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Tech News & New Tech（技术前沿）
New process forms 3-D shapes from flat sheets of graphene 
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This study demonstrates graphene integration to a variety of different microstructured geometries, including pyramids, pillars, domes, and inverted pyramids.
Researchers from the Univ. of Illinois at Urbana-Champaign have developed a new approach for forming 3-D shapes from flat, 2-D sheets of graphene, paving the way for future integrated systems of graphene-MEMS hybrid devices and flexible electronics.

“To the best of our knowledge, this study is the first to demonstrate graphene integration to a variety of different microstructured geometries, including pyramids, pillars, domes, inverted pyramids, and the 3-D integration of gold nanoparticles (AuNPs)/graphene hybrid structures,” explained SungWoo Nam, an assistant professor of mechanical science and engineering at Illinois. “The flexibility and 3-D nature of our structures will enable intimate biosensing devices which can be conformed to the shape and characteristics of human skin and other biological systems. The 3-D protruding micro-structures can also achieve enhanced sensitivity by maximizing the effective contact area between the sensors and non-flat surfaces.

“We also expect that our new 3-D integration approach will facilitate advanced classes of hybrid devices between microelectromechanical systems (MEMS) and 2-D materials for sensing and actuation.”

Graphene, a 2-D honeycomb lattice of sp2-bonded carbon atoms, has been widely studied due to its high carrier mobility, chemical inertness, and biocompatibility. To date, various reported methods of graphene transfer have been mostly limited to planar or curvilinear surfaces due to the challenges associated with fractures from local stress during transfer onto 3-D microstructured surfaces.

“Our method utilizes wet-transfer and adaptive substrate-engineering, providing several key advantages over other fabrication/integration methods of 3-D graphene,” stated Jonghyun Choi, a graduate student in Nam’s research group and first author of the article appearing in Nano Letters. “Our results demonstrate a simple, versatile, and scalable method to integrate graphene with 3-D geometries with various morphologies and dimensions. Not only are these 3-D features larger than those reported in previous works, but we also demonstrate the uniformity and damage-free nature of integrated graphene around the 3-D features.”

The researchers’ robust approach to integrate graphene onto 3-D microstructured surfaces maintains the structural integrity of graphene, where the out-of-plane dimensions of the 3-D features vary from 3.5 to 50 μm. The process incorporates three sequential steps: 1.) substrate swelling using a solvent that 2.) shrinks during the evaporation process, allowing graphene to 3.) adapt, or conform to the shape of a prepared substrate, to achieve damage-free, large area integration of graphene on 3-D microstructures.

“Our swelling, shrinking, and adaptation steps are optimized to minimize the degree of graphene suspension around the 3D microstructures and facilitate successful 3-D integration,” Nam added. “We control the amount of substrate swelling by adjusting the time of immersion in organic solvent and the mixing ratios of monomer and curing agent of the polydimethylsiloxane (PDMS) substrate.”

Detailed scanning electron microscopy, atomic force microscopy, Raman spectroscopy, and electrical resistance measurement studies show that the amount of substrate swelling, as well as the flexural rigidities of the transfer film, affect the integration yield and quality of the integrated graphene. To demonstrate the versatility of their approach, the researchers applied the process to a variety of 3-D microstructured geometries, as well as integrating hybrid structures of graphene decorated with gold nanoparticles onto 3-D microstructure substrates, demonstrating the compatibility of the integration method with other hybrid nanomaterials.

Source: Univ. of Illinois, Urbana-Champaign
新工艺将扁平的石墨烯薄片变成三维形状
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该研究证明石墨烯集成了各种不同微观结构的几何体，包括椎体、柱体、拱形和倒金字塔形。

来自美国伊利诺伊大学香槟分校的研究人员开发出一种新的方法，可以将石墨烯扁平的二维薄片变成三维形状，为未来石墨烯微电子机械系统混合装置和灵活电子器件的集成系统铺平了道路。

“据我们所知，该研究首次证明石墨烯集成各种不同微观结构几何体，包括椎体、柱体、拱形和倒金字塔形，以及三维金纳米粒子（AuNPs）/石墨烯混合结构的三维集成。” 伊利诺伊大学机械科学与工程系助理教授SungWoo Nam解释说。“我们这种结构的灵活性和三维特征将用于符合人类皮肤和其他生物系统外形和特征的亲密生物传感设备。三维突出的微观结构也通过最大化传感器和不平整的表面的有效接触面积提高了灵敏度。”

“我们也预计这种新型三维集成方法将为微电子机械系统(MEMS)和用于感知与驱动的二维材料之间的高级混合设备提供便利。” 

石墨烯是一种sp2杂化的碳原子二维蜂巢晶格，它因具有较高的载流子迁移率、化学惰性和生物相容性而被广泛研究。迄今为止，由于与三维微观结构表面转移过程中局部压力引起的断裂有关的难题，各种报道的石墨烯转移方法主要限于二维或曲面。

“我们的方法利用湿式转移方法和自适应基板工程，提供优于其他三维石墨烯制造/集成方法的几种重要优势。”Jonghyun Choi说，他是Nam研究小组的一名研究生，也是刊登于纳米快报（Nano Letters）文章的第一作者。“我们的结果展示了一种石墨烯和各种形态、尺寸的三维几何图形集成的简单、通用和可扩展的方法。不只是这些三维特征超出了之前报道的研究成果，我们也证明了围绕三维特征的集成石墨烯的均匀性和无损性。”

研究人员将石墨烯集成到三维微观结构表面的鲁棒方法保持了石墨烯的完整性，三维特性的平面外大小范围为3.5- 50μm。这一过程包含三个连续步骤：1）采用一种溶剂使基质膨胀2）蒸发的过程中溶剂收缩，使得石墨烯3）适应或符合准备好的基质的形状，实现石墨烯无损、大面积地整合到三维微观结构上。

“我们的膨胀、收缩和适应步骤经过优化，可以最小化三维微观结构周围石墨烯悬浮的程度并使三维集成顺利进行。”Nam补充说。“我们通过调整浸入有机溶剂的时间和单体与聚二甲硅氧烷(PDMS)基质固化剂的掺杂比例来控制基质的膨胀量。”

详细的扫描电子显微技术、原子力显微技术、拉曼光谱学和电阻测量研究显示，基质膨胀量以及抗弯刚度转移膜会影响集成石墨烯的集成产量与品质。为证明他们这种方法的通用性，研究人员将这一过程应用于各种三维微观结构集合体，也将金纳米粒子装饰的石墨烯混合结构集成到三维微观结构基质上，证明集成方法与其他杂化纳米材料的相容性。

来源：伊利诺伊大学香槟分校

Theory turns to reality for nonlinear optical metamaterials

A research team has realized one of the long-standing theoretical predictions in nonlinear optical metamaterials: creation of a nonlinear material that has opposite refractive indices at the fundamental and harmonic frequencies of light. Such a material, which doesn’t exist naturally, had been predicted for nearly a decade.

Observation of “backward phase matching”—a phenomenon also known as the “nonlinear mirror”—provided proof that this new type of metamaterial had been created. Demonstration of the phenomenon was reported by researchers at the Georgia Institute of Technology in a paper published in Nature Materials.

Though by itself the discovery may have few immediate practical applications, realization of a material that had been predicted by theorists is a milestone that could lead to new areas of study, and prompt a re-evaluation of the fundamental rules governing nonlinear optics.

“Nonlinear optics is critically important to controlling light for information processing, sensing and signal generation,” said Wenshan Cai, an associate professor in Georgia Tech’s School of Electrical and Computer Engineering who led the research team. “Our effort substantially expands the scope of nonlinear light-matter interactions in artificially structured media with engineered, unconventional linear and high-order material parameters.”

Engineered metamaterials offer unique properties not available in natural materials. This is especially useful in nonlinear optics, where materials with unconventional properties could make a difference anywhere light must be actively controlled. Researchers at multiple institutions have already created optical metamaterials that could be used to produce more efficient solar cells, faster computer chips, improved sensors—and even cloaking to permit invisibility.

“The linear responses of metamaterials have substantially augmented the linear properties available from naturally-occurring materials,” noted Cai, who also holds a faculty position in the Georgia Tech School of Materials Science and Engineering. “In the same way, the studies of nonlinear metamaterials may have a revolutionary impact on the field of nonlinear optics. The unconventional electromagnetic parameters made possible by metamaterials will provoke us to rethink and re-evaluate many of the established rules of nonlinear optics.”

Metamaterials obtain their properties from a repeated unit structure rather than the constituent materials. At the frequency range between visible and infrared light, subwavelength metallic structures can serve as building blocks—essentially “meta-atoms”—to create optical materials with properties that have not been available in the past.

Experimentally, the researchers struggled to create a negative index material—which has been a holy grail for metamaterial research—with a sample size large enough for testing. They had to tailor the refractive indices at both the fundamental and harmonic frequencies simultaneously.

The research team was able to demonstrate backward phase-matching by exploiting two distinct modes in a nonlinear plasmonic waveguide, which was built with a thin dielectric spacer of relatively high refractive index sandwiched between two flat silver films. A large dielectric constant in the gap enabled a pronounced separation of the surface plasmon and the bulk plasmon frequencies, while a narrow gap pushed the operating point away from the surface plasmon frequency and helped balance the magnitudes of the refractive indices of the two modes.

The waveguide operated with the real part of the mode refractive indices at 3.4 and -3.4 for the fundamental and harmonic waves, respectively. The observed peak conversion efficiency at the excitation wavelength of about 780 nm indicated fulfillment of the phase matching condition in which the coherent harmonic wave emerged along a direction opposite to that of the incoming fundamental light, the researchers reported in their paper.

The research team made a comprehensive set of measurements to experimentally confirm the phenomenon of backward phase-matching in the waveguide.

“We proposed a smart scheme that allowed us to experimentally achieve the backward phase-matching condition in a realistic way,” Cai explained. “Experimental demonstration of backward phase-matching in negative index metamaterials was considered to be extremely challenging, which is why it took nearly ten years to be realized.”

Phase matching is a standard technique to achieve efficient frequency generation using nonlinear optics, usually achieved by fine-tuning the orientation or temperature of a nonlinear crystal, Cai noted. In second harmonic generation—a nonlinear process to double the frequency of light—phase matching requires that the refractive index of the initial (fundamental) and the doubled (harmonic) frequencies be identical. That way, the fundamental light will gradually be converted to its harmonic along the direction of propagation, and the output harmonic light will co-propagate along the same direction.

Source: Georgia Institute of Technology
非线性光学超材料理论变为现实  

一个研究小组已经实现了关于非线性光学超材料的一个长期的理论预测：创造在基波和谐波有相反折射率的非线性材料。这种材料不是天然存在的，已经被预测了将近十年。

通过观察“反向相位匹配”—也被称作“非线性镜”的现象—证明了这种新型超材料已经被创造出来。乔治亚理工大学的研究人员对该现象的演示报告论文刊载于《自然材料》。

虽然该发现本身可能有很少直接的实际应用，但是把理论预测的材料变为现实是一个里程碑，它可能会引领一个新的研究领域并且促使管理非线性光学的基本规则重新评估。

乔治亚理工大学电子与计算机工程学院领导该研究团队的副教授蔡文山（音）说：“非线性光学在控制光信息处理，传感和信号产生中是至关重要的。我们的努力大大的扩展了非线性光-物质在人工构造的媒介中的相互作用的范围，这种人造媒介是被工程设计、非传统线性和高阶材料参数的。”

工程设计的超材料具备天然材料不具备的特有属性。在非线性光学中这是非常有用的，拥有非传统性质的材料能够带来一些不同，可以对任意位置的光有效地控制。多个机构的研究人员已经创在了光学超材料，这些材料能够用于生产更多高效的太阳能电池、更快的电脑芯片、改良的传感器，甚至是能够实现隐形的斗篷。

也在乔治亚理工大学材料科学与工程学院拥有任教位置的蔡教授指出：“超材料的线性响应已经很大程度上从自然存在的物质中增强线性特性。用同样的方式，对非线性材料的研究可能在非线性光学领域有革命性的冲击。超材料可能产生的非传统的电磁参量将会引起我们重新思考和评估在非线性光学中很多已经建立的规则。”

超材料从一个重复单元结构而不是组成材料中获得的其属性。在可见光到红外光频率范围，亚波长金属结构可以作为构建模块来创造拥有过去无法实现的性质的光学材料，该构建模块其本质是“元原子”。

实验上，研究人员利用足够大的测试样本量来努力创造一种负折射率材料，这一直是超材料研究的圣杯。他们不得不同时调整基频和谐频的折射率。

该研究小组能够通过利用在非线性等离子体波导中的两种不同的模式来演示反向相位匹配，非线性等离子体波导是由夹在两个扁平银膜之间的折射率相对高的薄电介质隔片构成。间隙中一个大的介电常数使表面等离子体和大部分等离子体频率显著分离，同时一个窄的间隙使工作点远离表面等离子体频率，并且帮助平衡这两种模式折射率的大小。

光波导运行时对于基频波和谐频波其模式实部折射率分别是3.4和-3.4。研究人员在他们的论文中提到，观察到的激发波长780nm的峰值转换效率表明，满足相位匹配条件时相干谐波沿与输入基波相反的方向出现。

该研究小组做了一组全面的测量，以在实验上证实反向相位匹配的现象。

蔡解释说：“我们提出了一个巧妙的方案，允许我们以一种实际可行的方式从实验上满足反向相位匹配条件。实验演示在负折射率超材料中的反向相位匹配被认为是极具挑战性的，这就是为什么花费近十年才得以实现的原因。

蔡教授指出，相位匹配是一项利用非线性光学来实现高效频率的标准技术，这通常通过微调非线性晶体的取向或温度来实现。二次谐波产生是一种将光的频率翻倍的非线性过程，相位匹配时要求最初的光(基频)和频率翻倍的光(谐波)的折射率是相同的。这样,沿着传播方向基波将逐渐被转化为谐波，并且输出的谐波将沿着同一方向共同传播。

来源：乔治亚理工大学

New formula to speed development of modern materials 

Researchers from the Univ. of Houston have devised a new formula for calculating the maximum efficiency of thermoelectric materials, the first new formula in more than a half-century, designed to speed up the development of new materials suitable for practical use.

