moreover, it must be inexpensive and environmentally friendly.

Certain clay minerals meet these criteria, particularly smectite, a group of clay minerals that swell in contact with water, which are known as layered nanosilicates.

The researchers used synthetic smectite in their experiments. Artificial clays can actually be inexpensive to make.

Clay surface actively captures carbon dioxide

The researchers found that carbon dioxide in gaseous form binds to smectite, and that it is not only the smectite clay surfaces in themselves that are responsible for binding carbon dioxide, but principally that ions associated with the clay surfaces are the active capturers.

A smectite clay called lithium-fluorohectorite can retain carbon dioxide at temperatures up to 35 C at ambient pressure. The carbon dioxide that is captured by the clay is released when it is heated to temperatures above this limit, which allows carbon capture to be controlled.

"Our experiments show that this kind of smectite can capture and retain as much carbon dioxide as other materials that have been studied for this purpose," Fossum says.

Source: Norwegian Univ. of Science and Technology
普通黏土可以挽救局面

碳捕获将在帮助世界各国管理和减少温室气体排放方面发挥核心作用。在实现捕获二氧化碳这一目的方面，研究人员对许多材料进行了测试。但是目前由挪威大学科学与技术学院（NTNU）领导的研究人员发现，普通的黏土可以起到与更先进的材料相同的效果。

“粘土能够捕获与其他正在调查的材料一样多的二氧化碳这一事实是很了不起的，”NTNU物理系的教授约翰•奥托•福萨姆表示。

粘土与其他材料相比具有许多优点，尤其是因为其他潜在的材料可能会非常昂贵、难以生产、有毒以及并不是特别的环保。

这一发现未来可能的实际使用可能会将粘土包含在二氧化碳过滤器中，用于工业规模的二氧化碳排放量的减少。

“我正在进行基础研究，”福萨姆表示。“这将需要更多的研究来开发这项技术，因此我们并不期望粘土基础的碳捕获能够很快获得。”

该结果发表于《学术报告》上。

选择性的、可重复使用的，并且非常廉价

捕获二氧化碳的好材料必须满足特定的需求。它应该具有较大的表面积和良好的吸附能力。它应该能够在其捕捉到其他分子之前选择性地捕获二氧化碳，它的使用应该不需要大量的能量，并且它必须是可重复使用的。此外，它必须是廉价并且环保的。

某些粘土矿物满足这些条件，特别是绿土，一组因与水接触而膨润的粘土矿物，被称之为层状纳米硅酸盐。

研究人员在他们的实验中利用合成蒙脱石。人造粘土实际上的制造成本非常便宜。

粘土表面积极地捕获二氧化碳

研究人员发现，气体形式的二氧化碳与蒙脱石相结合，并且蒙脱石粘土表面本身不仅负责与二氧化碳相结合，而且更重要的与粘土表面相关的离子是活跃的捕获者。

称为锂氟锂蒙脱石的蒙脱石粘土能够在温度高达35摄氏度的环境压力下留住二氧化碳。受到该粘土捕获的二氧化碳在其被加热到超过该温度限制时会得到释放，因此这使得碳捕获能够得到控制。

“我们的实验表明，这种绿土能够捕获和保留的二氧化碳含量，与以此为目的而进行研究的其他材料所捕获和保留的含量相同，”福萨姆表示。

资料来源：挪威大学科学与技术学院

Natural nanocrystals shown to strengthen concrete

Cellulose nanocrystals derived from industrial byproducts have been shown to increase the strength of concrete, representing a potential renewable additive to improve the ubiquitous construction material.

The cellulose nanocrystals (CNCs) could be refined from byproducts generated in the paper, bioenergy, agriculture and pulp industries. They are extracted from structures called cellulose microfibrils, which help to give plants and trees their high strength, lightweight and resilience. Now, researchers at Purdue Univ. have demonstrated that the cellulose nanocrystals can increase the tensile strength of concrete by 30%.

"This is an abundant, renewable material that can be harvested from low-quality cellulose feedstocks already being produced in various industrial processes," said Pablo Zavattieri, an associate professor in the Lyles School of Civil Engineering.

The cellulose nanocrystals might be used to create a new class of biomaterials with wide-ranging applications, such as strengthening construction materials and automotive components.

Research findings were published in Cement and Concrete Composites. The work was conducted by Jason Weiss, Purdue's Jack and Kay Hockema Professor of Civil Engineering and director of the Pankow Materials Laboratory; Robert J. Moon, a researcher from the U.S. Forest Service's Forest Products Laboratory; Jeffrey Youngblood, an associate professor of materials engineering; doctoral student Yizheng Cao; and Zavattieri.

One factor limiting the strength and durability of today's concrete is that not all of the cement particles are hydrated after being mixed, leaving pores and defects that hamper strength and durability.

"So, in essence, we are not using 100% of the cement," Zavattieri said.

However, the researchers have discovered that the cellulose nanocrystals increase the hydration of the concrete mixture, allowing more of it to cure and potentially altering the structure of concrete and strengthening it.  As a result, less concrete needs to be used.

The cellulose nanocrystals are about 3 to 20 nm wide by 50 to 500 nm long, making them too small to study with light microscopes and difficult to measure with laboratory instruments. They come from a variety of biological sources, primarily trees and plants.

The concrete was studied using several analytical and imaging techniques. Because chemical reactions in concrete hardening are exothermic, some of the tests measured the amount of heat released, indicating an increase in hydration of the concrete. The researchers also hypothesized the precise location of the nanocrystals in the cement matrix and learned how they interact with cement particles in both fresh and hardened concrete. The nanocrystals were shown to form little inlets for water to better penetrate the concrete.
The research dovetails with the goals of P3Nano, a public-private partnership supporting development and use of wood-based nanomaterial for a wide-range of commercial products.

"The idea is to support and help Purdue further advance the CNC-Cement technology for full-scale field trials and the potential for commercialization," Zavattieri said.

Source: Purdue Univ.
天然纳米晶体可以强化混凝土 
来源于工业副产品的纤维素纳米晶体被证明可以提高混凝土的强度，它代表着用于改善普遍建筑材料的一种潜在可再生添加剂。

纤维素纳米晶体(CNCs)可以从纸张、生物能源、农业和纸浆工业产生的副产品提纯得到。它从被称为纤维素微纤维的结构中提取得到，其中纤维素微纤维使植物和树木具备高强度、轻重量和弹性。如今，普渡大学的研究人员已经证明纤维素纳米晶体可以将混凝土抗拉强度提高30%。

 “这是一种丰富、可再生的材料，它可以从已经在各种工业过程生产的低质量纤维素原料获得，”普渡大学Lyles土木工程学院副教授Pablo Zavattieri说。

纤维素纳米晶体可以用于创造一种具有广泛应用的新种生物材料，例如加固建筑材料和汽车零部件等。

研究结果发表于《水泥和混凝土复合材料》杂志（Cement and Concrete Composites）。该研究是由以下人员进行：普渡大学的土木工程学院Jack and Kay Hockema教授兼Pankow材料实验室主任Jason Weiss，美国林业局的林产品实验室研究者Robert J. Moon，材料工程副教授Jeffrey Youngblood，博士生曹依正（音译），和Zavattieri。
一个限制当今混凝土的强度和耐用度的因素是，并不是所有的水泥颗粒在混合后都与水化合，从而留下会阻碍强度和耐用度的毛孔和缺陷。
“所以，实质上，我们不使用100%的水泥，”Zavattieri说。

