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Tech News & New Tech（技术前沿）
Material surfaces aren’t just two dimensional
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This schematic represents the effect of the broken symmetry (the presence of the surfaces) on the interactions (coupling) between electrons and phonon on surfaces and in bulk. Image: TeYu Chien

A physical science process that may yield a profound understanding for developing future nanomaterials—such as those used in cellphones or computer chips—was recently demonstrated and confirmed by a Univ. of Wyoming researcher.

TeYu Chien, a UW assistant professor in the Dept. of Physics and Astronomy, was lead author of a paper that was recently published in Physical Review B. It is the largest and most comprehensive international journal that specializes in condensed matter and material physics, and publishes papers on a wide range of topics.

Chien and his research team focused on the interaction between electrons and ion vibrations (called “phonon”) at the surfaces of beryllium crystal and revealed that, for the first time, the interaction between electron and phonon at the surfaces is determined by all four major entities: electrons in bulk, electrons at surfaces, phonon in bulk and phonon at surfaces. In particular, the broken symmetry induced surface electrons and phonon play a decisive role to enhance the electron-phonon interactions at the surfaces.

Beryllium crystal is used because it is a light material (fourth lightest on the periodic elements table behind only hydrogen, helium and lithium) that tends to have a high vibration energy, Chien explains.

Chien revealed that the presence of the surfaces that terminated the continuum of the materials is key to enhancing many body interactions in solid materials.

“The surface and bulk are not separate. Bulk materials have considerable large volume, sort of infinitely large for the electrons that live in it. But, all bulk materials are always contained inside their surfaces,” Chien says. “The presence of the surfaces that stop the continuum of the materials spanning through the space is called ‘broken translational symmetry’ or simply ‘broken symmetry.’

“But, it is an important question to think about. What is the cause of the dramatically different physical properties on the surface compared to their bulk counterparts: the broken symmetry or the lower dimensionality? The answer for this question is crucial for understanding nanomaterials.”

Scientists know that nanoscale materials tend to have significantly different physical properties from their bulk counterparts, owing to their high surface-to-volume ratio. It is widely accepted that, due to the 2-D nature of the surfaces, electrons and ions behave dramatically different on the surfaces of materials compared to when they are inside the materials. Beyond the electron or ion properties at the 2-D surfaces, the interactions between electrons and ions are even more complicated at surfaces.

“Until now, it was not well understood that the extraordinary properties found at the surfaces of materials are the results of the low dimensionality or of the broken symmetry,” Chien says.

In principle, low dimensionality, such as 2-D, only allows electrons to move freely in two dimensions (x and y direction on surfaces, the direction normal to the surface is not allowed); while the broken symmetry describes the asymmetric environment in the space, in which the space that electrons could move is stopped by the presence of the surfaces, he says.

“We focused on the electron-phonon coupling (EPC), one of the most studied forms of many-body interactions in physical systems, to address this question,” Chien says.

The EPC is the mechanism responsible for conventional superconductivity, a status when materials exhibit zero resistance for conducting electrons. Strong EPC tends to drive superconductivity at higher temperatures. The strongly enhanced EPC on beryllium surfaces has been observed for decades without knowing the reason. The understanding was mainly obscured due to the complex interactions for the involved electron and phonon subsystems, Chien says.

“For nanoscale materials, almost all atoms are on the surface,” he says. “Surface properties dominate the properties of nanomaterials. We are trying to provide information to scientists as to why and the possibility to design and develop future nanomaterials.”

Source: Univ. of Wyoming
材料的表面不只是二维的
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该示意图显示的，是表面和大块材料的电子和声子之间相互作用（耦合）的对称性破缺的效果（存在于表面）。图片提供：简特雨（音译，TeYu Chien） 

最近由怀俄明大学的研究员展示和证实了一个物理学过程，这个可能会产生一个深刻理解，从而影响未来纳米材料发展，如在手机或电脑使用的芯片的材料。

威斯康星大学物理和天文学系助理教授简特雨（音）是最近发表在Physical Review B上的一篇论文的第一作者。Physical Review B是一本关注凝聚态与材料物理的规模最大和最全面的国际期刊，出版论文涉及课题广泛。

简教授和他的研究小组侧重研究了铍晶体的表面电子和振动离子（称为“声子”）之间的相互作用，同时首次显示，表面的电子和声子之间的相互作用是由全部的四个主要实体所决定的：大块的电子、表面的电子、大块的声子和表面的声子。特别是对称性破缺引起的表面电子和声子在提高表面的电子-声子相互作用中发挥着举足轻重的作用。

选择使用铍晶体是因为它是一个趋向于具有较高振动能量的光材料（元素周期表上第四轻的元素，仅次于氢、氦和锂），简教授解释说。

简教授研究揭示出，结束材料连续性的表面的存在，对于增强许多固体材料的体相互作用是关键的。

“表面和大块材料不是分开的。大块材料具有相当大的体积，对于存在其中的电子来说是无限大。但是，所有的大块材料通常在它们的内部含有表面，”简说。“终止材料在空间上生成连续性的表面的存在被称为“对称性破缺”或简称为“对称破”。”

“但是，这是一个需要考虑的重要问题。相比于大块的相同物，什么是造成表面显著不同物理特性的原因：对称性破缺或低维度？这个问题的回答对理解纳米材料至关重要。”

科学家知道，纳米材料与它们的大块相同材料相比往往会具有显著不同的物理性质，这是由于其较高的比表面积。它已被广泛接受的是，由于材料表面的2维特征，与在材料内部时相比，电子和离子在材料表面的表现有着显著不同。在2维表面电子或离子性能之外，材料表面的电子和离子之间的相互作用甚至更为更复杂。

“到现在为止，在材料表面发现的非凡性能是不是由低维度或者对称性破缺所引起的还不能很好理解，”简说。

原则上，较低的维数，如2维，仅允许电子在二维方向上自由移动（表面的x和y方向上，垂直于表面的方向是不允许的）；而对称性破缺描述了空间中非对称的环境，其中电子的移动由于表面的存在而被终止，他说。

“为解决这一问题，我们侧重于电子-声子耦合（EPC），它是物理体系中多体相互作用研究最多的形式之一，”简说。

电子-声子耦合（EPC）是负责常规超导状态的机制，在这种状态下材料表现出传导电子零电阻。强的EPC在较高的温度下倾向于表现超导性。铍表面的显著增强的EPC已经被观察了几十年，但仍不知道其原因。由于所涉及电子和声子子系统之间复杂的相互作用，原因的理解是模糊的，简说。

“对于纳米材料，几乎所有的原子都在表面，”他说。“表面性能决定了纳米材料的性质。我们正试图将原因以及设计和开发未来纳米材料的可能性等信息提供给科学家。”

资料来源：怀俄明大学。
Laser levitates glowing nanodiamonds in vacuum

Researchers have, for the first time, levitated individual nanodiamonds in vacuum. The research team is led by Nick Vamivakas at the Univ. of Rochester who thinks their work will make extremely sensitive instruments for sensing tiny forces and torques possible, as well as a way to physically create larger-scale quantum systems known as macroscopic Schrödinger Cat states.
While other researchers have trapped other types of nanoparticles in vacuum, those were not optically active. The nanodiamonds, on the other hand, can contain nitrogen-vacancy (NV) centers that emit light and also have a spin quantum number of one. In the paper, published in Nature Photonics, the researchers from Rochester's Institute of Optics explain this is the first step towards creating a "hybrid quantum system." Their system combines the mechanical motion of the nanodiamond with the internal spin of the vacancy and its optical properties to make it particularly promising for a number of applications.
In a previous paper, the researchers had shown that nanodiamonds could be levitated in air using a trapping laser. The new paper now shows this can be done in vacuum, which they say is "a critical advance over previous nanodiamond optical tweezer experiments performed in liquids or at atmospheric pressure."
Nanodiamonds trapped at atmospheric pressure are continuously agitated by collisions with the air molecules around them. Trapping the diamonds in vacuum removes the effect of all these air molecules. "This allows us to exert mechanical control over them," said Levi Neukirch, lead author of the paper and a PhD student in Vamivakas' group at Rochester. "They turn into little harmonic oscillators."
"We can measure the position of the diamond in 3-D and we create a feedback signal based on the position and velocity of the nanodiamond," said Neukirch. "This lets us actively damp its motion."
Neukirch said that this is done by changing the trapping potential that the diamond sees. The trapping potential can be illustrated by imagining the diamond sitting at the bottom of a valley. If the diamond moves away from the bottom of the valley, it effectively moves uphill and eventually rolls back to the bottom. The feedback mechanism the researchers have created changes the shape of the optical potential well, so that the hill is steep when the diamond climbs it, but gradual when it rolls back down. Eventually the diamond would just oscillate a tiny amount at the bottom of the valley. This, Neukirch stated, is their long-term goal: to damp the diamond's motion until it is in the ground state of the system, which would make the system behave as a quantum mechanical oscillator.
In their previous experiments the diamond shone brightly because it contained hundreds of vacancies, all which emit light after being excited with a laser. In their recent work they chose diamonds that had few vacancies and were even able to select diamonds with a single vacancy. With a single spin in the NV center, and the system functioning as a quantum mechanical oscillator, the researchers would be able to affect the spin state of the tiny defect inside the nanodiamond by exerting mechanical control on the entire nanodiamond.
For this to be possible, the system has to be in vacuum, at even lower pressures that the researchers were able to achieve. The limiting factor, Neukirch explained, was that the nanodiamonds were destroyed at very low pressures. He believes the nanodiamonds are either melting or sublimating, because at lower pressures there are fewer air molecules to remove the excess internal heat from the diamonds, which is injected by a laser that is used to excite the system as part of the experiment.
In collaboration with a team from Abo Akademi University in Finland, they replaced their bare nanodiamonds with nanodiamonds that are encased in silica shells, to find if these would protect the nanodiamonds. While this did not solve the problem it did make all the nanodiamonds spherical and homogenous, which the researchers think is desirable for future experiments.
To be able to measure and control the system, the researchers use two separate lasers: one to trap the nanodiamond, the other one to excite the NV center. When the defect relaxes from an excited state to a lower energy state it emits a photon. This process is known as photoluminescence. Photoluminescence allows the researchers to understand by the energy of the emitted photon what the energy structure of the system is, as well as exert control and be able to change the energy of the system.
Before the researchers can achieve their goal of being able to cool down the nanodiamonds mechanically into the ground state, they will have to figure out how to stop the nanodiamonds from vanishing in seconds at lower pressures. But the potential for these systems, Neukirch believes, is very exciting.
"We have demonstrated the ability to control the NV center's spin in these levitated nanodiamonds," Neukirch said. He explained that the defect's electrons had to take on specific spin states, two of which are normally "degenerate," meaning in this case that states with spin values of +1 or -1 have the same energy.
"Without applying a magnetic field these two energy levels are the same, but we can separate them with magnetic field, and they react differently to it. If there was an electron in the spin +1 state and you then applied a magnetic field, the whole nanodiamond would feel a push, but if it was in the spin -1 state it would feel a pull," he said. "Because the electron spins are intrinsically quantum mechanical, they can exist in something called superpositions. We can create a state where a single spin is in both the +1 and -1 states simultaneously. If we can mechanically place the nanodiamond in the ground state, this would allow us to both push and pull on the spin, hopefully generating a mechanical superposition of the entire diamond. This is a curious phenomenon that physicists are interested in studying, and it is called a macroscopic Schrödinger Cat state."
Neukirch also said levitating nanodiamonds in vacuum could be used to measure "extremely tiny forces or torques." The nanodiamonds are in effect nano-oscillators, and any force, even if tiny, will move them slightly. Neukirch added that their "setup is capable of detecting these small motions."
Neukirch will be starting as a postdoctoral associate in Vamivakas' group this month, continuing this work with the aim of achieving levitated, optically active nanodiamonds that are not destroyed at low pressures.
Source: Univ. of Rochester
激光使发光纳米金刚石悬浮于真空
研究者们第一次实现在真空中悬浮单独的纳米金刚石。这个研究小组由罗切斯特大学的Nick Vamivakas领导，他认为，他们的研究将制造出测知微小元件和力矩的极敏感的仪器，同时制造出更大规模的被称为“宏观薛定谔的猫”的量子论体系。

同时，其他的研究者捕获了真空中其他不具光学活性的纳米金刚石形态。此外，这些纳米金刚石能包含氮-空位（NV）中心，从而发光并拥有一个自旋量子数。在Nature Photonics上发表的一篇论文里，罗切斯特光学协会的研究者们解释道，这是通往制造出“混合量子论体系”的第一步。他们的系统用空位内部旋转将纳米金刚石的机械运动和光学属性结合起来，使一些实际应用成为可能。

在之前的一篇论文里，研究者们展示了使用诱捕激光使纳米金刚石在空气中悬浮。而新的论文表明，这一过程也能在真空中进行，他们说，这是“一个超过之前液体或空气里纳米金刚石光钳实验的决定性进步。”

空气里捕获的纳米金刚石由于周围空气分子的撞击而会连续不断地鼓动。而在真空中捕获这些金刚石就能移除空气分子的影响。“这使我们能对它们进行机械控制，”这篇论文的领导作者兼罗切斯特Vamivakas小组里的博士生Levi Neukirch说。“它们变成了微小的谐振子。”

“我们可以三维测量这些金刚石的位置，而且我们能制造基于这些位置的反馈信号和纳米金刚石的速率，”Neukirch说。“这让我们能积极地抑制它的运动。”