By using the new formula for calculation, which relies upon newly developed measurements for the figure of merit and power factor of a material—called the engineering figure of merit, or (ZT)eng, and engineering power factor, or (PF)eng—scientists will be able to determine whether devices based on a material would generate energy efficiently enough to be worth pursuing, said Zhifeng Ren, principal investigator at the Texas Center for Superconductivity at UH (TcSUH).

“This is a form for the quick screening of materials,” said Ren, who is also M.D. Anderson Chair professor of physics at UH. “If the engineering ZT is not high enough, don’t waste your time trying to build a device.” 

The new formula for calculation is explained in a paper published in the Proceedings of the National Academy of Sciences. Ren was lead author, working with Gang Chen, an engineer at the Massachusetts Institute of Technology; Paul Ching-Wu Chu, T.L.L. Temple Chair of Science and founding director of TcSUH; and Hee Seok Kim and Weishu Liu, both physicists and researchers at TcSUH.

Thermoelectric materials produce electricity by exploiting the flow of heat current from a warmer area to a cooler area, and the formula still widely used in the field dates to the 1950s, created by Russian physicist Abram F. Ioffe.

In thermoelectric materials, efficiency is calculated as the measure of how well it converts heat—often waste heat generated by power plants or other industrial processes—into power. For example, a material that takes in 100 W of heat and produces 10 W of electricity has an efficiency rate of 10%. Top efficiency for current thermoelectric materials is about 12%, Ren said.

Ioffe’s formula assumes the thermoelectric properties remain constant despite the variation in temperature along the length of the material, Ren said. That isn’t the case for many materials, and the Ioffe formula is accurate only for thermoelectric materials that operate within a small range of temperatures or those in which the relationship between the dimensionless figure of merit ZT and temperature progresses in a linear fashion.

But that relationship often isn’t linear, making the efficiency value produced by the Ioffe formula inaccurate, Ren said. That means new materials with high peak ZT, determined to be highly efficient according to the Ioffe formula, may not work as well in practice if the (ZT)eng is not also high, he said.

“The conventional efficiency formula often misleads and gives rise to an impractically high efficiency prediction,” the researchers wrote. “For this reason, it is desirable to establish a new model to predict the energy conversion efficiency based on the temperature-dependent individual TE (thermoelectric) properties for devices operating under a large temperature difference.”

The researchers actually report two new formulas, one of which also takes into account the Thomson effect, the heat produced by Seebeck when it is temperature dependent along its length. That formula can be used to determine maximum efficiency for any thermoelectric material, Ren said; the other formula developed by the researchers can be used when Thomson heat is ignored.

To verify the new formulas, the researchers built and tested devices made with several previously created materials, including a magnesium-silver-antimony (MgAgSb) compound, bismuth tellurides, half-Heuslers and skutterudites.

The tested values matched those determined by computational analysis using the new formulas, Ren said.

He predicted the new formulas will be welcomed in the engineering world as a way to determine if a new material is worth pursuing, regardless of how high peak ZT is.

Source: Univ. of Houston

新方法加速现代材料发展 

休斯顿大学的研究人员发明了一种新的方法计算热电材料的最大效率，超过半世纪以来第一种新方法，旨在加快发展适合实际使用的新材料。

新的计算方法依赖于性能系数和材料的功率因数的新的开发测量，既所谓性能系数，或（ZT）工程、工程功率因数，或（PF）工程。通过使用这一新的方法，科学家们将能够确定设备是否基于材料产生的能源效率足以值得追求，德州超导中心(TcSUH)的首席研究员任志锋（音）说。

“这是一个对材料的快速筛选，”任志锋说，他也是休斯顿大学安德森物理学的主持教授。“如果工程ZT不够高，就别浪费时间试图去建立一个设备。”

在国家科学院学报上发表的一篇论文中，解释了新的计算方法。任志锋是第一作者，与其一起合作工作的有麻省理工学院的工程师陈刚（音），T.L.L. Temple科学主席、德州超导中心（TcSUH）创始董事Paul Ching-Wu Chu，以及德州超导中心的物理学家和研究人员Hee Seok Kim和Weishu Liu。 

热电材料利用从较温暖地区到较凉地区的热电流流动产生电，此方法仍然被广泛应用到领域中，直到20世纪50年代，由俄国物理学家Abram F. Ioffe创造。

在热电材料中，效率是作为热量转换为电力程度的测量方法，而其中的热量通常为电厂或其他工业过程中产生的废热。举例来说，一种需要100瓦热量来产生10瓦电力的材料，效率为10%。目前热电材料的最高效率是约12%，任志锋说。

Ioffe的方法假设尽管温度沿材料长度而变化，但其热电性能保持不变，任志锋说。许多材料不是这样的，Ioffe的方法只有热电材料在小范围温度下，或在那些关系之间的热电优值ZT和温度以线性方式进展的情况下才是精准的。 

但这往往不是线性关系，使得由Ioffe方法产生的效率值不精准，任志锋表示。这意味着根据Ioffe方法确定为高效的高峰值ZT新材料，或在（ZT）工程不高的情况下，在实践中没有那么有效，他说。

“传统效率公式常误导和产生一个不切实际的高效率预测，”研究人员写道。“因为这个原因，需要建立一个新模型来预测能量转换效率，以在大幅温差下运行的设备随温度而变的独立热电性能为基础。”

研究人员报告了两个新的方法，其中一个也考虑到了汤姆逊热效应，即当热量依赖于其长度时由Seebeck效应产生的热。这种方法可被用来确定任何热电材料的最大效率，任志锋说到；研究人员开发的其他方法，可在汤姆逊热被忽视时候使用。

为了验证该新的方法，研究人员构建和测试了用一些先前创建的材料制成的设备，包括镁银锑（MgAgSb）复合物、铋碲化物、半赫斯勒和方钴矿。

测试值匹配这些由用新方法的计算分析确定的，任说到。

他预测，新方法将在工程界作为确定一种新材料是否值得追求的方法而大受欢迎，无论ZT峰值有多么高。

来源：休斯敦大学 
Metal Alloy（金属合金）
Fundamental observation of spin-controlled electrical conduction in metals
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Difference in conduction by electrons with opposite spins in ferromagnetic metals can be precisely resolved using terahertz waves. Image: © MPI-P

Modern magnetic memories, such as hard drives installed in almost every computer, can store a very large amount of information thanks to very tiny, nanoscale magnetic sensors used for memory readout. The operation of these magnetic sensors, called the spin-valves, is based on the effect of giant magnetoresistance (GMR), for which its inventors Albert Fert and Peter Gruenberg were awarded a Nobel Prize in Physics in 2007.

The GMR effect is based on the idea of electrical conduction in ferromagnetic metals, proposed by Sir Nevill F. Mott as early as in 1936. In Mott's picture, the conduction electrons in ferromagnetic metals experience scattering depending on their microscopic magnetic moment - the spin. That is, the electrons with one spin orientation scatter less and are therefore more conductive than the electrons with the opposite spin orientation. This spin-asymmetry in electron conduction is greatly amplified when the thin films of ferromagnetic and nonmagnetic metals are combined together to form a spin-valve in which electrical resistivity becomes very sensitive to the magnetic field, leading to a GMR effect.

Even though the Mott spin-dependent conductivity is at the heart of magnetic memories and many other technologies, its direct observation has been a long time challenge. Indeed the fundamental parameters of Mott conduction - spin-dependent electron scattering time and spin-dependent electron density - can be directly and unambiguously determined only if the conductivity of the metal is measured on the same ultrafast timescale at which the electron scattering occurs, that is sub-100 femtosecond (1 fs = 10-15 s, i.e. one millionth of one billionth of a second). For many decades, such an extremely fast timescale of experimental measurement precluded the observation of magnetotransport in metals on the fundamental level.

In a collaborative work carried out by the research groups at the Max Planck Institute for Polymer Research (MPI-P) and the Johannes Gutenberg University (JGU), with the contribution of Sensitec GmbH and the Fritz Haber Institute of the Max Planck Society, the scientists managed to break the speed barrier for fundamental magnetotransport measurements by using a method called ultrafast terahertz spectroscopy (1 THz = 1012 Hz, i.e. one thousand billion oscillations per second). "By studying the interaction of THz electromagnetic waves - which oscillate about as fast as the electrons in metal scatter their momentum - with a spin-valve, we could directly measure for the first time the fundamental parameters of Mott conduction", explains Dmitry Turchinovich, project leader at the MPI-P. "In particular, we found that the traditional measurements performed on the slower timescales significantly underestimate the spin-asymmetry in electron scattering which is responsible for the magnetic sensor operation".

The results of the research team: Zuanming Jin, Alexander Tkach, Frederick Casper, Victor Spetter, Hubert Grimm, Andy Thomas, Tobias Kampfrath, and Mischa Bonn, led by Dmitry Turchinovich (MPI-P) and Mathias Klaeui (JGU) have recently been published in Nature Physics.

This work adds a new and powerful tool, ultrafast THz spectroscopy, to the studies in spintronics, opening up a new research field - terahertz spintronics.

Source: Max Planck Institute for Polymer Research
金属的自旋控制导电性的基本观察  
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利用太赫兹波可以精确地解析铁磁性金属的反方向旋转电子导电差别。图片：©马克斯—普朗克聚合物研究所（MPI-P） 

现代磁存储器，例如安装在几乎所有计算机中的硬盘，因具备用于存储读取的非常微小、纳米级的磁传感器而能存储大量信息。基于巨磁电阻效应(GMR)的自旋阀操控这些磁传感器，它的发明人Albert Fert和Peter Gruenberg因此获得2007年诺贝尔物理学奖。

GMR效应基于铁磁性金属导电性的理念，早在1936年Nevill F. Mott先生就已提出这一理念。在Mott的描述中，铁磁性金属中的传导依靠电子微观磁矩——自旋进行散射。那就是说，具有一种自旋取向的电子散射较少，因此比具有自旋相反取向的电子导电性更好。铁磁和无磁金属薄膜结合在一起形成一个自旋阀，自旋阀的电阻系数变得对磁场非常灵敏，引起了GMR效应，此时这种电子导电性的自旋不对称大大地被放大。 

尽管Mott的自旋相关的导电性是磁存储器和许多其他技术的关键，直接观察仍然是个长久的难题。只要在电子散射发生的同样超快时间量程中测定金属的导电性，的确可以直接而无歧义地测定Mott导电性的基本参数——自旋相关电子散射时间和自旋相关电子密度，这一时间量程为低于100 fs（1 fs =10-15s，即十亿分之一秒的百万分之一）。几十年来，这种实验测量的极速时间量程阻止了金属中基本水平磁控传输的观察。

在MPI-P与德国约翰内斯•古腾堡大学(JGU) 研究小组合作下，并在Sensitec GmbH公司德国马普学会弗里茨哈伯研究所（Sensitec GmbH and the Fritz Haber Institute of the Max Planck Society）的帮助下，科学家们通过采用一种被称为超快太赫光谱（1 THz = 1012 Hz，即每秒振动1万亿次）的方法设法打破速度屏障进行基本磁控传输的测定。“通过研究带有自旋阀的THz电磁波的相互作用（THz电磁波振动和金属中的电子散射速度一样快），我们首次直接测量Mott导电性基本参数。” MPI-P 项目负责人Dmitry Turchinovich解释说。“尤其是，我们发现在较慢的时间量程下进行的传统测量方法，大大低估了负责磁性传感器操作的电子散射的自旋不对称。”

研究小组由Dmitry Turchinovich（MPI-P）和Mathias Klaeui (JGU)领导，成员有Zuanming Jin, Alexander Tkach, Frederick Casper, Victor Spetter, Hubert Grimm, Andy Thomas, Tobias Kampfrath和Mischa Bonn，他们的研究成果最近已发表于《自然物理学》（Nature Physics）杂志。

这项工作为自旋电子学的研究增加了一种新型而强大的工具——超快太赫光谱法， 开辟了一个新的研究领域——太赫自旋电子学。

来源：马克斯—普朗克聚合物研究所 
Simplifying the recycling of rare-earth magnets 

Despite their ubiquity in consumer electronics, rare-earth metals are, as their name suggests, hard to come by. Mining and purifying them is an expensive, labor-intensive and ecologically devastating process.