然而，研究人员发现，纤维素纳米晶体可以提升混凝土混合料的水化作用，这样就使得更多的纤维素纳米晶体可以治愈和可能改变混凝土的结构并加强它。因此，可以使用更少的混凝土。

纤维素纳米晶体宽度大约为3到20 nm，长度为50到500 nm,这使得它们太小以致于不能用光学显微镜研究，也难以用实验仪器测量。它们来自各种生物来源,主要是树木和植物。
研究人员使用使用一些分析和成像技术对水泥进行了研究。鉴于混凝土硬化化学反应是放热，有些测试测量了释放的热量,（结果）表明混凝土水化增加。研究人员还假设水泥颗粒矩阵中纳米晶体的精确位置，了解了它们在新鲜和硬化的混凝土中是如何与水泥颗粒相互作用的。结果显示，纳米晶体形成了小的水入口，可以更好地穿透混凝土。

研究与P3Nano的目标相吻合,后者是公私合作来支持发展木制纳米材料的开发和使用，以提供广泛的商业产品。

“其旨在支持和帮助普渡大学进一步发展CNC-Cement技术，以进行全面的实地试验和潜在的商业化,”Zavattieri说。

来源：普渡大学

Copper atoms bring a potential new battery material to life

Lithium-ion batteries are an important component of modern technology, powering phones, laptops, tablets and other portable devices when they are not plugged in. They even power electric vehicles. But to make batteries that last longer, provide more power, and are more energy efficient, scientists must find battery materials that perform better than those currently in use.

At the U.S. Dept. of Energy (DOE)'s Brookhaven National Laboratory, a team of researchers has studied one member of a class of materials, called transition metal fluorides, that are potential cathodes for future lithium (Li) ion batteries. They discovered that adding copper atoms to one member of this class, iron fluoride, produces a group of new fluoride materials that can reversibly store lithium ions, and can store three times as many as conventional cathode materials. Moreover, measurements indicate that these new materials could yield a cathode that is extremely energy-efficient.

This research is described in Nature Communications.

Inside a Li-ion battery, the ions shuttle back and forth between two electrodes, the positively charged cathode and the negatively charged anode. As the cathode takes in ions, the battery discharges and provides power. When the cathode can accept no more ions, the battery is depleted. Then, when the device is plugged in to recharge, the ions are pulled back across to the anode. As a result, one of the key parameters of a battery’s performance is how many ions it can store. Current cathode materials (typically made of lithium, additional metals, and oxygen) have ion-storage capacities that are relatively limited.

The transition metal fluorides, which contain the element fluorine plus one or more of the transition metals, such as iron and copper, have much higher ion-storage capacities than traditional cathodes. This is partly because they work differently. While a conventional cathode stores ions between the layers of its molecular structure, called “intercalation,” the metal fluorides store them via a reversible electrochemical reaction, called a conversion reaction. During this multi-step process, the metals oxidize (lose electrons) and break from the fluorine atoms. The lithium ions then bond temporarily to the fluorine atoms.

Development of the metal fluorides for battery applications has stalled, however, due to some significant drawbacks. For example, copper fluoride (CuF2), has a very high potential voltage as a cathode material but low electrochemical activity; additionally, its conversion reaction is not reversible. Other candidates, the iron fluorides (FeF2 and FeF3), are reversible but their working voltages are low and they are not energy-efficient enough.

“Despite the large amount of research into the single-metal fluorides, there has been surprisingly little work done to study the conversion reactions in multiple-metal fluorides, also called mixed-cation fluorides,” said the study's lead author, Feng Wang, a physicist in Brookhaven's Sustainable Energy Technologies Dept. “We have gained important insight into those reactions and, at the same time, have overcome some of the issues that have slowed the development of the metal fluorides, opening a door to exciting new research.”

The paper's other authors are Sung-Wook Kim, Liping Wang and Dong Su of Brookhaven Lab; Dong-Hwa Seo and Kisuk Kang of Seoul National Univ. (Korea); and John Vajo, John Wang and Jason Graetz of HRL Laboratories LLC. The studies were conducted at two DOE Office of Science user facilities, the National Synchrotron Light Source (NSLS, now closed and replaced by the new NSLS-II) and the Center for Functional Nanomaterials. Their work builds on two other studies recently published in the Journal of the American Chemical Society and Nature Communications, which reveal the merits of FeF2 for use in batteries, particularly for achieving highly reversible lithium conversion reactions.

Using that research as their foundation, the group began with FeF2 and then incorporated copper atoms into the iron lattice. They synthesized many samples, containing different ratios of copper and iron, and studied them “in operando” (in real time under real operating conditions), simultaneously tracking the samples' reactivity and structural properties. The network of iron atoms “traps” the copper atoms and results in a cooperative oxidation reaction, ultimately allowing the copper ions to undergo the reversible redox reaction. Moreover, the reaction is achieved with an extremely low voltage “hysteresis.” This parameter is a measure of how strongly the reaction draws on the voltage of the system; in short, it is a measure of how energy-efficient the cathode is during the charging process.

“We were surprised that the measured hysteresis is so low. In fact, it is the lowest reported yet in any of the metal fluorides, indicating the potential for achieving high-energy efficiency in cathodes made with them,” said Wang. “And in a broader sense, this work shows that the addition of a second positive ion may provide a new avenue for tailoring key electrochemical properties of conversion-type electrodes.”

“This research is notable not only because of its implications for lithium-ion battery development, but also because it demonstrates how the development of in-operando synchrotron x-ray techniques can be used to track the real-time chemical reactions in cutting-edge materials as they are being cycled,” said J. Patrick Looney, chair of Brookhaven's Sustainable Energy Technologies Dept. “The design and development of new materials via in-operando and in-situ studies is in keeping with Brookhaven's long-term research goals, as well as those of DOE.”

A patent related to this work was filed in January of this year, titled “High-Energy Cathodes for Lithium Rechargeable Batteries.” The patent positions this metal fluoride as a low-cost upgrade for the cathodes in existing Li-ion batteries and is aimed at possible commercial applications. As in the journal paper, the patent application describes how the material was characterized and tested. But it also provides additional details into how the material is synthesized and the steps to fashion it into a working cathode.

“It is exciting to see new battery chemistries tested and coupled using synchrotron tools, to fast-pace the research and development of longer lasting, more efficient and more durable batteries by finding materials with increased energy densities,” said Connie Cleary, Manager of Brookhaven's Office of Technology Commercialization & Partnerships, which helps researchers partner with industry to develop their discoveries. “This research is aimed directly at that goal and may lead to a better understanding of what it will take to increase the capability of rechargeable batteries.”

Measurements of cathode performance

The samples were made into test cells and their electrochemical behavior measured as the cell was discharged and charged. The measurements show that the system's electrochemical properties are guided by the cooperative oxidation and reduction (collectively known as redox) that occurs when the copper and iron are sitting on the same lattice.

For example, the measurements do not show the voltage dip during iron conversion that is exhibited by pure FeF2, indicating that iron conversion in the samples occurs with less energy. Measurements taken during the redox reaction of the copper atoms reveal peaks that show up cycle after cycle, indicating the reversibility of that reaction, unlike in pure CuF2.

