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Tech News & New Tech（技术前沿）
Diamonds may be Key to Future NMRMRI Technologies
Researchers with the U.S. Department of Energy (DOE)'s Lawrence Berkeley National Laboratory (Berkeley Lab) and the University of California (UC) Berkeley have demonstrated that diamonds may hold the key to the future for nuclear magnetic resonance (NMR) and magnetic resonance imaging (MRI) technologies

In a study led by Alexander Pines, a senior faculty scientist with Berkeley Lab's Materials Sciences Division and UC Berkeley's Glenn T. Seaborg Professor of Chemistry, researchers recorded the first bulk room-temperature NMR hyperpolarization of carbon-13 nuclei in diamond in situ at arbitrary magnetic fields and crystal orientations. The signal of the hyperpolarized carbon-13 spins showed an enhancement of NMR/MRI signal sensitivity by many orders of magnitude above what is ordinarily possible with conventional NMR/MRI magnets at room temperature. Furthermore, this hyperpolarization was achieved with microwaves, rather than relying on precise magnetic fields for hyperpolarization transfer.

Pines is the corresponding author of a paper in Nature Communications describing this study. The paper is titled "Room-temperature in situ nuclear spin hyperpolarization from optically pumped nitrogen vacancy centers in diamond."

Jonathan King, a member of Pines' research group is the lead author. Other co-authors are Keunhong Jeong, Christophoros Vassiliou, Chang Shin, Ralph Page, Claudia Avalos and Hai-Jing Wang.

The authors report the observation of a bulk nuclear spin polarization of six-percent, which is an NMR signal enhancement of approximately 170,000 times over thermal equilibrium. The signal of the hyperpolarized spins was detected in situ with a standard NMR probe without the need for sample shuttling or precise crystal orientation. The authors believe this new hyperpolarization technique should enable orders of magnitude sensitivity enhancement for NMR studies of solids and liquids under ambient conditions.

"Our results in this study represent an NMR signal enhancement equivalent to that achieved in the pioneering experiments of Lucio Frydman and coworkers at the Weizmann Institute of Science, but using microwave-induced dynamic nuclear hyperpolarization in diamonds without the need for precise control over magnetic field and crystal alignment," Pines says. "Room-temperature hyperpolarized diamonds open the possibility of NMR/MRI polarization transfer to arbitrary samples from an inert, non-toxic and easily separated source, a long sought-after goal of contemporary NMR/MRI technologies."

The combination of chemical specificity and non-destructive nature has made NMR and MRI indispensable technologies for a broad range of fields, including chemistry, materials, biology and medicine. However, sensitivity issues have remained a persistent challenge. NMR/MRI signals are based on an intrinsic quantum property of electrons and atomic nuclei called "spin." Electrons and nuclei can act like tiny bar magnets with a spin that is assigned a directional state of either "up" or "down." NMR/MRI signals depend upon a majority of nuclear spins being polarized to point in one direction - the greater the polarization, the stronger the signal. Over several decades Pines and members of his research group have developed numerous ways to hyperpolarize the spins of atomic nuclei. Their focus over the past two years has been on diamond crystals and an impurity called a nitrogen-vacancy (NV) center, in which optical and spin degrees of freedom are coupled.

"An NV center is created when two adjacent carbon atoms in the lattice of a pure diamond crystal are removed from the lattice leaving two gaps, one of which is filled with a nitrogen atom, and one of which remains vacant," Pines explains. "This leaves unbound electrons in the center between the nitrogen atom and a vacancy that give rise to unique and well-defined electron spin polarization states."

In earlier studies, Pines and his group demonstrated that a low-strength magnetic field could be used to transfer NV center electron spin polarization to nearby carbon-13 nuclei, resulting in hyperpolarized nuclei. This spin transference process - called dynamic nuclear polarization - had been used before to enhance NMR signals, but always in the presence of high-strength magnetic fields and cryogenic temperatures. Pines and his group eliminated these requirements by placing a permanent magnet near the diamond.

"In our new study we're using microwaves to match the energy between electrons and carbon-13 nuclei rather than a magnetic field, which removes some difficult restrictions on the strength and alignment of the magnetic field and makes our technique more easy to use," says King. "Also, in our previous studies, we inferred the presence of nuclear polarization indirectly through optical measurements because we weren't able to test if the bulk sample was polarized or just the nuclei that were very close to the NV centers. By eliminating the need for even a weak magnetic field, we're now able to make direct measurements of the bulk sample with NMR."

In their Nature Communications paper, Pines, King and the other co-authors say that hyperpolarized diamonds, which can be efficiently integrated into existing fabrication techniques to create high surface area diamond devices, should provide a general platform for polarization transfer.

"We envision highly enhanced NMR of liquids and solids using existing polarization transfer techniques, such as cross-polarization in solids and cross-relaxation in liquids, or direct dynamic nuclear polarization to outside nuclei from NV centers," King says, noting that such transfer of polarization to solid surface and liquids had been previously demonstrated by the Pines group using laser polarized Xe-129. "Our hyperpolarization technique based on optically polarized NV centers is far more robust and efficient and should be applicable to arbitrary target molecules, including biological systems that must be maintained at near ambient conditions."
钻石可能是未来NMRMRI技术的关键
研究人员与美国能源署（DOE）的劳伦斯伯克利国家实验室（伯克利实验室）和加州大学（UC）伯克利分校一起证实，钻石可能对未来的核磁共振（NMR）和磁共振成像（MRI）技术发挥关键作用。

在资深教授科学家Alexander Pines领导的和伯克利实验室材料科学部和化学加州大学伯克利分校的格伦•西奥多•西博格教授一起的一项研究中，研究人员已经首次在钻石任意磁场和晶体取向的原位置记录碳13核的室温NMR超极化。超极化碳13自旋的信号显示了一个NMR / MRI信号灵敏度的增强，高于在室温下用上述常规NMR / MRI磁体能够产生的信号几个数量级。此外，这种超极化使用微波实现，而不是依赖于精确的磁场超极化转移。

Pines是这篇发布在《自然传播》（Nature Communications）上描述该项研究的通讯作者。本文的题目是“钻石中来自光泵氮空位中心的室温原位核自旋极化。”

Pines 研究团队的成员之一Jonathan King是第一作者。其他共同作者是Keunhong Jeong，Christophoros Vassiliou，Chang Shin，Ralph Page，Claudia Avalos和Hai-Jing Wang。

作者报告观察到一个百分之六的堆积核自旋极化，这是一个比热平衡增强约170,000倍以上的NMR信号。超极化自旋信号在原位置使用一个标准核磁共振探针检测到，而不需要进行样本穿梭或精确晶体取向。作者认为这种新的超极化技术应该能够满足灵敏度增强幅度，可以让NMR在室温条件下研究固体和液体。

“我们在本研究的结果表示一个核磁共振信号增强，等同于Lucio Frydman和其同事在魏茨曼科学研究的一个开拓性实验中所取得的信号，但使用钻石里的微波诱导动态核极化，而不需要精确控制磁场和结晶取向，”Pines说。“室温超极化钻石打开了NMR / MRI极化从惰性、无毒和容易分离资源中转移任意样品的可能性，当代NMR / MRI技术一个长期追求的目标”。

化学特异性和非破坏性特性的结合让NMR / MRI成为广泛的领域内不可缺少的技术，包括化学，材料，生物和医学。然而，敏感度问题仍然是一个持续的挑战。NMR / MRI信号基于电子和原子核称为固有量子属性的“自旋”。电子和原子核能像具有自旋的小磁铁块一样运动，它被分配了一个或者 “向上”或者“向下”的方向状态。NMR / MRI信号取决于多数核自旋，被极化指向一个方向 - 偏振越大，信号越强。几十年来Pines和他的研究小组的成员已经开发了许多方法来超极化原子核的自旋。他们在过去两年关注的焦点一直是金刚石晶体和被称为氮空位（NV）中心的杂质，其中光学和自旋自由度是耦合的。

“一个NV中心被创建，当纯金刚石晶体的晶格中两个相邻碳原子从晶格去除留下两个间隙时，其中一个填充有氮原子，和其中的一个仍然空置，” Pines解释说。“这使得氮原子的中间，以及产生特有的和明确的电子自旋极化状态的空位，留下未结合的电子。”

在早期的研究中，Pines和他的小组表明，低强度磁场可以用来转移NV中心电子自旋极化到碳13核附近，从而产生超极化核。此自旋转移过程 - 称为动态核极化 - 已经在提高核磁共振信号之前使用，但总是在高强度的磁场和低温条件下进行。Pines和他的研究小组通过在钻石附近放置一个永久磁铁来消除这些要求。

“在我们的新的研究中，我们使用的微波来匹配电子和碳13核之间的能量，而不是一个磁场，从而消除关于强度和磁场取向的一些困难限制，使我们的技术更容易使用，”King说。 “另外，在我们以往的研究中，我们间接的通过光学测量来推测核极化的存在，因为我们没办法测试，如果大块样品被极化或只是非常接近NV中心的核心。通过去除需求，即便是一个弱磁场，我们现在能够使用核磁共振来直接测量大块样品。”

在他们自然通讯的文章中，Pines,，King和其他共同作者说，超极化的钻石，它可以有效地集成到现有的制造技术中，来创造出更高比表面积的金刚石设备，应提供一个进行极化转移的通用平台。

“我们设想较高的增强液体和固体的NMR，通过使用现有的极化转移技术，诸如在固体中交叉极化和在液体中交叉弛豫，或从NV中心到核外直接动态核极化，” King说，并指出这种传送极化到固体表面和液体，已在先前被Pines的团队采用激光偏振氙-129展现出来。“我们基于光学偏振NV中心的超极化方法是更强大的和有效的，并应适用于任意目标分子，包括必须维持在接近自然环境条件下生物系统”。
New metamaterial manipulates sound to improve acoustic imaging
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The metamaterial, shown here, is made of paper and aluminum -- but its structure allows it to manipulate acoustic waves to more than double the resolution of acoustic imaging, focus acoustic waves, and control the angles at which sound passes through the metamaterial. Acoustic imaging tools are used in both medical diagnostics and in testing the structural integrity of everything from airplanes to bridges. CREDIT Chen Shen, North Carolina State University
The metamaterial, shown here, is made of paper and aluminum -- but its structure allows it to manipulate acoustic waves to more than double the resolution of acoustic imaging, focus acoustic waves, and control the angles at which sound passes through the metamaterial. Acoustic imaging tools are used in both medical diagnostics and in testing the structural integrity of everything from airplanes to bridges. CREDIT Chen Shen, North Carolina State UniversityResearchers from North Carolina State University and Duke University have developed a metamaterial made of paper and aluminum that can manipulate acoustic waves to more than double the resolution of acoustic imaging, focus acoustic waves, and control the angles at which sound passes through the metamaterial. Acoustic imaging tools are used in both medical diagnostics and in testing the structural integrity of everything from airplanes to bridges.

"This metamaterial is something that we've known is theoretically possible, but no one had actually made it before," says Yun Jing, an assistant professor of mechanical and aerospace engineering at NC State and corresponding author of a paper describing the work.
Metamaterials are simply materials that have been engineered to exhibit properties that are not found in nature. In this case, the structural design of the metamaterial gives it qualities that make it a "hyperbolic" metamaterial. This means that it interacts with acoustic waves in two different ways. From one direction, the metamaterial exhibits a positive density and interacts with acoustic waves normally - just like air. But from a perpendicular direction, the metamaterial exhibits a negative density in terms of how it interacts with sound. This effectively makes acoustic waves bend at angles that are the exact opposite of what basic physics would tell you to expect.

The practical effect of this is that the metamaterial has some very useful applications.

For one thing, the metamaterial can be used to improve acoustic imaging. Traditionally, acoustic imaging could not achieve image resolution that was smaller than half of a sound's wavelength. For example, an acoustic wave of 100 kilohertz (kHz), traveling through air, has a wavelength of 3.4 millimeters (mm) - so it couldn't achieve image resolution smaller than 1.7 mm.

"But our metamaterial improves on that," says Chen Shen, a Ph.D. student at NC State and lead author of the paper. "By placing the metamaterial between the imaging device and the object being imaged, we were able to more than double the resolution of the acoustic imaging - from one-half the sound's wavelength to greater than one-fifth."

The metamaterial can also focus acoustic waves, which makes it a flexible tool.

"Medical personnel and structural engineers sometimes need to focus sound for imaging or therapeutic purposes," Jing says. "Our metamaterial can do that, or it can be used to improve resolution. There are few tools out there that can do both."

Lastly, the metamaterial gives researchers more control over the angle at which acoustic waves can pass through it.

"For example, the metamaterial could be designed to block sound from most angles, leaving only a small opening for sound to pass through, which might be useful for microphones," Shen says. "Or you could leave it wide open - it's extremely flexible."

Right now, the prototype metamaterial is approximately 30 centimeters square, and is effective for sounds between 1 and 2.5 kHz.