Researchers at the Univ. of Pennsylvania have now pioneered a process that could enable the efficient recycling of two of these metals, neodymium and dysprosium. These elements comprise the small, powerful magnets that are found in many high-tech devices.
In contrast to the massive and energy-intensive industrial process currently used to separate rare earths, the Penn team’s method works nearly instantaneously at room temperature and uses standard laboratory equipment.

Sourcing neodymium and dysprosium from used electronics rather than the ground would increase their supply at a fraction of the financial, human and environment cost.

The research was lead by Eric J. Schelter, assistant professor in the Dept. of Chemistry in Penn’s School of Arts & Sciences, and graduate student Justin Bogart. Connor A. Lippincott, an undergraduate student in the Vagelos Integrated Program in Energy Research, and Patrick J. Carroll, director of the Univ. of Pennsylvania X-Ray Crystallography Facility, also contributed to the study.

It was published in Angewandte Chemie, International Edition.

“Neodymium magnets can’t be beat in terms of their properties,” Schelter said. “They give you the strongest amount of magnetism for the smallest amount of stuff and can perform at a range of temperatures.”

These thermal qualities are achieved by mixing neodymium with other elements, including the rare-earth metal dysprosium, in different ratios. Because those ratios differ based on the application the magnet is being used for, the two metals need to be separated and remixed before they can be reused.

“It’s, in principle, easier to get the neodymium and dysprosium out of technology than it is to go back and mine more of the minerals they are originally found in,” Schelter said. “Those minerals have five elements to separate, whereas the neodymium magnet in a wind turbine generator only has two.”

Currently, whether purifying the neodymium and dysprosium out of minerals or out of an old power tool motor, the same costly and energy-intensive process is used. The technique, known as liquid-liquid extraction, involves dissolving the composite material and chemically filtering the elements apart. The process is repeated thousands of times to get useful purities of the rare-earth metals, and so it must be conducted on an industrial scale.  

Rather than this liquid-liquid method, Schelter’s team has devised a way to separate the two metals. 

"When we started," Bogart said, "our goal was to make rare earth separations simpler and more efficient and we have made strides towards just that. We have designed a way to separate the two metals by selectively dissolving the neodymium in a solution and leaving behind the dysprosium as a solid. This quick and easy method has allowed us to separate equal mixtures of the metals into samples that are 95% pure."

Their method can, in a matter of minutes, separate an equal mixture of the two elements into samples that are 95% pure.  

Starting with the two elements as a mixed powder, a metal-binding molecule known as a ligand is applied. The type of ligand the research team designed has three branches, which converge on the metal atoms and hold them in the aperture between their tips. Because of neodymium’s slightly larger size, the tips don’t get as close together as they do around dysprosium atoms.    

“The difference in size between the two ions is not that significant, which is why this separation problem is difficult,” Schelter said, “But it’s enough to cause that aperture to open up more for neodymium. And, because it is more open, one ligand-neodymium complex can combine with another, and that really changes its solubility."

The combination of the two neodymium complexes, known as a dimer, encapsulates the neodymium ions, enabling them to dissolve in solvents like benzene or toluene. The dysprosium complexes do not dissolve, enabling the two metals to be easily separated. Once apart, an acid bath can strip the ligand off both metals, enabling it to be recycled as well. 

"If you have the right ligand, you can do this separation in five minutes, whereas the liquid-liquid extraction method takes weeks,” Schelter said. “A potential magnet recycler probably doesn’t have the capital to invest in an entire liquid-liquid separations plant, so having a chemical technology that can instantaneously separate these elements enables smaller scale recyclers to get value out of their materials."

Future work will involve improving the stability of the ligand so it is less likely to fall off before the metals are separated.

"These results are encouraging," Bogart said. "We feel that through slight adjustments to the system, the purity level could be increased even further."

Further modification of the ligand could enable other rare earths in technology products, such as compact fluorescent light bulbs, to be recycled this way.

Source: Univ. of Pennsylvania
简化稀土磁体回收   

尽管稀土金属在消费类电子产品中无处不在，但正如其名，它是来之不易的。采矿和净化是一个费用昂贵、劳动密集和生态破坏的过程。  

宾夕法尼亚大学的研究人员现在已经开创出一种工艺，可以高效回收两种金属元素——钕和镝。这些元素包含了许多在高技术装置中发现的小而有力的磁铁。

相比之下，目前用于分离稀土的大规模和能源密集型工业过程中，宾夕法尼亚大学研究团队的方法几乎可在室温下工作，并使用标准的实验室设备。 

从用过的电子产品中获取钕和镝而不是从地层中获取，这将会以较小的金融、人类和环境成本增加供应。

该项研究是由宾夕法尼亚大学艺术与科学学院化学系的助理教授Eric J. Schelter和研究生贾斯汀•鲍嘉共同领导的。能源研究Vagelos集成项目的大学生康纳•利平科特和宾夕法尼亚X射线晶体学设施大学的董事Patrick J. Carroll也为该项研究做出了贡献。 

该研究刊载于《应用化学国际版》。

“钕磁铁在其性能方面是最强的，”Schelter说。“它们会给你数量最小但磁性最强的磁铁，能运用到一定范围的温度当中。” 

这些热特性是通过与钕和其他元素,包括稀土金属镝以不同比例混合来达到的。因为比例间的差异取决于磁铁的应用，两种物质需要先分离，再混合，然后才能重新利用。

“原则上，从技术中得到钕和镝比从最开始发现的矿物质中获取容易多了。”Schelter说道。“这些矿物质得分离五种元素,而风力涡轮发电机中的钕磁铁只需分离两个。” 

目前，无论是从矿物质中还是从一个老式的电动工具电机中净化出钕和镝，都会花费相同的成本，并经过相同的能源密集型过程。液-液萃取这种技术，包括复合材料的溶解和化学元素的过滤分离。这一过程被重复千万次，目的就是为了得到高纯度的稀土金属，所以它必须在工业规模上进行。

Schelter的团队已经找出一种不同于这种液液萃取的方法来分离这两种物质。

Bogart说，“当我们开始的时候，我们的目标是以一种更简单有效的方式分离稀土，我们也已经取得了进展。我们已经设计出一种方法，通过选择性地溶解钕并留下固体镝的方式将两种物质分开。这种快捷简便的方式使得我们能够将两种独立物质的混合物分离成为纯度为95%的样品。”

他们的方法能在几分钟内将两种独立物质的混合物分离成为纯度为95%的样品。

由两种元素混合而成的粉末，被称为配位体的金属结合分子被应用到其中。研究小组将配位体的类型分为三种，会聚于金属原子，或放在它们之间的间隙中。由于钕尺寸略大，所以它们之间的间隙不能像镝原子那样近。

“两种离子大小的差异不是那么显著，这就是为什么分离很难。”Schelter说道。“但它足以为钕打开更多的孔。而且，正因如此，一个配位体-钕络合物可与另一个结合，并真正改变其溶解度。”  

两个钕络合物之间的结合称为二聚体，会封装钕离子，并使它们在苯或甲苯等溶剂中溶解。镝络合物不溶于苯或甲苯溶剂，这使两种金属可以容易地分离。一旦分离，酸浴可以去除两种金属的配位体，使其能够被回收利用。

“如果你有合适的配体，你就可以在五分钟内完成分离，而液-液萃取法需要几个星期。”Schelter说。一个潜在的磁体回收商或无法投资于一整个液-液萃取术分离工厂，所以有一种能分离这些元素的化学技术就能减小回收这些材料的规模。”

未来的研究工作将会涉及到配位体的稳定性，所以在物质分离前不太可能省去配位体。

“这些结果是鼓舞人心的，”Bogart说。“我们认为通过系统的微调整，纯度能更进一步地提高。”

配位体的进一步完善能使技术产品中的其它稀土以这种方式回收利用，例如紧凑型荧光灯灯泡。

来源：宾夕法尼亚大学 
Pointing the way to crack-resistant metals
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The image shows corrosion of a silver-gold alloy spontaneously resulting in the formation of nanoscale porous structures that undergo high-speed cracking under the action of a tensile stress. It helps demonstrate a discovery by an Arizona State University research team about the stress-corrosion behavior of metals that threatens the mechanical integrity of engineered components and structures.

Potential solutions to big problems continue to arise from research that is revealing how materials behave at the smallest scales.

The results of a new study to understand the interactions of various metal alloys at the nanometer and atomic scales are likely to aid advances in methods of preventing the failure of systems critical to public and industrial infrastructure.

Research led by Arizona State Univ. materials science and engineering professor Karl Sieradzki is uncovering new knowledge about the causes of stress-corrosion cracking in alloys used in pipelines for transporting water, natural gas and fossil fuels, as well as for components used in nuclear power generating stations and the framework of aircraft.

Sieradzki is on the faculty of the School for Engineering of Matter, Transport and Energy, one of ASU’s Ira A. Fulton Schools of Engineering.

His research team’s findings are detailed in Nature Materials.

Using advanced tools for ultra-high-speed photography and digital image correlation, the team has been able to closely observe the events triggering the origination of stress-corrosion fracture in a model silver-gold alloy and to track the speed at which cracking occurs.

They measured cracks moving at speeds of 200 mps, corresponding to about half of the shear wave sound velocity in the material.

This is a remarkable result, Sieradzki said, given that typically only brittle materials such as glass will fracture in this manner and that gold alloys are among the most malleable metals.

In the absence of a corrosive environment these gold alloys fail in the same manner as children’s modeling clay, Sieradzki explained: Roll modeling clay into a cylindrical shape and you can stretch it by a by 100% before it slowly tears apart. In the presence of corrosive environments, silver is selectively dissolved from the alloy causing porosity to form. If this occurs while the alloy is stressed, then the material fails as if it were made of glass.

These results provide a deeper understanding of the stress-corrosion behavior of metals such as aluminum alloys, brass and stainless steel that threatens the mechanical integrity of important engineered components and structures.

The team’s discoveries could provide a guide for “designing alloys with different microstructures so that the materials are resistant to this type of cracking,” Sieradzki said.