Neukirch说，这是通过改变金刚石俘获电势做到的。俘获电势能通过想象金刚石待在山谷的谷底来说明。如果金刚石从谷底里移动，它显然会向上移动并且最终又回滚到谷底。研究者们创造的这种反馈机制改变了光学势阱的形态，所以当金刚石向上移动时，小山会十分陡峭，而当金刚石回滚时，又变得平缓。最终，金刚石只是在谷底微微震荡。Neukirch表示，这是他们的长期目标：抑制金刚石的运动，直到它处于系统的基态，这将使系统表现为一个量子力学振荡器。

在他们以前的实验中，金刚石的光芒是明亮的，因为它包含了数百个空位，它们被激光激发后发光。在他们最近的研究中，他们选择了只有少量甚至单个空位的金刚石。在NV中心的一个单独的自旋，加上作为量子力学振荡器的系统，研究人员将能够在整个金刚石上施加机械控制，从而影响纳米金刚石内部微小缺陷的自旋态。

为了实现这一点，该系统必须处于真空中，甚至处于研究者所能实现的更低的压力中。Neukirch解释，限制性因素是纳米金刚石在非常低的压力中会被破坏。他认为，纳米金刚石要么会熔化要么会升华，因为在较低压力下，除去金刚石过量内部热量的空气分子较少，这是由用于激发系统的激光作为实验的一部分注入的。

他们在与来自芬兰奥博大学的团队的合作中，用二氧化硅壳包裹的纳米金刚石取代了纯纳米金刚石，来研究这样能否保护纳米金刚石。虽然这并不能解决问题，但它使所有的纳米金刚石变成均匀的球形，研究人员认为这是可取的未来的实验。

为了能够测量和控制系统，研究人员使用了两个激光器：一个捕获纳米金刚石，另一个激发NV中心。当缺陷从激发态松弛到较低能量状态时，它会发出一个光子。这个过程被称为光致发光。光致发光使研究者能够通过所发出的光子的能量来理解系统的能量结构，以及施加控制改变系统的能量。

在研究人员实现将纳米金刚石机械地冷却到基态的目标前，他们将必须找出如何制止较低压力下纳米金刚石在几秒内消失的方法。但Neukirch认为，这些系统的潜力令人非常兴奋。

“我们已经演示了控制这些悬浮纳米金刚石NV中心自旋的能力，”Neukirch说。他解释道，缺陷的电子必须采取特定的自旋态，其中通常是“退化”，意味着在这种情况下，自旋值为+1或-1具有相同的能量。

“在没有应用磁场的情况下，这两者的能量水平是一样的，但是我们可以用磁场将它们分开，它们对磁场有不同的反应。如果这里有一个自旋+1状态的电子，接着你施加一个磁场，整个金刚石会感到一个推力，但如果是自旋-1状态下的电子，则会感觉到拉力，”他说。“因为电子自旋本质上是量子力学的，他们能以所谓的叠加态存在。我们可以创建一个同时包含+1和-1两种形态电子自旋的状态。如果我们能机械地将纳米金刚石放置于基态，这会使我们既能推动又能阻遏自旋，有希望产生整个金刚石的机械叠加。这是物理学家研究中感兴趣的一个奇怪的现象，它被称为宏观薛定谔的猫态。”

Neukirch还表示，真空悬浮纳米金刚石可以用来衡量“极其微小的力或力矩。”纳米金刚石会被纳米振荡器或者其他任何极其微小的力量移动。Neukirch补充说，他们的“装置能够检测这些小动作。”

本月，Nerkirch将作为Vamivakas小组的博士后合伙人，继续进行这个旨在实现悬浮光学活性纳米金刚石在低压力下不被破坏的研究工作。

来源：罗切斯特大学
Researchers create superconducting graphene
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Univ. of British Columbia physicists have been able to create the first superconducting graphene sample by coating it with lithium atoms. Image: Univ. of British Columbia

Graphene, the ultra-thin, ultra-strong material made from a single layer of carbon atoms, just got a little more extreme. Univ. of British Columbia (UBC) physicists have been able to create the first ever superconducting graphene sample by coating it with lithium atoms.

Although superconductivity has already been observed in intercalated bulk graphite—3-D crystals layered with alkali metal atoms, based on the graphite used in pencils—inducing superconductivity in single-layer graphene has until now eluded scientists.

"This first experimental realization of superconductivity in graphene promises to usher us in a new era of graphene electronics and nanoscale quantum devices," says Andrea Damascelli, director of UBC's Quantum Matter Institute and lead scientist of the Proceedings of the National Academy of Sciences study outlining the discovery.

Graphene, roughly 200 times stronger than steel by weight, is a single layer of carbon atoms arranged in a honeycomb pattern. Along with studying its extreme physical properties, scientists eventually hope to make very fast transistors, semiconductors, sensors and transparent electrodes using graphene.

"This is an amazing material,'" says Bart Ludbrook, first author on the PNAS paper and a former PhD researcher in Damascelli's group at UBC. "Decorating monolayer graphene with a layer of lithium atoms enhances the graphene's electron-phonon coupling to the point where superconductivity can be stabilized."

Given the massive scientific and technological interest, the ability to induce superconductivity in single-layer graphene promises to have significant cross-disciplinary impacts. According to financial reports, the global market for graphene reached $9 million in 2014 with most sales in the semiconductor, electronics, battery, energy, and composites industries.

The researchers, which include colleagues at the Max Planck Institute for Solid State Research through the joint Max-Planck-UBC Centre for Quantum Materials, prepared the Li-decorated graphene in ultra-high vacuum conditions and at ultra-low temperatures (5 K or -449 F or -267 C), to achieve this breakthrough.

Source: Univ. of British Columbia
研究人员创造了超导石墨
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英国哥伦比亚大学的物理学家已经能通过用锂原子涂层制造首例超导石墨样品。图片：英国哥伦比亚大学

石墨是一种由单一碳原子层组成的超薄、超强的材料，只是有点极端。英国哥伦比亚大学（UBC）的物理学家已经能通过用锂原子涂层制造首例超导石墨样品。

尽管在多层石墨（基于铅笔里的石墨，即由碱金属原子排列成的3D晶体）中已经发现了超导性，不过单层石墨中的超导性到现在还困扰着科学家们。

“石墨超导性的首次实验成功将使我们迎来石墨电子工业和纳米量子设备的新时代，”英国哥伦比亚大学量子物质研究所主任兼国家科学研究院院刊负责此项研究的首席科学家安德列达马斯西利说道。

同样重量石墨的硬度是钢铁的200倍，石墨中每层的碳原子都是按照蜂窝状排列。鉴于石墨极端的物理特性，科学家始终还是希望用石墨制造快速的晶体管，半导体，传感器和透明电极。

“这是一种了不得的材料，”国家科学研究院院刊的第一作者兼英国哥伦比亚大学达马斯西利小组的前任PhD研究员巴特路德布鲁克说道。“用锂原子层嵌入单层石墨来加强石墨的电声耦合从而稳定耦合点的超导性。”

鉴于对其科学和技术上的兴趣，引发单层石墨的超导性将会产生很大的跨学科的影响。根据财务报告显示，2014年全球市场上用于半导体，电子设备，电池，能源和复合材料的石墨的销售额达到900万美元。

包括麦克斯普朗克研究所从事固态研究的同事和麦克斯普朗克UBC中心从事量子材料研究的研究员，准备在高度真空和超低温（5开尔文或华氏-449度或-267摄氏度）的环境下，用锂嵌入式石墨来实现这一突破。

来源：英国哥伦比亚大学
New nanomaterial maintains conductivity in three dimensions

An international team of scientists has developed what may be the first one-step process for making seamless carbon-based nanomaterials that possess superior thermal, electrical and mechanical properties in three dimensions.

The research holds potential for increased energy storage in high-efficiency batteries and supercapacitors, increasing the efficiency of energy conversion in solar cells, for lightweight thermal coatings and more. The study is published online in Science Advances.

In early testing, a 3-D fiber-like supercapacitor made with the uninterrupted fibers of carbon nanotubes and graphene matched or bettered—by a factor of four—the reported record-high capacities for this type of device.

Used as a counter electrode in a dye-sensitized solar cell, the material enabled the cell to convert power with up to 6.8% efficiency and more than doubled the performance of an identical cell that instead used an expensive platinum wire counter electrode.

Carbon nanotubes could be highly conductive along the 1-D nanotube length and 2-D graphene sheets in the 2-D plane. But the materials fall short in a 3-D world due to the poor interlayer conductivity, as do two-step processes melding nanotubes and graphene into three dimensions.

"Two-step processes our lab and others developed earlier lack a seamless interface and, therefore, lack the conductance sought," said Liming Dai, the Kent Hale Smith Professor of Macromolecular Science and Engineering at Case Western Reserve Univ. and a leader of the research.

"In our one-step process, the interface is made with carbon-to-carbon bonding so it looks as if it's one single graphene sheet," Dai said. "That makes it an excellent thermal and electrical conductor in all planes."

Dai has worked for nearly four years with Zhong Lin Wang, the Hightower Chair in Materials Science and Engineering, and Yong Ding, a senior research scientist, at Georgia Institute of Technology; and Zhenhai Xia, professor of materials science and engineering, at the Univ. of North Texas; Ajit Roy, principal materials research engineer in the Materials and Manufacturing Directorate, Air Force Research Laboratory, Dayton; and others on a U.S. Dept. of Defense-Multidisciplinary University Research Initiative (MURI) program (Joycelyn Harrison, Program Manager). Close collaboration was also made with Yuhua Xue, the Research Associate at CWRU and visiting scholar from the Institute of Advanced Materials for Nano-Bio Applications, School of Ophthalmology & Optometry, Wenzhou Medical Univ., along with Jia Qu and Hao Chen, professors in the Wenzhou Medical Univ.

To make the 3-D material, the researchers etched radially aligned nanoholes along the length and circumference of a tiny aluminum wire, then used chemical vapor deposition to cover the surface with graphene using no metal catalyst that could remain in the structure.

"Radially aligned nanotubes grow in the holes. The graphene that sheathes the wire and nanotube arrays are covalently bonded, forming pure carbon-to-carbon nodal junctions that minimize thermal and electrical resistance," Wang said.

The architecture yields a huge surface area, adding to the transport properties, the researchers say. Using the Brunauer, Emmett and Teller theory, they calculate the surface area of this architecture to be nearly 527 square meters per gram of material.

Testing showed the material makes an ideal electrode for highly efficient energy storage. Capacitance by area reached as high as 89.4 millifarads per square centimeter and by length, up to 23.9 millifarads per centimeter in the fiber-like supercapacitor.

The properties can be customized. With the one-step process, the material can be made very long, or into a tube with a wider or narrower diameter, and the density of nanotubes can be varied to produce materials with differing properties for different needs.

The material can be used for charge storage in capacitors and batteries or the large surface could enable storage of hydrogen. "The properties could be used for an even wider variety of applications, including sensitive sensors, wearable electronics, thermal management and multifunctional aerospace systems", Roy said.

The scientists are continuing to explore the properties that can be derived from these single 3-D graphene layer fibers and are developing a process for making multilayer fibers.

Source: Case Western Reserve Univ.
新型纳米材料保持三维传导性 

一个国际科学家小组已经研发出制备无缝碳基纳米材料的第一步骤，而这种无缝碳基纳米材料在三维上拥有优良的热性能、电气性能和机械性能。

对于轻质热涂层和其他更多的材料来说，此项研究保留了高效电池和超级电容在能量储存上的潜力，并提高了太阳能电池的能量转换效率。此项研究刊载于在线《科学前沿》（Science Advances）。

在早期的测试中，纤维状3D超级电容是由碳纳米管和石墨烯的连续纤维组成，它与此类设备的高记录容量相匹配，或比其优良4倍。

作为染色敏感化太阳能电池内的电极材料，这种材料使得电池的转换效率高达6.8%，其性能是用昂贵的铂电极制造的相同的电池的两倍多。

在二维平面上，碳纳米管可以实现在一维纳米管和二维石墨片上高速传导。不过，当通过两步把纳米管和石墨融合成三维空间时，由于层间的传导性很差，此材料在三维空间的传导性会下降。

“我们实验室和其他实验室早期开发的这两步融合缺乏一种无缝接口，并因此缺乏传导性，” 凯斯西部储备大学高分子科学工程的肯特海尔史密斯教授的同事兼研究的牵头人戴立明（音）说道。

“在一步融合的过程中，接口是由看起来如一个单石墨片一样的碳碳键组成的，”戴说道。“这使得在所有平面内都有优良的热和电的传导性。”

戴和Hightower材料科学工程的客座教授王忠林（音）、佐治亚技术研究所的高级研究科学家丁勇（音）、北德州大学材料科学工程的教授夏振海（音），代顿空军研究实验室材料和制造局的首席材料研究工程师埃伊特•罗伊及其他人一起在美国国防部的大学多学科研究倡议（MURI）项目（项目经理乔伊塞林哈里森）上一起工作了将近4年。他还和CWRU的助理研究员兼纳米生物先进材料研究所，眼视光学院，温州医科大学的奖学金获得者薛玉华（音），以及温州医科大学的教授曲佳（音）和陈浩（音）有着密切的合作。

为了制作3D材料，研究员在一条细铝丝上用放射性物质钻出纳米孔，然后用化学蒸汽沉淀覆盖表面，整体结构上还保留不用金属催化剂的石墨。

“径向排列的纳米管在小孔中扩展。包裹铝丝和纳米管阵列的石墨以共价键结合，形成碳碳键，从而使其热阻抗和电阻抗降到最低，”王说道。

研究员说，此架构生成了巨大的表面积，增加了传输特性。利用布鲁克、艾米特和泰勒的理论，他们计算的此材料每克的表面积是将近527平方米。

试验表明，该材料是高效节能的理想电极材料。在纤维状的超级电容里区域容量高达每平方厘米89.4毫法拉，而且每厘米的容量达到23.9毫法拉。

材料的属性可以根据需要定制。在一步融合过程中，材料可以被拉得很长，或者以更宽或更窄的直径塞进管子里，而且根据不同的需要，制作材料时纳米管的密度是不同的。

此材料可以用于电容和电池的充电，或者它的巨大的表面可以储存氢。“这些特性可以用于更广泛的应用中，包括灵敏传感器，可穿戴电子设备，热管理和多功能航空航天系统，”罗伊说道。

科学家们正在继续探索可以从这些单一的三维石墨烯层中得到的性能，并正在开发一种制备多层纤维的方法。

来源：凯斯西部储备大学
Metal Alloy（金属合金）
Nanoporous gold sponge makes pathogen detector
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Nanoporous gold is like a sponge of tiny pores. It could be used to make new devices to detect pathogens. Image: Erkin Şeker , UC Davis

Sponge-like nanoporous gold could be key to new devices to detect disease-causing agents in humans and plants, according to Univ. of California, Davis (UC Davis) researchers.