"Our next steps are to make the structure much smaller, and to make it operate at higher frequencies," Jing says.
新的超材料操纵声音来改善声学成像
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北卡罗莱纳州立大学和杜克大学的研究人员已经开发出一种由纸和铝制成的超材料，其能够操纵声波产生一倍以上的声学成像分辨率，聚集于声波，并且控制声音通过该超材料的角度。声学成像工具应用于医疗诊断以及测试一切事物的结构完整性，从飞机到桥梁。图片来源：北卡罗莱纳州立大学Chen Shen
“这种超材料是我们所了解的在理论上可实现的物质，但是之前并没有人真正地制造出它来，”北卡罗莱纳州机械和航空航天工程的副教授兼描述该工作的论文的相应作者京军（音）表示。

在这里展示的超材料是由纸和铝制成的——但是它的结构能够令它操纵声波产生一倍以上的声学成像分辨率，聚集于声波，并且控制声音通过该超材料的角度。声学成像工具应用于医疗诊断以及测试一切事物的结构完整性，从飞机到桥梁。

超材料只是经过设计而表现出自然界没有发现的性能的材料。在这种情况下，该超材料的结构设计令其具有成为一种“双曲线”超材料的特性。这意味着，它以两种不同的方式与声波产生相互作用。从一个方向上看，该超材料呈现出一个正密度，并且通常会与声波发生相互作用——就像空气。但是，从垂直方向上看，该超材料根据其与声音发生相互作用的方式呈现出一个负密度。这实际上令声波沿着与基本物理学告诉我们所预期的完全相反的角度弯曲。

这样做的实际效果是，该超材料具有一些非常有用的应用。

一方面，超材料能够用来改善声学成像。传统上，声学成像无法实现比声音波长小一半的图像分辨率。例如，100千赫兹（kHz）的声波，通过空气传播，具有3.4毫米（mm）的波长——因此它无法实现比1.7mm更低的图像分辨率。

 “但是，我们的超材料改善这种情况，”北卡罗莱纳州的一位博士生兼该论文的主要作用申沉表示。“通过将该超材料放置在成像设备和成像物体之间，我们能够产生超过两倍的声学成像分辨率——从声音波长的二分之一增加至大于五分之一。”

超材料还可以聚焦声波，这令其成为一种灵活工具。

“医务人员和结构工程师有时出于成像或治疗目的需要聚集声音，”京表示。“我们的超材料可以做到这一点，或者它可以被用来提高分辨率。还存在一些工具能够完成这两项任务。”

最后，超材料令研究人员能够更有效地控制声波通过它的角度。

“例如，超材料可以通过设计在多个角度上阻挡声音，只留下一个小口供声音通过，这可能对麦克风有用，”申表示。“或者您可以令其敞开——这是非常灵活的。”

目前，原型超材料大约有30平方厘米，并且对1至2.5kHz的声音有效。

“我们的下一个步骤是令该结构更小，并且使其在更高的频率下操作，”京表示。

Metal Alloy（金属合金）
Could metal particles be the clean fuel of the future
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Can you imagine a future where your car is fueled by iron powder instead of gasoline?
Metal powders, produced using clean primary energy sources, could provide a more viable long-term replacement for fossil fuels than other widely discussed alternatives, such as hydrogen, biofuels or batteries, according to a study in the Dec. 15 issue of the journal Applied Energy.
“Technologies to generate clean electricity – primarily solar and wind power – are being developed rapidly; but we can’t use that electricity for many of the things that oil and gas are used for today, such as transportation and global energy trade,” notes McGill University professor Jeffrey Bergthorson, lead author of the new study.
“Biofuels can be part of the solution, but won’t be able to satisfy all the demand; hydrogen requires big, heavy fuel tanks and is explosive, and batteries are too bulky and don’t store enough energy for many applications,” says Bergthorson, a mechanical engineering professor and Associate Director of the Trottier Institute for Sustainability in Engineering and Design at McGill.  “Using metal powders as recyclable fuels that store clean primary energy for later use is a very promising alternative solution.”
Novel concept
The Applied Energy paper, co-authored by Bergthorson with five other McGill researchers and a European Space Agency scientist in the Netherlands, lays out a novel concept for using tiny metal particles – similar in size to fine flour or icing sugar – to power external-combustion engines.
Unlike the internal-combustion engines used in gasoline-powered cars, external-combustion engines use heat from an outside source to drive an engine. External-combustion engines, modern versions of the coal-fired steam locomotives that drove the industrial era, are widely used to generate power from nuclear, coal or biomass fuels in power stations.
The idea of burning metal powders is nothing new – they’ve been used for centuries in fireworks, for instance. Since the mid-20th century, they’ve also been used in rocket propellants, such as the space shuttle’s solid-fuel booster rockets. But relatively little research has been done in recent decades on the properties of metal flames, and the potential for metal powders to be used as a recyclable fuel in a wide range of applications has been largely overlooked by scientists.
Recyclable after combustion
The idea put forward by the McGill team takes advantage of an important property of metal powders: when burned, they react with air to form stable, nontoxic solid-oxide products that can be collected relatively easily for recycling – unlike the CO2 emissions from burning fossil fuels that escape into the atmosphere.
Using a custom-built burner, the McGill researchers demonstrated that a flame can be stabilized in a flow of tiny metal particles suspended in air. Flames from metal powders “appear quite similar” to those produced by burning hydrocarbon fuels, the researchers write. “The energy and power densities of the proposed metal-fueled heat engines are predicted to be close to current fossil-fueled internal combustion engines, making them an attractive technology for a future low-carbon society.”
Iron could be the primary candidate for this purpose, according to the study. Millions of tons of iron powders are already produced annually for the metallurgy, chemical and electronic industries. And iron is readily recyclable with well-established technologies, and some novel techniques can avoid the carbon dioxide emissions associated with traditional iron production using coal.
Next step: building a prototype
While laboratory work at McGill and elsewhere has shown that the use of metal fuels with heat engines is technically feasible, no one has yet demonstrated the idea in practice.  The next step toward turning the lab findings into usable technology, therefore, will be “to build a prototype burner and couple it to a heat engine,” Bergthorson says. “Developing metal recycling processes that don’t involve CO2 emissions is also critical.”
Co-author David Jarvis, head of strategic and emerging technologies at the European Space Agency, adds: "We are very interested in this technology because it opens the door to new propulsion systems that can be used in space and on earth. The shift away from fossil fuels for vehicle propulsion is a clear trend for the future. While not perfected and commercialized today, the use of low-cost metallic fuels, like iron powder, is a worthy alternative to petrol and diesel fuels. If we can demonstrate, for the first time, an iron-fueled engine with almost zero CO2 emissions, we believe this would then trigger even more innovation and cost reduction in the near future."
未来金属粒子可以成为清洁燃料吗
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你能想象未来你的车加的燃料是铁粉而不是汽油吗?

据Applied Energy期刊12月15日发布的一项研究表明，用清洁的初级能源生产的金属粉末，可以代替一些其他热议的能源替代品成为更加可行的化石燃料的长期替代品，比如像氢气、生物燃料或电池这一类热议的替代品。

“生产清洁电能的技术——主要是太阳能和风能——发展迅速；但是很多使用石油和天然气的地方我们还不能使用电能，比如说运输业和全球能源贸易。” 这项新研究的首席作者即麦吉尔大学教授Jeffrey Bergthorson指出。

“生物燃料或许可以解决一部分问题，但满足不了所有的需求；氢能需要又大又重的燃料罐还存在爆炸风险，蓄电池不仅太笨重而且它储存的能量在很多应用上都不够用，” 机械工程教授兼麦吉尔大学Trottier研究所工程设计可持续性项目副主任Bergthorson说。“所以使用金属粉末作为可回收的燃料，以储存清洁的一次能源方式供以后使用是一个非常有前途的替代解决方案。”

新想法

刊登于Applied Energy期刊上的这篇论文是由Bergthorson和麦吉尔大学其他五位研究人员以及一位荷兰欧洲太空总署的科学家一起发表的，文中提出了使用类似于面粉和糖霜那样微小的金属颗粒来给外燃机提供燃料的新想法。

不同于汽油发电车中的内燃机，外燃机是通过从外部原料获得的热量来驱动发动机的。外燃机是推动工业时代的烧煤蒸汽机车的现代版本，它广泛用于发电站从核能、煤或生物质燃料发电过程中。

燃烧的金属粉末的想法并不新鲜——例如，它们已经被用于烟火应用几个世纪了。自20世纪中期以来，它们也被用于火箭推进剂，如航天飞机的固体燃料助推器。但近几十年来关于金属火焰特性的研究相对较少，以及金属粉末作为可回收的燃料并广泛用于各种应用上的潜能很大程度上被科学家们忽视了。

燃烧后仍可回收

麦吉尔大学团队提出的想法抓住了金属粉末的一点重要属性：燃烧时，它们与空气反应形成稳定且无毒的固态氧化物产品，便于相对轻松地收集并回收——这也与燃烧化石燃料产生二氧化碳并排放到大气中不同。

麦吉尔大学的研究人员表明，若使用一个定制的燃烧器，火焰可以稳定在一个悬浮在空气的微小金属颗粒流中。文章中写道，金属粉末的火焰与碳氢燃料产生的火焰“相当类似”。“提出的以金属为燃料的热机的能量和功率密度预计接近目前的化石燃料型内燃机，这点也标志着它们是构建未来低碳社会的一项有吸引力的技术。”

根据这项研究表明铁将是这一想法的主要候选方。每年冶金、化工和电子行业都生产数百万吨的铁粉。并且就现在的技术而言，铁已经很容易就可回收使用了，而且在传统的煤生产钢铁过程中，一些新技术就可以避免二氧化碳的排放。

下一步：构建样品

虽然麦吉尔大学以及其他地方的实验室工作已经表明热机使用金属燃料技术可行，但是实践中还没有能够证明了这个想法的。所以将实验室研究结果转化为可用的技术接下来的一步就是Bergthorson所说的：“构建一个燃烧器样品并组装到热机上，”他还说：“同时发展金属回收过程中避免二氧化碳的排放也很重要。”

合著者欧洲航天局的战略和新兴技术主管David Jarvis补充说：“我们对这项技术非常感兴趣，因为它使得可以用于空间和地球的新推进装置成为了可能。结束车辆推进力中化石燃料的使用是未来明显的趋势。虽然现在技术还不完善也没有实现商业化，但是像铁粉一样的低成本金属燃料是汽油和柴油燃料有价值的替代品。如果我们能够首次证明以铁为燃料的引擎二氧化碳排放量几乎为零的话，我们相信这将在不久的将来激发出更多的创新和降低成本。”
Technique could set new course for extracting uranium from seawater 
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Using high-energy X-rays, researchers discovered uranium is bound by adsorbent fibers in an unanticipated fashion. Source: OKNL
An ultra-high-resolution technique used for the first time to study polymer fibers that trap uranium in seawater may cause researchers to rethink the best methods to harvest this potential fuel for nuclear reactors.

The work of a team led by Carter Abney, a Wigner Fellow at the Department of Energy’s Oak Ridge National Laboratory, shows that the polymeric adsorbent materials that bind uranium behave nothing like scientists had believed. The results, gained through collaboration with the University of Chicago and detailed in a paper published in Energy & Environmental Science, highlight data made possible with X-ray Absorption Fine Structure spectroscopy performed at the Advanced Photon Source. The APS is a DOE Office of Science User Facility at Argonne National Laboratory.

“Despite the low concentration of uranium and the presence of many other metals extracted from seawater, we were able to investigate the local atomic environment around uranium and better understand how it is bound by the polymer fibers,” Abney said.

Surprisingly, the spectrum for the seawater-contacted polymer fibers was distinctly different from what was expected based on small molecule and computational investigations. Researchers concluded that for this system the approach of studying small molecule structures and assuming that they accurately represent what happens in a bulk material simply doesn’t work.

It is necessary to consider large-scale behavior to obtain the complete picture, highlighting the need for developing greater computational capabilities, according to Abney.

“This challenges the long-held assumption regarding the validity of using simple molecular-scale approaches to determine how these complex adsorbents bind metals,” Abney said. “Rather than interacting with just one amidoxime, we determined multiple amidoximes would have to cooperate to bind each uranium molecule and that a second metal that isn’t uranium also participates in forming this binding site.”

An amidoxime is the chemical group attached to the polymer fiber responsible for binding uranium.

Abney and colleagues plan to use this knowledge to design adsorbents that can harness the vast reserves of uranium dissolved in seawater. The payoff promises to be significant.

“Nuclear power production is anticipated to increase with a growing global population, but estimates predict only 100 years of uranium reserves in terrestrial ores,” Abney said. “There is approximately 1,000 times that amount dissolved in the ocean, which would meet global demands for the foreseeable future.”