Source: Arizona State Univ.
研究抗裂金属的方法 
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该图显示，银金合金自然腐蚀，可以形成纳米级多孔结构，而纳米级多孔结构在拉伸压力下经历高速裂化。亚利桑那州立大学研究团队研究发现，金属应力-腐蚀行为威胁设计元件与结构机械完整性。而上图恰好证明了该发现。  

在最小规模层面进行材料行为的研究，不断揭示着重大问题的潜在解决方法。

关于理解纳米级与原子级的各种金属合金之间互动的新研究的结果，大大有利于推动防止体系破裂的方法的发展，该体系对公共与工业基础设施都至关重要。

该研究团队是由亚利桑那州立大学材料科学与工程教授Karl Sieradzki领导的，他们正在研究关于用于管道与某些元件的合金受应力腐蚀而破裂的原因，这些管道是用来运送水资源、天然气以及化石燃料。而元件主要是用于原子能核电站和飞机框架。

Sieradzki是物质工程、运输与能量学院的成员之一，也是亚利桑那州立大学富尔顿学校的成员之一。

其研究团队的研究成果刊登在《自然材料》（Nature Materials）上。

该团队利用超高速的照相技术与数字成像关联的先进技术，已经能够比较接近地观察到引发模型金银合金中应力腐蚀断裂起源的事件，也能够追踪到断裂发生时的速度。 

他们测量出，断裂以200 mps的速度进行，相当于该材料中横波声速的一半。

Sieradzki表示，只有玻璃之类的易碎材料会以这种方式破裂，且金合金就属于可塑金属之一。这是一个杰出的研究成果。

在没有腐蚀性的环境下，利用同样的方法无法使这些金合金塑形泥。Sieradzki解释：将塑形泥卷成圆柱形，你就可以在其缓慢分裂之前将其拉伸100%。在可腐蚀的环境中，银有选择性地溶解于合金，从而形成了多孔结构。如果这种情况在合金受压力时发生，那么该材料就会断裂，就好像它是玻璃制成的一样。

这些新的研究成果可以让人更好地理解铝合金、黄铜和不锈钢等威胁设计元件与结构机械完整性的金属的应力腐蚀行为。

该研究团队的新发现可以指导“设计各种微结构的合金以使得该材料可以抗裂。”Sieradzki说。

新闻来源：亚利桑那州立大学 
Composite Materials（复合材料）
Composite Moulding Times Reduced by Advanced Manufacturing Breakthrough
Surface Generation has unveiled its new Multiplexing compression moulding technology for high-volume manufacturing that dramatically improves throughput; parts taking more than six minutes using traditional compression moulding can now be produced in two minutes using Multiplexing.

Developed to form fibre-reinforced plastic components with greater speed and precision, Surface Generation says that Multiplexing uses a unique transfer process with a pressure containment cassette that allows mould faces and laminates to be held at predefined loads, even outside the press.

Mould faces are loaded into cassettes and passed through a series of material loading, preheating, moulding, cooling and demoulding stations, which precisely control the temperature and pressure applied. The use of multiple cassettes, and multiple preheating & cooling stations minimises time within the press and makes it possible to achieve Takt times of as low as one minute.

Surface Generation says its PtFS technology is central to the system, allowing temperatures to be dynamically controlled to the exact local requirements of each part. By adapting heating and cooling levels in real-time, quality is assured and throughput maximised.

This major PtFS advancement transforms high-volume compression moulding. Traditional transfer processes use laminate preheating, with cold tools to speed production. With PtFS and Multiplexing the mould heats, stabilises and cools parts, allowing the press to open early and freeing this expensive bottleneck to run again.

A series of open days are planned for the autumn for customers to see Multiplexing being used for thermoplastic compression moulding, along with PtFS in more conventional injection moulding and thermoset Out-of-Autoclave applications.

先进制造业突破缩短复合材料成型时间
先进制造业突破缩短复合材料成型时间  

Surface Generation公司公布了其最新的多路复用压塑技术，这一技术极大地提高了大容量制造业的生产力；采用传统压塑法花费超过6分钟制造的零件，采用多路复用技术可在2分钟内完成。 

研发出的多路复用技术形成了速度更快、精度更高的纤维增强塑料部件，Surface Generation公司说，这种技术采用带有压力容器盒的独特转移工艺，压力容器盒允许模具面和层压板被控制在预先定义的负载下，甚至在压机外面。

模具面被存入盒中并经过材料装载、预热、模塑、冷却和脱模站一系列流程，如此可以精确地控制施用的温度和压力。运用多盒、多重预热与冷却站缩短了压机内时间，从而将节拍时间缩短至1分钟。

Surface Generation公司说，PtFS技术对系统来说是极为重要的，以便根据每部分精确的局部要求动态地控制温度。通过实时调整加热和冷却水平，保证了质量，生产力实现最大化。

这种主要的PtFS进步改变了大容量的压塑。传统的转移工艺采用层压板预热，用冷工具加快生产速度。利用PtFS和多路复用技术，模具加热、稳定和冷却部件，以便压机早早打开并解除这一昂贵的瓶颈使其重新运行。

该公司计划在秋天为客户举办一系列开放日来展示用于热塑性塑料压塑的多路复用技术，以及在更传统的注塑和热固性非热压罐应用中的PtFS。

BGF Industries Releases Innovative Thermoplastic Composite Material

BGF Industries has launched its latest innovation in thermoplastic composite material, PolyPreg.

BGF explains that PolyPreg is a woven co-mingled glass/polypropylene fabric that can be directly consolidated with the addition of heat and minimal pressure, into a high strength composite part. It claims that this materials is the only domestically produced composite of its kind; parts made from PolyPreg may be used in various applications in the automotive, building, construction, marine, military and defence, sports, leisure and transportation industries.

According to BGF, the material is soft and conformable to complex shapes and is available in 750 grams per square meter (GSM) or 1500 GSM and natural or black colours. Laminated, moulded or pultruded processing conditions are recommended at a temperature of 400°F and a cool pressure of 20 to 100 PSI, making processing easy. BGF add that the material has an unlimited shelf life - PolyPreg requires no cold storage and can withstand temperatures up to 300°F. UV stable in nature, the material maintains its colour and form upon exposure to sunlight and is less likely to become brittle, crack or become discoloured. Additionally, it says that PolyPreg produces no emissions and is fully recyclable.

BGF Industries公司发布创新型热塑性复合材料 

23/06/2015        出处：http://www.netcomposites.com/
BGF Industries在热塑性复合材料方面推出了其最新的创新Polypreg。

BGF解释说，Polypreg是编织的混合玻璃/聚丙烯织物，在热和最小的压力的作用下可以直接固化，成为高强度复合部件。它声称，这种材料是的唯一国产复合种；利用Polypreg制造的部件能被使用在汽车、建筑、施工、海洋、军事和国防、体育、休闲和运输行业。 

根据BGF，材料质地柔软，适合复杂的形状，有每平方米750克（GSM）或1500克（GSM））和自然色或黑色可供选择。层压、模压或拉挤工艺的推荐条件的是温度在400°F和20到100 帕斯卡的压力，可以使得制造加工更加容易。贝莱德补充说，材料有一个无限的货架寿命——Polypreg不需要冷藏，能承受高达300°F的温度。UV稳定的性质，使得材料能保持它的颜色和形式，即使暴露在阳光下也不太可能变脆、出现裂纹或变色。此外，它说，Polypreg无排放，可以充分回收利用。
Practical Application（实际应用）
Nanowires could be the LEDs of the future
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The x-ray images of each nanowire show the distribution of the scattering intensity and the mechanical strain in the core of gallium-nitride and the shell of indium-gallium-nitride. The strain shows that the shell fits perfectly with the core. Image: Tomas Stankevic, Niels Bohr Institute, Univ. of Copenhagen.
The latest research from the Niels Bohr Institute shows that LEDs made from nanowires will use less energy and provide better light. The researchers studied nanowires using x-ray microscopy and with this method they can pinpoint exactly how the nanowire should be designed to give the best properties. The results are published in ACS Nano.

Nanowires are very small—about 2 micrometers high and 10 to 500 nm in diameter. Nanowires for LEDs are made up of an inner core of gallium nitride (GaN) and a layer of indium-gallium-nitride (InGaN) on the outside, both of which are semiconducting materials.

"The light in such a diode is dependent on the mechanical strain that exists between the two materials and the strain is very dependent on how the two layers are in contact with each other. We have examined a number of nanowires using x-ray microscopy and even though the nanowires should in principle be identical, we can see that they are different and have very different structure," explains Robert Feidenhans'l, professor and head of the Niels Bohr Institute at the Univ. of Copenhagen.

Surprisingly efficient

The studies were performed using nanoscale x-ray microscopy in the electron synchrotron at DESY in Hamburg, Germany. The method is usually very time consuming and the results are often limited to very few or even a single study subject. But here researchers have managed to measure a series of upright nanowires all at once using a special design of a nanofocused x-ray without destroying the nanowires in the process.

"We measured 20 nanowires and when we saw the images, we were very surprised because you could clearly see the details of each nanowire. You can see the structure of both the inner core and the outer layer. If there are defects in the structure or if they are slightly bent, they do not function as well. So we can identify exactly which nanowires are the best and have the most efficient core/shell structure," explains Tomas Stankevic, a PhD student in the research group 'Neutron and X-ray Scattering' at the Niels Bohr Institute at the Univ. of Copenhagen.

The nanowires are produced by a company in Sweden and this new information can be used to tweak the layer structure in the nanowires. Professor Robert Feidenhans'l explains that there is great potential in such nanowires. They will provide a more natural light in LEDs and they will use much less power. In addition, they could be used in smart phones, televisions and many forms of lighting.

The researchers expect that things could go very quickly and that they may already be in use within five years.

Source: Univ. of Copenhagen
纳米线有望打造未来LED  
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图为每根纳米线的X射线图像，显示了散射强度的分布和氮化镓内核与氮化铟镓外壳的机械应变。这种应变表明，外壳与内核非常适合。图片提供：丹麦哥本哈根大学，Niels Bohr研究所，Tomas Stankevic

来自Niels Bohr研究所的最新研究表明，由纳米线制成的发光二极管（LED）能耗更少而发光效率更高。研究人员采用X射线显微技术进行纳米线研究，通过这种方法，他们可以精确地找出如何设计纳米线使其体现最好的性能。研究结果发表于《美国化学学会纳米》杂志（ACS Nano）。

纳米线非常小，高约2μm，直径约10-500nm。制造LED的纳米线由氮化镓(GaN)内核和氮化铟镓(InGaN)外壳组成，它们都是半导体材料。 

“这种二极管中的光取决于这两种材料之间存在的机械应变，而且这种应变完全取决于于这两层彼此如何接触。我们用X射线显微技术检验了一些纳米线，尽管纳米线理论上应该相同，但是我们可以看到它们是不同的并且具有不同的机构。” Robert Feidenhans'l解释说，他是哥本哈根大学Niels Bohr研究所的教授兼所长。

惊人的高效

这项研究利用纳米级X射线显微技术并在电子同步加速器中进行，该电子同步加速器位于德国汉堡的德国电子同步加速器研究所（DESY）。这种方法通常耗时很长，结果仅限于极少乃至单一研究对象。但此处，研究人员设法通过采用一种聚焦纳米的X射线特殊设计，来测量一系列笔直的纳米线，并在这一过程中不破坏纳米线。

“我们测量了20根纳米线，当我们看图像时，我们感到非常惊奇，因为你可以清晰地看到每根纳米线的细节。你可以看到内核和外壳的结构。如果结构存在缺陷，或者它们轻微弯曲，它们同样无法工作。因此我们可以准确地识别哪些纳米线是最好的，具有最有效的内核/外壳结构。” Tomas Stankevic解释说。他是哥本哈根大学Niels Bohr研究所“中子和X射线散射”研究组的一名博士生。

纳米线由瑞典的一家公司制造，这一新信息可用于调整纳米线图层结构。Robert Feidenhans'l教授解释说这些纳米线具有极大潜力。他们将为LED提供一种更自然的光并消耗更少能量。此外，他们可以用于智能手机、电视以及多种灯光。

研究人员预计发展会非常迅速，或在5年之内投入使用。

来源：哥本哈根大学

Making clothes out of gelatin could reduce agricultural waste

From gummy bears to silky mousses, gelatin is essential for making some of our favorite sweets. Now scientists are exploring another use for the common food ingredient: spinning it into yarn so it can be made into clothing. And because gelatin comes from livestock by-products, the new technique would provide an additional use for agricultural leftovers. The report appears in Biomacromolecules.

More than a century ago, the textile industry started using protein fibers from animals and vegetables such as casein from milk and zein from corn to make new kinds of fabrics. But synthetic fibers derived from petroleum products boomed and quickly eclipsed those efforts. Now, as consumers search for “greener” products, scientists have revived the idea of making fabrics from animal and plant proteins. Wendelin J. Stark and colleagues decided to try spinning yarn out of gelatin, which comes from collagen, an abundant protein in livestock by-products.

The researchers spun filaments of gelatin, twisted them into a yarn and then treated it with gaseous formaldehyde and lanolin (wool grease) to make it water-resistant. The resulting yarn was about as strong as a strand of merino wool. It was also just as warm when knitted into a glove.