The group achieved further insight into the redox reactions, and corroboration of the electrochemical measurements, using in-operando x-ray absorption spectroscopy techniques at NSLS. X-ray beams were aimed at the samples as they charged and discharged. As they passed through the sample, some of the x-rays were absorbed. These absorption patterns give the scientists a way to “see” what was happening in the cell in real time. The techniques are element-specific, meaning they are tuned to return information about a single element, such as copper.

The x-ray data show that, on discharge, as lithium ions enter the cathode, the copper conversion occurs first, followed by the iron conversion at lower voltages. The copper-iron and iron-fluoride bonds break, yielding to the lithium ions, while metallic copper-copper and iron-iron bonds form between the freed metal atoms. Upon charging, the copper-iron bonds reform, as evident by a strong peak in the x-ray absorption data that is nearly identical in position and shape to the original material—another hallmark of good reversibility.

Further x-ray data was taken to learn more about what happens to the copper atoms after the first discharge and charge cycle, and into the second discharge. The researchers note an issue with copper ions dissolving, which leads to a breakdown of cell performance. They suggest possible mitigation methods, such as surface coatings to stabilize the electrode at high potentials or barrier layers to prevent copper ion crossover. These fixes may be explored in future studies.

Wang and his team plan to continue investigating this new type of copper-based fluoride for battery applications at Brookhaven's new synchrotron, National Synchrotron Light Source II, the world's brightest synchrotron light source.

“Down the road, we plan to closely examine how they degrade after repeatedly absorbing and releasing lithium, in order to find remedies for this behavior. The new NSLS-II XPD beamline, designed for in-situ and operando studies of materials, is the ideal tool for imaging the full local and global structure of our samples during cycling, in real time and under real-world reaction conditions,” Wang said.
Source: Brookhaven National Laboratory
利用铜原子制造潜在新型电池材料

锂离子电池是现代技术的一个重要组成部分，为手机、笔记本电脑、平板电脑和其他移动设备供电，甚至为电动汽车供电。但为了让电池更持久、提供更多的电、更节能，科学家必须找到优于目前使用的材料的电池材料。

美国能源部门(DOE)布鲁克海文国家实验室的一个研究小组，研究了一种被称为过渡金属氟化物的材料，或成为潜在的未来锂(Li)离子电池阴极。他们发现,将铜原子添加到该类材料中的氟化铁材料中，就可生产一批新的氟化材料, 可逆向储存锂离子,且其储存是常规阴极材料的三倍。此外,测量表明,这些新材料产生的阴极可能非常节能。

这项研究发表在《自然》杂志上。

在锂离子电池中,离子在两个电极之间来回穿梭,带正电的阴极和带负电荷的阳极。随着阴极吸收离子、电池放电和提供电力。当阴极无法接受更多的离子时,电池耗尽。然后,设备插入充电,离子在阳极回落。因此,电池的性能的关键参数之一是它可以存储多少离子。电流阴极材料(通常是由锂,额外的金属,和氧气)有相对有限的贮存能力。 

过渡金属氟化物,含有氟元素加上一个或更多的过渡金属,如铁和铜,离子贮存能力远高于传统的阴极。这部分是因为他们运行不同。传统阴极在其被称为“夹层”的分子结构层之间存储离子，而金属氟化物通过可逆的电化学反应存储它们,称为转换反应。在这多步骤的过程,金属氧化(失去电子)并与氟原子分离。锂离子然后短暂与氟原子捆绑。

然而,由于一些严重的缺陷，开发金属氟化物的电池应用已经停滞。例如,氟化铜(CuF2)作为阴极材料有潜力非常高的电压,但其电化学活性较低，此外，其转换反应不可逆。其他候选如铁氰化物(FeF2和FeF3)虽是可逆的，但它们的工作电压很低，不够节能。

“尽管有大量关于单一金属氟化物的研究,已经有很少的研究涉及多金属氟化物的转换反应,也称为混合-阳离子的氟化物,”这项研究的第一作者、布鲁克海文国家实验室的可持续能源技术部门的物理学家Feng Wang说，“我们获得了关于这些反应的重要见解,与此同时,已经克服的一些放缓了金属氟化物的发展问题,令人振奋的新研究之门打开了。”

论文的其他作者有布鲁克海文实验室的Sung-Wook Kim, Liping Wang 和 Dong Su; 首尔国立大学(韩国)的Dong-Hwa Seo 和Kisuk Kang; HRL实验室LLC的 John Vajo, John Wang 和 Jason Graetz。研究在两个美国能源部科学用户设施办公室进行,全国同步光源(NSLS,现在关闭,取而代之的是新的NSLS-II)和功能纳米材料中心。他们基于另外两个研究，最近发表在《美国化学学会期刊》与《自然-通讯》杂志上的文章揭示了将FeF2用于电池的优点,尤其是对于实现高度可逆锂转换反应。

用该研究作为基础,研究团队开始使用FeF2，并将其合并到铁铜原子晶格。他们合成了许多样品,含有不同比例的铜和铁,并研究其“原位”(实际操作条件下实时)，同时跟踪样品的反应和结构属性。网络状的铜原子为铁原子设置了“陷阱”并引发合作的氧化反应,最终使铜离子进行可逆的氧化还原反应。此外,反应达到极低的电压“滞后”。这个参数是测量一个反应如何强烈地吸引系统的电压;简而言之,这衡量了充电过程中阴极的节能方式。

“我们感到惊讶的是,测量磁滞是如此之低。事实上,这在任何金属氟化物中是最低的报告,这表明了使用FeF2的阴极有实现高能量效率的潜力,” Wang说。“在更广泛的意义上说,这项研究表明,添加第二个正离子可能提供一个新的途径，为调整转换型电极的关键的电化学性能。”

“这项研究是引人注目的,不仅是因为它影响锂离子电池的发展,而且还因为它演示了在-原位同步加速器的x光技术的发展可以用来跟踪前沿材料的实时化学反应,当他们被循环时候,” J. Patrick Looney说,他是布鲁克海文国家实验室的可持续能源技术部门主席。“通过在-原位和在-现场研究设计和开发新材料符合布鲁克海文国家实验室的长期研究目标,以及DOE的目标。”

与此研究相关的专利于今年1月提交申请,题为“锂充电电池的高能阴极”。专利定位这种金属氟化物作为现有的锂离子电池的阴极的低成本升级,并旨在可能的商业应用。在论文中,专利申请描述材料如何表征和测试。但它也提供了如何合成材料的额外细节,以及改变其作为能工作的阴极的步骤。

“很高兴看到使用同步工具进行新电池化学测试和耦合，通过寻找能量密度增加的材料快速研发更持久、更高效的电池，”Connie Cleary说。他是布鲁克海文国家实验室的技术商业化办公室经理&合伙人，并帮助研究人员与行业合作来开发他们的发现。“这项研究是直接针对这一目标,可能会导致更好的理解，关于它还需要什么来增加电池充电能力。”

阴极性能的测量结果

样本被制成实验性电池，测试其在充放电时的电化学行为。测量表明, 当铜和铁正坐在相同的格子，该系统的电化学性能是由合作氧化和还原(统称为氧化还原)引导发生的。

例如,测量时并未显示在铁所表现出的纯FeF2的铁转换中出现电压骤降，这表明铁转换发生在样品中会用更少的能量。在铜原子的氧化还原反应时的测量揭示了峰值期间出现在周期循环中,指示出反应的可逆性,不像纯CuF2。