Source: Oak Ridge National Laboratory
从海水中提取铀的新技术
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使用高能量的X射线，研究人员发现铀以一个意料之外的方式被吸附纤维所束缚。资料来源：OKNL

首次使用一种超高分辨率技术来研究聚合物纤维，它可以捕集海水中的铀，会引起研究人员重新考虑最佳方法来收获这个核反应堆的潜在燃料。

这个团队的工作，由能源部橡树岭国家实验室的维格纳研究员Carter Abney领导，表明，树脂吸附材料束缚铀的方式一点也不像科学家所认为那样。这一结果，通过与芝加哥大学的合作获得，并详细发表在能源与环境科学的论文上，彰显数据成为可能用在先进光子源进行X射线吸收精细结构谱。 APS是一个位于阿贡国家实验室的美国能源部科学办公室用户设施。

“尽管从海水中提取的铀的浓度低，并伴有许多其他金属的存在，我们能够研究围绕着铀的局部原子环境，并能更好地了解它是如何被聚合物纤维吸附的，” Abney说。

令人惊讶的，海水接触聚合物纤维的光谱与基于小分子和计算机调查所预测的内容明显不同。研究人员得出结论，研究小分子结构办法的该体系，以及假定它们准确地代表在大块材料会发生的事情根本不起作用。

为了获得完成的信息，必须考虑大范围的行为，强调开发更大计算能力的需要，根据Abney的说法。

“这种挑战就使用简单的分子水平的方法来确定如何将这些复杂的吸附剂结合金属有效性的长期持有的假设，” Abney说。“不是只有一个氨肟相互作用，我们确定了多个偕胺肟将不得不合作来结合每一个铀分子，同时不是铀的其他金属也会参与进来，形成这个结合位点。”

偕胺肟是附着在聚合物纤维上负责固定铀的化学基团。

Abney和同事们计划利用这些知识来设计吸附剂，这样就可以利用溶解在海水中的储量巨大的铀。回报确定是巨大的。

“核电产量预计伴随着不断增长的全球人口而增长，但估计预测陆地矿石中仅有100年的铀储量，” Abney说。 “有大约1000倍溶解在海洋中，这将是在可预见的未来满足全球需求的量。”

资料来源：美国橡树岭国家实验室
Composite Materials（复合材料）
Hybrid material presents potential for 4-D-printed adaptive devices
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In order to create a material that is both strong and malleable and displays different behavior when exposed to more than one stimulus, researchers embedded light-responsive fibers, which are coated with spirobenzopyran (SP) chromophores, into a temperature-sensitive gel. This new material displays distinctly different behavior in the presence of light and heat. (Credit: Univ. of Pittsburgh)
Combining photo-responsive fibers with thermo-responsive gels, researchers at the Univ. of Pittsburgh's Swanson School of Engineering and Clemson Univ. have modeled a new hybrid material that could reconfigure itself multiple times into different shapes when exposed to light and heat, allowing for the creation of devices that not only adapt to their environment, but also display distinctly different behavior in the presence of different stimuli.
Computational modeling developed by Anna C. Balazs, Distinguished Professor of Chemical and Petroleum Engineering at Pitt, and Olga Kuksenok, Associate Professor of Materials Science and Engineering at Clemson, predicted these composites would be both highly reconfigurable and mechanically strong, signaling a potential for biomimetic four-dimensional printing. Their research, "Stimuli-responsive behavior of composites integrating thermo-responsive gels with photoresponsive fibers," was recently published in the journal Materials Horizons, published by the Royal Society of Chemistry (DOI: 10.1039/C5MH00212E).
"In 4D printing, time is the fourth dimension that characterizes the structure of the material; namely, these materials can change shape even after they have been printed. The ability of a material to morph into a new shape alleviates the need to build a new part for every new application, and hence, can lead to significant cost savings," Dr. Balazs explained. "The challenge that researchers have faced is creating a material that is both strong and malleable and displays different behavior when exposed to more than one stimulus."
Drs Balazs and Kuksenok resolved this issue by embedding light-responsive fibers, which are coated with spirobenzopyran (SP) chromophores, into a temperature-sensitive gel. This new material displays distinctly different behavior in the presence of light and heat.
"If we anchor a sample of the composite to a surface, it will bend in one direction when exposed to light, and in the other direction when exposed to heat," Dr. Kuksenok said. "When the sample is detached, it shrinks like an accordion when heated and curls like a caterpillar when illuminated. This programmable behavior allows a single object to display different shapes and hence functions, depending on how it is exposed to light or heat."
The researchers note that by localizing the SP functionality specifically on the fibers, the composites can encompass "hidden" patterns that are only uncovered in the presence of light, allowing the material to be tailored in ways that would not be possible by simply heating the sample. This biomimetic, stimuli-responsive motion could allow for joints that bend and unbend with light and become an essential component for new adaptive devices, such as flexible robots.
"Robots are wonderful tools, but when you need something to examine a delicate structure, such as inside the human body, you want a "squishy" robot rather than the typical devices we think of with interlocking gears and sharp edges," Dr. Balazs said. "This composite material could pave the way for soft, reconfigurable devices that display programmed functions when exposed to different environmental cues."
As Dr. Balazs points out, "the real significant of the work is that we designed a single composite that yields access to a range of dynamic responses and structures. On a conceptual level, our results provide guidelines for combining different types of stimuli-responsive components to create adaptive materials that can be controllably and repeatedly actuated to display new dynamic behavior and large-scale motion."
Future research with this discovery will focus on tailoring the arrangements of the partially-embedded fibers to create hand-like structures that could serve as a type of gripper.
Source: Univ. of Pittsburgh
混合材料具有用于4-D印刷辅助器材的潜力
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为了创建一个既坚固又具有延展性并且在暴露于一个以上的刺激物时会显示出不同的行为的材料，研究人员将涂覆了spirobenzopyran（SP）发色团的光响应性纤维嵌入温度敏感型凝胶。这种新的材料在光和热的条件下表现出明显不同的行为。（图片提供：美国匹兹堡大学）

通过将光响应纤维与热敏感型凝胶相结合，匹兹堡大学斯旺森工程学院及克莱姆森大学的研究人员已经建模了一种新的混合材料，其能够在暴露于光和热的情况下多次对自身形状进行重塑，从而不仅能够令适应于环境的设备得到创建，而且会令呈现在不同刺激的情况下表现出明显不同行为的设备得到创建。

由匹兹堡大学化学与石油工程系的特聘教授安娜C?巴拉兹及克莱姆森大学材料科学与工程的副教授奥尔加?库克萨诺克开发的计算机模型预示着这些复合材料同时具有较高的可重构性以及较强的机械性能，显示出可用于仿生四维打印的潜能。他们的研究，“将热敏感凝胶与光敏纤维集成在一起的复合材料所具有的刺激响应行为，”最近由皇家化学学会发表于《材料地平线》杂志。

“在4D印刷中，时间是表征材料结构的第四个维度；即，这些材料能够在打印之后改变形状。材料演变成一种新的形状的能力减轻了为每个新的应用建立一种新的部件的需求，并且因此可能会产生显著的成本节约，”鲍拉博士解释称。“研究人员所面临的挑战是创建一种即坚固又具有延展性，同时在暴露于一个以上的刺激时会显示出不同的行为的材料。”

巴拉兹和库克萨诺克通过向温度敏感型凝胶嵌入涂覆有spirobenzopyran（SP）发色团的光敏感纤维解决了这个问题。这种新材料在光和热存在的情况下显示出明显不同的行为。

“如果我们在一个表面上固定该复合材料的一个样本，它会在暴露于光下时沿一个方向弯曲，并且会在遇热的情况下向其他方向弯曲，”库克萨诺克博士表示。“当样品被分离时，它会在遇热的情况下像手风琴一样收缩，并且会在遇光的情况下像毛毛虫一样的卷曲。此可编程的行为令一个单一的对象能够显示出不同的形状，从而显示出不同的功能，这取决于它是如何暴露于光或热下的”。

研究人员指出，通过在纤维上特别定位SP的功能，该复合材料能够具有只有在遇光的情况下会暴露的“隐藏”模式，从而令材料能够以通过简单的加热该样品而不会发生任何变化的方式来得到定制。这种仿生刺激响应活动可能会令连接点遇光时弯曲和伸直，并且成为新的自适应装置的一个必要成分，例如灵活的机器人。

“机器人是一种极好的工具，并且当你需要什么设备来观察一个微妙的结构时，例如人体内部，你会想要一个‘湿软的’机器人，而不是我们所认为的具有联锁齿轮和锐边的典型设备，”巴拉兹博士表示。“这种复合材料能够为柔软的、可重塑的并且在暴露于不同环境会表现出个人设定功能的设备铺平道路。”

正如鲍拉博士指出的，“这项工作的实际意义在于，我们设计了一个产生具有一系列动态响应和结构的复合材料。在概念层面上，我们的研究结果为结合不同类型的刺激响应组件来创建能够具有可控性并且反复启动以显示出新的动态行为和大规模运动的自适应材料提供指导方针。”

通过这项发现，未来的研究将专注于定制部分嵌入纤维的布局以创建能够作为一种夹具的手状结构。

资料来源：匹兹堡大学
Nanoscale one-way street for light 
[image: image9.jpg]



If light is able to propagate from left to right, the opposite direction is usually allowed as well. A beam of light can normally be sent back to its point of origin, just by reflecting it on a mirror. Researchers at TU Wien have developed a new device for breaking this rule. Just like in an electrical diode, which allows current to pass only in one direction, this glass fiber-based device transmits light only in one direction. The one-way-rule holds even if the pulse of light that passes through the fiber consists of only a few photons. Such a one-way-street for light can now be used for optical chips and may thus become important for optical signal processing.
Optical Signal Processing Instead of Electronics
Elements which allow light to pass in only one direction are called “optical isolators”. “In principle, such components have been around for a long time”, says Arno Rauschenbeutel, from the Vienna Center for Quantum Science and Technology at the Atominstitut at TU Wien. “Most optical isolators, however, are based on the Faraday effect: A strong magnetic field is applied to a transparent material between two crossed polarization filters. The direction of the magnetic field then determines the direction in which light is allowed to pass.”
For technical reasons, devices using the Faraday effect cannot be constructed at the nanoscale – an unfortunate fact, because this would have many interesting applications. “Today, researchers seek to build optical integrated circuits, similar to their electronic counterparts”, says Rauschenbeutel. Other methods for breaking this symmetry only work at very high intensities. But in nanotechnology, an ultimate goal is to work with extremely faint light signals, which may even consist of individual photons.
Glass Fibers and Atoms
Arno Rauschenbeutel’s team chose a completely different approach: Alkali atoms were coupled to the light field of an ultrathin glass fiber. In a glass fiber, the light can propagate forwards or backwards. There is, however, another property of light which has to be taken into account: the direction of oscillation of the light wave, also called the polarization.
The interaction of light and the glass fiber modifies the oscillation state of the light. “The polarization rotates, much like a helicopter’s rotor”, says Arno Rauschenbeutel. The sense of rotation depends on whether the light travels forwards or backwards. In one case, the light wave oscillates clockwise and in the other, counterclockwise. The direction of propagation and the state of oscillation of the light wave are locked to each other. 
If the alkali atoms are prepared in the right quantum state and coupled to the light in the ultrathin glass fiber, it is possible to make them react differently to the two senses of light rotation. “The light in the forward direction is not affected by the atoms. However, light which travels backwards and consequently rotates the other way around, couples to the alkali atoms and is scattered out of the glass fibre”, says Arno Rauschenbeutel.
The Atomic State as a Quantum Switch
This effect has been demonstrated in two different ways at TU Wien: In the first approach, about 30 atoms were placed along the glass fibre. Upon sending in light, a high transmission of almost 80% was measured for one propagation direction while it was ten times less in the other direction. In the second approach, only a single rubidium atom was used. In this case, the light was temporarily stored in an optical microresonator, so that it could interact with the atom for a relatively long time. This way, similar control over the transmission could be achieved. 
“When we only use one single atom, we have a much more subtle control over the process”, says Rauschenbeutel. “One can prepare the atom in a quantum superposition of the two possible states, so that it blocks the light and lets it pass at the same time.” According to classical physics, this would be impossible, but quantum physics allows such combinations. This would open the door to new, exciting possibilities for optical processing of quantum information.
光的纳米单行道
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如果光能够从左向右传播，那么相反的方向通常也是可以的。只要通过用镜子反射光，一束光通常可以被送回到它发射的原点。维也纳技术大学的研究人员已经开发了一种打破此规则的新设备。就像在只允许电流往一个方向通过的电子二极管中一样，这种玻璃纤维的设备只往一个方向传播光。即使穿过该纤维的光脉冲只包含几个光子，这种单向规则依然存在。这种光的单向通道现在可以被用于光学芯片，因此对于光信号处理而言，可能会变得非常重要。

光信号处理而非电子

仅允许光从一个方向通过的元件被称为“光隔离器”。“原则上来讲，这样的组件已经存在很长一段时间了，”维也纳技术大学Atominstitut 维也纳量子科学与技术中心的Arno Rauschenbeutel说，“然而，大多数光隔离器都是基于法拉第效应：将强磁场施加到在两个交叉的偏振滤光器之间的透明材料上。然后磁场的方向就决定了光在其中被允许通过的方向。”

由于技术原因，运用法拉第效应的设备不能在纳米规格上构造——一个不幸的事实，因为这将有许多有趣的应用。“如今，研究者们都寻求建立类似集成电路一样的集成光路，”Rauschenbeutel说。打破这种对称性的其他方法只能在非常高强度的情况下起作用。但在纳米技术中，最终的目标是在光信号及其微弱（甚至可能只包含单个光子）的情况下工作。

玻璃纤维和原子

Arno Rauschenbeutel的团队选择了一个完全不同的方法：将碱原子耦合到超薄玻璃纤维的光场。在玻璃纤维中，光可以向前或者向后传播。但是，还要考虑光的另一个属性：光波振荡的方向，也被成为极化。