Source: American Chemical Society
利用明胶制作服装，减少农业废弃物

明胶是制作一些我们最喜欢的糖果必不可少的材料，从小熊糖丝到摩丝等。现在科学家们正在探索该常见的食物成分的另一种用途：将它纺成纱以制成衣服。而且，因为明胶是来自家畜的副产品，新技术将提供对农业剩余物的又一种使用方法。该报告发表在《生物大分子》杂志上。 

一个多世纪以前，纺织业开始使用从动物和蔬菜提取的蛋白质纤维，如牛奶中的酪蛋白、玉米蛋白来生产新型的织物。但来自石油产品的合成纤维蓬勃发展，迅速超越那些努力。而现在，随着消费者寻找“绿色”产品，科学家们已经恢复了从动物和植物蛋白中制作织物的想法。德林•J•斯塔克和他的同事决定试着从明胶中纺纱线，其明胶来自于胶原，一种畜牧副产品中富含的蛋白质。

研究人员利用捻成纱线的明胶纺丝，然后用甲醛气体和羊毛脂（羊毛脂）使它防水。由此产生的纱线就像一股强大的美利奴羊毛。把纱线编织成一个手套后也同样温暖。

来源：美国化学学会
Mantis shrimp inspires new body armor
The mantis shrimp is able to repeatedly pummel the shells of prey using a hammer-like appendage that can withstand rapid-fire blows by neutralizing certain frequencies of “shear waves,” according to new research by Univ. of California, Riverside and Purdue Univ. engineers.

The club is made of a composite material containing fibers of chitin, the same substance found in many marine crustacean shells and insect exoskeletons but arranged in a helicoidal structure that resembles a spiral staircase.
This spiral architecture, the new research shows, is naturally designed to survive the repeated high-velocity blows by filtering out certain frequencies of waves, called shear waves, which are particularly damaging.

The findings could allow researchers to use similar filtering principles for the development of new types of composite materials for applications including aerospace and automotive frames, body armor and athletic gear, including football helmets.

“This is a novel concept,” said David Kisailus, the Winston Chung Endowed Professor in Energy Innovation at UC Riverside’s Bourns College of Engineering. “It implies that we can make composite materials able to filter certain stress waves that would otherwise damage the material.”

The “dactyl club” can reach an acceleration of 10,000 Gs, unleashing a barrage of impacts with the speed of a .22 caliber bullet.

“The smasher mantis shrimp will hit many times per day. It is amazing,” said Pablo Zavattieri, an associate professor in the Lyles School of Civil Engineering and a University Faculty Scholar at Purdue Univ.

The researchers modeled the structure with the same mathematical equations used to study materials in solid-state physics and photonics, showing the structure possesses “bandgaps” that filter out the damaging effects of shear waves traveling at the speed of sound.

Findings were detailed in a research paper published online in Acta Biomaterialia.

Source: Univ. of California, Riverside
螳螂虾激发新型防弹衣的研发 

根据加州大学河滨分校和普渡大学工程师的一项新研究，螳螂虾能够反复击打猎物的外壳，它使用像锤子一般的附器，通过中和特定频率的“横波”，可以承受快速打击。

俱乐部由包含甲壳素纤维的符合材料制成，许多海洋甲壳动物外壳和昆虫的外壳中都有相同的物质，但是以一个螺旋状的结构排列，就像一个旋转楼梯。 

新研究表明，这种螺旋结构本质上设计的是通过过滤特定的被称为横波的电波频率，应对反复的高速冲击；而横波尤其具有损害性。

调查结果允许研究人员使用相似的过滤原理，发展新型复合材料进行诸多应用，包括航空航天和汽车框架，防弹衣和足球头盔等运动装备。

“这是一个新概念，”加州大学河滨分校的伯恩斯工程学院能源创新温斯顿赋予的教授David Kisailus说，“它表明我们可以让复合材料过滤到某些压力波，否则将会损害材料。”

“扬抑抑格俱乐部，”可以达到10,000磁感应加速强度，可以解除22口径子弹的弹幕影响。

莱尔斯学院的土木工程的副教授、普渡大学大学教师学者Pablo Zavattieri说：“粉碎者螳螂虾每天都会碰撞很多次。这很让人吃惊。”

研究人员使用固态物理学和电子学研究材料中相同的数学方程建立结构模型，表明了该结构具有“频带间隙”，可以过滤掉以声速行驶的横波的损害影响。

Acta Biomaterialia杂志在线发表的一篇研究论文中可了解详细的研究结果

来源：加州大学河滨分校 
Inkjet inks made of silk could yield smart bandages

Silk inks containing enzymes, antibiotics, antibodies, nanoparticles and growth factors could turn inkjet printing into a new, more effective tool for therapeutics, regenerative medicine and biosensing, according to new research led by Tufts Univ.  biomedical engineers and published in Advanced Materials.

Inkjet printing is one of the most immediate and accessible forms of printing technology currently available, according to the researchers, and ink-jet printing of biomolecules has been previously proposed by scientists. However, the heat-sensitive nature of these unstable compounds means printed materials rapidly lose functionality, limiting their use. 
Enter purified silk protein, or fibroin, which offers intrinsic strength and protective properties that make it well-suited for a range of biomedical and optoelectronic applications. This natural polymer is an ideal "cocoon" that can stabilize compounds such as enzymes, antibodies and growth factors while lending itself to many different mechanically robust formats, said Fiorenzo Omenetto, PhD, senior author on the paper and associate dean for research and Frank C. Doble Professor of Engineering at Tufts School of Engineering.

"We thought that if we were able to develop an inkjet-printable silk solution, we would have a universal building block to generate multiple functional printed formats that could lead to a wide variety of applications in which inks remain active over time," he said.

By using this simple approach and starting with the same base material, the research team created and tested a "custom library" of inkjet-printable, functional silk inks doped with a variety of components:

·Bacterial-sensing polydiacetylenes (PDAs) printed on surgical  gloves;  the word "contaminated" printed on the glove changed from blue to red after exposure to E. coli. 

·Proteins that stimulate bone growth (BMP-2) printed on a plastic dish to test topographical control of directed tissue growth.

·Sodium ampicillin printed on a bacterial culture to test the effectiveness of a topographical distribution of the antibiotic.

·Gold nanoparticles printed on paper, for possible application in photonics and biology (e.g., color engineering, surface plasmon resonance based sensing and bio-imaging).

·Enzymes printed on paper to test the ability of the ink to entrain small functional biomolecules.

The researchers, who included collaborators from the Univ. of Illinois at Urbana-Champaign, foresee wide potential for future investigation and application of this technology.  

For example, Omenetto envisions more work on the bio-sensing gloves, which he says could selectively react to different pathological agents. The ability to print antibiotics in topographical patterns could address the need for "smart" bandages, where therapeutics are incorporated and delivered to match a complex injury. 

The published research was restricted to one ink cartridge, but the scientists believe it could extend to multi-cartridge printing combining complex functions. 

Source: Tufts Univ.
丝绸制作的喷墨油墨可生产智能绷带  

根据塔夫茨大学生物医学工程师发表在《先进材料》（Advanced Materials）上的一项最新研究表明，丝绸油墨含有酶、抗生素、抗体、纳米颗粒和生长因子，可以将喷墨印刷变成全新更为高效的工具，用于再生医学疗法和生物传感等。 

根据研究人员的说法，喷墨印刷是现行最直接可用的印刷技术之一，科学家之前曾经提出过用喷墨打印生物分子。然而，这些不稳定的化合物的热敏感性质意味着印刷材料会迅速失去功能，限制其使用。

进入净化丝蛋白或蚕丝蛋白，可以提供内在力量和保护特性，使它适合于一系列生物医学和光电应用程序。这种天然的聚合物是一种理想的“茧”，可以稳定化合物，如酶、抗生素、抗体和生长因子，同时许多不同的机械健壮形式都可以使用该种天然聚合物，Fiorenzo Omenetto博士如是说，他是该篇论文的主要作者，还是研究副院长和弗兰克•C•多布塔夫茨大学工程学院的工程学教授。

他说：“我们认为如果能开发一个喷墨印刷丝绸解决方案，我们将有一个普遍的构建块来生成多个功能打印格式，可以促使更广泛的应用程序，这些程序中油墨依然多年畅销。”

通过使用该种简单的方法和相同的基础材料，此研究团队创建并测试了一个可喷墨打印的功能性丝绸油墨的“自定义库”，掺杂以下各种成分：

•外科手套上印刷的生物传感聚丁二炔 (PDAs)；接触大肠杆菌后，手套上标注的“污染”字样会由蓝色变成了红色。

•刺激印在塑料盘上的骨骼生长的蛋白质 (BMP-2)，以测试定向组织生长的拓扑控制。

•印在细菌培养上的氨苄青霉素钠，检验抗生素分布的有效性。

•印刷在纸上的金纳米粒子，用于光子学和生物中的可能应用（如，色彩工程、基于遥感和生物成像的表面等离子体共振）。

•印刷在纸上的酶，以检验墨水携带小功能生物分子的能力。

这些研究人员，包括伊利诺伊大学香槟分校的合作者，预料到该项技术广泛应用于未来调查应用的潜力。

例如，Omenetto在生物传感手套上预想更多的工作，他说，这些手套可以对不同的病理代理做出选择性的反应。在地形模式上印刷抗生素的能力可以表明“智能”绷带的必要性，复杂的损伤可以使用该匹配疗法。

已发布的研究仅限于一个墨盒，但是科学家认为它可以扩展为融合复杂功能的多功能墨盒印刷。

来源：塔夫茨大学
Imec claims more ‘important breakthroughs’ in commercialisation of perovskite thin-film

Beligan nanoelectronics research group imec says it has made a “breakthrough” in developing perovskite-based thin-film photovoltaics (PV), recording an active area efficiency of 11.9% with its module.

The organometal halide perovskite module’s aperture conversion efficiency was recorded at 11.3%, using an aperture area of 16cm2. Imec says these efficiencies are the best recorded for perovskite modules to date.   

Playing up the long term potential of moving the technology toward “industrially viable fabrication methods”, imec claimed its PV module can still achieve 9% aperture area efficiency when a linear coating technique is applied to its solution based layers through the conventional lab scale spin coating process. The cells have a geometrical fill factor of 95%.

Angling itself to target the BIPV market, which industry figures have started once again to talk up the potential of, imec says it is actively aiming for “conversion efficiencies of more than 20% for this type of thin-film solar cells”.

"Imec is steadily improving the conversion efficiencies of its perovskite solar cells and at the same time adjusting the fabrication processes to enable industrial adoption of this promising technology. Leveraging our expertise in organic photovoltaics enables us to make rapid progress in enhancing the conversion efficiencies, ultimately aiming at conversion efficiencies of more than 20% for this type of thin-film solar cells," Tom Aernouts, imec manager of thin-film R&D, said.

Imec is working with thin-film PV research initiative Solliance, which is made up of organisations in Dutch, German and Flemish regions of Europe to develop a platform for glass-based perovskite modules.

The record surpasses imec’s previous best of 8% for a 16cm2 aperture PV module, announced just last month. Japan’s National Institute for Materials Science (NIMS), meanwhile, recorded an energy conversion efficiency of 15% for a perovskite solar cell, using apertures of over 1cm2 for the first time – NIMS had previously reported higher figures for smaller aperture solar cells, including 20.1%, but this was recorded for an aperture size of less than 0.1cm2 and NIMS did not submit its measurement methods.
Imec称钙钛矿薄膜商业化的更多“重要突破”

比利时微电子研究机构imec表示，其已在开发钙钛矿薄膜光伏方面取得“突破”，其组件有效面积效率创纪录达11.9%。

有机金属卤化物钙钛矿组件的孔径面积转换效率创纪录达11.3%，采用16cm2的孔径面积。imec表示，这些效率是钙钛矿组件迄今的最佳纪录。

强调将该技术向“产业可行的制备方法”转移的长期潜力，imec称，当线性涂层技术应用到以解决方案为基础的层，通过常规实验室规模的旋转涂覆工艺，其光伏组件仍可以达到9%的孔径面积效率。电池的几何填充系数为95%。

调整自身瞄准光伏建筑一体化市场，业内人士再次开始赞誉其潜力，imec表示，其正在积极瞄准“这一类型的薄膜太阳能电池转换效率超过20%”。

imec薄膜研发经理Tom Aernouts表示：“imec正在稳步提高其钙钛矿太阳能电池的转换效率，同时调整制造工艺使这一具有前途的技术实现产业化采用。利用我们在有机光伏领域的经验，使我们能够迅速发展，提高转换效率，最终瞄准这一类型的薄膜太阳能电池转换效率超过20%。”

imec正在与由欧洲荷兰、德国和弗兰德地区的机构组成的薄膜光伏研究联盟Solliance合作，为以玻璃为基础的钙钛矿组件开发一个平台。

该纪录超越就在上个月宣布的imec此前对于16cm2孔径光伏组件最佳的8%。同时日本国立材料科学研究所(NIMS)记录钙钛矿太阳能电池能源转换效率达到15%，首次采用超过1cm2的孔径——NIMS此前报告较小孔径太阳能电池较高的数字，其中包括20.1%，但是这对于低于0.1cm2的孔径面积是创纪录的，NIMS没有提交其测量方法。
Organic & Polymer（有机高分子材料）
Improving insulation materials, down to wetting crossed fibres

Sandcastles are a prime example of how adding a small amount of liquid to a granular material changes its characteristics. But understanding the effect of a liquid wetting randomly oriented fibers in a fibrous medium remains a mystery. Relevant to the building industry, which uses glass wool, for instance, this phenomenon can be better understood by studying the behavior of a liquid trapped between two parallel fibers. It can either remain in the shape of a drop or spread between the fibers into a long and thin column of liquid. Now, scientists have demonstrated that the spreading of the liquid is controlled by three key parameters: the amount of liquid on the fibers, the fibres’ orientation and the minimum distance between them. These findings, based on experimental and modeling work, were recently published in EPJ E. The authors are Alban Sauret, a scientist working at a laboratory jointly operated by the CNRS and Saint-Gobain, a building materials manufacturer in France, and international colleagues based at Princeton University and the NYU School of Engineering, USA.