研究团队进一步观察了氧化还原反应和电化学测量的证实,使用了NSLS的in-operando x射线吸收光谱技术。x射线针对的是充电和放电时的样品。当它们穿过样品后,会有些x射线呗吸收。这些吸收模式使科学家们可以“看见”电池中发生的情况。技术是针对某种特定元素的,这意味着它们被调谐以返回单个元素的信息,如铜。

x射线数据表明，放电时，随着锂离子进入阴极,铜转换首先发生,紧随其后的是在低电压下铁转换。铜铁和铁氟化物捆绑,溢出锂离子,而金属铜铜和铁铁捆版形成于金属原子的释放。充电时,铜铁捆绑改革,明显的一个强大的峰值在x射线吸收数据中，几乎有可识别的位置和形状，另一个良好的可逆性的标志。

进一步的x射线数据被用于更多地了解，铜原子第一次放电和充电周期后如何进入第二次放电。研究人员注意到一个问题涉及铜离子溶解,这导致储存单元的性能的崩溃。他们建议可能的缓解方法,比如表面涂层来稳定电极，在高潜力或屏障层,以防止铜离子交叉。这些补丁可能会在未来的研究探索。

Wang和他的团队计划继续研究这种新型铜基氟化电池应用，在布鲁克海文的新同步加速器，国家同步光源二世,全球最聪明的同步光源。

“之后，我们计划仔细检查它们在不断吸收和释放锂后如何开始降解的，以寻找出这种行为的弥补方法。设计出的新NSLS-II XPD 光束线，是为了用于材料的现场和原位研究，对于在真实反应条件下和实时的前提下实现循环中的完整的局部和全局结构样品，它是理想的成像工具，”Wang 说。

来源:布鲁克海文国家实验室

New materials repel oil underwater, could better clean up oil spills 
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Droplets of oil resting above a superoleophobic surface. Because of the material’s oil-repelling qualities, the drops essentially remain suspended above the surface in an oblong shape, as opposed to fouling the surface. Credit: David Lynn
University of Wisconsin-Madison researchers have announced a significant step forward in the development of materials that can ward off oil—a discovery that could lead to new protective coatings and better approaches to cleaning up oil spills.
In a new paper in the journal Advanced Functional Materials, professor of chemical and biological engineering David Lynn and assistant scientist Uttam Manna describe new coatings that are extremely oil-repellant (or "superoleophobic") in underwater environments.

Lynn and Manna didn't initially set out to develop highly oil-repelling materials, but their work on fine-tuning the nano- and micro-scale structure of materials led to the unexpected finding.

Manna says a unique, layer-by-layer approach to fabricating thin, multi-layer polymer films allowed the researchers to manipulate both the chemistry and the topography of the material, yielding three-dimensional structures that are porous at the micrometer and nanometer scale.

Even when damaged or subjected to physical abrasion, these porous materials remain superoleophobic. They also held up in simulated seawater, lake water and in the presence of proteins and other surface-active contaminants, making them good candidates for a range of practical applications.

"(These features) address some of the problems with other types of 'superphobic' surfaces," says Lynn. "Once you put them out in the real world, they stop working."

In one test, the researchers coated a glass slide with the superoleophobic film and abraded a section of the coating with sandpaper. The damaged areas continued to repel droplets of oil, which remained suspended above the surface in an ellipsoid shape, just as effectively as the untouched areas. The researchers also placed the film in boiling water, scratched it, froze it, stuck tape to it and ripped the tape off. Even when they succeeded in damaging the material, the researchers found they didn't break down the porous structure that makes it oleophobic.

The materials can also be used to easily separate oil and water. In one test, researchers coated wire mesh with the material, then poured a mixture of water and motor oil through it. The water passed through and nearly all of the oil accumulated on top of the mesh, allowing it to be easily collected and recovered. The effectiveness of this simple process, and the ability to tune the properties of these materials, points to potential applications in all manner of situations where one chemical needs to be separated from another.

"We're not just talking about the potential to develop new tools to help clean up oil spills," Lynn says. "It could also be fragrances and pharmaceuticals, fine chemicals or other organic liquids."

The researchers say the next challenge is to translate the lessons learned from these new materials into a viable process for creating new oil-repellant coatings on larger scales.

"We'll find, over time, that there are better ways of making materials that have these same physical and chemical properties," Lynn says. "With the principles that we've uncovered, we can now go back and try to do on purpose what we discovered by accident—and find a way to make it scalable."
Journal reference: Advanced Functional Materials 
新材料水下拒油，可以更好地清理漏油
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几滴油逗留在超疏油的表面。因为材料的防油特质，油滴以长椭圆形保持在表面上，而不是成为表面上的污垢。图片提供：大卫·林恩

威斯康星-麦迪逊大学的研究人员已经宣布这种前锋的防油材料发展的显著的一步——这一发现可能引出新的保护涂层，以及来清理漏油的更好方法。

在《先进功能材料》（Advanced Functional Materials）杂志上的一篇新论文中，化学和生物工程教授大卫·林恩和助理研究员乌塔姆·曼娜描述了新的涂料，它在水下环境中非常拒油（或“超疏油”）。

林恩和曼纳最初没有着手开发高防油性材料，但他们对微调材料纳米和微米结构的工作结构导致了意外的发现。

曼娜说，一个制造薄的多层聚合物膜的独特的一层层的方法使研究人员能够操纵材料的化学和形貌，得到多孔的微米和纳米结构的三维结构。

即使损坏或受到物理磨损，这些多孔材料保持超疏油特性。它们还漂浮在模拟海水、湖水和蛋白质及其它表面活性污染物中，使得它们成为许多实际应用的很好的候选。

“（这些功能）解决了一些其它类型的‘超疏油’表面的问题。”林恩说，“一旦你把它们放在现实世界中，它们就会不起作用。”

在一次试验中，研究人员在玻璃载片上涂了超疏膜，并用砂纸磨损涂层的。受损部分依然抗油，以椭圆形悬浮在表面上，和没有磨损的地方一样。研究人员还把载片放在沸水中，划它，粘胶带并撕掉。甚至当他们成功地破坏材料时，研究人员发现他们并没有打破使得它疏油的多孔结构，。

该材料也可用于轻松分开油和水。在一个试验中，研究人员在丝网上涂该材料，然后通过它倒入​​水和油的混合物。几乎所有的水通过了，而油积聚在网的顶部，使它容易被收集和回收。这个简单过程的有效性以及调整这些材料性能的能力指出了在所有化学分离情况下的应用潜力。
“我们不只是在谈论开发新的工具来帮助清理漏油的潜力。”林恩说，“它也可以是香料和医药品、精细化学品或其它有机液​​体。”
研究人员说，接下来的挑战是把从这些新材料上学会的东西转移到大规模创造新油防护剂涂料的过程当中。

“随着时间的推移，我们会有更好的办法制造拥有相同物理和化学性质的材料。”林恩说，“带着我们已经发现的原则，我们现在可以回去有目的地尝试我们意外发现的东西——并找到一种方法规模生产。”

杂志引用：《先进功能材料》（Advanced Functional Materials）
Organic & Polymer（有机高分子材料）
Novel plastic could spur new green energy applications, artificial muscles
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Carbon nanotubes (one shown above) and 'buckyball' clusters (dark spots) are incorporated in a new material to boost its electricity-generating properties. Image: Voit lab
A plastic used in filters and tubing has an unusual trait: It can produce electricity when pulled or pressed. This ability has been used in small ways, but now researchers are coaxing fibers of the material to make even more electricity for a wider range of applications from green energy to "artificial muscles."