光与玻璃纤维的相互作用改变了光的振荡状态。“极化旋转，就像直升机的旋翼。”Arno Rauschenbeutel说。旋转的方向取决于光是向前传播还是向后传播。在一种情况下，光波顺时针振荡，而另一种情况，则是逆时针。光的传播方向以及光的振荡状态就被彼此锁定了。

如果在合适的量子状态中准备好碱原子，并在超薄的玻璃纤维中将其与光耦合，那么就有可能让它们做出与这两种光旋转不同的反应。“向前传播的光不会受到原子的影响。然而，向后移动并因此向另一个方向旋转的光则会与碱原子耦合，并被散射出玻璃纤维。”Arno Rauschenbeutel说。

原子状态作为量子交换机

维也纳技术大学已经用两种不同的方式证明了这种效应：在第一种方法中，沿着玻璃纤维放置了约30个原子。被放到光中的时候，在一个传播方向可以测到将近80%的高传播量，而另一个方向测得的量则小了10倍。在第二种方法中，只使用了一个单一的铷原子。在这种情况下，光被暂时地存储到一个光学微谐振器中，以便其能与原子有相对较长时间的接触。通过这种方式，也可以实现类似的对于传输的控制。

“当我们只使用一个原子的时候，我们对于传输过程有一个更微妙的控制，”Rauschenbeutel说，“我们可以在这两种状态的量子叠加时准备原子，这样它阻挡了光，但同时又让光通过。”根据经典物理学理论，这是不可能的。但是量子物理学却允许这种组合。这将打开一扇大门，这扇门通往量子信息光学处理的新的、令人兴奋的可能性。
Study reveals essential ingredients for nanowire growth
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As semiconductor nanowires emerge as indispensable building blocks for next-generation electronic, energy conversion, and photonic devices (i.e. solar panels, lasers), better understanding how to direct nanowire growth is vital, according to Georgia Tech researchers.
Many orders of magnitude smaller than household wires, nanowires can be made from a variety of semiconducting materials including germanium and silicon.
For years, the synthesis of nanowires has been somewhat mysterious, requiring scientists to experiment with reactor settings, modulating temperature and pressure, to see what would work best – a slow, arduous process of trial and error. “It’s been like cooking something in the oven without ever being able to look in until it’s done hours later,” explains Michael Filler, associate professor at Georgia Tech’s School of Chemical & Biomolecular Engineering.
However, a team working in the Filler Laboratory has gained unprecedented insight into the nanowire growth process through the use of real-time infrared spectroscopy. They found that surface species, specifically hydrogen atoms and methyl groups, decorate the nanowire’s surface and are essential for the stable growth of nanowires made from germanium.
According to the study’s findings, without the presence of hydrogen and methyl adsorbing (or adhering) to the nanowire sidewalls, the liquid droplet that sits atop the nanowire could slip, causing growth to cease. “These surface species, hydrogen and methyl molecules, act like a layer of Rain-X, keeping the droplet in place,” Filler explains.
“Our work shows that without these surface adsorbates, growth doesn’t happen. No one knew that before,” says Filler, whose research team published its findings in a recent issue of the Journal of the American Chemical Society. “For as long as scientists have been using this growth method – more than five decades – we didn’t know that anything was present on the wire surface.”
Now that the scientific community is aware of this key aspect of nanowire synthesis, researchers will be able to better design processes and precursors to choreograph nanowire growth, Filler says. As obstacles to the production of nanowires are overcome, they can be manufactured on a greater sale and incorporated into commercial products.
“The fundamental chemical knowledge provided in our study promises to advance the rational synthetic design of nanowire structure and function,” Filler says.
Titled “Direct Observation of Transient Surface Species during Ge Nanowire Growth and Their Influence on Growth Stability,” the study was led by Saujan V. Siveram (PhD 2015) who collaborated with Filler, Naechul Shin (PhD 2013), and Li-Wei Chou, a former postdoctoral researcher at Georgia Tech.
Filler says their experiments provide insight into, and propose possible solutions for, long-standing challenges in selecting materials that catalyze the nanowire growth process; the delivery of impurities (e.g. phosphorous, boron) that influence electrical conduction; and the formation of heterostructures on or within nanowires, enabling better and possibly new combinations of materials.
The Filler Laboratory at Georgia Tech specializes in the synthesis, understanding, and deployment of nanoscale materials to enable new electronic, photonic, and energy technologies.

研究揭露纳米线生长所需的基本材料
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作为下一代电子、能源转换和光子设备(如太阳能电池板,激光)行业中不可或缺的基石半导体纳米线。乔治亚理工学院的研究人员表明更好的理解如何管理纳米线生长是至关重要的。

对于许多数量级小于家用电线的订单来说，纳米线可以制成多种半导体材料包括锗和硅。

多年来, 纳米线的合成已经变得有点神秘了，要求科学家在反应堆设置中做实验，调节温度和压力去看哪种方法是最好的，而这是一个缓慢而艰苦的试验及错误的过程。乔治亚理工学院的化学与生物分子工程副教授迈克尔?费勒解释道：“这就好比是在烤箱中烹饪东西时，直到它完成数小时后，你才去看一下”。

然而，在费勒实验室里工作的团队在纳米线生长过程中通过使用实时红外光谱获得了前所未有的洞察力。他们发现一些表面物种，特别是氢原子、甲基装饰着纳米线的表面，并且对锗制成的纳米线的稳定生长来说至关重要。

根据研究结果发现是不存在有氢和甲烷汲取(或粘附在)纳米线的胎侧的情况，坐落在纳米线的液体滴可以滑动从而导致停止生长。费勒解释道：“这些表面物种，氢气和甲烷分子，像一层雨中宝那样保持滴的状态”。

费勒的研究小组调查结果发表在最近一期的《美国化学学会》杂志上，他说：“我们的工作表明如果没有这些表面吸附物，就不会再生长。之前都没有人知道这个关系方法。因为只要科学家已经使用这种生长方法—超过50年——我们就会对出现在导线表面上的东西没有任何的概念。”

现在科学界已经意识到这种纳米线合成的关键方面，研究人员将能够更好的设计流程和先导去精心设计纳米线的生长。费勒说：“因为纳米线的生产的障碍是可以克服的，所以他们可以在更大的销售中生产并且纳入到商业产品中。

费勒说：“在我们的研究中提供的基本化学知识承诺会推进关于纳米线结构和功能理性合理的设计”。

题为“通用电气纳米线增长过程中瞬态表面物种的直接观察法及其增长生长的影响”的这项研究是由和费勒共同研究的萨迦?V?斯维尔(2015年博士)，纳茨?史妮(博士2013年)，以及前乔治亚理工大学博士后研究员李伟周。

费勒说他们的实验提供了洞察力，并为在选择催化纳米线生长过程及影响电导的交付的杂质材料(如磷、硼)一系列长期挑战而提出可能的解决方案；或在纳米线异质结构的形成中，使其更好且可能产生新的组合材料。

乔治亚理工大学的费勒实验室专门从事合成、理解,和部署纳米材料，用来启用新的电子、光子及能源技术。
Practical Application（实际应用）
Graphene proves a perfect fit for wearable devices

Cheap, flexible, wireless graphene communication devices such as mobile phones and healthcare monitors can be directly printed into clothing and even skin, University of Manchester academics have demonstrated.
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In a breakthrough paper in Scientific Reports, the researchers show how graphene could be crucial to wearable electronic applications because it is highly-conductive and ultra-flexible.

The research could pave the way for smart, battery-free healthcare and fitness monitoring, phones, internet-ready devices and chargers to be incorporated into clothing and ‘smart skin’ applications – printed graphene sensors integrated with other 2D materials stuck onto a patient’s skin to monitor temperature, strain and moisture levels.

Examples of communication devices include:

In a hospital, a patient wears a printed graphene RFID tag on his or her arm. The tag, integrated with other 2D materials, can sense the patient’s body temperature and heartbeat and sends them back to the reader. The medical staff can monitor the patient’s conditions wirelessly, greatly simplifying the patient’s care.

In a care home, battery-free printed graphene sensors can be printed on elderly peoples' clothes. These sensors could detect and collect elderly people’s health conditions and send them back to the monitoring access points when they are interrogated, enabling remote healthcare and improving quality of life.

Existing materials used in wearable devices are either too expensive, such as silver nanoparticles, or not adequately conductive to have an effect, such as conductive polymers.

Graphene, the world’s thinnest, strongest and most conductive material, is perfect for the wearables market because of its broad range of superlative qualities. Graphene conductive ink can be cheaply mass produced and printed onto various materials, including clothing and paper.

The researchers, led by Dr Zhirun Hu, printed graphene to construct transmission lines and antennas and experimented with these in communication devices, such as mobile and Wifi connectivity.

Using a mannequin, they attached graphene-enabled antennas on each arm. The devices were able to ‘talk’ to each other, effectively creating an on-body communications system.

The results proved that graphene enabled components have the required quality and functionality for wireless wearable devices.

Dr Hu, from the School of Electrical and Electronic Engineering, said: “This is a significant step forward – we can expect to see a truly all graphene enabled wireless wearable communications system in the near future.

“The potential applications for this research are huge – whether it be for health monitoring, mobile communications or applications attached to skin for monitoring or messaging.

“This work demonstrates that this revolutionary scientific material is bringing a real change into our daily lives.”

Source: University of Manchester
石墨烯非常适用于可穿戴设备
曼彻斯特大学学者证明了像移动电话和医疗显示器之类的廉价、灵活的无线电石墨烯通讯设备可以被直接打印到衣服上，甚至皮肤上。
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科学报告的一篇突破性论文中，研究人员展示了石墨烯对穿戴的电子应用表现出的至关重要的作用——因为它的高导电性和超灵活性。

这项研究为智能化且免蓄电池的医疗和保健监控装置、电话、联网设备和充电器的面世做了铺垫，而这些装置都可以被纳入到服装和“智能皮肤”应用中——将石墨烯传感器和其他的二维材料一起打印到病人皮肤上来监控温度、压力和湿度的变化。

通讯设备的例子包括：

医院，病人手臂上戴着打印的石墨烯无线射频识别标签。该标签中混有其他的二维材料，它可以感应病人的体温和心跳并将信息发送给查看者。这样医务人员就可以无线下监控病人的状况，这也极大地简化了病人的护理。

疗养院，可以将免蓄电池的石墨烯传感器打印到老人们的衣服上。当查看老年人健康状况时，这些传感器能检测并收集老年人的健康状况并将信息发送到监控接入点，实现远程医疗护理还能改善生活质量。

目前用于穿戴设备的材料要么是过于昂贵，比如银纳米粒子，要么就是导电性不够好不足以产生反应，比如导电聚合物。

石墨烯是世界上最薄的且导电性最强的材料，非常适合穿戴设备市场，因为它拥有大量的超优性能。石墨烯导电墨水可以在廉价基础上大规模生产并打印到各种材料上，包括服装和纸。

胡智睿博士带领的研究小组将打印石墨烯构建称输电线路和天线并且将尝试着这些材料应用到通讯设备中，比如移动电话和无线网络连接。

他们将石墨烯激活的天线粘附到人体模型的每个手臂上。这些设备之间能够互相“交流”，有效地建立了一个身体上的通信系统。

结果证明石墨烯激活的组件拥有无线可穿戴设备所需的质量和功能。

电气和电子工程学院的胡博士说：“这是向前迈出的重要一步——我们可以期待在不久的将来看到一个真正的石墨烯激活的无线可穿戴通信系统的时代。”

“这项研究潜在的应用能力是巨大的——无论是对保健监控、移动通信来说，还是对附在皮肤上的监测或是信息传送应用程序来说。”

“这项研究表明了这种革命性的科学材料正在给我们的生活带来改变。”