In two recent papers in Analytical Chemistry, a group from the UC Davis Dept. of Electrical and Computer Engineering demonstrated that they could detect nucleic acids using nanoporous gold, a novel sensor coating material, in mixtures of other biomolecules that would gum up most detectors. This method enables sensitive detection of DNA in complex biological samples, such as serum from whole blood.

“Nanoporous gold can be imagined as a porous metal sponge with pore sizes that are a thousand times smaller than the diameter of a human hair,” said Erkin Şeker, assistant professor of electrical and computer engineering at UC Davis and the senior author on the papers. “What happens is the debris in biological samples, such as proteins, is too large to go through those pores, but the fiber-like nucleic acids that we want to detect can actually fit through them. It’s almost like a natural sieve.”

Rapid and sensitive detection of nucleic acids plays a crucial role in early identification of pathogenic microbes and disease biomarkers. Current sensor approaches usually require nucleic acid purification that relies on multiple steps and specialized laboratory equipment, which limit the sensors’ use in the field. The researchers’ method reduces the need for purification.

“So now we hope to have largely eliminated the need for extensive sample clean-up, which makes the process conducive to use in the field,” Şeker said.

The result is a faster and more efficient process that can be applied in many settings.

The researchers hope the technology can be translated into the development of miniature point-of-care diagnostic platforms for agricultural and clinical applications.

“The applications of the sensor are quite broad ranging from detection of plant pathogens to disease biomarkers,” said Şeker.

For example, in agriculture, scientists could detect whether a certain pathogen exists on a plant without seeing any symptoms. And in sepsis cases in humans, doctors might determine bacterial contamination much more quickly than at present, preventing any unnecessary treatments.

Source: Univ. of California, Davis
由纳米多孔金海绵制作的病原体探测器 
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纳米多孔金像微小毛孔的海绵。它可以用来制造新设备来检测病原体。供图：加州大学戴维斯分校Erkin Şeker

根据加州大学戴维斯分校的研究人员，海绵似的纳米多孔金是人类和植物病原体检测的新设备的关键。

《分析化学》（Analytical Chemistry）刊载的两篇最新的论文中，来自加州大学戴维斯分校的电气和计算机工程部门的一组研究人员证明,他们可以使用纳米多孔金检测核酸,它是一个新颖的涂层传感器,混合生物分子将使探测器出毛病。这种方法能够实现复杂的生物样品DNA的灵敏检测,如从血清到全血。

“纳米多孔金可以想象为一个多孔金属海绵，孔隙小于人类头发直径的一千倍,”Erkin Şeker说。他是加州大学戴维斯分校电气和计算机工程助理和论文资深作者。“发生变化的是生物样品的残骸,如蛋白质,太大而不能通过气孔，但我们想联核酸检测可以通过它们。这几乎就像一个自然筛”。
核酸的快速、灵敏检测在早期识别病原微生物和疾病的生物标志物扮演着关键角色。电流传感器的处理通常需要依赖于多个步骤和专门的实验室设备进行核酸纯化,这限制了传感器的使用领域。研究者减少了纯化。

“现在我们希望在很大程度上消除大量样本清理的需要,使这一加工过程有利于该领域使用,”Şeker说。
我们可以利用研究结果，研发出一种更快更有效的加工过程，并进行广泛应用。

研究人员希望这项技术可以应用来发展农业和临床的微型医疗点诊断平台。

“传感器的应用非常广泛，从植物病原体的检测到疾病的生物标记物,”Şeker说。
例如，在农业上，科学家可以检测植物在没有任何症状下是否存在某种病原体。对于人类败血症病例，医生可能会比现在更快地确定细菌污染，防止任何不必要的治疗。

来源：加州大学戴维斯分校
This startup can grow metal like a tree
A Seattle startup has found a way to grow high performance metals in a cheap and energy efficient way, marking an important breakthrough for industries like construction, automotive, and oil and gas.

You can already find some of the metals from seven-year-old company Modumetal on oil rigs off of the Australian and African coasts, as well as the U.S., off of Texas. Those metals can withstand the ocean’s corrosive power for up to eight times longer than conventional materials, according to the company.

On Tuesday, Modumetal took a big step towards its goal of gaining a bigger market for its innovative recipe. The company said that it had raised $33.5 million in funding that will go to increasing production and sales along with developing new uses for its metals.

The funding was led by the Founders Fund, the firm co-created by Silicon Valley investor Peter Thiel that has previously invested in space cargo company SpaceX, room rental service Airbnb and data giant Palantir. Other investors include the venture arms of three oil big companies, Chevron Technology Ventures, BP Ventures and ConocoPhillips.

 Modumetal’s CEO and co-founder Christina Lomasney, a physicist who’s spent years working on electrochemistry and advanced materials, told Fortunethat the company’s metal growing process is “the ideal way of making materials.” It is similar to the way that “Mother Nature has evolved [growing things] over eons,” she said.

Some of the more conventional ways to extract and use various types of metals often include large amounts of heat. Many metals are mined and then extracted from the ores through smelting at a high temperature. Companies can also reuse metal scraps, but they must be melted and cast into usable shapes.

In contrast, Modumetal’s process only uses electricity, and therefore uses far less energy. The company’s metal process is similar to the more conventional method of electroplating, which is when electricity is used to create a metal coating on a surface.

However, Modumetal uses nanotechnology — manipulation of matter at the molecular level — to micromanage at a very small scale to better control the conditions and substances through which electroplating occurs. Basically, the company grows metal on a surface in a way that makes it easier to shape and tinker with the material’s characteristics. Lomasney says it’s similar to how nature controls the environment related to a tree’s growth— sunlight, soil, location, temperature—and then creates a tree that is a product those conditions.

The process creates a metal that is grown layer-by-layer. The different ways to grow the layers creates variety in the metal’s properties and shape. Lomasney says to think about the resulting material like plywood, but the plies, or pieces, are created at the nanotech level.

The industry calls these layered metals “metal laminates,” and they’ve been around in the industry for a while. Lomasney’s breakthrough is using a chemical and electrical production process combined with nanotechnology to create the metal plywoods at a low cost, with low energy and with the ability to make the metal pieces in large volumes and with large pieces (think oil rig big).

The company is making a laminated zinc alloy for its customers that want a metal that won’t corrode as fast as standard zinc. But laminated steel could be the big market for Modumental. The company considers its strong and long-lasting steel product as the next-generation of the steel industry.

Modumetal’s original technology was created by Lomasney and her co-founder, chemical engineer John Whitaker. The partners previously worked on using electricity and chemistry to clean up toxic environments. After noticing their work, the Defense Department approached them to work on making advanced materials that could produce armor for soldiers that would be both very strong (stop bullets) but also last a long time (stop bullets over many years).

Lomasney and Whitaker spun out the core armor-making tech to start Modumetal. The company now has a research and development lab in Seattle, a factory in Maltby, Wash., and a field services office in Houston, Tex. The funds will help the company grow production at its factory in Maltby.

Despite the company’s ambition and promise, the startup world can be extraordinarily difficult. Expanding factory production can be particularly hard for a small company. Large scale manufacturing requires production to be precisely repeated over and over again, with little variation, which can be challenging with new technologies.

In addition the company is selling into long established and sometimes slow moving industries. While the company seems to have won over oil companies early on, big metal makers, car companies, aviation firms and construction companies can be notoriously risk averse and tend to shy away from partnering with young venture-capital backed startups.

Some of the biggest materials and metals companies around the world, which have some of the deepest pockets, and also are likely working on competitive technologies. The company will need to aggressively protect its patents —the core of its business—through both acquisition and legal action.

Modumetal sees the corrosion-protected metals as its first big market. But there are many other possibilities that the company and its customers are interested in. For example, Modumetal has a joint venture with one of the largest U.S. sheet metal makers, Steel Dynamics, to come up with applications for an upgraded version of sheet metal in the future.

Metal production isn’t often talked about. It’s not a particularly sexy topic. But if Modumetal can get its metals into everything from skyscrapers to airplanes, the company could make a big mark. It’s like how 3D printing is introducing an entirely new and easier way to print plastics and other materials into shapes that either couldn’t previously be made or would otherwise take a lot of effort to create.

In the 1800’s, aluminum was so expensive to make that it was confined to trinkets like Napoleon’s buttons and flatwear, Lomasney says. But in the late 1800’s, inventor Charles Martin Hall created a way to inexpensively make aluminum. He created a massive new industry and co-founded aluminum giant Alcoa AA -1.10% . If Modumetal could gain a fraction of the traction that Alcoa has had it would be a major success.

像种木耳一样“种”金属：建筑、汽车、能源领域或迎重大突破

西雅图一家创业公司发明了一种能够以廉价节能的方式，“培育”高性能金属材料的技术。这标志着建筑、汽车以及石油和天然气等行业将迎来一次重大的突破。

西雅图一家创业公司发明了一种能够以廉价节能的方式，“培育”高性能金属材料的技术。这标志着建筑、汽车以及石油和天然气等行业将迎来一次重大的突破。

这家成立7年的公司名叫Modumetal。现在澳大利亚、非洲和美国德克萨斯州沿海的一些钻井平台已经开始使用该公司生产的金属材料。据其介绍，这些金属材料的抗海水腐蚀能力可达到传统材料的8倍。

最近，Modumetal公司在为其创新技术拓宽市场的道路上又迈进了一大步。该公司称已获得3350万美元融资，这笔资金将用于扩大产能和销量，以及继续为其金属材料开辟新用途。

本轮融资由创业者基金领投，基金创始人之一是硅谷知名投资者彼得•泰尔，他曾投资过太空运输公司SpaceX、房屋租赁服务公司Airbnb以及数据巨头Palantir。其他投资者还包括三大石油公司旗下的风投机构，即雪佛龙技术风险投资公司、BP创投和康菲石油。
Modumetal公司CEO兼联合创始人克里斯蒂娜•洛玛瑟妮是一位物理学家，多年从事电化学和高级材料的研究工作。她向《财富》表示，其公司所使用的“金属培育”技术，是“制造材料的理想途径”，类似“大自然亘古以来，万物生长进化的方式”。

一些传统的金属材料提取和利用方式，往往离不开大量的热能。很多金属是从矿床中开采出来再通过高温熔炼提取得到的。企业也可以对废金属进行重新利用，但它们必须先被熔炼再铸成可用的形状。

相比之下，Modumetal公司的生产流程只使用电能，因此大大节省了能源。其金属材料制作流程类似于非常传统的电镀工艺，——用电生成一层金属镀层覆盖在物品表面。

但差别在于，Modumetal公司使用的是纳米技术，在分子层次进行操控，从而可以在非常精确的范围内更好地控制电镀过程中的各种条件和生成物质。从根本上说，该公司是在物品表层“培育”金属，这种方式可以使金属能便于成型以及改造材料特性。CEO洛玛瑟妮称，它就像是自然控制阳光、土壤、位置、温度等生长环境，然后长出了一棵符合这些条件的树木。

通过这个过程，金属一层一层地“长”出来。不同的分层培育方式可以制造出性能和形状不同的多种金属材料。洛玛瑟妮介绍道，你可以把成品材料想象成胶合板，但每片“板层”是用纳米科技造出来的。

这种层状金属业界通常称为“金属层状复合材料”。这种材料的诞生其实已经有一段时间了。洛玛瑟妮的突破在于使用了电化学生产工艺与纳米技术，从而能够以较低的成本和能耗，大批量生产金属层状复合材料，包括应用到一些如石油钻井设备等大块物品的生产上。

目前，该公司正在为客户生产一种层状复合锌合金，其耐腐蚀性要好于传统的锌材料。但层状复合钢材可能将成为Modumental公司的一个大市场。该公司认为，其坚固耐用的钢材将成为钢铁行业的划时代产品。

Modumetal公司的原始技术是由洛玛瑟妮和另一位创始人——化学工程师约翰•惠特克共同研发的。这对合作伙伴原本研究的是如何使用电化学技术清理有毒环境。后来美国国防部注意到了他们的研究，并主动找上门，请他们进行高级材料的研究，目标是为士兵研制一种既坚固（能防弹）又耐久（能保持多年的防弹效果）的盔甲材料。

在借鉴了研发盔甲材料的核心技术的基础上，洛玛瑟妮和惠特克创办了Modumental公司。该公司目前在西雅图开设了一间研发实验室，在华盛顿州的莫尔特比开设了一家工厂，并在休斯顿开设了一间现场维护和支持服务办事处。此次获得的融资将有助于该公司扩大莫尔特比工厂的产能。