"For the past couple of years, we've been doing a lot of work with a material called PVDF—polyvinylidene fluoride," explains Walter Voit, PhD, of the Univ. of Texas at Dallas (UT Dallas). "If we produce it under precise conditions, we can make it piezoelectric, which means if I stretch it, it generates electricity. Or I can put electricity onto the surface of the material and make it change shape."

PVDF and other materials with similar traits have already made their way into modern technology in the form of pressure sensors in touchpads and tilt sensors in electronics, for example. But their potential, if their piezoelectric properties get a significant boost, could go far beyond these first-generation applications.

In collaboration with Shashank Priya, PhD, at Virginia Polytechnic Institute and State Univ., Voit has already made new progress toward this goal. They have led efforts to develop "soft" polymer-based, energy-harvesting materials as part of the Center for Energy Harvesting Materials and Systems, a National Science Foundation (NSF) program focused on the development of energy-capture and motion-control technologies.

Cary Baur, a doctoral student in Voit's lab, has figured out a way to incorporate organic nanostructures known as "buckyballs" and single-walled carbon nanotubes into PVDF fibers to double its piezoelectric performance. Buckyballs are tiny spheres made out of carbon atoms. They and their cylindrical relatives have interesting properties that scientists are harnessing in a variety of ways.

In the case of Voit's materials, the carbon nanostructures even out and increase the overall strength of the electrical field. As a result, the PVDF-carbon hybrids are the best piezoelectric composites that have been reported to date in the scientific literature, Voit says.

To turn these yarn-like structures into artificial muscles—a catch-all name for materials that can contract or relax in response to an electric current or temperature—Voit needs to make them more powerful. One approach for accomplishing this was developed by a UT Dallas colleague. Ray Baughman, PhD, took a bundle of nylon fibers about the width of ten strands of human hair and wound them into a long, tight coil, just like an old-fashioned telephone cord but on a much smaller scale. That structure could contract by nearly 50% when heated and lift about 16 lbs.

"The effect is similar to twisting a rubber band," Voit says. "If you pull on it when it's coiled, you get a lot more strain on the rubber band than if it's just straight."

Voit is looking to create a similar effect for his PVDF-carbon fibers, which are far better piezoelectric materials than nylon and would contract in response to an electric current. "We have to coil it," he says. "We have to have the right piezoelectric properties after it's in that complex shape. That's the real secret sauce that we think we can pull off. Ultimately, it could be used to build synthetic muscles that could make prosthetic limbs more life-like."

Another potential use for Voit's materials that has attracted commercial interest is for energy harvesting, he says. Boeing, which funded some of his research, is interested in using the energy generated from airplane passengers as they sit, get up and adjust in their seats to power some of the plane's functions such as overhead lights in cabins. Voit says this would allow the airline to eliminate some cables, which can add significantly to the weight of their jets, and save on fuel.

"Now we're finding ways to make this more processable at larger scales to enable larger energy harvesting apparatuses and practical artificial muscles," Voit says.

Source: American Chemical Society
新型塑材可在绿色新能源和“人造肌肉”上运用
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将碳纳米管（上图）和“巴基球”集群（暗点）结合成一种新型材料，可提高其发电性能。图：Voit实验室

一种用在过滤器和管材的塑料有种不一般的特性：它可在拉或压时产生电能。这种能力已被小范围应用，目前研究人员正在制取材料纤维来获得更大的电流，从而进行从绿色能源到“人造肌肉”等更广泛的应用。

“在过去的几年里，我们已在PVDF—聚偏氟乙烯材料上做了许多工作，”德克萨斯大学达拉斯分校（简称UT Dallas）的Walter Voit博士提道，“如果我们在一定条件下生产PVDF，我们可以把它变成压电体，这意味着如果要拉伸它，就会产生电。或者在材料表面通电，就会改变其形状。”

聚偏氟乙烯和其他具有相似的特征的材料已经迈入现代技术行列，例如：触摸屏中的压力传感器和电子器件中的倾斜传感器。但是如果它们的压电性能得到了显著提升，它们的潜力本可远远超出第一代的应用。

通过与弗吉尼亚理工学院暨州立大学的Shashank Priya博士合作，Voit已在这一目标上取得了新的进展。他们努力研究“软”聚合物基。能量收集材料是“能源采集材料暨系统研究中心”的一部分，这个中心同时也是一个美国国家科学基金会（NSF）项目，重心在能源采集和运动控制技术的发展。

Voit实验室的博士生Cary Baur，想出了一种方法。这种方法可将称为“巴基球”的有机纳米结构和单壁碳纳米管掺杂到PVDF纤维来提高其压电性能。巴基球是碳原子做出来的微小球体。科学家正以各种方式利用这种有趣的近亲特性。

在Voit对这种材料研究的实验中，碳纳米结构均匀可以增加电场的整体强度。因此，Voit提到，该PVDF杂交碳是科学文献中，目前最好的压电复合材料。

将纱线结构做成人造肌肉—即如果通过电流或改变温度，这些材料就有拉伸和压缩形变，那么还需要对它们进行改良。完成这一目的的一种方法是由一个来自德克萨斯大学达拉斯分校的同事提出的。Ray Baughman博士，用一捆约为十根人发宽度的尼龙纤维，并将它们绕成一个长而紧密的线圈，就像一个规模上小很多的老式的电话线。这种结构可以在加热时收缩近50%，可承受约16磅重量。

“效果类似于扭曲橡皮筋，”Voit说。“相较与直的橡皮筋，盘绕的橡皮筋在拉伸时可以得到更多应变。”

Voit 希望用他的PVDF碳纤维产生相同的效应，这是比尼龙好得多的压电材料，并且对电流能产生同样的效果。 他说：“我们必须把它盘绕起来，在它形状复杂时保证有正确的压电特性。实现这个目标才是我们真正的秘密武器。最终，它可以用来建立合成肌肉，可以使假肢更加逼真。”

Voit提到，他所研究的材料的另一个吸引商业利益的潜在用途是收集能量。波音公司为他的研究提供了一些资助，他们对飞机上乘客产生能量的用途感兴趣，原因是他们坐下、站起来、调整自己的座位等动作都可以用来给飞机里的一些设备供电，例如机舱的顶灯。Voit说，这将使航空公司减少一些电缆，可显著减轻飞机的重量并节省燃料。

“现在我们正在想尽办法在更大的程度上进行加工，来制造出大容量能量收集设备和实用的人造肌肉”， Voit说。

来源：美国化学学会

Researchers discover N-type polymer for fast organic battery
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Rational combination of advantages of state-of-the-art polymers has resulted in highly electronically conducting polymers that could enable a battery to be 80% charged within 6 sec, and fully charged in another 18 sec. Image: Univ. of Houston

Researchers at the Univ. of Houston have reported developing an efficient conductive electron-transporting polymer, a long-missing puzzle piece that will allow ultrafast battery applications.