来源：曼彻斯特大学
Modest levels of nanoparticle may harm brain cells
Even moderate concentrations of a nanoparticle used to whiten certain foods, milk and toothpaste could potentially compromise the brain’s most numerous cells, according to a new study from the University of Nebraska-Lincoln.
The researchers examined how three types of titanium dioxide nanoparticles, the world’s second-most abundant nanomaterial, affected the functioning of astrocyte cells. Astrocytes help regulate the exchange of signal-carrying neurotransmitters in the brain while also supplying energy to the neurons that process those signals, among many other functions.
The team exposed rat-derived astrocyte cells to nanoparticle concentrations well below the extreme levels that have been shown to kill brain cells but are rarely encountered by humans. At the study’s highest concentration of 100 parts per million, or PPM, two of the nanoparticle types still killed nearly two-thirds of the astrocytes within a day. That mortality rate fell to between half and one-third of cells at 50 PPM, settling to about one-quarter at 25 PPM.
Yet the researchers found evidence that even surviving cells are severely impaired by exposure to titanium dioxide nanoparticles. Astrocytes normally take in and process a neurotransmitter called glutamate that plays wide-ranging roles in cognition, memory and learning, along with the formation, migration and maintenance of other cells.
When allowed to accumulate outside cells, however, glutamate becomes a potent toxin that kills neurons and may increase the risk of neurodegenerative diseases such as Alzheimer’s and Parkinson’s. The study reported that one of the nanoparticle types reduced the astrocytes’ uptake of glutamate by 31 percent at concentrations of just 25 PPM. Another type decreased that uptake by 45 percent at 50 PPM.
The team further discovered that the nanoparticles upset the intricate balance of protein dynamics occurring within astrocytes’ mitochondria, the cellular organelles that help regulate energy production and contribute to signaling among cells. Titanium dioxide exposure also led to other signs of mitochondrial distress, breaking apart a significant proportion of the mitochondrial network at 100 PPM.
“These events are oftentimes predecessors of cell death,” said Oleh Khalimonchuk, a UNL assistant professor of biochemistry who co-authored the study. “Usually, people are looking at those ultimate consequences, but what happens before matters just as much. Those little damages add up over time. Ultimately, they’re going to cause a major problem.”
Khalimonchuk and fellow author Srivatsan Kidambi, assistant professor of chemical and biomolecular engineering, cautioned that more research is needed to determine whether titanium dioxide nanoparticles can avoid digestion and cross the blood-brain barrier that blocks the passage of many substances.
However, the researchers cited previous studies that have discovered these nanoparticles in the brain tissue of animals with similar blood-brain barriers. The concentrations of nanoparticles found in those specimens served as a reference point for the levels examined in the new study.
“There’s evidence building up now that some of these particles can actually cross the (blood-brain) barrier,” Khalimonchuk said. “Few molecules seem to be able to do so, but it turns out that there are certain sites in the brain where you can get this exposure.”
Kidambi said the team hopes the study will help facilitate further research on the presence of nanoparticles in consumer and industrial products.
“We’re hoping that this study will get some discussion going, because these nanoparticles have not been regulated,” said Kidambi, who also holds a courtesy appointment with the University of Nebraska Medical Center. “If you think about anything white – milk, chewing gum, toothpaste, powdered sugar – all these have nanoparticles in them.
“We’ve found that some nanoparticles are safe and some are not, so we are not saying that all of them are bad. Our reasoning is that … we need to have a classification of ‘safe’ versus ‘not safe,’ along with concentration thresholds (for each type). It’s about figuring out how the different forms affect the biology of cells.”
The study was featured on the Nov. 28 cover of Nanoscale, a journal published by the Royal Society of Chemistry. It was co-authored by Christina Wilson, Vaishaali Natarajan and Stephen Hayward, UNL doctoral students in chemical and biomolecular engineering.
纳米颗粒达到一定程度可能会损害脑细胞
内布拉斯加林肯大学一项新研究显示，即使中等浓度的用于美白某些食物,牛奶和牙膏的纳米颗粒可能会潜在性地危害大脑中最多的细胞。

研究人员检测了三种类型的二氧化钛纳米粒子（这个世界上第二丰富的纳米材料）如何去影响星形胶质细胞。星形胶质细胞有着可以帮助调节大脑神经递质传递信息互换，同时还能为处理这些信号的神经元提供能量以及其他功能。

该团队把大鼠衍生的星形胶质细胞细胞暴露在远低于极端的水平纳米颗粒浓度, 这个浓度已经被证明可以杀死脑细胞，但人类很少遭遇过。在研究的最高浓度达到万分之一,或百万分之一时，两种纳米粒子类型在一天之内还杀死了近三分之二的星形胶质细胞。当浓度调至百万分之50时，死亡率降到1/2至1/3的细胞之间，在百万分之25的浓度时约四分之一。

然而,研究人员发现证据表明即使是暴露在二氧化钛纳米颗粒幸存的细胞也严重受损。星形胶质细胞正常情况下吸收并产生一个叫做谷氨酸的神经递质,该递质有着广泛的作用，比如角色认知、记忆和学习,形式组成,以及其他细胞的迁移和维护。

然而,当积累了许多外细胞，谷氨酸则成为了致命的毒素，它会杀死神经元以及可能增加患上神经退行性疾病如阿尔茨海默氏症和帕金森氏症的风险。研究报导，一种纳米颗粒类型在仅为帮万分之25的浓度中减少了31%的星形胶质细胞摄取谷氨酸。另一种类型在百万分之50的浓度中减少了45%的摄取。

该团队进一步发现纳米粒子打破了发生在内星形胶质细胞的线粒体以及一些帮助调节能源生产和促进细胞之间的信号的细胞器中的蛋白质动力学错综复杂的平衡性。二氧化钛的暴露也导致其他线粒体崩溃的迹象，使得在万分之一的浓度中分裂了很大一部分的线粒体网络。

内布拉斯加林肯大学的合著了这次研究的生物化学助理教授奥列格?卡利蒙帢说：“这些事件通常是细胞前辈的死亡。通常,人们都在看那些最终的后果,但是在后果之前之前发生的事情是一样重要的。这些小损失随着时间的推移叠加。最终,他们会演变成一个大问题。”

卡利蒙帢教授和此次研究的合著者化学和生物分子工程学助理教授斯瑞威特森?可达比警告称还需要更多的研究才能来确定二氧化钛纳米颗粒是否可以避免消化然后穿过阻碍了许多物质的血脑屏障。

然而，研究人员也提到先前的研究已经发现了这些纳米粒子具有类似动物的脑组织血脑障碍。这些标本中的纳米颗粒的浓度为新研究的水平检查作为了一项参考点。

卡利蒙帢说：“现在有充分的证据说明这些粒子可以穿过血脑屏障，似乎几乎没有分子微粒能够这样做,但事实证明,在大脑中是有一些特定的区域可以做到的。”

可达比说该团队希望这项研究将有助于促进进一步对纳米粒子在消费品和工业产品的存在的研究。

可达比和内布拉斯加州大学医学中心还有一个预约会议，他说：“我们希望这项研究能有一些进展性的讨论，因为这些纳米粒子还没有被赋予规则，只要你想到的任何白色的东西，比如牛奶、口香糖、牙膏、糖粉，所有的这些都含有纳米颗粒。

“我们发现有些纳米粒子是安全的，有些不是安全的，所以我们并不是说所有的纳米粒子都是有害的。我们的认知是我们需要一个关于随着浓度阈值变化的(每个类型)的“安全”和“不安全”的分类，这就可以找出不同的形式如何影响细胞的生物学。”

这项研究刊登在11月28日纳米尺度（一本皇家化学学会出版杂志）的的封面上。整个研究由克里斯蒂娜?威尔逊，外沙阿里·纳塔拉吉以及内布拉斯加州大学的化学和生物分子工程学博士生斯蒂芬·海沃德等人合著。
The artificial materials that came in from the cold
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SEM images of xz cross-sections perpendicular to the cold finger show that in conventional freeze-casting (A&D), nucleation produces a disordered layer of ceramic particles. Under bidirectional freeze-casting (C&F), with dual temperature gradients, ice crystals grow both vertically and horizontally into a well-aligned lamellar structure. Image courtesy of Berkeley Lab 

It has often been said that nature is history's greatest innovator and if that is true then scientists with the U.S. Department of Energy (DOE)'s Lawrence Berkeley National Laboratory (Berkeley Lab) are learning from the best. Berkeley Lab researchers have developed a freeze-casting technique that enables them to design and create strong, tough and lightweight materials comparable to bones, teeth, shells and wood.

"Our bidirectional freeze-casting technique could provide an effective way of manufacturing novel structural materials, in particular advanced materials such as composites, where a high level of control over the structure is required," says Robert Ritchie, an internationally recognized authority on the mechanical behavior of materials with Berkeley Lab's Materials Sciences Division who led this study along with Antoni Tomsia, who is also with Berkeley Lab's Materials Sciences Division. "We were inspired by the sophisticated hierarchical architectures ranging from the nano/microscopic to macroscopic scales in certain natural materials that result in outstanding properties despite being porous and made from weak constituents."

Using their bidirectional freezing technique, the Berkeley researchers were able to successfully induce ceramic particles to assemble into scaffolds with centimeter-scale aligned, porous lamellar (alternating layered) structures, similar to that of nacre (mother-of-pearl). This ordered hierarchical structure was achieved by covering a laboratory "cold finger" with a polydimethylsiloxane wedge that featured different slopes. The result was controlled nucleation and growth of ice crystals during the freezing process under dual temperature gradients.

Ritchie, who holds the H. T. and Jessie Chua Distinguished Professor of Engineering chair at the University of California (UC) Berkeley, is one of two corresponding authors of a paper inScienceAdvances that describes this study in detail. The paper is titled "Bioinspired large-scale aligned porous materials assembled with dual temperature gradients." Hao Bai, also with Berkeley Lab's Materials Sciences Division, is both the lead and the other corresponding author. Additional authors are Yuan Chen and Benjamin Delattre.

Nature, despite working from a limited selection of components and at ambient temperature, has over the past few billion years learned to craft a wide range of incredibly diverse materials with astonishingly elegant and complex architectures. These materials are often strong, tough and lightweight - properties that tend to be mutually exclusive.

"The incredible ability of nature to combine the desirable properties of components into a material that performs significantly better than the sum of its parts has served as a source of inspiration for every materials designer," Ritchie says. "Porous ceramic structures, in particular, are desirable for a wide range of applications, such as supports for catalysis, scaffolds for tissue engineering, foams and fuel cell electrodes, filters for water purification, just to name a few."

Humans have attempted to emulate nature's approach to material fabrications through a variety of techniques that have so far proven to be time-consuming, size-limiting and costly. Some of these techniques can also be detrimental to the environment and fail to provide sufficiently precise control over the final structure. Freeze-casting, a technique in which a laboratory cold finger is used to create lamellar ice crystals that serve as a template for making biomimetic scaffolds or composites, can overcome many of these limitations. However, conventional freeze-casting has had one serious limitation of its own that severely hinders the scale-up fabrication of layered structures aimed for larger applications.

"In conventional freeze-casting, the slurry starts freezing under a single temperature gradient, causing the nucleation of ice to occur randomly on the cold finger surface," Bai says. "As a result, multiple submillimeter scale domains are created in which are formed various ice crystal orientations in the plane perpendicular to the freezing direction."

To overcome this limitation, Ritchie, Bai and their colleagues used polydimethylsiloxane (PDMS) wedges with different slopes to isolate the cold finger from the slurry. On cooling, the bottom end of the wedge has a lower temperature than the top end. By proper adjustment of the cooling rate, two temperature gradients - vertical and horizontal - are generated at the same time. Under these conditions, the slurry starts freezing in a gradient manner from the bottom to the top of the wedge with ice crystals nucleating only at the bottom end of the wedge, and growing preferentially in two directions: vertically away from the cold finger and horizontally along the PDMS wedge. The result, after sublimating and sintering, is a centimeter-scale monodomain lamellar structure.

The Berkeley researchers successfully tested their bidirectional freezing technique on particles of hydroxyapatite, a naturally occurring mineral of calcium and the main component of tooth enamel and bone mineral, as a proof of concept, but they say it should be applicable to many other materials system, including ceramic particles or platelets.

"Apart from the slope angle and the cooling rate, many other parameters, such as solid loading or various additive compounds, are currently being investigated in our laboratory for their effect on bidirectional freezing technique," Bai says.

Ritchie cautions though that even under the most favorable of circumstances, it can take decades for the applications of new structural materials to be fully realized.

"Our motivation in developing our bidirectional freeze-casting technique has been to make lightweight structural materials, with potential applications in transportation and power generation industries," he says. "However, the most likely applications in the shorter term for the materials that can be made with this technique will be in medical implants, such as bone/orthopedic implants. Our materials are stiff, strong and tough and can closely match the mechanical properties of bone while specifically preventing the stress-shielding that can cause bone to atrophy."
来自冷凝管的人工材料
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冷凝管的xz向垂直横截面SEM图像显示，在常规冷冻浇铸（A＆D）中，成核现象产生了陶瓷颗粒的无序层。在双向冷冻浇铸（C＆F）中，具有双温度梯度，冰晶在垂直和水平方向上的生长成一个孔对齐的层状结构。图片由伯克利实验室提供。

人们常常说，自然是历史上最伟大的创新者，如果这是真的，那么美国能源署（DOE）劳伦斯伯克利国家实验室（伯克利实验室）的科学家是最好的学习者。伯克利实验室的研究人员已经开发出了冷冻铸造技术，使他们能够设计和创建媲美骨骼、牙齿、贝壳和木材的，结实、坚韧和轻质材料。

“我们的双向冷冻铸造技术可以为制造新型结构材料提供一种有效方式，尤其是先进的材料，如复合材料，它需要高级别的控制结构，”罗伯特?里奇说，他是伯克利实验室材料科学部关于材料机械行为的国际公认权威人士，他与Antoni Tomsia共同领导这项研究，Antoni Tomsia也是伯克利实验室材料科学部的研究人员。 “我们被复杂的层次结构，某些天然材料从纳米/微观到宏观尺度，带来优异的性能，尽管是多孔的，由弱成分制成，所启发。”

利用他们的双向凝固技术，伯克利分校研究人员能够成功地诱使陶瓷颗粒组装成支架，以厘米级排列，多孔板层（交替分层）结构，类似于珍珠层（珍珠母的）。这种有序的层次结构是通过利用不同特征斜率的聚二甲基硅氧烷楔形来覆盖实验室“冷凝管”来实现的。在双重温度梯度下，在冷冻过程中，成核和冰晶的生长结果被控制。