Instead of using glass wool or fabric fibres, the authors decided to study a scaled-up version, relying on nylon fishing wire. They applied a small volume of liquid to observe how it spreads alongside the wire, crossing at various controlled angles. By taking pictures, they were able to discriminate between the different morphologies of the liquid. They then proceeded to model their observations, including various morphologies of the liquid forming either a drop, a column or a drop coexisting with a liquid column, allowing them to identify key parameters of the system.

Understanding how liquid wets glass wool could help produce cheaper materials with better properties. Indeed, optimizing the number and the shape of bonds between fibers would improve the integrity of the material, and yield higher building insulation efficiency. But this could also have implications in health care products that involve other fibrous materials such as hair.

Source: Springer

浸润交叉纤维，提高隔热材料性能 

对于增加少量液体到一种颗粒材料中改变其特性，沙堡是一个典型的例子。但认识一种液体在浸润随机定向的纤维介质中的作用，仍是个谜。相应的在使用玻璃棉的建筑业中，例如，通过研究两种平行纤维之间的集液器的行为很好理解这种现象。它要么保持小滴的形状要么在纤维之间扩散开成为长而薄的液柱。目前，科学家们已证明液体扩散受三个关键参数的控制：纤维上液体数量、纤维方向以及纤维间最小距离。这些基于实验和建模工作的发现最近发表于《欧洲物理学报E》(EPJ E)杂志。文章的作者是Alban Sauret和美国普林斯顿大学和美国纽约大学工程学院的国际同行。Alban Sauret是在法国国家科学研究中心（CNRS）和Saint-Gobain公司共同建立的实验室工作的一位科学家，而Saint-Gobain公司是法国一家建筑材料制造商。

作者决定研究一个基于扩展板尼龙渔线，而不是玻璃丝或织物纤维。他们选取了少量液体来观察它是如何沿着这种渔线以各种可控的角度扩散的。通过拍照，他们就能够区别不同形态的液体。接着，他们模拟观察结果，包括液体形成小滴、液柱或小滴与液柱共存的各种形态，从而确定系统关键参数。

了解液体如何浸润玻璃丝，有助于制造更便宜、性能更好的材料。的确，优化纤维之间结合的数量和形状将会提高材料的完整性并提高房屋保温效率。但这也会对涉及其他纤维材料（如头发）的卫生保健产品产生影响。

来源：Springer

Chemists characterize 3-D macroporous hydrogels
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Photo: Carnegie Mellon University
Carnegie Mellon University chemists have developed two novel methods to characterize 3-dimensional macroporous hydrogels -- materials that hold great promise for developing "smart" responsive materials that can be used for catalysts, chemical detectors, tissue engineering scaffolds and absorbents for carbon capture.

Researchers working in the lab of Carnegie Mellon Professor Krzysztof Matyjaszewski published their results in the May issue of Advanced Science, with the article featured on the journal's back cover. Their findings are the latest in Matyjaszewski lab's long history of breakthroughs in polymer science.

The 3DOM hydrogels contain a network of interconnected pores with uniform size. The configuration of these pores allows the materials to hold a large amount of liquid, and influences the material's properties.

However, while the materials are easily made using a process called colloidal crystal templating, their nature has made it difficult for scientists to characterize the exact internal structure of the 3DOM hydrogels.

"The porous structure that makes these materials so useful is also what makes them so hard to characterize," said Hongkun He, a doctoral student in Matyjaszewski's lab. "The pores can hold large amounts of water, but if you remove this water to study them, the pores collapse and you can't map them."

He and his collaborators were able to characterize the 3DOM hydrogels using an indirect electron microscopy method. They soaked the hydrogels in a solution of a crosslinker, which created rigid inverse replicas of the initial 3DOM structures. They then used scanning electron microscopy (SEM) to image the section surfaces of the inverse replicas.

The researchers also found they were able to rehydrate the hydrogels, demonstrating the material's shape memory properties -- properties that are key to creating smart materials.

He also was able to resolve the structure of hydrated 3DOM hydrogels using nanoscale resolution X-ray microscopy (ZEISS Xradia 800 Ultra). This technique, which is noninvasive and nondestructive, allowed the researchers to visualize the hydrogels in 3 dimensions under ambient conditions.

"This marks the first time that we have been able to visualize the reversible porous structure within this material," said Matyjaszewski, the J.C. Warner University Professor of Natural Sciences. "Well-defined 3DOM hydrogels provide a versatile platform for a wide variety of functional materials."

The researchers believe that the simple and effective structural characterization methods they developed for the 3DOM hydrogels will advance research into the materials. They have been able to make further chemical modifications to the pores of the 3DOM hydrogels by grafting with organic compounds and polymers. This process will allow them to use the hydrogels as "stem gels" that can evolve into materials with programmed properties and functions, such as responsive materials, organic-inorganic composites and bioactive hydrogels for digestion or separation of bio (macro) molecules.

Source: Carnegie Mellon University
化学家表征3-D大孔水凝胶的特性   
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图片：卡耐基梅隆大学提供

卡耐基梅隆大学化学家已经开发了两种新方法来描述3-D大孔水凝胶材料——这是一种具有远大发展前景的新型材料，有利于发展智能反应型材料，可用于催化剂、化学探测器、组织工程支架以及用于碳捕获的吸收剂。

在卡耐基梅隆大学教授Krzysztof Matyjaszewski的实验室工作的研究人员，将其研究结果发表在杂志《先进科学》（Advanced Science）的5月期刊上，文章排版在杂志的封面上。他们的研究发现是 Matyjaszewski实验室历史悠久的高分子科学的最新突破。

三维有序大孔材料内部互相连接的气孔大小相同，组成网状。这些气孔的独特结构使得该材料能够保存大量液体，从而影响材料的特性。 

然而，尽管这些材料利用胶态晶体模板的过程可以很容易地制成，但是其本质特性使得科学家们难以精确地表征三维有序大孔材料内部结构。

“孔状结构使得这种材料具有很大用处，同时也使得人么很难描述其特征。”Matyjaszewski实验室的一位博士学位学生Hongkun He说。“这些气孔可以保留大量水分，但是如果你想研究它而去掉了这些水分，那么这些气孔也会随之塌陷，因此你很难描绘他们。” 

他和合作者通过一种间接的电子显微镜法来表征三维有序大孔材料水凝胶。他们将水凝胶浸在交联剂的溶液里，从而形成三维有序大孔材料结构的刚性逆副本。之后，他们利用扫描式电子显微镜对逆副本的剖切表面进行成像。 

研究人员还发现，他们可以再水化水凝胶，证明该材料具有形状记忆的特性——而这种特性恰恰是创造智能材料的关键。

他还能利用具有纳米级分辨率的X-射线显微镜 (ZEISS Xradia 800 Ultra)对含水三维有序大孔材料水凝胶的结构进行分解。这种技术无创无损，有利于研究人员在显示环境下对水凝胶进行3-D式的可视化。

“这是我们第一次能够对这种材料内部逆多孔结构进行可视化。”J.C.华纳大学自然科学的教授Matyjaszewski说。“ 定义明确的三维有序大孔材料水凝胶为各种功能材料提供了一个通用平台。”

研究人员认为，他们为研究三维有序大孔材料水凝胶而发明的这种简单有效的描述结构特征的方法将会推进对这种材料的研究。他们通过移植有机混合物与聚合物，对三维有序大孔材料水凝胶的气孔进行化学改造。在这个过程中，他们将水凝胶用作干凝胶，之后干凝胶会演化成具有规定特性与功能的材料，如响应型材料，消化或分离生物分子（宏观）的有机-无机的复合生物活性水凝胶。

来源：卡耐基梅隆大学

Physicists shatter stubborn mystery of how glass forms

A physicist at the University of Waterloo is among a team of scientists who have described how glasses form at the molecular level and provided a possible solution to a problem that has stumped scientists for decades.

Their simple theory is expected to open up the study of glasses to non-experts and undergraduates as well as inspire breakthroughs in novel nano materials.

The paper published by physicists from the University of Waterloo, McMaster University, ESPCI ParisTech and Université Paris Diderot appeared in the prestigious peer-reviewed journal, Proceedings of the National Academy of Sciences (PNAS).

Glasses are much more than silicon-based materials in bottles and windows. In fact, any solid without an ordered, crystalline structure -- metal, plastic, a polymer -- that forms a molten liquid when heated above a certain temperature is a glass. Glasses are an essential material in technology, pharmaceuticals, housing, renewable energy and increasingly nanoelectronics.

"We were surprised -- delighted -- that the model turned out to be so simple," said author James Forrest, a University Research Chair and professor in the Faculty of Science. "We were convinced it had already been published."

The theory relies on two basic concepts: molecular crowding and string-like co-operative movement. Molecular crowding describes how molecules within glasses move like people in a crowded room. As the number of people increase, the amount of free volume decreases and the slower people can move through the crowd. Those people next to the door are able to move more freely, just as the surfaces of glasses never actually stop flowing, even at lower temperatures.

The more crowded the room, the more you rely on the co-operative movement with your neighbours to get where you're going.

Likewise, individual molecules within a glass aren't able to move totally freely. They move with, yet are confined by, strings of weak molecular bonds with their neighbors.

Theories of crowding and cooperative movement are decades old. This is the first time scientists combined both theories to describe how a liquid turns into a glass.

"Research on glasses is normally reserved for specialists in condensed matter physics," said Forrest, who is also an associate faculty member at Perimeter Institute for Theoretical Physics and a member of the Waterloo Institute for Nanotechnology. "Now a whole new generation of scientists can study and apply glasses just using first-year calculus."

Their theory successfully predicts everything from bulk behaviour to surface flow to the once-elusive phenomenon of the glass transition itself. Forrest and colleagues worked for 20 years to bring theory in agreement with decades of observation on glassy materials.

An accurate theory becomes particularly important when trying to understand glass dynamics at the nanoscale. This finding has implications for developing and manufacturing new nanomaterials, such as glasses with conductive properties, or even calculating the uptake of glassy forms of pharmaceuticals.