The discovery relies upon a "conjugated redox polymer" design with a naphthalene-bithiophene polymer, which has traditionally been used for applications including transistors and solar cells. With the use of lithium ions as dopant, researchers found it offered significant electronic conductivity and remained stable and reversible through thousands of cycles of charging and discharging energy.

The breakthrough, described in the Journal of the American Chemical Society, addresses a decades-long challenge for electron-transport conducting polymers, said Yan Yao, assistant professor of electrical and computer engineering at the UH Cullen College of Engineering and lead author of the paper.

Researchers have long recognized the promise of functional organic polymers, but until now have not been successful in developing an efficient electron-transport conducting polymer to pair with the established hole-transporting polymers. The lithium-doped naphthalene-bithiophene polymer proved both to exhibit significant electronic conductivity and to be stable through 3,000 cycles of charging and discharging energy, Yao said.

The discovery could lead to a cheaper alternative to traditional inorganic-based energy devices, including lithium batteries. Ultimately, Yao said, it could translate into less expensive consumer devices and even less expensive electric cars.

Yao's research group focuses on green and sustainable organic materials for energy generation and storage. He is also a principal investigator for the Texas Center for Superconductivity at UH.

Yanliang Liang, a research associate at UH and first author on the paper, said researchers aren't trying to compete directly with conventional lithium-ion batteries. "We are trying to demonstrate a new direction," he said.

Liang said conventional inorganic metal-based batteries and energy storage devices are expensive partly because the materials used to make them, including cobalt and silicon-based compounds, require huge energy expenditures to process. Organic polymers can be processed at relatively low temperatures, lowering the cost.

They also produce less carbon dioxide, he said, adding to their environmental advantage. And while conventional materials are finite, organic polymers could potentially be synthesized from biomass.
"Organic π-conjugated polymers are emerging as a materials class for energy-related applications, enabling a path to a more sustainable energy landscape without the need of energy-intensive, expensive and sometimes toxic metal-based compounds," the researchers wrote, concluding that "a model polymer, P(NDI2OD-T2), was stably and reversibly n-doped to a high doping level of 2.0, a significant progress for electron-transporting π-conjugated polymers. ... With rational molecular design, π-conjugated redox polymers will establish new design space in polymer chemistry and see wide-spread applications, especially in energy-related ones such as batteries, supercapacitors and thermoelectrics."

The basic polymer used in the work was discovered in 2009; Yao said it was provided by members of the research team from Polyera Corporation, a technology company based in Illinois. Although naphthalene-bithiophene has been used for transistors and other applications since its discovery, this is the first time it has been converted for use in energy storage.

That was done through the addition of lithium and raised the polymer's doping level from a previously reported 0.1 to 2.0.

The results are record-setting. The polymer exhibits the fastest charge-discharge performance for an organic material under practical measurement conditions, allowing a battery to be 80% charged within 6 seconds and fully charged in another 18 sec, Liang said.

Conventional inorganic batteries still are capable of holding more energy than the organic battery, and Yao said work will continue to improve the storage capacity of the material. His group also will continue to do basic scientific research on the polymer to learn more about it, he said.

Source: Univ. of Houston
研究人员发现N型聚合物可用于快速有机电池
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最先进的聚合物的优势的合理组合导致了高电子导电聚合物，可以在6秒使电池达到80％的电量，并在再18秒内完全充电。图片：休斯顿大学

休斯顿大学的研究人员报道开发一种有效传导电子传输性聚合物，可用于制造超快电池。

该发现依赖于一个“共轭氧化还原聚合物”的设计，它具有萘二噻吩聚合物，传统上被用于包括晶体管和太阳能电池的应用。研究人员将锂离子作为掺杂剂，并发现它提供了显著的电子传导性，在数千次充电和放电的能量循环中保持稳定和可逆的。

这一突破在《美国化学学会会刊》被描述，它解决了一个长达数十年电子传输导电聚合物的挑战，姚言（音）说，他是UH Cullen工程学院的电气和计算机工程助理教授以及论文的第一作者。

研究人员很早就认识到了功能性有机聚合物的前景，但是到现在为止还没有成功开发出高效的电子传输导电聚合物来配对既定的空穴传输聚合物。锂掺杂的萘二噻吩聚合物被证明既表现出显著的电子导电性，又能够在稳定通过3000次的充电和放电能量循环，姚言说。

该发现可能导致一个更便宜传统无机类能源设备，包括锂电池的替代。最终，姚言说，这可能变为更便宜的消费设备，甚至更便宜的电动车。

姚言的研究小组专注于能源发电和储能绿色和可持续发展的有机材料。他也是德州超导中心在UH主要研究者。

UH的副研究员和论文第一作者的梁延亮（音，Yanliang Liang）说，研究人员不想直接与传统的锂离子电池竞争。“我们正试图展示一个新的方向。”他说。

梁延亮说，常规无机金属电池和能量存储装置是昂贵的，部分原因是由于用来制造它们的材料，包括钴和硅系化合物，需要巨大的能量来处理。有机聚合物可以在相对低温的条件下进行加工，降低了成本。

研究人员说，这种聚合物释放更少量二氧化碳，增强了其环境优势。同时，与有限的常规型材料不同，这种有机材料可由生物量合成。
“在与能源相关的应用方面，有机π-共轭聚合物作为一种材料类型应运而生，促成了一条更加可持续的能源道路，避免了运用能耗大、价格高、有时会有毒的金属化合物”。研究人员写道，并得出结论：模型聚合物P(NDI2OD-T2)平稳、可逆的N型掺杂方式达到了2.0的高掺杂浓度，这对电子传输型π-共轭聚合物来说是一个巨大的进步。π-共轭氧化还原聚合物分子设计合理，会在高分子化学上创立新的设计空间，并广为应用，尤其是在与能源相关的应用方面，例如，蓄电池、超级电容和热电技术。
生产中使用的基础聚合物发现于2009年；姚先生说，该聚合物是由伊利诺伊州一家科技公司——“聚合时代企业”所属的科研团队提供的。尽管萘联噻吩被发现后就已经投入晶体管的生产和其他应用，但这却是第一次被转化到能源存储的应用中。

先前报道指出，该转化是通过添加锂，以及提高0.1到0.2聚合物的掺杂度实现的。

梁先生说，测试结果刷新了记录。该聚合物在实际的测试条件下，能让有机电池更快速的充电放电，实现了单个电池在6秒内充满80%，而再充18秒，可完全充满的可能性。

传统的无机电池依然比有机电池储存更多电量，而姚先生说，针对提升该材料存储量的工作将继续深入。他的团队会继续进行基础性的科研工作，以进一步了解该聚合物。
来源：休斯顿大学

Recipe for antibacterial plastic

Bioplastics made from protein sources such as albumin and whey have shown significant antibacterial properties, findings that could eventually lead to their use in plastics used in medical applications such as wound healing dressings, sutures, catheter tubes and drug delivery, according to a recent study by the Univ. of Georgia College of Family and Consumer Sciences.

The bioplastic materials could also be used for food packaging.

Researchers tested three nontraditional bioplastic materials—albumin, whey and soy proteins—as alternatives to conventional petroleum-based plastics that pose risks of contamination.