里奇，加利福尼亚州（加州）大学伯克利分校的H. T.和Jessie Chua工程学特聘教授，是这篇发表在ScienceAdvances，详细描述这项研究的文章的两个相应的作者之一。文章的题目是“双温度梯度下组装的大型仿生多孔材料。”伯克利实验室材料科学部的Hao Bai，是领导和其它的通讯作者。其他作者是Yuan Chen和Benjamin Delattre。

自然，尽管在有限的可选择组件以及室温下工作，已经在过去数十亿年学会制作一个广泛的令人难以置信的多样化材料，它们具有惊人的优雅和复杂的架构。这些材料往往是强大的，坚固轻巧的 - 这往往是相互排斥的特性。

“自然将组件的理想特性组合成性能比其各部分的总和要好的材料的令人难以置信的能力，已成为激励每一个设计师的材料来源，”里奇说。 “尤其是多孔陶瓷结构，在广泛的应用范围被期望，例如用于催化载体，组织工程支架，泡沫和燃料电池用电极，水过滤器，仅举几例。”

人类已经试图仿效自然的方法来制造材料，通过各种技术，到目前为止已被证明是费时的、有尺寸限制和昂贵的。其中的一些技术也可能是对环境有害的，并不能对最终结构提供足够精确控制。冷冻铸造，一项技术，其中一个实验室冷凝管用于创建充当用于制造仿生支架或复合物的模板层状冰晶，可以克服许多这样的限制。然而，常规的冷冻浇铸有其自己的一个严重的限制，这严重阻碍了旨在实现较大应用的层状结构更大尺寸的制造。

“在传统的冷冻铸造中，泥浆下一个温度梯度下开始冻结，造成冰核随机出现的冷凝管表面上，” Bai说。 “其结果是，多个亚毫米尺度域被创造，在其中形成垂直于凝固方向的平面各种冰晶体取向”。

为了克服这种局限性，Ritchie、Bai和他们的同事使用具有不同坡度的聚二甲基硅氧烷（PDMS）楔子来隔离冷凝管和泥浆。在冷却过程中，楔形的底端具有比顶端较低的温度。通过冷却速率的适当调整，两个温度梯度 - 垂直和水平 - 在同一时间产生。在这些条件下，浆料开始以梯度方式从楔的底部到顶部生长，同时冰晶只在楔的底端成核，并在两个方向上优先生长：远离冷凝管的垂直方向和沿着PDMS楔形的水平方向。结果，升华和烧结后，是一个厘米尺度的单畴层状结构。

伯克利研究者成功地利用羟基磷灰石颗粒测试他们的双向冷冻技术，它是钙的天然存在矿物和牙釉质以及骨矿物的主要成分，作为概念证明，但他们说这应该适用于许多其他材料系统，包括陶瓷颗粒或血小板。

“除了倾斜角和冷却速度，许多其他的参数，如固体装载或各种添加剂的化合物，目前正在我们的实验室研究它们在双向冷冻技术的效果，” Bai表示。

里奇警告，即使在最有利的情况下，可能需要几十年，才能让新型结构材料的应用得到充分发挥。

“我们开发我们双向冷冻铸造技术的动机是实现轻质结构材料，在交通，发电等行业的应用潜力，”他说。“不过，短期内最有可能的应用，是可以使用这种技术制造医疗植入物的材料，如骨/整形外科植入物。我们的材料是坚硬、强韧的和可紧密地匹配骨骼的机械性能，该性能是专门提供压力庇护，它可引起骨萎缩。”
Organic & Polymer（有机高分子材料）
Heat radiates 10,000 times faster at the nanoscale
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The view inside the Ultra High Vacuum Scanning Thermal Microscope, which was used to measure temperature fluxes at the nanoscale. Image credit: Joseph Xu
When heat travels between two objects that aren't touching, it flows differently at the smallest scales -- distances on the order of the diameter of DNA, or 1/50,000 of a human hair.
While researchers have been aware of this for decades, they haven't understood the process. Heat flow often needs to be prevented or harnessed and the lack of an accurate way to predict it represents a bottleneck in nanotechnology development.
Now, in a unique ultra-low vibration lab at the University of Michigan, engineers have measured how heat radiates from one surface to another in a vacuum at distances down to 2 nanometers.
While the thermal energy still flows from the warmer place to the colder one, the researchers found it does so 10,000 times faster than it would at the scale of, say, a bonfire and a pair of chilly hands. "Faster" here refers to the speed at which the temperature of one sample changes the temperature of the other -- and not the speed at which the heat itself travels. Heat is a form of electromagnetic radiation, so it moves at the speed of light. What's different at the nanoscale is the efficiency of the process.
"We've shown, for the first time, the dramatic enhancements of radiative heat fluxes in the extreme near-field," said Pramod Reddy, associate professor of mechanical engineering and materials science and engineering. "Our experiments and calculations imply that heat flows several orders of magnitude faster in these ultra small gaps."
Reddy and Edgar Meyhofer, a professor of mechanical engineering and biomedical engineering, led the work. A paper on the findings is newly published online in Nature.
The findings have applications across nanotechnology. They could advance next-generation information storage such as heat-assisted magnetic recording. They could push forward devices that more directly convert heat into electricity, including heat generated in cars and spacecrafts that is now being wasted. Those are just a few potential uses.
The phenomenon the researchers studied is "radiative heat"-- the electromagnetic radiation, or light, that all matter above absolute zero emits. It is the emission of the internal energy of matter from movement of particles in matter -- movement that only happens above absolute zero.
Scientists can explain how this happens at macroscopic distances, dimensions we can readily perceive in the world around us, down to some we can't see. More than 100 years ago, the German physicist Max Planck wrote the equations that make this possible. His model accurately describes heat transfer across large to relatively small voids, reaching to 10 micrometers at room temperature. But when the gap gets so tight it's almost not there, the equations break down.
In the middle of the last century, the Russian radio physicist Sergei Rytov proposed a new theory called "fluctuational electrodynamics" to describe heat transfer at smaller-than-10-micrometer distances. Since then, research hasn't always resulted in supporting evidence.
"There were experiments in the 1990s or early 2000s that tried to test these ideas further and they found large discrepancies between what theory would predict and what experiments revealed," said Meyhofer.
Because of the sophistication of the U-M lab, the researchers say their findings close the case, and Rytov was right.
"Our work, performed in collaboration with colleagues Juan Carlos Cuevas and Francisco García-Vidal at the Universidad Autónoma de Madrid, resolves an important controversy and represents a key contribution to the field of heat transfer," said Reddy. "These results disprove current dogma in nanoscale heat transfer, which holds that radiative heat transfer in single digit nanometer-sized gaps cannot be explained by existing theory."
The facility the researchers used is an ultra-low vibration chamber in the G. G. Brown Laboratories, the university's newly renovated mechanical engineering complex. The chamber--one of several--was custom designed for performing nanoscale experiments so precise that mere footsteps could disturb them if they were done somewhere else. The rooms can withstand vibration from outside, such as traffic, and inside, such as heating and cooling systems. They also limit acoustic noise, temperature and humidity variations, as well as radio frequency and magnetic interference.
"Our facility represents the true state of the art," said Meyhofer. "When creating nanoscale gaps such as those required for our nanoscale heat radiation experiments, the slightest perturbation can ruin an experiment."
In the chamber, the researchers used custom-built "scanning thermal microscopy probes" that allowed them to directly study how fast heat flows between two surfaces of silica, silicon nitride and gold. The researchers chose these materials because they're commonly used in nanotechnology.
For each material, they designated one sample that would be heated to 305 Fahrenheit, and they coated the tip of the probe with the same material, but kept it at a cooler 98 degrees. They slowly moved the sample and the probe together, beginning at 50 nanometers until they were touching, and they measured the temperature of the tip at regular intervals.
The cause of the rapid heat transfer, the researchers discovered, is that in nanoscale gaps there can be an overlap of the two sides' surface and evanescent waves, both of which carry heat.
"These waves reach only a small distance into the gap between materials," said Bai Song, a graduate student in mechanical engineering and one of the lead authors. "And their intensity at the extreme near-field is enormous compared to the electromagnetic waves at larger distances. When these waves from two different devices overlap, that's when they allow tremendous heat flux."
热辐射在纳米级下将加快1万倍
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这幅场景是在超高真空热量扫描显微镜下得到的，这种显微镜是用来测量温度在纳米级下的流动。图像由约瑟夫·许提供。

当热量在两个不接触的物体之间传递时，在最小的尺度中流动的情况也是不同的，其中的距离类似于DNA的直径，或者人类头发的5万分之一。

尽管研究者已经知道这个原理几十年了，他们也并不理解其中的过程。热量的流动通常是需要被避免或者被抑制的，而对其进行精确预测方式的缺乏却代表着了纳米技术发展的瓶颈。

现在在密歇根大学的一种独特的超低振动实验室中，工程师们已经测量出在拟真空条件下，热辐射是如何在低于2毫微米的情况下从一面传递到另一面。

尽管热能仍是从温度较高的地方流向温度较低的地方，但研究者发现此时它的流动速度仍然比在某些比例下要快1万倍，例如一簇篝火和冰冷的双手。“更快”在这里指的是一个样本改变另一个样本时的温度，而不是热量本身的传递速度。热量是一种电磁辐射，所以它和光的移动速度是一样的。不同点在于在纳米级下对这种进度有效性的影响。

“我们第一次知道，在极端的近场条件下，辐射热通量会极大的增强。我们的实验和运算暗示着热量在在数量级下的极小的缝隙中流动的更快。”作为机械工程、材料科学和工程副教授的普拉莫德?瑞迪如是说。

瑞迪和身为机械工程和生物医学工程教授的埃德加?梅伊霍佛共同领导了这项工作。有关他们发现的论文最近在《自然》上在线发行。

这些发现已经被运用在纳米技术上。他们能够加快下一代信息储存技术发展，比如热辅助磁记录。他们也可以推进更为直接地促进热能转化为电能的设备的开发，包括汽车所产生的热量以及现在仍在被浪费的航天器。这些都是一些潜在的应用。

研究者们所研究的这一现象被称为“热辐射”—即电磁辐射，或者光，它们只有在绝对零度以上才能发出。它是物体内部能量的发散，这种能量来源于物质内的微粒移动，而这种移动仅仅发生在绝对零度以上。

科学家可以解释在我们周围世界这些肉眼可观察的范围和规模内，这一现象是如何发生的，就在我们所看不到的世界下面。在100多年以前，德国物理学家马克思?普朗克所写的方程式让它成为一个可能。他的模型精确地描述了在室温达到十微米的情况下，热量是如何从较大的空隙转移到相对较小的空隙中。但当缝隙缩小到一定程度时，它几乎已经不存在这儿，所以这项方程式无效了。

在上个世纪中期，俄罗斯无线电物理学家谢尔盖?雷托夫提出了一个新理论，这项理论被称为 “波动电动力学”，用来描述热量在小于10毫米距离下的传递。从此以后，科学研究不再总是产生支持证据。”
“在20世纪90年代或者21世纪初，很多实验都被拿来更深层度地测试这个理论，并且他们也找到理论预测和实验证明之间巨大的差异。”梅伊霍佛如是说。

由于密歇根大学实验室的复杂性，研究者称他们的发现马上就要形成定论，并且雷托夫是正确的。

瑞迪说：“我们的工作与同事胡安?卡洛斯?奎瓦斯和马德里自治大学的弗朗西斯科?加西亚–维达尔一起完成，解决了一场重要的争论，并且代表了对于场内热量传递的至关重要的贡献。最终的结果证明了在单数位纳米级缝隙中辐射传热不能被现存理论所解释，反驳了当下的纳米级下热量传递的教条。

研究者们所使用是超低振动房间位于G?G?布朗实验室，是这所大学最近更新的机械工程综合设施。这其中的一个房间是专门为纳米级实验设计的，非常珍贵，即使这些实验某处做的话也仅仅只有步伐声会干扰到它们。这些房间可以抵挡来自外界的例如交通的震动，也可以抵抗内部的包括加热和冷却系统的干扰。它们也限制了噪声、温度和湿度变化，同样也包含无线电频率和磁场干扰。

梅伊霍佛说：“我们的设施代表了目前的最高技术发展水平，当创造纳米级缝隙的时候，例如需要我们进行纳米级热辐射实验，最不显眼的震动都可能会毁掉一场实验。”

在密室中，研究者们使用特制的“热量扫描显微镜探针”，这样他们可以直接研究热量在二氧化硅、氮化硅和金元素两面时流动的速度。研究者选择这些原料是因为他们在纳米技术中运用的十分普遍。

对于每种原料，他们指定一种可以被加热到305华摄氏度的样本，并且在探针的尖端处涂抹上相同的原料，然后把它存放在低98度的冷却剂中。他们缓慢地同时移动样本和探针，从50毫微米开始直到它们相接触，同时定期测量尖端的温度。