虽然这家公司雄心勃勃，并且前景可观，但创业的道路也可能是十分艰难的。对于小公司来说，扩大工厂产能尤为不易。大规模生产需要不断精确地重复生产流程，且尽量避免变来变去，这对于新技术来说也是一种挑战。

除此之外，该公司的客户很多都来自历史悠久但变革缓慢的行业。虽然它已经拿下了一些石油公司作为初期客户，但很多大型金属制造商、汽车公司、飞机制造厂和建筑企业极为重视风险规避，因此可能不愿与由风投支持的年轻创业公司合作。

与此同时，一些全球最大的材料制造商和金属企业凭借深厚的财力，也很有可能研发相应的竞争性技术。Modumetal公司必须通过收购和法律行动，积极地保护自己的“命根子”——也就是专利技术。

Modumetal公司将防腐金属作为自己的第一个大市场，但该公司及其客户还对许多其他可能性很感兴趣。比如Modumetal已与美国最大的金属板材制造商Steel Dynamics公司成立了一家合资企业，以研发新型金属板材。

金属的生产并不是一个被经常谈论的话题，也不是一个热门的话题。但如果Modumental公司可以把它的产品打入从摩天大楼到飞机的各行各业，那么它很有可能将取得巨大的成功。这就好比3D打印技术带来了一种给塑料等材料塑型的全新技术一样，它将使很多之前要么无法达到、要么要花大力气才能达到的工艺成为了可能。

在19世纪，铝还是一种非常昂贵的材料，只被用来制造拿破仑的钮扣或餐刀餐叉等小玩意儿。但到了19世纪晚期，发明家查尔斯•马丁•霍尔发明了廉价生产铝的技术，从而创立了一个庞大的产业，另外他还创立了铝业巨头——美国铝业公司。Modumetal公司哪怕能够复制美国铝业当年的一小部分荣光，都将是巨大的成功。
Composite Materials（复合材料）
Fibrelite Develop New Range of Composite Access Covers

Fibrelite has developed a new range of fibre-reinforced plastic (FRP) composite access covers to replace traditional heavy concrete infill covers.

The range includes D400, E600 and F900 load ratings and is designed to be installed into existing frames and according to Fibrelite, this means it is now possible to upgrade to modern composite materials simply and effectively without the costs and disruption associated with breaking concrete to replace with new frames.

David Holmes, Technical Director, explained, "Traditional concrete covers are extremely difficult to remove at the best of times but often require time-consuming and expensive specialist lifting equipment which can lead to manual handling problems and injury risk for operatives."

"Our new range of bespoke replacement composite covers offers the best strength to weight ratio in the industry, so while the covers easily achieve BS EN124 D400, E600 and F900 load ratings, their unique composite design means they can be very easily removed using a simple ergonomically-safe lifting handle."

One of the first beneficiaries of this new range was a sewage treatment plant run by a major British water company. For this project, Fibrelite designed bespoke trench covers which could be installed directly into the existing frame to replace the original heavy concrete-infilled cover. This was achieved by producing a "stepped" cover to fit the frame while maintaining the depth of cover required to meet the essential D400 load. Fibrelite explained that this innovative design approach meant that there was no need to break out and replace the frame which reduced overall installation costs and allowed for a quicker and more convenient retro-fit.

David Holmes concluded, "Composite materials are increasingly popular across a range of industries and we are now able to offer an innovative retro-fit solution for quite complex projects across all load ratings from A15 to F900 and eliminate common - and often quite serious - health and safety issues associated with manual handling."
飞泊莱特公司开发新系列复合井盖

飞泊莱特已经开发出一系列新的纤维增强塑料（FRP）复合井盖，来取代传统重混凝土填充井盖。

新系列包括D400、E600和F900额定负荷，设计安装到现有的框架上，飞泊莱特表示，这意味着她现在可以简单有效的升级到现代复合材料，没有混凝土有关的成本和断裂问题，用新框架代替。

技术总监大卫•霍尔姆斯解释说，“传统混凝土井盖在情况最好的时候很难拆除，往往很耗时，需要昂贵的专业起重设备，带来手动处理问题和操作员受伤的风险。”

 “我们新系列定制替代复合井盖提供业内做好的强度重量比，所以井盖很容易实现BS EN124 D400/E600和F900额定负荷，独特的复合设计使它们只需要通过使用一个简单的复合人体工学的安全起重手柄，就可以很容易地拆除。”

新系列井盖的第一受益者是一个由英国水务公司经营的污水处理厂。飞泊莱特针对这个项目，设计了可以直接安装在现有框架上的沟渠盖，来取代原来重混凝土填充井盖。使用一个“阶梯式”井盖适应框架，同时保持井盖的深度必须满足基本的D400负载。飞泊莱特解释说，这种创新的设计方法意味着不需要打破和替换整体框架，降低了安装成本，并使得拆除井盖更快捷更方便。

大卫•霍尔姆斯总结道，“复合材料在很多工业越来越受到欢迎，我们现在能够为复杂的工程提供一个创意解决方案，包括从A15到F900所有的负载评级，消除人工操作通常遇到的严重的健康和安全问题。”
Graphene Enhanced Araldite Resin Composite Materials
Composite Solutions (HCS) has signed a letter of intent to start a joint development and commercialisation agreement with Huntsman Advanced Materials.

As part of the agreement Haydale says it will functionalise Graphene Nano Platelets (GNPs) using its proprietary HDPlas process and add them to Huntsman's Araldite resins to create a highly loaded masterbatch. Under the proposed agreement, it is anticipated that Huntsman and HCS will develop and validate the use of GNPs in Araldite epoxy resins, using HCS's proprietary HDPlas process. The ultimate objective of the collaboration will be to commercialise graphene enhanced Araldite resins for a range of applications in the composites market.

Gerry Boyce, Managing Director of HCS said, "We are highly excited about working with a world leading resins company and to developing markets and applications for these new graphene enhanced Araldite resins. We see graphene enhanced polymer resins and their use in composite materials as being a revolution. This work opens up the potential for a whole new range of advanced composite materials and products with enhanced performance and lower cost."

Dr David Hatrick, European Technology Director at Huntsman Advanced Materials commented, "We are pleased to be working closely with HCS on this exciting opportunity. The combination of HCS's expertise in functionalised GNPs and our capabilities in epoxy chemistry should create multiple new opportunities to meet the needs of the growing composites market."

Ray Gibbs, Haydale Chief Executive, added, "We have identified the composites market as a strategic sector for our functionalised graphene and other nanomaterials with HCS being a fundamental route to market for our plasma functionalised materials. This agreement represents a major opportunity to work with a global partner to develop a whole new range of formulated resins with enhanced properties which they can sell into the composites' market across the world."
石墨烯增强型环氧树脂复合材料

Composite Solutions (HCS) 签署了一份意向书，同意与亨斯迈先进材料（Huntsman Advanced Materials）开启一份联合开发与商业协议。
作为协议的一部分，海德尔（石墨烯供应商）表示，它将用它专有的水溶橡胶过程使石墨烯纳米带功能化，并把它加入到亨斯迈环氧树脂来建立一个高负荷色母粒。该协议估计，亨斯迈和组织化学学会将通过使用氮氢化合物特有的水溶凝胶过程，开发和验证石墨烯纳米带在环氧树脂中的使用。合作的最终目标是使石墨烯增强环氧树脂复合材料的一系列应用市场商业化。

HCS会长格里•博伊斯表示，“我们非常兴奋与世界领先的树脂公司合作并为石墨烯增强环氧树脂开发市场的应用程序。我们看到石墨烯增强环氧树脂及其在复合材料中的应用是一场革命。这项工作为现金复合材料和产品开辟了一个全新的潜力，提高了性能，降低了成本。”

亨斯迈先进材料的欧洲技术总监大卫•哈特瑞克表示，“我们很高兴通过这次激动人心的机会和高碳钢密切合作。高碳钢的结合使得金纳米粒子功能化，还有我们在环氧树脂化学的能力应该创造更多的机会来满足日益扩大的复合材料市场。”

海德尔首席执行官雷•吉布斯补充道，“我们已经确定了复合材料市场作为我们的战略部门，使多功能石墨烯和其他纳米材料作为等离子多功能材料市场的一个基本路线。本协议代表一个重大机遇，可以与全球伙伴合作开发一个全新系列的属性强化定制树脂，这些树脂可以通过复合材料市场销往世界各地。”
AnalySwift launches Purdue software to speed modeling of composite materials, structures

Manufacturers and engineering firms in the advanced composites sector can now use new software developed at Purdue University to reduce the design cycle of materials and structures, and analyze models too complex for existing methods.

AnalySwift LLC, a commercial software provider, has launched SwiftComp, technology that provides efficient, high-fidelity modeling of composites and reduces analysis times without a loss of accuracy, while capturing details of composites that were unreachable using traditional methods. The company licensed the technology, which was developed by Wenbin Yu, associate professor in Purdue's School of Aeronautics and Astronautics.

Allan Wood, president and CEO at AnalySwift, said the company's customers span several traditional sectors including aerospace, automotive and energy.

"These sectors face challenges including getting products to market more quickly, designing earlier in the process and improving technical R&D capabilities," he said. "Imagine the competitive advantages engineers and companies could achieve when reducing analysis time from days to minutes. SwiftComp can make that happen."

Wood said SwiftComp is more versatile than traditional analysis software.

"The software can quickly and easily calculate the effective properties of composites and heterogeneous structures and materials including composite laminates, woven composites, stiffened structures, sandwich structures, corrugated structures and other buildup structures and heterogeneous materials," he said. "As long as a building block for the structure can be identified, SwiftComp can compute the best structural model for use in macroscopic structural analysis. It also computes the local stresses in the microstructure, which is essential for strength and failure of composites."

Yu said SwiftComp strengthens the manufacturing and engineering sectors' ability to harness the full potential of advanced composite materials for various applications including sandwich structures, wind turbine blades, and composite aerostructures, cars and rotor blades.

"SwiftComp takes the fundamental building block of material as input, then outputs the structural properties needed for macroscopic analysis," he said. "The software can be used for virtual testing of composites or as a plugin to power conventional FEA codes with high-fidelity multiscale modeling for composites."

Wood said Yu's codes have been used by hundreds of researchers in industry, academia and national laboratories.

"Wenbin Yu is well known and highly respected in our field and he brings real-world solutions in the areas of structural mechanics, micromechanics, multiphysics modeling and multiscale modeling," he said. "Licensing SwiftComp further enables AnalySwift to deliver on our motto, 'Right results. Right away.' We are excited to demonstrate its value to engineers and companies that model composite materials and structures."

SwiftComp is available through cdmHUB, an online platform hosted at Purdue that encourages users to evaluate emerging and existing composite simulation tools, and hosts simulation challenges to educate and unify the composites community.

Explore further: Smart ship structures: Researchers design multifunctional materials for electromagnetic applications

Provided by: Purdue University  

AnalySwift公司推出普渡软件，加速复合材料、结构的建模

先进复合材料领域中的制造商和工程公司目前能够使用普渡大学开发的新软件来降低材料和结构的设计周期，同时分析对于现有方法太过复杂的模型。

商业软件供应商AnalySwift有限责任公司已经推出了SwiftComp，该技术可提供复合材料的高效、高保真建模，并且在没有任何准确度方面的损失的情况下减少分析时间，同时捕捉到用传统方法无法获得的复合材料细节。该公司授权了这项由普渡大学航空航天学院副教授于文斌开发的技术。

AnalySwift的总裁兼首席执行官艾伦•伍德表示，该公司的客户跨越了多个传统行业，包括航空航天、汽车和能源。

“这些领域面临的挑战包括，更快速地将产品推向市场，在过程早期进行设计以及提高技术研发能力，”他表示。“想像一下当分析时间从几天缩短到几分钟，这会导致工程师和公司实现的竞争优势是怎样的。SwiftComp可以做到这一点。”

伍德表示，SwiftComp比传统的分析软件更加灵活。

“该软件能够快速、轻松地计算出复合材料和异种结构和材料的有效性能，这些材料包括复合材料层压板、机织复合材料、加强结构、夹层结构、波纹结构和其他建设结构和异质材料，”他表示。“只要该结构中的一个构造块得到识别，那么SwiftComp就能够计算为宏观结构分析中所使用的最佳结构模型。它还能计算中微观结构中的局部应力，这对于复合材料的强度和失效是至关重要的。”

于表示，SwiftComp加强了制造和工程部门驾驭用于各种应用的复合材料的全部潜能，这些应用包括夹层结构、风力涡轮机叶片、复合飞机结构、汽车以及转子叶片。

“SwiftComp利用材料的基本构建模块作为输入，然后输出宏观分析所需的结构特性，”他表示。“该软件可用于复合材料的虚拟测试，或者是作为复合材料具有高保真多尺度建模的电力FEA常规代码的一个插件。”

伍德表示，于的代码已经在工业界、学术界和国家实验室中被数百名研究人员所使用。

“于文斌在我们的领域中众所周知，并且备受推崇，他为结构力学、细观力学、多物理建模和多尺度建模领域带来了实际的解决方案，”他表示。“进一步许可SwiftComp令AnalySwift兑现了我们的座右铭，‘正确的结果。马上开启。’我们很高兴能够向复合材料和结构的工程师和公司证明其价值。”

SwiftComp可通过普度的一个在线平台cdmHUB来获得，该平台鼓励用户评估新兴和现有的复合模拟工具，并且主持仿真挑战来进行教育以及统一复合社区。

进一步探讨：智能船舶结构：研究人员为电磁应用设计了多功能材料（“Smart ship structures: Researchers design multifunctional materials for electromagnetic applications”）

资料来源：普渡大学 
Practical Application（实际应用）
Recycling permanent magnets in one go
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The researchers rely on the melt spinning process for the recycling of permanent magnets. For this, the material is melted in a crucible using an induction coil and subsequently poured onto a copper wheel. © Fraunhofer Project Group IWKS

Electric motors or wind turbines are driven by powerful permanent magnets. The most powerful ones are based on the rare earth elements neodymium and dysprosium. In future, a new process route realized by Fraunhofer researchers will enable the fast and cost-effective recycling of these crucial materials.