In particular, albumin, a protein found in egg whites, demonstrated tremendous antibacterial properties when blended with a traditional plasticizer such as glycerol.

"It was found that it had complete inhibition, as in no bacteria would grow on the plastic once applied," said Alex Jones, a doctoral student in the department of textiles, merchandising and interiors. "The bacteria wouldn't be able to live on it."

The study appears online in the Journal of Applied Polymer Science.

One of the researchers' aims is to find ways to reduce the amount of petroleum used in traditional plastic production; another is to find a fully biodegradable bioplastic.

The albumin-glycerol blended bioplastic met both standards, Jones said.

"If you put it in a landfill, this being pure protein, it will break down," he said. "If you put it in soil for a month—at most two months—these plastics will disappear."

The next step in the research involves a deeper analysis of the albumin-based bioplastic's potential for use in the biomedical and food packaging fields.

As noted in the study, 4.5 hospital admissions out of every 100 in the U.S. in 2002 resulted in a hospital-acquired infection. In addition to the risk of contamination in hospitals, food contamination as a result of traditional plastics is a notable risk.
Researchers are encouraged by the antimicrobial properties of albumin-based bioplastics that could potentially reduce these risks through drug elution—loading the bioplastic with either drugs or food preservatives that can kill bacteria or prevent it from spreading.

Source: Univ. of Georgia
Recipe for antibacterial plastic

抗菌塑料的制法 

根据乔治亚大学家庭与消费者科学学院最近进行的一项研究，由清蛋白，乳清等蛋白质原始材料制成的生物塑料具有重要的抗菌性能。此项研究发现有利于将其用于伤口愈合敷料，手术缝合线，导管及给药等医疗应用过程中所用的塑料制品中。 

此种生物塑料还有可能用于食品包装。

研究人员测验了三种非传统的生物塑料材料：清蛋白，乳清和大豆蛋白。由于传统的石油制成的塑料存在污染的隐患，这种生物塑料正好可以成为新的替代品。

尤其是在蛋白中发现的清蛋白，它和丙三醇等传统塑化剂融合时，抗菌性能会更强。

艾利克斯·琼斯是纺织品、 商品和室内设计系的一位博士生，他指出，“研究发现，它具有抑制作用，一旦应用在塑料上不会生出细菌，细菌也不会在塑料上存活。”

这项研究刊登在美国的《应用聚合物科学杂志》的网站上。

研究人员目标之一是要找到方法来减少传统塑料生产中消耗的石油量，另一个目的是研究出一种塑料能够完全进行生物降解。

琼斯说，“符合这两个标准的就是由清蛋白与丙三醇融合制成的生物塑料。”

“如果你将它置于垃圾填埋场，由于其为纯蛋白质，尽快就会分解，”他说。“如果你把它埋入土中一个月，或最多不出两个月，它就分解消失了。”

研究的下一步将会进一步对清蛋白制成的生物塑料用于生物医学和食品包装领域的可能性进行深入地分析。

研究指出，在美国，2002年每100个住院病人中有4.5个会得医院获得性感染。除了医院中的污染危险，
使研究人员受到鼓舞的是，清蛋白制成的生物塑料具有抗菌功能，它能够通过药物洗脱来减少这些危险，即使用能够杀死细菌或者防止其扩散的药物或者食品防腐剂来运载导入生物塑料。

来源：乔治亚大学
E-Material（电子材料）
Long-sought magnetic mechanism observed in exotic hybrid materials
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High-resolution image of the vanadium-doped sample grown (gold and brown stripes) on an etched silicon substrate (bottom-left, brown region). Another capping layer (top-right, yellow region) is mainly composed of amorphous tellurium protection layers. The upper right inset is a reflection of the high-energy electron diffraction image showing the high crystalline quality of the custom-grown film.

Scientists have measured the subatomic intricacies of an exotic phenomenon first predicted more than 60 years ago. This so-called van Vleck magnetism is the key to harnessing the quantum quirks of topological insulators—hybrid materials that are both conducting and insulating—and could lead to unprecedented electronics. 

The collaboration—including the U.S. Dept. of Energy (DOE)’s Brookhaven National Laboratory, MIT and Pennsylvania State Univ.—used cutting-edge electron microscopy facilities at Brookhaven Lab to pinpoint this never-before-seen behavior. The results were published online in Physical Review Letters.

“Our experiment is the first to show conclusive evidence of van Vleck magnetism, which mediates the magnetic properties of topological insulators,” said MIT and Brookhaven Lab graduate student Mingda Li, lead author on the study. “Synthesis and characterization techniques have finally caught up to seminal theoretical work, and we are thrilled to have performed this groundbreaking research.” 

Tunable topological insulators could lay the foundation for new generations of spintronics, quantum computers and ultra-efficient semiconductor devices.

Van Vleck’s volleyball

Classical materials tend to conduct electricity or insulate against it—think rubber versus copper. Topological insulators, however, live in both worlds: The bulk is insulating, but the surface is highly conductive. The relationship between these competing qualities introduces strange phenomena, especially in the surface electrons.

“The surface electrons—called Dirac electrons—exhibit the light-like mobility and extreme stability that enables so many exciting potential applications,” Li said. “But these electrons cannot be controlled directly. That’s where van Vleck magnetism comes in, to induce and harness Dirac electrons.”

Imagine an endless game of volleyball between perfectly matched opponents. Now replace the players with magnetic ions and the ball with a free electron—that interplay mirrors magnetism in traditional semiconductors. Interrupting the game or shifting the behavior of that free electron, which is key to semiconductor applications, is a relatively simple task.

In topological insulators, however, that volleyball game never gets going. The magnetic action is contained within a single crystal structure—no back-and-forth and no free electrons. This subtle, intra-atomic magnetism behaves like a lone player engaging in a virtual volley. In fact, a rogue volleyball (free electron) would ruin the game. 

“Those all-important outer electrons can only be influenced through the topological insulator’s core electrons,” Li said. “The outer electrons can ‘feel’ the effect of energy or magnetic fields on the core. That conversation between core and shell is mediated by van Vleck magnetism.” 

John Hasbrouck van Vleck, considered the father of modern magnetism, won the 1977 Nobel Prize in Physics for his quantum revisions of magnetism theory. His groundbreaking work included predicting this internal magnetism, which has been notoriously difficult to detect—until now.

Atomic-tailoring and ultra-cold electrons

Topological insulators are typically synthesized one atomic layer at a time through a process called molecular beam epitaxy (MBE). For this study, MIT scientists used MBE to build an antimony-tellurium topological insulator (Sb3Te3) with added vanadium.

“Vanadium-doping increased the signal of electrons changing energy levels within the material,” said coauthor Yimei Zhu, a senior scientist at Brookhaven Lab and Li’s co-supervisor. “Layering these materials in 3-D crystals is one of the most exciting frontiers in materials science—tiny changes to the composition or arrangement can radically impact performance.”

The team struck the topological insulator with an electron beam focused to within one atom inside a state-of-the-art transmission electron microscope (TEM). This beam excited a core electron, which in turn raised the energy in the outer Dirac shell. Then, using a technique called electron energy loss spectroscopy (EELS), the scientists measured the difference in energy between the incident electron beam and the electrons that scatter out of the sample after impact. The energy lost revealed the van Vleck effect in action.  