研究者们发现，造成热量快速传递是因为，在纳米级缝隙下，可能在两边的表面有重叠的部分以及有消散波的存在，这两者都可以携带热量。

作为机械工程的毕业生和带头学者之一，宋白说道：“这些波动在原料之间的缝隙中仅能到达一段很短的距离，并且相比更大距离下的电磁波，它们的这种强度在极端近场情况下是十分巨大的，当这些光波来自于两种不同的设备的重叠部分，那就是当它们允许巨大的热通量的时候。”
New approaches for hybrid solar cells 
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Filled with suitable organic polymers the highly porous germanium nanofilm becomes a hybrid solar cell. Because the germanium nanostructure forms an inverse opal-structure, the material shimmers like opal. (Credit: Andreas Battenberg / TUM)
Using a new procedure researchers at the Technical Univ. of Munich (TUM) and the Ludwig Maximillians University of Munich (LMU) can now produce extremely thin and robust, yet highly porous semiconductor layers. A very promising material - for small, light-weight, flexible solar cells, for example, or electrodes improving the performance of rechargeable batteries.
The coating on the wafer that Professor Thomas Fässler, chair of Inorganic Chemistry with a Focus on Novel Materials at TU Munich, holds in his hands shimmers like an opal. And it has amazing properties: It is hard as a crystal, exceptionally thin and - since it is highly porous - light as a feather.
By integrating suitable organic polymers into the pores of the material, the scientists can custom tailor the electrical properties of the ensuing hybrid material. The design not only saves space, it also creates large interface surfaces that improve overall effectiveness.
"You can imagine our raw material as a porous scaffold with a structure akin to a honeycomb. The walls comprise inorganic, semiconducting germanium, which can produce and store electric charges. Since the honeycomb walls are extremely thin, charges can flow along short paths," explains Fässler.
The new design: bottom-up instead of top-down
But, to transform brittle, hard germanium into a flexible and porous layer the researchers had to apply a few tricks. Traditionally, etching processes are used to structure the surface of germanium. However, this top-down approach is difficult to control on an atomic level. The new procedure solves this problem.
Together with his team, Fässler established a synthesis methodology to fabricate the desired structures very precisely and reproducibly. The raw material is germanium with atoms arranged in clusters of nine. Since these clusters are electrically charged, they repel each other as long as they are dissolved. Netting only takes place when the solvent is evaporated.
This can be easily achieved by applying heat of 500 °C or it can be chemically induced, by adding germanium chloride, for example. By using other chlorides like phosphorous chloride the germanium structures can be easily doped. This allows the researchers to directly adjust the properties of the resulting nanomaterials in a very targeted manner.
Tiny synthetic beads as nanotemplates
To give the germanium clusters the desired porous structure, the LMU researcher Dr. Dina Fattakhova-Rohlfing has developed a methodology to enable nanostructuring: Tiny polymer beads form three-dimensional templates in an initial step.
In the next step, the germanium-cluster solution fills the gaps between the beads. As soon as stable germanium networks have formed on the surface of the tiny beads, the templates are removed by applying heat. What remains is the highly porous nanofilm.
The deployed polymer beads have a diameter of 50 to 200 nanometers and form an opal structure. The germanium scaffold that emerges on the surface acts as a negative mold - an inverse opal structure is formed. Thus, the nanolayers shimmer like an opal.
"The porous germanium alone has unique optical and electrical properties that many energy relevant applications can profit from," says LMU researcher Dr. Dina Fattakhova-Rohlfing, who, in collaboration with Fässler, developed the material. "Beyond that, we can fill the pores with a wide variety of functional materials, thereby creating a broad range of novel hybrid materials."
Nanolayers pave the road to portable photovoltaic solutions
"When combined with polymers, porous germanium structures are suitable for the development of a new generation of stable, extremely light-weight and flexible solar cells that can charge mobile phones, cameras and laptops while on the road," explains the physicist Peter Müller-Buschbaum, professor of functional materials at TU Munich.
Manufacturers around the world are on the lookout for light-weight and robust materials to use in portable solar cells. To date they have used primarily organic compounds, which are sensitive and have relatively short lifetimes. Heat and light decompose the polymers and cause the performance to degrade. Here, the thin but robust germanium hybrid layers provide a real alternative.
Nanolayers for new battery systems
Next, the researchers want to use the new technology to manufacture highly porous silicon layers. The layers are currently being tested as anodes for rechargeable batteries. They could conceivably replace the graphite layers currently used in batteries to improve their capacity.
Source: Technical Univ. of Munich

混合太阳能电池的新方法
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通过填充有机聚合物，高度多孔的锗纳米膜成为了一个混合型太阳能电池。因为锗纳米结构形成了一个反蛋白石结构，该材料像蛋白石一样发着微光。（来源：安德烈亚斯·巴滕贝格/TUM）

利用新的方法，慕尼黑技术大学（TUM）及慕尼黑路德维希Maximillians大学（LMU）目前能够生产出极薄并且强大的、高度多孔的半导体层。一个非常有前途的材料——用于小的、重轻的柔性太阳能电池，例如改善可再充电电池的性能的电极。

慕尼黑工业 大学专注于新型材料的无机化学的主席托马斯?法斯拿教授手上拿着的晶圆上的涂层像蛋白石一样发着微光。它拥有惊人的性能：它如水晶般坚硬，非常轻薄——因为它具有高度多孔——轻如鸿毛。

通过将适宜的有机聚合物整合到材料的孔中，科学家能够量身定制随后混合材料的电性质。该设计不仅节省了空间，而且还产生了提高整体效能的大量接口表面。

“您可以把我们的原材料想象成一个类似蜂窝状结构的多孔支架。由无机的半导电的锗形成的壁能够产生并且存储电荷。由于蜂窝壁非常薄，电流能够沿着较短路径流动，”法斯拿解释称。

新的设计：自下而上，而不是自上而下

但是，为了将脆的、硬的锗改造成为一个灵活的多孔层，研究人员不得不使用一些技巧。传统上，蚀刻过程被用于构成锗的表面。然而，这种自上而下的方法难以在原子水平上进行控制。新的程序解决了这个问题。

与他的研究团体一同，法斯拿建立了一个综合方法来制造非常精确并且可重复的所需结构。原料是具有排列成九簇的原子的锗。由于这些簇带电，它们相互排斥并且它们是可溶解的。电网仅在溶剂蒸发时产生。

这可以通过施加500℃的热量来轻易实现，或者它可以通过化学诱导，例如通过加入氯化锗。通过其他像氯化磷这样的氯化物，锗结构能够轻易实现掺杂。这令研究人员能够以一种非常有针对性的方式直接调整所得的纳米材料的性质。

微小的合成珠作为纳米模板

为了令锗簇获得所需的多孔结构，LMU的研究人员迪娜?法塔霍夫-罗尔夫斯已经开发出了一种产生纳米结构的方法：微小聚合物微珠在初始步骤中形成三维模板。

在下一个步骤中，锗簇溶液填充了珠之间的间隙。只要稳定的锗网络在微小的珠表面形成，该模板就能够通过施加热量来去除。剩下的就是高度多孔的纳米薄膜。

部署的聚合物珠粒的直径为50至200纳米，并且会形成一个蛋白石结构。浮现在表面的锗支架表现得像一个负模具——一个反蛋白石结构形成了。因此，该纳米层像蛋白石一样发着微光。

“仅多孔锗就具有令许多与能源相关的应用程序可以从中获得的独特的光学和电学性质，”与法拿斯合作开发该材料的LMU大学的研究人员迪娜?法塔霍夫-罗尔夫斯表示。“除此之外，我们可以用各种功能性材料填充该孔，从而产生广泛的新型混合材料。”

纳米层为便携式光伏解决方案铺平了道路

“当与聚合物结合，多孔锗结构适用于新一代稳定的、极轻重量能够为手机、相机和笔记本电脑充电的柔性太阳能电池的开发，”慕尼黑工业 大学功能材料方面的教授物理学家彼得·穆勒-布施鲍姆解释称。

世界各地的制造商都在寻找重量轻又坚固的材料以应用于便携式太阳能电池。迄今为止，他们已经使用了主要的有机化合物，这种化合物非常敏感，并且具有相对较短的寿命。热和光分解了该聚合物并且导致其性能降低。在此，薄而坚固的锗混合层提供了一个真正的选项。

新电池系统的纳米层

接下来，研究人员希望使用新的技术来制造高度多孔硅层。这些层目前正作为可充电电池的阳极部分接受着测试。他们可能设想替代目前在电池中使用的石墨层来提高其性能。

资料来源：慕尼黑技术大学

Researchers use a simple stretch to create powerful pseudomagnetic fields in graphene 
University of Maryland (UMD) researchers have made a breakthrough discovery in graphene research that could provide a testbed for understanding how electrons move in extremely high magnetic fields. Since its discovery in 2004, graphene has become a celebrity in the materials science and physics world due to its remarkable physical properties.
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Illustration shows how applying a simple stretch to a specifically shaped sheet of graphene creates a stable and controllable pseudomagnetic field.
One of the thinnest and strongest materials ever made on earth with incredible powers of conductivity, graphene has quickly become one of the most versatile materials discovered. Graphene-related research is currently fueling potentially revolutionary new applications in everything from faster electronics, wearable technology and smart clothing to better energy storage, sensors and medical devices. And now, mechanical engineers at the UMD may have found a way to make it even more powerful.

Graduate student Shuze Zhu and Associate Professor Teng Li(link is external), along with National Institute of Standards and Technology (NIST) collaborator Joseph Stroscio, have developed a theoretical model that demonstrates how to shape and stretch graphene to create a powerful, adjustable and sustainable magnetic force.

When stretched, or strained, graphene's electrons behave as if they are in a strong magnetic field. This so-called pseudomagnetic effect could open up new possibilities in graphene electronics, but so far, researchers have only been able to induce such pseudofields that have been highly localized and need peculiar loading conditions that are prohibitive to realize in practice. However, Maryland researchers may have explained how to shape a graphene ribbon so that simply pulling its two ends produces a uniform pseudomagnetic field. And with current nanofabrication technologies, the team is confident that they will soon be able to transition their theoretical model to a design reality.

“Our findings reveal a facile yet effective solution to achieve extremely high pseudomagnetic field in a planar graphene by a simple stretch," said research leader Associate Professor Teng Li.

In 2010, researchers accidently discovered that when handling a two-dimensional lattice of graphene, a tiny triangular, bubble shape created in the material caused a pseudomagnetic field in the tiny bubble as high as 300 Tesla—well beyond what can be attained with stable laboratory magnets. The current record for a lab-produced magnetic field is only 85 tesla for less than a small fraction of a second.

While it seems simple enough to stretch a material in two directions—like tugging on the ends of a rubber band—the team discovered that the graphene sheet needed to not only be stretched, but that the sheet must also be shaped in a specific way. A simple rectangle or square of graphene, when stretched, would not create a pseudomagnetic field.

But, when the graphene was formed into a tapered shape like a trapezoid or pennant, pulling on the ends produces a strain that steadily increases along the length of the ribbon, and this constant strain gradient gives a uniform, and controllable, pseudomagnetic field. And the more strain applied to the material, the greater the magnetic force. The team’s model, which was verified across three computational models, predicts a tunable field magnitude from zero to 200 Tesla.

This type of controlled pseudomagnetic field creates the potential for new ways to study the motion of electrons in a controllable high magnetic field. Currently, there is no sustainable method for generating magnetic fields of this magnitude. The induced fields – if made more spatially uniform – could potentially enable new concepts of electronics, such as “valleytronics,” in which electrons separate between different valleys in the graphene band structure.
研究人员用简单的延展创建石墨烯中强大拟磁场领域
马里兰大学（UMD）的研究人员已经在石墨烯研究领域取得了突破性的发现，其可能为解释电子如何在一个极高的磁场里运动提供一个测试平台。自从在2004年发现石墨烯后，由于其卓越的物理性能，石墨烯已经成了材料科学和物理学界的名人。
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图中显示了如何将一个简单的延展应用到特殊形成的石墨烯板中，以创建一个稳定的、可控的拟磁场区域。

作为地球上拥有的具有令人难以置信的导电性的最薄、最强的材料之一，石墨烯迅速成为人类发现的最通用的材料之一。与石墨烯祥光的研究正在助长一切事物中潜在的革命性的新应用，从更快的电子产品、可穿戴技术和智能服装到更好的能力存储、传感器和医疗设备。而现在，马里兰大学的机械工程师也许已经找到了一种可以使之更强大的方法。

研究生Shuze Zhu和助理教授Teng Li（外部链接），以及国家标准和技术研究院（NIST）的合作者Joseph Stroscio已经开发出了一种理论模型，其示范了如何通过塑形和延展石墨烯来打造一个强大的、可调节的并且可持续的磁场力。

当被拉伸或压缩的时候，石墨烯的电子表现得好像它们是在一个强大的磁场中。这种所谓的拟磁场效应可能会开辟石墨烯电子产品的新的可能性，但是到目前为止，研究人员还只能引发这种已经被高度定位的伪磁场区域，其需要特殊的负载条件，而这在实践中是实现不了的。然而，马里兰的研究人员也许已经解释了如何塑造一个石墨烯带，这样简单地拉其两端就能产生均匀的拟磁场区域。通过运用目前的纳米加工技术，该团队自信地表示他们很快就能将自己的理论模型转变为现实的设计。