The rotors whir in the wind and provide the networks with electricity. In order to ensure that the plants run as fault-free as possible and achieve a high energy yield, the latest generation is increasingly being equipped with strong, multi-ton permanent magnets instead of a gearbox. These magnets do a good job in cars, too: They enable the numerous electric actuators, which drive the windscreen wipers, for instance, to be of a smaller and lighter design. Electric actuators or servomotors are located in many positions inside a car, wherever things need to be specifically moved and positioned, whether for the side windows or for the seat adjustment. The most powerful magnets are based on neodymium, iron and boron. Dysprosium is also frequently contained. The problem: While iron and boron are readily available, the supply of neodymium and dysprosium is critical. Because these rare earth elements are only gained under difficult conditions and with a great deal of energy input. They are therefore quite expensive in comparison and their procurement leaves an ecological footprint behind. Furthermore, more than 90 percent of these elements come from China. Almost half of the worldwide reserves are situated there.

Turning old into new

Therefore, scientists are trying to recycle magnets. Up until now, this means: You extract the rare earth elements from the magnets again. This is, however, extremely laborious and expensive. The scientists of the Fraunhofer Project Group for Materials Recycling and Resource Strategies IWKS in Alzenau and Hanau of the Fraunhofer Institute for Silicate Research ISC are now pursuing a different approach. “Instead of trying to regain each individual type of rare earth, we focus on recycling the entire material, meaning the complete magnet—and this in only a few steps,” Oliver Diehl, scientist in the Project Group IWKS explains. “This process is much easier and more efficient, because the composition of the material is already almost as it should be.”

For recycling, the scientists rely on the melt spinning process—a method already tried and tested for other alloys, also known as “rapid solidification.” The name reveals the method: The researchers liquefy the magnet in a melting pot. The liquefied material, heated to more than 1000 degrees Celsius, is directed via a nozzle onto a water-cooled copper wheel that rotates at a speed of 10 to 35 meters per second. As soon as the melted droplet comes into contact with the copper, it transfers its heat to the metal within fractions of a second and solidifies. The scientists call the emerging material formations “flakes.” The special feature is the structure formed inside the flakes. If the melted material were allowed to solidify in the normal way, the atoms would “line up in rows” in a crystal lattice. In the melt spinning procedure however, crystallization is avoided: Either an amorphous structure is formed, in which the atoms are completely irregularly arranged, or a nanocrystalline structure, in which the atoms arrange themselves in nanometer-sized grains to form a crystalline structure. The advantage: The grain sizes—meaning the areas with the same crystalline structure—can be specifically varied. They can be used to change the properties of the permanent magnet. In a further step, the researchers mill the flakes into a powder, which can then be further processed. “We press it into its final shape,” Diehl says.

First magnet successfully recycled

The scientists have already set up a demonstration plant and have managed to recycle magnets there. “The demo system can process up to half a kilogram of molten material and is somewhere between a lab and a large-scale plant,” Diehl goes on to specify. The researchers are now optimizing the properties of the recycled magnets by varying the melt spinning process—such as the speed of the copper wheel, for example, or the temperature of the melted material during the rapid solidification process. Both influence the cooling rate and consequentially also the crystalline structure of the solidified material.

In many cases, the magnets are extremely difficult to remove from the engines. The scientists are therefore developing potential ways of creating a collection cycle for used engines, and also of a design more suitable for disassembly: How could the engines be alternatively designed to make it easier to remove the magnets at a later date? What costs will be incurred is a question that is currently difficult to answer: “The anticipated financial advantage in recycling the magnets depends not only on the recycling process, but also on the price development for rare earth elements,” Diehl says. “The higher the raw material prices for rare earths, the more it will pay off to recycle already existing materials.”

SOURCE: Fraunhofer-Gesellschaftt

回收永久性磁铁
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研究人员依赖熔体纺丝法来回收永久性磁铁。为此，需先用感应线圈将材料在一个坩埚里融化，随后再将其倒入一个铜轮里。©弗劳恩霍夫项目组IWKS 

电动马达或风力涡轮机靠强大的永久磁铁来运行。最强大的磁铁是基于稀土元素钕和镝的。在未来，使用弗劳恩霍夫研究人员发现的一个新的加工线路，或可以快速高效地回收这些重要材料。

回转轴在风中呼呼地转动，为网络提供电能。为了确保工厂尽可能无故障的运行并使能源高效利用，最新一代的配置由数吨重的永久磁铁组成，替代了变速箱。这些磁铁在汽车里也起很大的作用。它们使许多制动器变得更小巧灵活，比如，它们能驱动挡风玻璃雨刷。电动执行器或伺服电机安装在汽车的很多地方，不管是为了侧窗还是座位的调整，汽车都可以准确地移动和定位。最强大的磁铁来源于于钕、铁和硼，也经常包含镝。问题是：铁和硼是现成的，钕和镝的供应至关重要。因为只有在非常困难的情况下投入大量能源才能获得这些稀土元素。因此，相比之下，他们相当昂贵，而且采购这些元素又会造成生态破坏。此外，超过90%的这些元素来自中国，近一半的全球储备能源都储存在那里。

变旧为新

因此，科学家们正试图回收磁铁。直到现在，这意味着：需要再一次从磁铁中提取稀土元素。然而,这是非常艰苦的和昂贵的。在阿尔策瑙为材料回收和能源战略工作的弗劳恩霍费尔项目组的科学家们和在哈瑙的硅酸盐研究所的弗劳恩霍费尔机构正在寻找一种不同的方法。“不再用重新获取稀土里的各种元素这个办法，我们专注于回收整个材料，也就是完整的磁体，而这只需要几个步骤就可以达到”，在IWKS项目组工作的科学家奥利弗•迪赫解释道。“这个过程更简单有效，因为材料的成分几乎和它以前一样。

至于回收，科学家们依赖的熔体纺丝法也被称为“快速凝固法”，已经在其他合金上测试过。它的名称显示了它的方法：研究人员在熔炉里将磁铁液化，液化材料加热到1000摄氏度以上时，通过一个管口直接进入冷水铜轮，铜轮的旋转速度每秒10到35米。一旦液滴与铜接触，它便将热量转移到金属并瞬间凝固。科学家们将新出现的合成材料称为“雪花”。它最特别的特性是雪花内部的形成结构。如果融化的材料能在正常方式下固化，原子将在晶格中“以行排队整齐”。然而，在熔融纺丝过程中要避免结晶：它会形成无组织结构，这样原子的排列就毫无规则；或产生纳米晶体结构，这种情况下，原子会自发形成纳米大小的颗粒去组成晶体结构。优势是：颗粒的大小---有相同晶体结构的区域可以变化多样。他们可以用来改变永久磁铁的性质。在以后的研究中，研究人员将雪花磨成粉，这样又可以将其进行加工。奥利弗•迪赫说，“我们将它压成最终的形状。”

成功回收首个磁铁”

科学家们已经在这里建立了一个示范工厂来设法回收磁铁。“演示系统可以处理多达半公斤的熔融材料，这个规模是介于实验室和大型工厂之间的。”奥利弗•迪赫继续说道。研究人员目前正在通过改变熔纺法来优化回收磁铁的性质，比如改变铜轮的旋转速度或者改变在快速凝固过程中的温度。这两种方法都能影响冷却速率，最终也影响了固体材料的晶体结构。

在许多情况下，磁铁极难从引擎中分离。因此，科学家们探索潜在方法来为使用中的引擎创建循环回收，并使它更适合拆卸：怎样设计引擎使它在以后更容易与磁铁分离？目前很难回答的是这会带来多大的成本。奥利弗•迪赫说：“预期中回收磁铁的金融优势不仅取决于回收过程,也在于稀土元素的价格，稀土原材料价格越高，回收现有材料的报酬就越大。”

来源于：弗劳恩霍夫应用研究所 
Microscopic animals inspire innovative glass research
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The new type of glass developed by Juan de Pablo and his associates resembles this sample, which was produced at the Univ. of Wisconsin-Madison, in connection with a related project. Image: Prof. Mark Ediger/Univ. of Wisconsin

Prof. Juan de Pablo's 20-year exploration of the unusual properties of glass began, oddly enough, with the microscopic animals known as water bears.

The creatures, which go by the more formal name of tardigrades, have a remarkable ability to withstand extreme environments of hot and cold, and even the vacuum of space. When de Pablo read about what happens when scientists dry out tardigrades, then revive them with water years later, his interest was piqued.

"When you remove the water, they very quickly coat themselves in large amounts of glassy molecules," says de Pablo, the Liew Family Professor in Molecular Engineering at the Univ. of Chicago. "That's how they stay in this state of suspended animation."

His passion to understand how glass forms in such exotic settings helped lead de Pablo and his fellow researchers to the unexpected discovery of a new type of glass.

This spring de Pablo and his collaborators at UChicago and the Univ. of Wisconsin-Madison published their findings in the Proceedings of the National Academy of Sciences. News of the breakthrough recently went viral online. A new paper bolsters the earlier glass research, which found indications of molecular order in a material thought to be entirely amorphous and random.

"These are intriguing materials. They have the structure of a liquid, and yet they're solids. They're found everywhere, and we still do not understand how this process of turning from a liquid into a solid occurs," says de Pablo.

Their results potentially offer a simple way to improve the efficiency of electronic devices such as light-emitting diodes, optical fibers, and solar cells. They also could have important theoretical implications for understanding the still surprisingly mysterious materials called glasses.

Surprisingly ordered molecules

The molecular order that the researchers found came as a big surprise. "Randomness is almost the defining feature of glasses," de Pablo says. "At least we used to think so. What we have done is to demonstrate that one can create glasses where there is some well-defined organization. And now that we understand the origin of such effects, we can try to control that organization by manipulating the way we prepare these glasses."

In the new paper in the Journal of Chemical Physics, de Pablo and five co-authors from UChicago, Wisconsin, and France show how the vapor-deposition process can create new glassy materials by manipulating their molecular orientation.

Using vapor deposition, Wisconsin's Mark Ediger and his team create glasses in a vacuum chamber by heating a sample material, which vaporizes, condenses, and grows atop an experimental surface.

In their latest work, the researchers compared three data sets with each other: the simplified computer model of their earlier paper; a new, much more sophisticated computer model; and the experimental results.

The similarities between the data sets are striking, notes Ivan Lyubimov, lead author of the Journal of Chemical Physics study and a postdoctoral research associate in molecular engineering at UChicago. The experimental results require some interpretation of the molecular configuration because of inherent limitations of optical measurement techniques.

But in the atomic-scale simulations rendered by UChicago's Midway Computing Cluster, "we can exactly specify the molecular configuration," Lyubimov says. "The area of uncertainty now is whether the model is accurate or not. Running these two models allows us to improve the certainty that this mechanism which we found is probably real."

Materials Genome Initiative

The researchers' latest results confirmed their earlier findings. Making this all possible was funding from the Materials Genome Initiative, which President Obama launched in 2011. The multi-agency initiative seeks to help researchers develop new materials twice as fast and at a fraction of the cost as was previously possible.

"The result is here," de Pablo says. "We have been able to generate new glasses with new and unknown properties through this combination of experiment, theory and computation." Pursuing development of new materials through laboratory experiments alone would be more time consuming and costly, de Pablo says.

"By adding this element of theory, we can actually answer some questions a lot sooner, understand why things happened, and now start designing and engineering materials from first principles because we have a better understanding of how the process works."

In 2012 de Pablo became one of the first faculty members to join the Institute for Molecular Engineering. While still at Wisconsin, he and his colleagues conducted experiments to fully document the properties of some of the molecules that tardigrades and other organisms, including some plants, use to develop their protective, glassy cocoons. This work led to a patented method--with applications in the pharmaceutical and food industries-- for stabilizing proteins in bacteria or cells for long periods of time without refrigeration.

"One of the companies that has licensed the patent makes cell cultures for yogurt and makes a lot of it," de Pablo says.