Source: University of Waterloo  

物理学家揭开玻璃形成之谜团 

物理学家揭开玻璃形成之谜团 

包括加拿大滑铁卢大学一名物理学家在内的一组科学家，从份子水平上描述了玻璃的形成，提供了一个可能的解决方案，来应对一个困扰科学家几十年的问题。

他们简单的理论预计将开启非专家和本科生对玻璃的研究，也会激励在新纳米材料领域的突破。

由来自于滑铁卢大学、麦克马斯特大学、巴黎高等物理化工学院和巴黎狄德罗大学的物理学家发表的论文刊载于著名的同行评议的杂志《美国国家科学院院刊》(PNAS)上。 

制造瓶子和窗子使用的更多的是玻璃，而非硅材料。实际上，任何没有有序晶体结构的固体—金属、塑料、聚合物等，在加热超过一定温度后会形成熔融液体，便会成为玻璃。玻璃在科技、制药、住房、可再生能源和越来越多的纳米电子学中是必不可少的材料。  

大学研究主席兼理学院教授、作者詹姆斯•福勒斯特说：“我们感到惊讶、高兴，因为模型结果是如此简单，我们确信它已经被出版过。”  

该理论依赖于两个基本概念：分子拥挤和线状合作运动。分子拥挤描述了玻璃内的分子是如何像人一样在一个拥挤的空间中运动。随着人数增多，空闲的空间将会减少，并且人穿过人群的速度会更慢。靠近门口的人可以更自由的移动，就像玻璃表面其实从未真正的停止流动，即使是在较低的温度下。

空间越是拥挤，你就越依赖与你相邻的人合作运动，以便到达你想去的地方。

同样的，玻璃中的单个分子不能完全自由地移动。它们依靠弱分子键与相邻分子一起运动，但与受制于此。 

分子拥挤和合作运动理论已经存在几十年了。这是第一个科学家将这两种理论结合在一起来解释液体是如何转化为玻璃的。

还是圆周理论物理研究所助理教员和滑铁卢纳米技术研究所一员的福勒斯特说：“对于玻璃的研究通常是留给研究凝聚态物理专家的。如今全新一代的科学家只是用一年级的微积分就可以研究并应用玻璃。”

他们的理论成功地预测了从堆积行为但表面流动等所有曾经难懂的玻璃转化现象本身。福勒斯特和他的同事们工作了20年使理论符合数十年对于玻璃材料的观察。

当试图理解在纳米尺度上玻璃动力学时，准确的理论变得尤为重要。这一发现已经卷入开发和生产新的纳米材料，比如具有导电特性的玻璃，或者甚至计算玻璃形式药品的吸收。

来源：滑铁卢大学   
E-Material（电子材料）
Making a better semiconductor

Research led by Michigan State University could someday lead to the development of new and improved semiconductors.

In a paper published in the journal Science Advances, the scientists detailed how they developed a method to change the electronic properties of materials in a way that will more easily allow an electrical current to pass through.

The electrical properties of semiconductors depend on the nature of trace impurities, known as dopants, which when added appropriately to the material will allow for the designing of more efficient solid-state electronics.

The MSU researchers found that by shooting an ultrafast laser pulse into the material, its properties would change as if it had been chemically "doped." This process is known as "photo-doping."

"The material we studied is an unconventional semiconductor made of alternating atomically thin layers of metals and insulators," said Chong-Yu Ruan, an associate professor of physics and astronomy who led the research effort at MSU. "This combination allows many unusual properties, including highly resistive and also superconducting behaviors to emerge, especially when 'doped.'"

An ultrafast electron-based imaging technique developed by Ruan and his team at MSU allowed the group to observe the changes in the materials. By varying the wavelengths and intensities of the laser pulses, the researchers were able to observe phases with different properties that are captured on the femtosecond timescale. A femtosecond is 1 quadrillionth, or 1 millionth of 1 billionth, of a second.

"The laser pulses act like dopants that temporarily weaken the glue that binds charges and ions together in the materials at a speed that is ultrafast and allow new electronic phases to spontaneously form to engineer new properties," Ruan said. "Capturing these processes in the act allows us to understand the physical nature of transformations at the most fundamental level."

Philip Duxbury, a team member and chairperson of the department of physics and astronomy, said ultrafast photo-doping "has potential applications that could lead to the development of next-generation electronic materials and possibly optically controlled switching devices employing undoped semiconductor materials."

A semiconductor is a substance that conducts electricity under some conditions but not others, making it a good medium for the control of electrical current. They are used in any number of electronics, including computers.
制造更好的半导体 

由密歇根州立大学领导的研究，有可能引领未来新型改良半导体的发展。

相关论文刊载于《高等科学》（Science Advances）杂志，其中，科学家们详细地介绍了一种可以改变材料的电子性质的方法，可以更简单地使得材料通过电流。

半导体的电气特性取决于微量杂质的性质，又称为掺杂剂，在当加入适当的材料后可以实现更高效的固态电子设计。 

密歇根州立大学研究人员发现，向材料中发射一个超短激光脉冲，材料的的性质就会发生变化，就像是它被以化学方式“掺杂”了。这个过程被称为“光掺杂。” 

“我们研究的材料是一个非常规的半导体原子层薄金属和绝缘体的交替，”阮崇玉（Chong-Yu Ruan，音）这样说道，他是密歇根州立大学一位领导研究的物理学和天文学教授。这种组合具备许多不寻常的性能，包括高电阻和超导行为，特别是在有“掺杂”的情况下。

由阮教授和他的团队在密歇根州立大学开发的超快电子成像技术，使得开发组可以观察物质的变化。通过使用不同的波长和强度的激光脉冲，研究人员能够观察到以飞秒时间尺度捕获的带有不同的性质阶段。飞秒激光是1秒的1千万亿分之一，或十亿分之1百万。

“激光脉冲就像是掺杂，可以以超快的速度，暂时将电荷与离子结合在一起的胶质材料削弱，允许新的电子相自发形成新的性能，”阮教授说。”捕捉这些过程，使我们能够在最基本的水平理解的物理性质的转换。”

菲利普•达克斯伯里，团队成员之一，物理学和天文学系的主席，他说，超快光掺杂“拥有可能导致下一代电子材料的发展的潜在应用，以及极可能使用未掺杂的半导体材料的光控开关器件。”

半导体是一种只在特殊情况下导电的物质，这一特性使得它成为用于控制电流很好的介质。它们被用于大量的电子产品中，包括计算机。 
New conductive ink for electronic apparel
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Electrodes, wires, and via holes can be printed by a single step printing process. The muscle activity sensor was produced by printing once on each side of the material's surface. Image: 2015 Someya Laboratory

Univ. of Tokyo researchers have developed a new ink that can be printed on textiles in a single step to form highly conductive and stretchable connections. This new functional ink will enable electronic apparel such as sportswear and underwear incorporating sensing devices for measuring a range of biological indicators such as heart rate and muscle contraction.

Current printed electronics, such as transistors, light-emitting diodes and solar panels, can be printed on plastic or paper substrates, but these substrates tend to be rigid or hard. The use of soft, stretchable material would enable a new generation of wearable devices that fit themselves to the human body. However, it has proved difficult to make an ink that is both highly conductive and elastic without a complicated multi-step printing process.

Now, Prof. Takao Someya's research group at the Univ. of Tokyo's Graduate School of Engineering has developed an elastic conducting ink that is easily printed on textiles and patterned in a single printing step. This ink is comprised of silver flakes, organic solvent, fluorine rubber and fluorine surfactant. The ink exhibited high conductivity even when it was stretched to more than three times its original length, which marks the highest value reported for stretchable conductors that can be extended to more than two and a half times their original length.

Using this new ink, the group created a wrist-band muscle activity sensor by printing an elastic conductor on a sportswear material and combining it with an organic transistor amplifier circuit. This sensor can measure muscle activity by detecting muscle electrical potentials over an area of 4x4 square centimeters with nine electrodes placed 2 cm apart in a 3x3 grid.

"Our team aims to develop comfortable wearable devices. This ink was developed as part of this endeavor," says Someya. "The biggest challenge was obtaining high conductivity and stretchability with a simple one-step printing process. We were able to achieve this by use of a surfactant that allowed the silver flakes to self-assemble at the surface of the printed pattern, ensuring high conductivity."

Source: Univ. of Tokyo
用于电子服装的新型导电油墨 
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电极、电线和通孔可以经由一个单一的印刷步骤实现。该肌肉活动传感器是由在材料的表面上印刷产生的。图像提供：2015染谷实验室

东京大学的研究者们已经开发出一种新的墨水，可以在纺织品上通过单步印染，形成高导电性和弹性连接。这种新的功能性墨水将使电子服装（如运动服和内衣）可以结合感测装置，测量一系列生物指标，如心脏率和肌肉收缩。

目前印刷出的电子产品，如晶体管、发光二极管和太阳能电池板，可以印在塑料或纸张上，但这些基材往往是刚性的或硬的。采用柔软、伸缩性材料将产生适应人体的新型可穿戴设备。然而，使用复杂的多步印刷过程制造高导电性和弹性的油墨，已被证明是极困难的。

现在，在东京大学工程学院的教授染矢高雄（Takao Someya）的研究小组已经开发出一种弹性导电油墨，可以轻松印制在纺织品上，并经一步式印刷绘制图案。这种油墨是由银片、有机溶剂、氟橡胶和氟表面活性剂组成的。油墨具有高电导率，甚至当它延伸到超过三倍的原始长度时，这标志着伸缩性导体，可以扩展到超过两个半倍的原始长度报道的最高值。 

使用这种新油墨，通过在运动装材料上印刷的弹性导体，并结合有机晶体管放大器电路，该集团创建了一个手腕带肌肉活动传感器。这种传感器可以通过探测4x4平方厘米的面积上的肌电位，来测量肌肉活动。该面积区域内有九个电极以2厘米的间隔放置在3 x3的网格内。

“我们的团队的目标是开发舒适的可穿戴设备。这种墨水是作为这一努力的一部分，”染矢高雄这样说，“最大的挑战是通过一个简单的单步印刷工艺，获取高导电性和拉伸性。利用表面活性剂使得银片可以在印刷图案的表面自我组装，我们实现了这一点，确保了高导电性。

来源：东京大学

Discovery paves way for new superconducting electronics
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The physicists used a helium ion beam to create an atomic scale Josephson junction (shown in the inset) in a crystal of Yttrium Barium Copper Oxide. Image: Shane Cybert, UC San Diego
Physicists at the Univ. of California, San Diego (UC San Diego) have developed a new way to control the transport of electrical currents through high-temperature superconductors—materials discovered nearly 30 years ago that lose all resistance to electricity at commercially attainable low temperatures.

Their achievement, detailed in two separate scientific publications, paves the way for the development of sophisticated electronic devices capable of allowing scientists or clinicians to non-invasively measure the tiny magnetic fields in the heart or brain, and improve satellite communications.

“We believe this new approach will have a significant and far-reaching impact in medicine, physics, materials science and satellite communications,” said Robert Dynes, a professor of physics and former Chancellor of UC San Diego. “It will enable the development of a new generation of superconducting electronics covering a wide spectrum, ranging from highly sensitive magnetometers for biomagnetic measurements of the human body to large-scale arrays for wideband satellite communications. In basic science, it is hoped it will contribute to the unravelling of the mysteries of unconventional superconductors and could play a major role in new technologies, such as quantum information science.”

The research team headed by Dynes and Cybart, summarized its achievements in Applied Physics Letters. Another paper outlining the initial discovery was published online in Nature Nanotechnology.

The developments breathe new life into the promise of electronics constructed from ceramic materials that become superconducting—that is, lose all resistance to electricity—at temperatures that can be easily achieved in the laboratory with liquid nitrogen, which boils at 77 K or 77 degrees above absolute zero.

Physicists first discovered high-temperature superconductivity in a copper-oxide materials in 1986, setting off an intense effort to develop new kinds of electronics and other devices with this new material.

“Scientists and engineers worked with fervor to develop these new exciting materials, but soon discovered that they were much more complicated and difficult to work with than imagined,” said Dynes. “These new materials demanded novel device architectures that proved very difficult to realize.”

The UC San Diego physicists found a way to control electrical transport through these materials by building a device within the superconducting material called a “Josephson junction,” analogous in function to the transistor in semiconductor electronics. It’s composed of two superconducting electrodes separated by about one nanometer or a billionth of a meter.

“Circuits built from Josephson junctions called Superconducting QUantum Interference Devices (SQUIDS), are used for detectors of extremely small magnetic fields, more than 10 billion times smaller than that of Earth,” said Dynes. “One major drawback to these earlier devices is the low temperatures required for their operation, typically just 4 degrees above absolute zero. This requires intricate and costly cooling systems.”

“Nearly three decades have passed since the discovery of the first high-temperature superconductor and progress in constructing electronic devices using these materials has been very slow because process control at the sub-10-nm scale is required to make high quality Josephson junctions out of these materials,” he explained.

The UC San Diego physicists teamed up with Carl Zeiss Microscopy in Peabody, Massachusetts, which has a facility capable of generating highly focused beams of helium ions, to experiment with an approach they believed might avoid previous problems.

“Using the Zeiss Orion’s finely focused helium beam, we irradiated and hence disordered a nanoscale region of the superconductor to create what is called a ‘quantum mechanical tunnel barrier’ and were able to write Josephson circuits directly into a thin film of the oxide superconductor,” said Shane Cybart, a physicist in Dynes’ laboratory who played a key role in the discoveries.. “Using this direct-write method we eliminated the lithographic processing and offered the promise of a straightforward pathway to quantum mechanical circuits operating at more practical temperatures.”