“我们的研究结果揭示了一个浅显但却有效的解决方案，它通过简单的拉伸在一块平板石墨烯上实现了极高的拟磁场区域。”该研究的领导者助理教授Teng Li说。

在2010年，研究人员意外的发现，当处理一个二维石墨烯点阵（一个微小的三角形）时，石墨烯中产生的一个气泡形状在这微小的气泡中引起了高达300特斯拉的拟磁场——远远超出稳定的实验室磁铁可以实现的磁场强度。目前对于实验室产生的磁场区域的记录仅仅是85特斯拉，而且只能维持不到一秒。

尽管将一个材料往两个方向上拉伸似乎非常简单——就像拖拽一个橡胶带的两端一样——该团队发现，石墨烯片不仅需要被拉伸，而且其还必须以一个特定的方式成形。一个简单的石墨烯矩形或方块，在被拉伸时，将不会产生拟磁场区域。

但是，当石墨烯被塑造成一个类似梯形或三角旗形的锥形形状时，拉动其端部时就会产生一种沿着石墨烯缎带的长度而逐渐增加的拉力，而这一恒定的应变梯度将产生一个均匀的、可控的拟磁场区域。对该材料施加的拉力越大，产生的磁力就会越大。该团队的模型——已被三种计算机模型验证——预测了一个从0到200特斯拉的可调的场幅度。

这种类型的可控拟磁场区域为使用新方法研究电子在可控的高磁场中的运动创造了潜力。目前，还没有能够产生如此巨大的这种磁场区域的可持续的方法。感应磁场——如果能够形成更均匀的空间——将有潜能使新的电子概念成为可能，比如“valleytronics”（谷间电子），在这一概念中，电子分离在石墨烯带状结构的不同山谷间。
E-Material（电子材料）
How nanoparticles give electrons away

Whether it is in catalytic processes in the chemical industry, environmental catalysis, new types of solar cells or new electronic components, nanoparticles are everywhere in modern production and environmental technologies, where their unique properties ensure efficiency and save resources. The special properties of nanoparticles often arise from a chemical interaction with the support material that they are placed on. Such interactions often change the electronic structure of the nanoparticle because electrical charge is exchanged between the particle and the support. Working groups led by FAU and the University of Barcelona have now succeeded in counting the number of elementary charges that are lost by a platinum nanoparticle when it is placed onto a typical oxide support. Their work brings the possibility of developing tailor-made nanoparticles a step closer.
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Researchers have investigated how much electrical charge nanoparticles transfer to their support for the first time. Image: Sergey Kozlov and Oriol Lamiel

One of the main questions that nanoscience researchers have been discussing for some time now is how nanoparticles interact with the support that they are placed on. It is now clear that various physical and chemical factors such as the electronic structure, the nanostructure and – crucially – their interaction with the support control the properties of nanoparticles. Although this interaction – specifically the transfer of electrical charge – has already been observed to a great extent, previous studies have not investigated how much charge is transferred and whether there is a relationship between the transfer and the size of the nanoparticle.

In order to measure the electrical charge that is exchanged the international team of researchers from Germany, Spain, Italy and the Czech Republic led by Prof. Dr. Jörg Libuda, Professor of Physical Chemistry, and Prof. Dr. Konstantin Neyman, University of Barcelona, prepared an extremely clean and atomically well-defined oxide surface, onto which they placed platinum nanoparticles. Using a highly sensitive detection method at Elettra Sincrotrone Trieste the researchers were able to quantify the effect for the first time. Looking at particles with various numbers of atoms, from several to many hundred, they counted the number of electrons transferred and showed that the effect is most pronounced for small nanoparticles with around 50 atoms. The magnitude of the effect is surprisingly large: approximately every tenth metal atom loses an electron when the particle is in contact with the oxide. The researchers were also able to use theoretical methods to show how the effect can be controlled, allowing the chemical properties to be adapted to better suit their intended application. This would allow valuable raw materials and energy to be used more efficiently in catalytic processes in the chemical industry, for example.

The project was funded in part by the EU and by FAU’s Cluster of Excellence ‘Engineering of Advanced Materials’ (EAM). The researchers at EAM aim to bring together basic research in the natural sciences and applied research in engineering to investigate and develop new hierarchically structured materials with specific electronic, optical, catalytic and mechanical properties.

纳米颗粒如何失去电子 
无论是在化工行业的催化过程、环境催化、新类型的太阳能电池，还是在新电子元件里，现代生产和环保技术中到处都是纳米颗粒，它们独特的属性确保在这些方面应用的效率还节省资源。纳米颗粒的特性往往在与它放置的支撑材料的化学反应中表现出来。这样的反应经常改变纳米粒子的电子结构，因为粒子和支撑材料的电荷发生交换。佛罗里达大西洋大学和巴塞罗那大学带领的研究小组已经成功地计算出铂纳米颗粒与典型的氧化物反应时失去的元电荷数量。他们的研究使进一步发展特制纳米颗粒成为可能。

研究人员首次计算出纳米粒子向它们的支撑物转移的电荷数量。
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图片提供：Sergey Kozlov 和Oriol Lamiel

纳米科学中，研究人员已经研究了一段时间的主要问题就是纳米颗粒是如何与它们的支撑物反应的。如今清楚的是各种物理和化学因素比如电子结构、纳米结构和——最重要的是——它们与支撑物的反应都影响着纳米粒子的性质。尽管这种反应——特别是电荷的转移——很大程度上都已经研究过，但是以前的研究还是没有弄清楚到底有多少电荷发生了转移，也不清楚电荷转移与纳米粒子大小之间是否有关系。

为了计算交换的电荷数，物理化学老师J?rg Libuda博士教授带领的来自德国、西班牙、意大利、捷克共和国的国际研究小组和巴塞罗那大学的Konstantin Neyman教授准备了一个非常干净并在原子级别上有明确定义的氧化界面，然后将铂纳米颗粒放在该界面上。使用Elettra Sincrotrone Trieste中心一个高敏感的检测方法，研究人员首次实现了效果的量化。研究不同原子数量的粒子，从几个原子的到几百个原子的，研究人员计算出电子转移的数量并表明所得结果对50个原子之内的小纳米粒子更为有效。纳米粒子大小效应非常惊人：纳米粒子在接触氧化物时，大约每10个金属原子失去一个电子。研究人员还采用了理论方法表明结果是可以怎样被控制，这种控制可以使得化学性质可以被调整为更适合它们的预定应用。比如，这样可以让宝贵的原材料和能源在化工行业催化过程中得到更有效的使用。

这个项目的部分资金由欧盟和佛罗里达大西洋大学精英集“先进材料工程（EMA）”提供赞助。EMA的研究人员目的是将自然科学的基础研究和工程中的应用研究结合一起来研究和开发具有特定的电子、光学、催化和力学性能的新的分层次结构材料。

Nanostructured metal coatings let the light through for electronic devices
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An array of nanopillars etched by thin layer of grate-patterned metal creates a nonreflective surface that could improve electronic device performance. Image courtesy of Daniel Wasserman
Light and electricity dance a complicated tango in devices like LEDs, solar cells and sensors. A new anti-reflection coating developed by engineers at the University of Illinois at Urbana Champaign, in collaboration with researchers at the University of Massachusetts at Lowell, lets light through without hampering the flow of electricity, a step that could increase efficiency in such devices.
The coating is a specially engraved, nanostructured thin film that allows more light through than a flat surface, yet also provides electrical access to the underlying material - a crucial combination for optoelectronics, devices that convert electricity to light or vice versa. The researchers, led by U. of I. electrical and computer engineering professor Daniel Wasserman, published their findings in the journal Advanced Materials.
"The ability to improve both electrical and optical access to a material is an important step towards higher-efficiency optoelectronic devices," said Wasserman, a member of the Micro and Nano Technology Laboratory at Illinois.
At the interface between two materials, such as a semiconductor and air, some light is always reflected, Wasserman said. This limits the efficiency of optoelectronic devices. If light is emitted in a semiconductor, some fraction of this light will never escape the semiconductor material. Alternatively, for a sensor or solar cell, some fraction of light will never make it to the detector to be collected and turned into an electrical signal. Researchers use a model called Fresnel's equations to describe the reflection and transmission at the interface between two materials.
"It has been long known that structuring the surface of a material can increase light transmission," said study co-author Viktor Podolskiy, a professor at the University of Massachusetts at Lowell. "Among such structures, one of the more interesting is similar to structures found in nature, and is referred to as a 'moth-eye' pattern: tiny nanopillars which can 'beat' the Fresnel equations at certain wavelengths and angles."
Although such patterned surfaces aid in light transmission, they hinder electrical transmission, creating a barrier to the underlying electrical material.
"In most cases, the addition of a conducting material to the surface results in absorption and reflection, both of which will degrade device performance," Wasserman said.
The Illinois and Massachusetts team used a patented method of metal-assisted chemical etching, MacEtch, developed at Illinois by Xiuling Li, U. of I. professor of electrical and computer engineering and co-author of the new paper. The researchers used MacEtch to engrave a patterned metal film into a semiconductor to create an array of tiny nanopillars rising above the metal film. The combination of these "moth-eye" nanopillars and the metal film created a partially coated material that outperformed the untreated semiconductor.
"The nanopillars enhance the optical transmission while the metal film offers electrical contact. Remarkably, we can improve our optical transmission and electrical access simultaneously," said Runyu Liu, a graduate researcher at Illinois and a co-lead author of the work along with Illinois graduate researcher Xiang Zhao and Massachusetts graduate researcher Christopher Roberts.
The researchers demonstrated that their technique, which results in metal covering roughly half of the surface, can transmit about 90 percent of light to or from the surface. For comparison, the bare, unpatterned surface with no metal can only transmit 70 percent of the light and has no electrical contact.
The researchers also demonstrated their ability to tune the material's optical properties by adjusting the metal film's dimensions and how deeply it etches into the semiconductor.
"We are looking to integrate these nanostructured films with optoelectronic devices to demonstrate that we can simultaneously improve both the optical and electronic properties of devices operating at wavelengths from the visible all the way to the far infrared," Wasserman said.
新纳米金属涂层材料实现光线通过电子设备
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用带有图形的格栅金属薄层蚀刻纳米柱阵列，创建出了一个不反射的表面，可以提高电子设备的性能。图片由Daniel Wasserman提供

在led灯、太阳能电池和传感器等设备中，光和电之间有复杂的存在方式。乌尔班纳香槟市伊利诺伊大学的工程师与洛厄尔卢维尔大学的研究人员共同开发出一种新的防反射涂层，能够让光线穿过但并不阻碍电力的流动，此举可以增加此类设备的效率。

涂层是经过特殊雕刻的纳米薄膜，与平面相比允许更多的光照通过，还给下层材料提供电的通道——这对光电子学和将电能转换为光能或是光能转换为电能的设备来说是非常重要的结合。伊利诺伊大学电气和计算机工程教授Daniel Wasserman带领的研究人员将他们的研究结果发表在《Advanced Materials》杂志上。

“材料电能与光能吸纳能力的提高是实现更高效率光学设备的重要一步，” 伊利诺伊大学微米和纳米技术实验室成员Wasserman说。

比如半导体和空气，两种材料之间的界面，光总是会反射，Wasserman说。这一点限制了光电设备的效率。如果光是在半导体内发散的，就总会有一部分的光留在半导体材料中。另外，对传感器和太阳能电池来说，有一部分光总是不能让探测器收集并转化为电信号。研究人员使用菲涅耳方程模型来描述两种材料界面之间的反射和传递。

“一直都知道材料的表面结构化可以提高光的传递效率，”文章的合著者即洛厄尔马萨诸塞大学教授Viktor Podolskiy说。“在这些结构中，有一个更有趣的结构是与自然界发现的结构类似，被称为“蛾眼膜”图案：在特定波长和角度下可以“推翻”菲涅耳方程的微小纳米柱。”

虽然这些有图案的表面有助于光传递，但是它们会阻碍电力传递，对下层光学材料形成障碍。

“在大多数情况下，在该表面添加导电材料会导致吸收和反射的结果，这将会降低设备的性能。” Wasserman说。

伊利诺伊大学和马萨诸塞大学团队采用一个专利方法——金属辅助化学刻蚀法（MacEtch），MacEtch法是由伊利诺伊大学的李秀玲开发的，她是电子与计算机工程教授，也是这篇新论文的作者之一。研究人员采用MacEtch法在半导体上雕刻有图案的金属薄膜，在金属薄膜上形成微小纳米柱阵列。这些“蛾眼膜”的纳米柱和金属薄膜的结合形成一种局部涂层材料，这种材料性能优于未经处理的半导体材料。

 “这些纳米柱提高了光传递同时金属薄膜提供电传送。值得一提的是，我们的研究可以同时改善光传递和电传输。” 伊利诺伊大学的研究生刘润玉表示，他是文章的合带头作者，作者还包括伊利诺伊大学的研究生赵翔以及马萨诸塞大学研究生Christopher Roberts。

研究人员证明了他们的技术——金属覆盖大约一半的表面——可以将90%左右的光传递到表面或是从表面传递出去。相比之下，光秃的、没有图案修饰且不带有金属的表面只能传送70%的光还没有电力传送。

研究人员还展示了他们可以通过调节金属薄膜的尺寸和控制半导体的刻蚀厚度来优化材料的光学性能。

“我们正在尝试将这些纳米薄膜组装到光电设备中来证明在的可见光到远红外的波长范围内，我们可以同时提高设备的光学和电学性质。” Wasserman说。  
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