Source: Univ. of Chicago
微观生物启发新型玻璃的研究
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Juan de Pablo和他的同伴发明的新型玻璃，与麦迪逊大学在相关计划中生产的样品相似。图片：Mark Ediger教授/麦迪逊大学 
说来也奇怪，Juan de Pablo教授20年来对玻璃与众不同的属性的探索竟开始于被称为水熊的微观生物。

更专业的名字是熊虫的这种生物有一种非凡的能力，能抵抗极端冷热的环境，甚至是太空中的真空。当de Pablo阅读到，当科学家把熊虫变干，几年后再用水使它们复苏后会发生什么时，他产生了浓厚的兴趣。

“移除这些水分后，它们会非常迅速地用大量类似玻璃的透明分子覆盖自己的表面，”芝加哥大学分子工程的刘氏家族教授Pablo说。“这就是他们如何保持假死状态的原理。”

de Pablo想要了解玻璃是如何在外来设置下形成的这份激情，帮助他和他的伙伴出乎意料地发现了新型玻璃。

de Pablo和他在芝加哥大学和麦迪逊大学的同伴在这个春天于《美国国家科学院院刊》上发表了他们的发现。有关此项突破的新闻近来在网络上迅速传播。一篇新的论文支持了早期的玻璃研究，这篇论文发现了被认为完全无定形的随机的一种材料里的分子顺序。

“这些是很有趣的材料。它们兼有液体和固体的结构。它们无处不在，并且我们仍然不明白液体变为固体的过程是如何发生的，”de Pablo说。

他们的研究成果潜在地提供了一个改善例如发光二极管、光导纤维、太阳能电池等电子设备效率的简单方法。它们还对理解仍旧令人惊讶的神秘材料玻璃拥有重要的理论启示。

令人吃惊的有序分子

研究者们发现的分子顺序是一个巨大的惊喜。“随机性几乎是玻璃的定义性特征，”de Pablo说。“至少我们过去这么认为。我们所做的是要证明，人可以创造一种包含界限清楚的组织的玻璃。现在，我们了解了这种效果的起源，我们可以尝试通过操纵我们准备这些玻璃的方法来控制这种组织。”

《化学物理学报》（Journal of Chemical Physics）上刊载的新论文中，de Pablo和五位来自芝加哥大学、威斯康星州和法国的共同作者，展示了蒸汽沉积工艺如何通过操纵它们的分子取向创造出新的玻璃材。

威斯康星州的Mark Ediger和他的团队使用气相淀积在真空室里加热试验材料，使它蒸发、浓缩，最后在试验品表层形成了玻璃。

在他们最新的工作中，研究者们将三种数据集互相对比：他们早期论文的简化电脑模型；新的更为复杂的电脑模型；以及实验结果。

化学物理杂志的领导作者兼芝加哥大学分子工程博士后研究助理，Ivan Lyubimov强调，这些数据集之间的相似之处十分突出。实验结果因为光学测量技术的固有限制需要一些分子构型的解释。

但在芝加哥大学中间计算机群集描绘的原子级模拟中，“我们能精确地指定分子构型，”Lyubimov说。“目前尚待明确的领域是这种模型是否是准确的。运行这两种模型使我们更加确信我们发现的这种机制很可能是真实的。”

材料基因组计划

研究人员最新的研究结果证实了他们的早期发现。奥巴马总统2011年发起的材料基因组计划的资金使这一切成为可能。很多机构自发力图帮助研究人员以两倍的速度加快开发新材料，而一小部分成本是以前就预见了的。

“结果是，”Pablo说：“我们能通过结合实验、理论和计算生成具有全新的未知属性的新型玻璃。”仅仅通过实验室实验追求新型玻璃的发展将花费更多的时间和资金，de Pablo说。

“通过加入理论原理，我们能很快实际解答一些问题，明白事物为何发生，并且因为我们对进程是如何展

开的有了更好的理解，我们能开始着手设计策划遵从第一原理的材料。”

Pablo在2012年成为了第一批加入分子工程研究所的大学教职员之一。当他还在威斯康星州时，他和他的同事引导了一系列实验，论证了一些熊虫和其他包括植物在内的生物体用于自我保护的透明茧的分子属性。这个工作产生了一个专利方法——应用于制药业和食品业——使细菌或细胞的蛋白质保持长期稳定而不需要冷冻。
“这些企业之一已经获得这项专利的许可来制造大量用于酸奶酪的细胞培养物，”de Pablo说。

来源：芝加哥大学
New material science research may advance tech tools
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LSU researchers created holes, or antidots, in thin films of manganite, which is used to build magnetic hard discs in computers. It was discovered that the edges of the antidots were magnetic. Image: Ward Plummer, Louisiana State Univ.
Hard, complex materials with many components are used to fabricate some of today’s most advanced technology tools. However, little is still known about how the properties of these materials change under specific temperatures, magnetic fields and pressures. Researchers from Louisiana State Univ. (LSU), Fudan Univ., the Univ. of Florida and the Collaborative Innovation Center of Advanced Microstructures in Nanjing, China, conducted research on materials that separate into different regions through a process called electronic phase separation, which is poorly understood. Their research advances the understanding of how these materials can be manipulated without having to discover new materials, change the chemical concentration or apply external magnetic fields. Their research was published in the Proceedings of the National Academy of Sciences.

The researchers manipulated a steel gray mineral called manganite, which is used to build magnetic hard discs in computers. They created holes, or antidots, in thin films of manganite. It was discovered that the edges of the antidots were magnetic.

“The discovery of the magnetic edge states on the antidots made this work possible. Nobody had ever seen this before,” said LSU Physics Professor Ward Plummer, a co-author on the study.

The magnetic phase state at the edges of the antidots raised the metal-to-insulator phase transition temperature of the manganite film. The researchers were able to replicate this through simulations.

“People have really tried to increase the temperature and reduce the operating field or tried to change the substrate or chemical composition. But we find this new approach with antidots to be quite useful,” said Jian Shen, head of the Dept. of Physics at Fudan Univ. and a co-author on the paper.

“What you really would like to do is get this temperature above room temperature, so you can switch the material by using a magnetic field,” Plummer said.

Source: Louisiana State Univ.
新材料科学研究推动科技工具发展
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路易斯安那州立大学的研究人员们在用于制造计算机磁性硬盘的亚锰酸盐薄膜上创建了一些孔洞，或者说是反点（antidots），并且发现这些反点（antidots）的边缘存在磁性。图片所示：沃德•普卢默于路易斯安那州立大学。

由坚硬的复合材料制成的组件被用于装配一些当今最先进的科技工具。然而，我们只了解其中极少的一部分材料在特定的温度、磁场和压力下变化的情况。来自路易斯安那州立大学、复旦大学、弗罗里达大学和中国南京高级微观结构合作创新中心的研究者们，通过鲜为人知的电子相分离技术，将材料分为不同区域进行研究。他们的研究加强了在没有发现新材料、改变化学浓缩度以及提供外部磁场的情况下对材料操控的理解。他们的研究结果发表在了《美国国家科学院院刊》（Proceedings of the National Academy of Sciences）上。

研究者操控了一种用于构建计算机磁性硬盘的钢灰色矿物——亚锰酸盐。他们在用亚锰酸盐制成的薄膜上创建了一些孔洞，或者说是反点（antidots），并且发现这些反点（antidots）的边缘存在磁性。

路易斯安那州立大学物理学教授兼研究的合作者沃德•普卢默说道：“对于反点边缘上磁性状态的发现使我们的研究成为可能，而以前并没有人发现这一点。”

在反点边缘存在的磁变相位状态提高了亚锰酸盐薄膜的金属转绝缘体相变温度。并且研究人员能够通过模拟重现这一现象。

复旦大学物理系主任兼研究报告的合著者——沈健说道：“人们一直试图通过增加温度以减少操作域或改变基质的化学成分。然而我们发现这种利用反点的新方法更为有用。”
“我们真正应做的是保持实验温度高于室温，这样才能通过运用磁场去转化材料，”普卢默说道。
资料来源：路易斯安那州立大学。
Organic & Polymer（有机高分子材料）
New method for modifying natural polymers could bring lifesaving medications to market

In drug-delivery research, finding a pharmaceutically active molecule is only half the battle: the drug must also be able to safely reach its target.

Xiangtao Meng, a fourth-year graduate student in the College of Natural Resources and Environment at Virginia Tech, has developed a new technique to make that easier. Meng devised a way to apply a famous class of chemical reactions to cellulose, a natural polymer often used for drug delivery. According to Kevin Edgar, a professor of sustainable biomaterials and Meng’s doctoral adviser, the new method “can get drugs to market, and to patients, that would otherwise fail.”

Taking medications orally is typically much more practical for patients than methods like intravenous injections, but the bioavailability of a drug—the amount that actually reaches the bloodstream—often suffers.

In order to reach the circulatory system, a drug taken orally must dissolve in the digestive tract. But many pharmaceutically active compounds tend to crystallize, making them less soluble. And some medications aren’t stable in the harsh environment of the stomach.

That means that patients have to ingest more of a drug to get the therapeutic dose—increasing the cost, risk of side effects, and the likelihood that the patient will simply miss a dose.

Suspending the drug in a polymer matrix can help.

Polymers are long chains of repeating units. Many familiar materials are polymers, including proteins, DNA and cellulose, a sugar-based polymer which gives plant cell walls their structure.

Dispersing a drug in a polymer matrix protects it and suppresses the formation of insoluble crystals. The polymer eventually swells and releases the drug, allowing it to be absorbed into the bloodstream.

Because medications have broadly diverse chemical structures, properties, and dosing and delivery requirements, finding the right polymer matrix to work well with most drugs involves making and testing many different options.

Meng’s chemistry offers a new way to make a wide variety of polymer matrices using cellulose as a starting material.

Cellulose is an attractive material for drug delivery because it’s nontoxic, breaks down into components that are already present in the body, is water-permeable, and can survive the stomach’s acidic environment.

Unlike many synthetic polymers, which are often made from petrochemicals, cellulose is derived from wood, a renewable resource—supporting the mission of the College of Natural Resources and Environment to advance the science of sustainability.

When Meng first took on the project, there were only a handful of methods to make cellulose derivatives, limiting the number of options for drug delivery.

Meng decided to investigate whether he could modify cellulose using a technique called olefin cross-metathesis, a reaction developed in the 1970s and for which three chemists jointly received a Nobel Prize in 2005.

Olefin cross-metathesis is a very versatile reaction, and could be used to make a huge array of potential drug-delivery matrices, but it had never been applied to cellulose. With the help of Edgar and John Matson, a chemistry professor in the College of Science, Meng developed a method to successfully modify cellulose using cross-metathesis, overcoming challenges including solubility and the formation of undesirable side products.

Meng’s method will allow chemists to use a single readily available, renewable starting material to develop a wide variety of polymers specifically tuned to carry many different pharmaceutical targets.

Meng compares the process with grafting fruit trees. The spectrum of different polymers available is like “harvesting apples this year, peaches next year, and pears the next year—all from the same tree,” he said.

Meng, who is part of the Macromolecules and Interfaces Institute organized under the Institute for Critical Technology and Applied Science (ICTAS), recently won the American Chemical Society’s CELL Division Graduate Student Award for this work. The prestigious, annual, international award carries a cash prize and an invitation and funding to speak at the American Chemical Society meeting in San Diego in March, 2016.

He has been able to produce a wide array of modified cellulose samples, which he sends to collaborators in a drug-delivery group at Purdue University. The team is currently targeting HIV drugs, which have notoriously poor solubility.

Meng, an ICTAS doctoral scholar from Shandong Province, China, is now working on incorporating another type of chemical reaction that will allow even more versatility—like “growing apples and peaches on the same tree,” he said.

It will also open the door to a wider array of potential applications, like the synthesis of antibacterial hydrogels for wound dressing, he said.

Source: Virginia Tech 

改造天然聚合物的新方法给市场带来救命良药

在药物输送的研究中，找到一个医学活性分子只是成功了一半：（另一半是）药物还必须能被安全送达目的地。

孟祥涛（音）是弗吉尼亚理工大学自然资源与环境学院的一名四年级研究生，他开发了一种技术，让药物输送变得更加容易。他想出了一个办法，在纤维素上面应用一个非常著名的化学反应，纤维素是一种药物输送中经常用到的天然聚合物。凯文•埃德加是可持续生物材料教授和孟的导师，他说，新的方法“应可以给市场和病人带来良药，如果不能，那它就是失败的。”

口服药物通常比给病人静脉注射要实用的多，但药物的生物可用率，也就是实际输入血液中的药量，通常会令人很痛苦。

为了达到循环系统统一，口服药物必须溶解在消化道里。但许多医学化合物形成晶体，不能溶解。并且有一些药物在胃恶劣的环境下很不稳定。

这意味着病人必须摄取更多的药物来达到治疗剂量，这就增加了成本、副作用的风险和病人漏掉一次剂量的可能性。

把药物放置在聚合物基体中可以改善这种情况。

聚合物是一长链的重复个体。许多熟悉的材料是都是聚合物，包括蛋白质、DNA和纤维素，它们是一种塑造植物细胞壁结构的糖基聚合物。

把药物分散在一个聚合物基体中可以保护药物并能抑制不溶性晶体的形成。聚合物最终膨胀释放出药物，使它能被吸收到血液中。

因为药物有广泛多样的化学结构、属性、剂量和交付要求，所以找到适合大多数药物的聚合物需要制作和测试许多不同的选择。

孟的化学成果提供了一种新方法，利用纤维素作为原料制造出各种聚合物矩阵。

纤维素是药物运输中极具吸引力的材料，因为它无毒、分解成已经存在在血液中的组件，它具有渗水性，能够在胃的酸性环境中存活。

和许多人工合成聚合物不同，纤维素来源于木材，是可再生资源，支持自然资源和环境学院的任务，推进可持续科学发展。

孟第一次开始这个项目的时候，只有少数的方法能够制造纤维素衍生物，限制药物运输的数量选择。

孟决定调查是否可以用一种叫做烯烃交叉复分解反应的技术改造纤维素，这项技术是20世纪70年代开发的一种反应，三个化学家因它获得了2005年诺贝尔奖。

烯烃交叉复分解反应是一种非常多面的反应，能够制造出庞大的潜在药物传输矩阵，但它从没有在纤维素上应用过。在埃德加和科学学院化学教授约翰•马特森的帮助下，孟开发出了一种方法，利用交叉复分解反应，克服了很多挑战，包括不理想副产品的溶解性和编队结构，成功改造了纤维素。

孟的方法使科学家们能够使用一个现成的可再生原料，开发各种聚合物，特别适用于携带多种不同制药目标。

孟把这个过程比作果树嫁接。使用不同聚合物的范畴就像“今年收获苹果，明年收获桃子和后年收获梨子，都在一棵树上，”他说道。

孟是关键技术和应用科学学院（ICTAS）组织的大分子和接口研究所的一员，最近获得了这周的美国化学学会细胞分裂研究生奖。这项颇具盛名一年一度的过级奖项有现金奖励和一张邀请函和资金，邀他参加2016年3月举办的圣地亚哥美国化学学会会议并进行演讲。

他已经能够生产出各种改良性纤维素样品了，他把样品发送给了普渡大学的药物运输团队的合作伙伴。团队目前正在研发艾滋病药物，这种药物极难溶解。

孟是一位来自中国山东省的美国化学学会博士学者，现在致力于合成另一种化学反应，这种反应更具功能性，就像“让苹果和桃子长在同一棵树上，”他说道。

这也打开了更广泛的潜在应用，如伤口敷料的抗菌水凝胶的合成，他说道。

资料来源：弗吉尼亚理工大学
E-Material（电子材料）
Ultra-fast electron camera visualizes ripples in 2-D material

New research led by scientists from the U.S. Dept. of Energy (DOE)’s SLAC National Accelerator Laboratory and Stanford Univ. shows how individual atoms move in trillionths of a second to form wrinkles on a three-atom-thick material. Revealed by a brand new “electron camera,” one of the world’s speediest, this unprecedented level of detail could guide researchers in the development of efficient solar cells, fast and flexible electronics and high-performance chemical catalysts.