“We needed extraordinary spatial and energy resolution,” Li said. “But the real challenge was achieving that precision at extremely low temperatures—that’s what distinguishes Brookhaven’s instrument and expertise.”

The elusive magnetism only emerges at temperatures lower than 70 K, or -334 F. But for this experiment, to make the effect more apparent, the team needed to maintain atomic scale precision all the way down to 10 K, or -442 F. 

“When Mingda learned we could do precise EELs work at 10 K, where atomic drift is a major obstacle, he knew this was a perfect opportunity to tackle van Vleck magnetism,” Zhu said. “It was an ingenious idea on his part.”

This study marks the fourth scientific publication from Zhu and Li’s ongoing collaboration.

“Mingda is a very bright and independent student with many new ideas for research,” Zhu added. “He persuasively initiated the MIT-Brookhaven collaborations after listening to my talk at a conference more than three years ago. I became his thesis co-supervisor, along with Professor Ju Li at MIT, and Mingda frequently visits Brookhaven to take advantage of our facilities and expertise.” 

Li is expected to graduate in May, and will take a postdoc position at MIT doing scanning tunneling microscopy. Li will focus on exotic properties of topological materials and their device applications—many discoveries remain before commercial deployment becomes possible.

“Elemental doping, like we did with vanadium here, is one way to induce van Vleck magnetism,” Li said. “But we haven’t investigated the proximity effect, where adjacent elements influence the core electrons. We also expect to find new phases of matter at the interface between topological insulators and other materials. It’s a very exciting time to be exploring these materials.”

Source: Brookhaven National Laboratory
在特异的混合材料中发现了长期寻找的磁性机制
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在一个蚀刻的硅衬底（左下，褐色区域）上产生的掺杂了钒的样品（黄色和棕色条纹）的高分辨率图像。另一个覆盖层（右上角，黄色区域）主要是由无定形的碲保护层构成的。右上的小图是显示出自定义生长薄膜的高结晶质量的高能量电子衍射图像的反映。

科学家们测量了一个在60多年前首次预测的特异现象的亚原子复杂性。这种所谓的范Vleck磁性是利用拓扑绝缘体——一种既能导电又能绝缘的混合材料——的量子特点的一个关键，并且有可能会产生前所未有的电子量。

此次合作——包括美国能源部门（DOE）的布鲁克海文国家实验室、麻省理工学院和宾夕法尼亚州立大学——使用尖端的电子显微镜设施在布鲁克海文实验室精准定位了这个以前从未见过的行为。其结果在网络版《物理评论快报》中公布。

“我们的实验首次显示出范Vleck磁性的确凿证据，其影响了拓扑绝缘体的磁性能，”麻省理工学院和布鲁克海文实验室的研究生兼本研究的主要作者李明达表示。“合成与表征技术终于赶上了开创性的理论工作，我们很高兴能够进行这个开创性的研究。”

可调的拓扑绝缘体可以为新一代的自旋电子学、量子计算机和超高效的半导体器件奠定基础。

Van Vleck的“排球运动”

古典材料往往会对其导电或绝缘——例如橡胶与铜。然而，拓扑绝缘体存在于这两个世界中：大部分是绝缘的，但是其表面具有高导电性。这些竞争量子之间的关系产生了奇怪的现象，特别是表面的电子。

“表面电子——称为狄拉克电子——展示出了产生许多令人兴奋的潜在应用的光般流动性和极其稳定性，”李表示。“但是这些电子不能得到直接控制。这就是Van Vleck磁参与的情况，诱导和利用狄拉克电子。”

试想一下，在完美匹配的对手之间进行了永无止尽的排球比赛。现在用磁性离子替换球员并且用自由电子替换排球——相互作用反映出传统半导体中的磁性。中断游戏或改变自由电子的行为方式，这对于半导体应用是非常关键的，并且是一个相对简单的任务。

然而，在拓扑绝缘体中，排球比赛从来就没有开始过。磁性操作包含在单晶结构中——没有来来往往也没有自由电子。这种微妙的内部原子性磁性的行为就好像是一个参与了虚拟大战的孤独玩家。事实上，不寻常的排球（自由电子）会毁了这场比赛。

“那些所有重要的外层电子只能够通过拓扑绝缘体的芯电子而受到影响，”李表示。“外层电子能够‘感觉’到能量或磁场对其磁芯的影响。核与壳之间的联系是通过范Vleck磁来介导的。”

现代磁性之父约翰•哈斯布鲁克•范•弗莱克在1997年因他的磁性量子修正理论而获得了诺贝尔物理学奖。他开创性的工作包括预测这种内部的磁性，这是直到如今仍然很难察觉到的行为。

原子调整和超冷电子

拓扑绝缘体是典型的通过一个称为分子束外延（MBE）的过程而合成的一个原子层。在这项研究中，麻省理工学院的科学家们用MBE建立了添加了钒的锑-碲拓扑绝缘体（Sb3Te3）。

“掺杂钒参加了材料中改变能量水平的电子的信号，”合著者布鲁克海文实验室的资深科学家及李的共同主管朱伊美表示。“在3-D晶体中对这些材料进行分层是材料科学中一项最令人振奋的前沿科学——该组合物或该装置的微小变化都有可能从根本上影响性能。”

该研究小组在国家最先进的透射电子显微镜（TEM）下的一个原子中用一个聚集的电子束来攻击拓扑绝缘体。该电子束激发了核心电子，这反过来又增加了狄拉克外壳外侧的能量。之后，科学家们利用一种称为电子能量损失谱（EELS）的技术测定了入射电子束以及在受影响之后扩散到样品之后的电子之间的能量差。能量损失表明范•弗莱克效应在起作用。

“我们需要非凡的空间和能量分辨率，”李表示。“但是真正的挑战是在极低的温度下实现这种精度——这是区分布鲁克海文国家实验室的仪器和专业知识的事物。”

难以捉摸的磁性仅出现在低于70K或-334F的温度下。但是对于这个实验，为了使效果更加明显，该研究小组需要将原子级精确度一直保持到温度在10K或-442F的情况下。

“当明达得知我们能够在10K的温度下进行精确的EEL工作，在该温度下原子漂移是一个主要的障碍，他知道这是解决范•弗莱克磁性的绝佳机会，”朱表示。“这是他想出的一个巧妙的构思。”

这项研究从朱和李正在进行的合作中标志了第四个科学出版。

“明达是一个非常明快并且独立的学生，他有许多新的研究想法，”朱补充道。“他在三年多前聆听了我在一个会议上的演讲之后，令人信服地开展了MIT-布鲁克海文国家实验室的合作。我和麻省理工学院的教授鞠丽成为了他的论文合作导师，并且明达经常会到访布鲁克海文来利用我们的设备和专业技术。”

李预计将在五月毕业，并且将接受麻处理工学院博士后的位置，研究扫描隧道显微镜学。李将专注于拓扑材料的特异属性以及它们的设备应用——在商用部署成为可能之前还需要许多的发现。

“掺杂元素，就像我们在这里用钒所做的一样，是一种诱发范•弗莱克磁的方式，”李表示。“但我们还没有调查这种相近效应，其中相邻的元素影响着核心电子。我们还希望在拓扑绝缘体和其他材料之间的接口处发现物质的新阶段。”

资料来源：布鲁克海文国家实验室
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