“The key to this method is that these oxide superconductors are very sensitive to the point defects in the crystal lattice caused by the ion beam. Increasing irradiation levels has the effect of increasing resistivity and reducing the superconducting transition temperature,” said Cybart. “At very high irradiation levels the superconductor becomes insulating and no longer conducts or superconducts. This allows us to use the small helium beam to write these tunnel junctions directly into the material.”

The Nature Nanotechnology paper describes the development of the basic Josephson junction, while the Applied Physics Letters paper describes the development of the magnetic field sensor built from two junctions.

The UC San Diego physicists, who filed a patent application to license their discovery, are now collaborating with medical researchers to apply their work to the development of devices that can non-invasively measure the tiny magnetic fields generated within the brain, in order to study brain disorders such as autism and epilepsy in children.

“In the communications field, we are developing wide bandwidth high data throughput satellite communications,” said Cybart. “In basic science, we are using this technology to study ceramic superconducting materials to help determine the physics governing their operation which could lead to improved materials working at even higher temperatures.”

Source: Univ. of California, San Diego
新型超导电子产品新发现   
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物理学家通过氦离子来创建一个钇氧化钡铜的晶体中的原子大小的约瑟夫逊结(见插图)。图片提供：加州大学圣地亚哥分校，Shane Cybert 

加州大学圣地亚哥分校的物理学家已经开发出一种新的方法，通过三十年前发现的高温超导体来控制电流传输，而这种超导体在达到商业低温时是零电阻的。 

他们的成就在两个独立的科学杂志中都有所详述，他们为发展复杂电子设备使得科学家或临床医生在心脏或大脑的微小磁域进行非入侵性的测量铺平了道路，并且加强了卫星通信。

“我们相信这一新方法会对医学、物理、物质科学和卫星通信领域造成重大深远的影响。”加州大学圣地亚哥分校的前校长、物理学教授罗伯特•达因说。“它将会使新一代的超导电子发展涵盖很广，从用于人体生物磁场测量的高度敏感的磁力计到大型阵列宽带卫星通信。在基础科学中，我们希望它能帮助解开非常规超导体的奥秘，并且能够在新技术中起到一个重要的作用，如量子信息科学。”

由达因和Cybart为首的研究小组的研究成就总结刊载于《应用物理学快报》（Applied Physics Letters）。另一篇论文概述了最初的发现，刊载于《自然纳米技术》杂志。

这些发展为陶瓷材料制成的超导电子带去了新的生命——这就是，零电阻——它能很容易在一些温度下用实验室中的液态氮制成，而它的沸点是77K或是高于绝对0度77度。

物理学家于1986年在氧化铜材料中首次发现高温超导体，并为开发新类型的电子产品和其他使用这种新物质的装置进行了不懈的努力。

“科学家和工程师们以极大的热情投入到了对这些新的令人兴奋的物质的开发中，但很快他们发现，真正去做的时候比想象中复杂困难多了。”丹尼说道。“这些新物质需要新的设备架构，结果证明是非常难实现的。”

加州大学圣地亚哥分校的物理学家找到了一种方法，能通过建立一个称为“约瑟夫森结” 的超导材料设备——一种功能类似半导体晶体管的电子产品来控制这些物质间的电流传输。它是由约一纳米或十亿分之一米分开的两个超导电极组成的。

“电路由称为超导量子干涉器件（SQUIDS）的约瑟夫森结建造而成，用于探测器极其微小——比地球小100多亿倍的磁场。”丹尼说。“这些早期设备的一个主要缺点是需要低温操作，严格说来，是比绝对零度高四度的温度。这需要高级昂贵的冷却系统。”

“高温超导体的首次发现到现在已经近三十年了，但构建电子设备所需使用的材料发展得非常缓慢，因为我们需要用这些材料做出高质量的约瑟夫森结，所以子10纳米尺度的过程控制是必需的。”他解释道。

加州大学圣地亚哥分校的物理学家与马萨诸塞州皮博迪的卡尔蔡司Microscopy一起试验他们觉得可以避免曾经出现的问题的方法，而皮博迪拥有一种能产生高度集中的光束氦离子的设备。

“使用Zeiss Orion的集中的氦离子束，我们照射并因此打乱超导体的纳米级区域，以此来创建所谓的“量子力学的隧道势垒”，并能将约瑟夫森电路直接运用到氧化物超导薄膜中。” 达因实验室的在发现中起到关键作用的物理学家谢恩Cybart说道，“我们运用这种直写方法照射光刻工艺，并且为量子力学电路在更实际的温度中运用提供了一个直接通道。”

“这种方法的关键就是，这些氧化物超导体对离子束引起的晶体晶格缺陷非常敏感。提高辐射水平具有提高电阻率和降低超导转变温度的作用。”Cybart说。“在非常高的辐射水平下，超导体就变成绝缘体，不再导体或超导了。这就使得我们能够用小氦束把这些隧道结直接写入材料。”

《自然纳米技术》（Nature Nanotechnology）刊文描述了基础的约瑟夫森结（Josephson junction）的发展，而《应用物理学快报》描述了由2个结建建造而成的磁场传感器的发展。”

加州大学圣地亚哥分校的申请了他们发现的专利的物理学家，正与医学人员合作，将他们的研究应用于可以非侵入方式测量大脑内产生的微小磁场的装置的发展，以此来研究大脑疾病，例如孤癖症和癲痫儿童。

“在通信领域，我们正在开发的宽带高速数据传输卫星通信。”Cybart说道。“在基础科学中，我们正用这一技术去研究陶瓷超导材料，以确定支配它们运作的物理学原理，从而研发出能应用于高温中的改良材料。” 

来源：加利弗尼亚大学圣地亚哥分校 
A simple yet clever way to boost chip speeds 
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Stanford researchers have demonstrated that sheathing semiconductor wires in graphene can help electrons scoot through tiny copper wires in chips more quickly. Image: nobeastsofierce/iStock
A typical computer chip includes millions of transistors connected with an extensive network of copper wires. Although chip wires are unimaginably short and thin compared with household wires, both have one thing in common: in each case the copper is wrapped within a protective sheath.

For years a material called tantalum nitride has formed a protective layer around chip wires.

Now Stanford Univ.-led experiments demonstrate that a different sheathing material, graphene, can help electrons scoot through tiny copper wires in chips more quickly.

Graphene is a single layer of carbon atoms arranged in a strong yet thin lattice. Stanford electrical engineer H.-S. Philip Wong says this modest fix, using graphene to wrap wires, could allow transistors to exchange data faster than is currently possible.  And the advantages of using graphene could become greater in the future as transistors continue to shrink.

 “Researchers have made tremendous advances on all of the other components in chips, but recently there hasn’t been much progress on improving the performance of the wires,” he said.

Wong, the Willard R. and Inez Kerr Bell Professor in the School of Engineering, led a team of six researchers, including two from the Univ. of Wisconsin-Madison, who will present their findings at the Symposia of VLSI Technology and Circuits in Kyoto, Japan.

Ling Li, a graduate student in electrical engineering at Stanford and first author of the research paper, explained why changing the exterior wrapper on connecting wires can have such a big impact on chip performance.

It begins with understanding the dual role of this protective layer: It isolates the copper from the silicon on the chip and also serves to conduct electricity.

On silicon chips, the transistors act like tiny gates to switch electrons on or off. That switching function is how transistors process data.

The copper wires between the transistors transport this data once it is processed.

The isolating material—currently tantalum nitride—keeps the copper from migrating into the silicon transistors and rendering them non-functional.

Why switch to graphene?

Two reasons, starting with the ceaseless desire to keep making electronic components smaller.

When the Stanford team used the thinnest possible layer of tantalum nitride needed to perform this isolating function, they found that the industry-standard was eight times thicker than the graphene layer that did the same work.

Graphene had a second advantage as a protective sheathing, and here it’s important to differentiate how this outer layer functions in chip wires compared with household wires.

In house wires, the outer layer insulates the copper to prevent electrocution or fires.

In a chip, the layer around the wires is a barrier to prevent copper atoms from infiltrating the silicon. Were that to happen, the transistors would cease to function. So the protective layer isolates the copper from the silicon

The Stanford experiment showed that graphene could perform this isolating role while also serving as an auxiliary conductor of electrons. Its lattice structure allows electrons to leap from carbon atom to carbon atom straight down the wire, while effectively containing the copper atoms within the copper wire.

These benefits—the thinness of the graphene layer and its dual role as isolator and auxiliary conductor—allow this new wire technology to carry more data between transistors, speeding overall chip performance in the process.

In today’s chips the benefits are modest; a graphene isolator would boost wire speeds from 4% to 17%, depending on the length of the wire.

But as transistors and wires continue to shrink in size, the benefits of the ultrathin yet conductive graphene isolator become greater. The Stanford engineers estimate that their technology could increase wire speeds by 30% in the next two generations

The Stanford researchers think the promise of faster computing will induce other researchers to get interested in wires, and help to overcome some of the hurdles needed to take this proof of principle into common practice.

Source: Stanford Univ.
提高芯片速度的一种简单而聪明的方法  
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斯坦福大学的研究人员已证明，用石墨烯包裹半导体线可以帮助电子更快地穿过芯片中的微小的铜导线。图片提供：nobeastsofierce/iStock

典型的计算机芯片包含数百万晶体管，它们与广泛的铜线网络连接在一起。虽然芯片导线相比家用电线难以想象地又短又薄，但是二者有一个共同点：在不同的情况下，铜丝都被包裹在保护套内。

多年来，一种被称为氮化钽的材料一直用作制作芯片导线的保护层。

目前，斯坦福大学主导的实验证明，石墨烯这种与众不同的护套材料可以帮助电子更快地穿过芯片中的微小铜导线。

石墨烯是以坚硬但稀薄的晶格排列的单层碳原子。斯坦福大学电气工程师H.-S. Philip Wong说，采用石墨烯包裹导线会使晶体管数据交换比现在更快。随着晶体管体积不断缩小，未来采用石墨烯的优势会更大。

“研究人员已在芯片中所有其他元件方面取得了巨大进步，但直到最近在提高导线性能方面没有什么进展。”他说。

斯坦福大学工程学院Willard R. and Inez Kerr Bell的教授Wong带领一个6名研究人员组成的团队，其中2人来自威斯康星大学，他将在日本京都举行的“超大规模集成电路技术研讨会”上公布他们的发现。

Ling Li是电子工程系研究生，也是本研究论文第一作者，她解释了为什么改变连接导线的外部包装材料会对芯片性能产生如此大的影响。

这就要从认识这种保护层的双重角色开始：它隔离铜与芯片上的硅同时也帮助导电。

对于硅芯片，晶体管就像可以切换电子的接通或断开的微小关口。这种转换功能解释了晶体管如何进行数据处理。

一旦数据处理后，晶体管之间的铜线就会进行数据传输。

这种绝缘材料（目前是氮化钽）可以防止铜迁移到硅晶体管中致使它们失去功能。

为何改用石墨烯？

有两个原因，首先是电子元件体积日趋变小的需求。

当斯坦福大学的团队采用尽可能最薄的氮化钽层来实现这种绝缘功能时，他们发现该行业标准比发挥同样作用的石墨烯层厚8倍。

其次，石墨烯作为一种保护套还有一个优势，此时区别与家用电线相比这种晶线外层如何发挥作用显得很重要。

在家用电线中，外层隔绝铜是为了防止触电或火灾。

对于芯片而言，电线周围的包裹层是一种屏障，它防止铜原子渗透到硅中。一旦发生这种情况，晶体管将停止工作。因此保护层隔绝了铜和硅。

斯坦福大学的实验表明，石墨烯可以发挥这种隔离作用，同时可以充当电子的辅助导体。其晶格结构允许电子直接沿着导线从一个碳原子飞跃到另一个碳原子，同时有效地将铜原子约束在铜导线中。

这些优点（石墨烯的纤薄及其作为绝缘体和辅助导体的双重作用）允许这种新型导线技术在晶体管之间传输更多的数据，在此过程中提高芯片整体性能。

在目前的芯片中，这一优势还不太明显；石墨烯隔离器可以将导线传输速度提高4%到17%，具体取决于导线长度。

但随着晶体管和导线的尺寸不断缩小，超薄且具有导电性的石墨烯隔离器的优势变得更明显。斯坦福大学的工程师预计，再过两代，他们的技术可能使导线传输速度提高30% 。

斯坦福大学的研究人员认为，快速计算的前景将使其他研究人员对导线的研究产生兴趣，并帮助克服一些必要的障碍来将这一理论证明应用于实践。

来源：斯坦福大学
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