The breakthrough, accepted for publication in Nano Letters, could take materials science to a whole new level. It was made possible with SLAC’s instrument for ultra-fast electron diffraction (UED), which uses energetic electrons to take snapshots of atoms and molecules on timescales as fast as 100 quadrillionths of a second.

“This is the first published scientific result with our new instrument,” said scientist Xijie Wang, SLAC’s UED team lead. “It showcases the method’s outstanding combination of atomic resolution, speed and sensitivity.”

SLAC Director Chi-Chang Kao said, “Together with complementary data from SLAC’s x-ray laser Linac Coherent Light Source, UED creates unprecedented opportunities for ultrafast science in a broad range of disciplines, from materials science to chemistry to the biosciences.” LCLS is a DOE Office of Science User Facility.

Extraordinary material properties in two dimensions

Monolayers, or 2-D materials, contain just a single layer of molecules. In this form they can take on new and exciting properties such as superior mechanical strength and an extraordinary ability to conduct electricity and heat. But how do these monolayers acquire their unique characteristics? Until now, researchers only had a limited view of the underlying mechanisms.

“The functionality of 2-D materials critically depends on how their atoms move,” said SLAC and Stanford researcher Aaron Lindenberg, who led the research team. “However, no one has ever been able to study these motions on the atomic level and in real time before. Our results are an important step toward engineering next-generation devices from single-layer materials.” The research team looked at molybdenum disulfide, or MoS2, which is widely used as a lubricant but takes on a number of interesting behaviors when in single-layer form—more than 150,000 times thinner than a human hair.

For example, the monolayer form is normally an insulator, but when stretched, it can become electrically conductive. This switching behavior could be used in thin, flexible electronics and to encode information in data storage devices. Thin films of MoS2 are also under study as possible catalysts that facilitate chemical reactions. In addition, they capture light very efficiently and could be used in future solar cells.

Because of this strong interaction with light, researchers also think they may be able to manipulate the material’s properties with light pulses.

“To engineer future devices, control them with light and create new properties through systematic modifications, we first need to understand the structural transformations of monolayers on the atomic level,” said Stanford researcher Ehren Mannebach, the study’s lead author.

Electron camera reveals ultra-fast motions

Previous analyses showed that single layers of molybdenum disulfide have a wrinkled surface. However, these studies only provided a static picture. The new study reveals for the first time how surface ripples form and evolve in response to laser light.

Researchers at SLAC placed their monolayer samples, which were prepared by Linyou Cao’s group at North Carolina State University, into a beam of very energetic electrons. The electrons, which come bundled in ultra-short pulses, scatter off the sample’s atoms and produce a signal on a detector that scientists use to determine where atoms are located in the monolayer. This technique is called ultrafast electron diffraction.

The team then used ultra-short laser pulses to excite motions in the material, which cause the scattering pattern to change over time.

“Combined with theoretical calculations, these data show how the light pulses generate wrinkles that have large amplitudes—more than 15% of the layer’s thickness—and develop extremely quickly, in about a trillionth of a second. This is the first time someone has visualized these ultrafast atomic motions,” Lindenberg said.

Once scientists better understand monolayers of different materials, they could begin putting them together and engineer mixed materials with completely new optical, mechanical, electronic and chemical properties.

Source: SLAC National Accelerator Laboratory
用快速电子相机展示二维材料波纹

美国能源（DOE）部门斯坦福线性加速器国家实验室和斯坦福大学进行了一项新研究，研究展示了单个原子如何在10秒内在一个三个原子厚的材料上形成波纹。他们用一个全新的电子相机展示了这一过程，这个相机是世界上速度最快的，这一前所未有的细节水平可以指导研究人员开发高效的太阳能电池、快速灵活的电子产品和高性能化学催化剂。

这一突破在《纳米快报》发表，把材料科学带入了一个新水平。它使超高速电子衍射（UED）的线性加速器工具成为可能，使用高能电子在10万亿分之一秒的时间获得原子和分子的快照。

“这是我们新仪器第一个发表的科学成果，”科学家王锡杰，是斯坦福线性加速器超高速电子能衍射的团队领头人，他说“它展示了原子分辨率、速度和灵敏度方法的完美结合。”

斯坦福线性加速器中心主任高齐昌表示，“超高能电子衍射结合斯坦福线性加速器中心的X射线激光加速器光源的互补数据，为快速科学在广泛的学科，从材料科学到化学生物科学的发展创造了很多机会。”直线连续加速器光源是美国科学用户设备的一个能源部办公软件。

二维材料的的非凡属性

单分子膜和二维材料只包含一个单分子层。这种结构可以使它们承担新的令人兴奋的性能，如优良的机械强度、非同寻常的导电、导热能力。

“二维材料的功能严重依赖于原子移动的方式，”斯坦福直线加速器中心和斯坦福团队领头研究人员亚伦•林登伯格表示，“然而，之前从未有人能够在原子层面即时地研究这些运动。我们的成果是从单层材料迈向新一代设备重要的一步。”研究小组观察了二硫化钼或MoS2，这种物质被广泛用作润滑剂，但是在比人头发细15万倍以上的单层结构中，会发生很多有趣的行为。

例如，单层结构通常是绝缘体，但当它受到拉伸，就会变成导电体。这种转换行为可用于薄、灵活的电子产品和信息储存设备信息编码。二硫化钼正被研究作为促进化学反应的催化剂。此外，他们能有效捕捉光线，可用于未来的太阳能电池。

因为这个与光的强烈相互作用，研究人员认为它还可以通过光脉冲操纵材料性质。

斯坦福大学研究员埃伦•马内巴赫，也是这项研究的作者，他说，“为了设计未来设备，通过光来控制它们并通过系统修正来创建新的属性，我们首先需要理解原子层在单层面上的结构庄转换。”

电子相机展示超快运动 

先前的分析表明，单层二硫化钼表面是褶皱的。然而，这些研究只能提供给一个静态的画面。新研究首次揭示了表面褶皱是如何形成和回应激光的。

北卡罗来纳州大学的曹林有小组准备了一些单层样本，斯坦福线性加速器中心研究员把它们变成了一束高能电子。绑定高脉冲中的电子，散射原子的样本并能生产探测器信号，可帮助科学家们决定原子位于单分子层的位置。这项技术被称为高能电子衍射。

之后，研究小组使用了超短激光脉冲激发材料的运动，使散射模式随时间改变。

“结合理论计算的数据显示了光脉冲是如何产生波纹的，这些波纹振幅很大，超过单分子层厚度的15%，运动速度非常快，只需万亿分之一秒。这是第一次有人使得超快原子运动可视化。” 林登伯格说道。

如果科学家能更好地理解不同材料的单分子层，他们就可以开始把它们混合在一起，设计出带有全新的机械、电子和化学物质的光学材料。

资料来源：斯坦福线性加速器中心国家实验室
Defects through the looking glass
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(a) STM topographic image of a clean graphene/BN area (b) dI/dV map acquired simultaneously with (a) exhibits new features including bright dots, a dark dot and a ring.
Nanoscale defects are enormously important in shaping the electrical, optical and mechanical properties of a material. For example, a defect may donate charge or scatter electrons moving from one point to another. However, observing individual defects in bulk insulators, a ubiquitous and essential component to almost all devices, has remained elusive: it’s far easier to image the detailed electrical structure of conductors than insulators.

Now, Lawrence Berkeley National Laboratory researchers have demonstrated a new method that can be applied to study individual defects in a widely used bulk insulating material, hexagonal boron nitride (h-BN), by employing scanning tunneling microscopy (STM).

“Normally, STM is used to study conductors and cannot be used to study bulk insulators, since electrical current does not typically flow through an insulator,” explains Mike Crommie, physicist at Berkeley Lab’s Materials Sciences Div. and professor at UC Berkeley, in whose lab this work was conducted. His team overcame this obstacle by capping the h-BN with a single sheet of graphene.

“This permits us to visualize the charged defects embedded in the underlying BN crystal,” Crommie says. “Essentially, we use graphene as a window to look into the insulator.”

Adds Jairo Velasco Jr, also a member of the Materials Sciences Div. and a lead co-author of this work, “In contrast to previous studies that were limited to spatially averaging defect behavior, our experiment visualizes individual point defects embedded inside a BN crystal with nanoscale precision. The STM allows details of a defect’s electronic properties to be extracted by directly detecting how electrons in graphene respond to the defect in the underlying bulk insulator.”

Graphene synthesis and characterization, performed at the Molecular Foundry, a DOE Office of Science User Facility, aided the researchers in visualizing and even manipulating individual defects in the underlying bulk BN insulator. New features in STM topographic and energy-dependent electron density images included randomly distributed dots and rings of varying intensities.

“We discovered that it is possible to selectively manipulate the charge states of individual BN defects by applying voltage pulses with our STM tip,” Velasco says.

The new technique provides a valuable tool for the many scientists in the 2-D materials community who use h-BN. It may also be used to study other insulators such as diamond with nitrogen-vacancy centers—a popular system for nanoscale sensing.

Crommie is the corresponding author on a paper describing this research in Nature Nanotechnology.

Source: Lawrence Berkeley National Laboratory
透过窥镜的缺陷 
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（a）图为一个干净的石墨烯/ BN区域的“地形图”，（b）为与（a）同时获得的dI/dV图，显示出新的特点，包括明亮的点、黑点和环。 

纳米级缺陷在塑造材料的电、光学和机械性能上是非常重要的。例如，缺陷可从一个点移动到另一个点，捐赠电荷或散射电子。然而，大块绝缘体是几乎所有的设备的一个普遍存在的重要组成部分，观察其个别缺陷一直难以进行：想象导体具体的电气结构比绝缘体要容易得多。

现在，劳伦斯伯克利国家实验室的研究人员发现了一种新方法, 利用扫描隧道显微镜（STM），可用于研究广泛使用的大块绝缘材料、六角氮化硼(h-BN)中的个别缺陷。

“通常情况下，扫描隧道显微镜是用来研究导体，不能用来研究大块绝缘体，因为电流通常不能流过绝缘体，” Mike Crommie解释说，他是伯克利分校的物理学家和伯克利实验室材料科学部的教授，研究工作正式在这个实验室进行的。他的团队克服了这种障碍，通过用单层石墨烯封盖h-BN。

“这使我们能够可视化嵌入在底层的氮化硼晶体的带电缺陷，“Crommie说。“从本质上讲，我们使用石墨烯作为一个窗口来观察绝缘体。”

Jairo Velasco Jr也是材料科学部的成员及这项工作的主要合著者，他补充说，相比以往局限于空间地平均缺陷行为的研究，我们的试验可视化了纳米级精度的嵌入氮化硼晶体内部单个点缺陷。扫描隧道显微镜（STM）允许缺陷的电子特性的细节，可通过直接检测石墨烯的电子是如何在底层散装的绝缘体响应缺陷来提取。”

石墨烯的合成和表征，在分子铸造厂（Molecular Foundry）进行。分子铸造厂是美国能源部的一个科学用户设施办公室。合成和表征在可视化甚至处理在底层的大块氮化硼绝缘体个体缺陷方面以研究人员以辅助。扫描隧道显微镜的地形和有赖于能源的电子密度图像的新特点，包括随机分布点和不同强度的环。

“我们发现，通过给扫描隧道显微镜尖端施加电压，可实现选择性地操纵单个BN缺陷的带电状态，”Velasco说。

新技术为二维材料界的许多使用h-BN的科学家提供了一个宝贵的工具。它也可以用来研究其他绝缘体，例如含氮空缺中心的钻石——一种流行的纳米级传感系统。

该研究论文刊载于《自然纳米技术》杂志，Crommie是论文的通讯作者。

来源：劳伦斯伯克利国家实验室
Realizing carbon nanotube integrated circuits

Individual transistors made from carbon nanotubes are faster and more energy efficient than those made from other materials. Going from a single transistor to an integrated circuit full of transistors, however, is a giant leap.

“A single microprocessor has a billion transistors in it,” said Northwestern Engineering’s Mark Hersam. “All billion of them work. And not only do they work, but they work reliably for years or even decades.”

When trying to make the leap from an individual, nanotube-based transistor to wafer-scale integrated circuits, many research teams, including Hersam’s, have met challenges. For one, the process is incredibly expensive, often requiring billion-dollar cleanrooms to keep the delicate nano-sized components safe from the potentially damaging effects of air, water, and dust. Researchers have also struggled to create a carbon nanotube-based integrated circuit in which the transistors are spatially uniform across the material, which is needed for the overall system to work.

Now Hersam and his team have found a key to solving all these issues. The secret lies in newly developed encapsulation layers that protect carbon nanotubes from environmental degradation.

Supported by the Office of Naval Research and the National Science Foundation, the research appears online in Nature Nanotechology. Tobin J. Marks, the Vladimir N. Ipatieff Research Professor of Chemistry in the Weinberg College of Arts and Sciences and professor of materials science and engineering in the McCormick School of Engineering, coauthored the paper. Michael Geier, a graduate student in Hersam’s lab, was first author.

“One of the realities of a nanomaterial, such as a carbon nanotube, is that essentially all of its atoms are on the surface,” said Hersam, the Walter P. Murphy Professor of Materials Science and Engineering. “So anything that touches the surface of these materials can influence their properties. If we made a series of transistors and left them out in the air, water and oxygen would stick to the surface of the nanotubes, degrading them over time. We thought that adding a protective encapsulation layer could arrest this degradation process to achieve substantially longer lifetimes.”

Hersam compares his solution to one currently used for organic light-emitting diodes (LEDs), which experienced similar problems after they were first realized. Many people assumed that organic LEDs would have no future because they degraded in air. After researchers developed an encapsulation layer for the material, organic LEDs are now used in many commercial applications, including displays for smartphones, car radios, televisions, and digital cameras. Made from polymers and inorganic oxides, Hersam’s encapsulation layer is based on the same idea but tailored for carbon nanotubes.

To demonstrate proof of concept, Hersam developed nanotube-based static random-access memory (SRAM) circuits. SRAM is a key component of all microprocessors, often making up as much as 85% of the transistors in the central-processing unit in a common computer. To create the encapsulated carbon nanotubes, the team first deposited the carbon nanotubes from a solution previously developed in Hersam’s lab. Then they coated the tubes with their encapsulation layers.

Using the encapsulated carbon nanotubes, Hersam’s team successfully designed and fabricated arrays of working SRAM circuits. Not only did the encapsulation layers protect the sensitive device from the environment, but they improved spatial uniformity among individual transistors across the wafer. While Hersam’s integrated circuits demonstrated a long lifetime, transistors that were deposited from the same solution but not coated degraded within hours.

“After we’ve made the devices, we can leave them out in air with no further precautions,” Hersam said. “We don’t need to put them in a vacuum chamber or controlled environment. Other researchers have made similar devices but immediately had to put them in a vacuum chamber or inert environment to keep them stable. That’s obviously not going to work in a real-world situation.”

Hersam imagines that his solution-processed, air-stable SRAM could be used in emerging technologies. Flexible carbon nanotube-based transistors could replace rigid silicon to enable wearable electronics. The cheaper manufacturing method also opens doors for smart cards—credit cards embedded with personal information to reduce the likelihood of fraud.

“Smart cards are only realistic if they can be realized using extremely low-cost manufacturing,” he said. “Because our solution-processed carbon nanotubes are compatible with scalable and inexpensive printing methods, our results could enable smart cards and related printed electronics applications.”

Source: Northwestern Univ.
实现碳纳米管集成电路

由碳纳米管制成的单个晶体管比其他材料制成的单个晶体管更快、更高效。然而，从单一的晶体管到包含无数晶体管的集成电路，是一个巨大的飞跃。

“一个单一的微处理器里有十亿个晶体管，” 美国西北大学工程部的Mark Hersam说。“它们都在运行。它们不仅能运行，而且能可靠地运行多年，甚至几十年。”

在试图从单一的纳米管晶体管飞跃到晶圆级集成电路的过程中，包括Hersam在内的许多研究小组，遇到了各种挑战。其中一个挑战是，该过程令人难以置信的昂贵，它往往需要数十亿美元的洁净室，保证易损的纳米元件免受潜在的空气、水和灰尘的破坏性影响。研究人员还在努力创造一个碳纳米管集成电路，其中晶体管均匀于整个材料，这是整个系统运行需要的。

现在，Hersam 和他的团队已经找到了解决这些问题的关键。机密在于新开发的封装层，它可保护碳纳米管免受环境污染。

这项研究由美国海军研究办公室和美国国家科学基金会支持，研究结果在线发表在《自然纳米技术》（Nature Nanotechology）上。Tobin J. Marks和Vladimir N. Ipatieff是温伯格艺术与科学学院化学研究教授和McCormick工程材料科学与工程学院的教授，他们合著了这篇论文。Michael Geier是Hersam实验室的研究生，为论文第一作者。 

“关于纳米材料（如碳纳米管）的一个事实是，基本上所有的原子都在表面，”材料科学与工程沃尔特墨菲教授Hersam说。“所以，这些材料表面的任何接触，都会影响它们的性能。如果我们制造了一系列的晶体管，并把它们放在空气中，空气中的水和氧气就会附着在碳纳米管表面，随着时间的推移降解晶体管。我们认为，添加一个保护性封装层可能会抑制这个退化过程，以实现更长的使用期。”

Hersam比较了他的解决方案和目前用于有机发光二极管（LEDs）的方案，他们第一次意识到后经历了类似的问题。许多人认为，有机发光二极管没有未来，因为它们在空气中降解。研究人员开发了一个封装层的材料，有机发光二极管现在已经在许多商业应用中使用，包括智能手机的显示器、汽车收音机、电视机和数码相机。由聚合物和无机氧化物制成，Hersam的封装层是基于相同的理念，但针对碳纳米管。

为了证明概念，Hersam开发了静态的碳纳米管随机存取存储器（SRAM）电路。SRAM是所有处理器的一个关键组成部分，在普通计算机中，中央处理单元中的晶体管通常多达85%。为创建密封的碳纳米管，研究团队首先从以前在Hersam实验室开发的溶液中沉积碳纳米管，然后，用封装层覆盖纳米管。

Hersam的团队使用封装的碳纳米管，成功地设计并制造出静态的随机存取存储器电路阵列。封装层不仅保护了暴露于环境中的敏感器件，而且改善了整个晶片各晶体管间的空间均匀性。而Hersam的集成电路表现出长寿命的特性，晶体管均来自同一溶液中沉积，而不是几小时内涂层退化。

“在我们做了这些设备之后，我们可以把它们放在空气中，不需进一步的预防措施，”Hersam说。“我们不需要把它们放在真空室或控制环境中。其他研究人员已经制作了类似的设备，但必须立即把它们放在真空室或惰性环境中，以保持它们的稳定。显然，这在现实世界中行不通。”

Hersam认为，他的方案处理型、空气稳定的SRAM，可用于新兴技术。灵活的碳纳米管晶体管可以取代刚性硅来保证穿戴式电子产品。更便宜的制造方法也为智能卡-嵌有个人信息的信用卡打开了一扇门，以减少欺诈的可能性。

“只有实现极低成本制造，智能卡才是现实的，”他说。“因为我们的方案处理型碳纳米管可与可扩展的廉价的印刷方法相匹敌，我们的研究结果可保证智能卡和关联印刷电子产品的应用。

来源：美国西北大学。
Silicon nanoparticles: A new candidate for ultra-fast all-optical transistors
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An illustration of a silicon nanoparticle switching between modes depending on the intensity of incoming laser pulse. Image: Nano Letters/IMTO Univ.

Physicists from the Dept. of Nanophotonics and Metamaterials at ITMO Univ. have experimentally demonstrated the feasibility of designing an optical analog of a transistor based on a single silicon nanoparticle. Because transistors are some of the most fundamental components of computing circuits, the results of the study have crucial importance for the development of optical computers, where transistors must be very small and ultrafast at the same time. The study was published in Nano Letters.

The performance of modern computers, which use electrons as signal carriers, is largely limited by the time needed to trigger the transistor—usually around 0.1 to 1 nsec. Next-generation optical computers, however, rely on photons to carry the useful signal, which heavily increases the amount of information passing through the transistor per second. For this reason, the creation of an ultrafast and compact all-optical transistor is considered to be instrumental in the development of optical computing. Such a nanodevice would enable scientists to control the propagation of an optical signal beam by means of an external control beam within several picoseconds.

In the study, a group of Russian scientists from ITMO Univ., Lebedev Physical Institute and Academic Univ. in Saint Petersburg put forward a completely new approach to design such optical transistors, having made a prototype using only one silicon nanoparticle.

The scientists found that they can dramatically change the properties of a silicon nanoparticle by irradiating it with intense and ultrashort laser pulse. The laser thus acts as a control beam, providing ultrafast photoexcitation of dense and rapidly recombining electron-hole plasma whose presence changes the dielectric permittivity of silicon for a few picoseconds. This abrupt change in the optical properties of the nanoparticle opens the possibility to control the direction, in which incident light is scattered. For instance, the direction of nanoparticle scattering can be changed from backward to forward on picoseconds timescale, depending on the intensity of the incident control laser pulse. This concept of ultrafast switching is very promising for designing of all-optical transistor.

"Generally, researchers in this field are focused on designing nanoscale all-optical transistors by means of controlling the absorption of nanoparticles, which, in essence, is entirely logical. In high absorption mode, the light signal is absorbed by the nanoparticle and cannot pass through, while out of this mode the light is allowed to propagate past the nanoparticle. However, this method did not yield any decisive results," explains Sergey Makarov, lead author of the study and senior researcher at the Dept. of Nanophotonics and Metamaterials. "Our idea is different in the sense that we control not the absorption properties of the nanoparticle, but rather its scattering diagram. Let's say, the nanoparticle normally scatters almost all incident light in the backward direction, but once we irradiate it by a control pulse, it becomes reconfigured and starts scattering light forward."

The choice of silicon as a material for the optical transistor was not accidental. Creating an optical transistor requires the use of inexpensive materials appropriate for mass production and capable of changing their optical properties in several picoseconds (in the regime of dense electron-hole plasma) without getting overheated at the same time.

"The time it takes us to deactivate our nanoparticle amounts to just several picoseconds, while to activate it we need no more than tens of femtoseconds. Now we already have experimental data that clearly indicates that a single silicon nanoparticle can indeed play the role of an all-optical transistor. Currently we are planning to conduct new experiments, where, along with a laser control beam, we will introduce a useful signal beam," concludes Pavel Belov, coauthor of the paper and head of the Dept. of Nanophotonics and Metamaterials.

Source: IMTO Univ.
硅纳米粒子:超高速全光晶体管的新的候补者
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硅纳米颗粒之间切换模式取决于入射激光脉冲的强度。图象:纳米快报/IMTO Univ.

来自ITMO大学纳米光子学和超材料部门的物理学家，进行实验证明了在单个硅纳米基础上设计的光学晶体管的可行性。因为晶体管是计算电路的一些最基本的组件, 而晶体管必须非常小而且速度非常快，所以研究结果对光学计算机的发展至关重要。这项研究在《纳米快报》（Nano Letters）上发表。 

现代计算机的性能使用的是电子信号载体,在很大程度上限制了触发晶体管所需的时间，通常约0.1到1纳秒。然而,下一代光学计算机将依靠光子携带的有用信号,大大增加了通过晶体管每秒的信息量。出于这个原因,超速的创建和紧凑的全光学晶体管被认为是仪器在光学计算的发展。这样的纳米器件将使科学家能够在几皮秒内通过外部控制光束管理一束光信号的传播。

在这项研究中，来自ITMO大学、列别捷夫物理研究所和圣彼得堡的学术大学的一个俄罗斯科学家小组，提出了一个全新的方法，来设计这样的光学晶体管，使一个原型只使用一个硅纳米颗粒。

科学家们发现，他们可以通过辐射强烈和超短激光脉冲激光极大地改变硅纳米颗粒的性质。激光作为控制束,提供密集的和快速重组电子空穴等离子体的超快光致激发，它的存在在几皮秒内改变了硅的电介质常数。这种纳米颗粒的光学性质的突然改变开启了控制方向改变的可能性,入射光是散射的。例如，纳米粒子散射的方向可以在皮秒的时间范围内改变从落后到前进,根据事变的强度控制激光脉冲。超速转换的概念使设计全光晶体管非常有希望。

“一般情况下，研究人员在这一领域的重点是通过控制纳米粒子的吸收设计纳米全光晶体管，在本质上，是完全合乎逻辑的。在高吸收模式中，光信号被纳米颗粒吸收，而这个模式允许光线纳米颗粒通过。然而，这种方法不产生任何决定性的结果，”谢尔盖·马卡罗夫解释说。他是该研究的引领者和纳米光子学和超材料的部门高级研究员。“在某种意义上，我们的想法是不同的，我们不控制纳米颗粒的吸收性质，而是它的散射。比方说，纳米颗粒通常在后方散射几乎所有的入射光，但一旦我们通过控制脉冲照射它，它就变成了重新配置并开始散射向前的光束。”

选择硅作为光晶体管的材料并非偶然。创建一个光学晶体管需要使用便宜的且合适的材料用于大规模生产,而且能够在几个皮秒改变他们的光学性质(在密集的电子空穴等离子体的管理标准下)，同时并不过热。

“我们只需要几皮秒去停止，同时用不超过几十飞秒的时间激活我们需要纳米颗粒。现在我们已经有实验数据,清楚地表明一个硅纳米粒子确实可以扮演一种全光晶体管。目前我们正在计划进行新的实验,在一束激光控制下，我们将采用一个有用的信号光束，”帕维尔·别洛夫总结说，他是论文的合著者，也是纳米光子学和超材料部门负责人。

资料来源:IMTO 大学
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