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Tech News & New Tech（技术前沿）
Vibrations identify materials’ composition

A researcher now at the Univ. of Central Florida has developed a new method for identifying materials’ unique chemical “fingerprints” and mapping their chemical properties at a much higher spatial resolution than ever before.

It’s a discovery that could have promising implications for fields as varied as biofuel production, solar energy, opto-electronic devices, pharmaceuticals and medical research.

“What we’re interested in is the tools that allow us to understand the world at a very small scale,” said UCF professor Laurene Tetard, formerly of the Oak Ridge National Laboratory. “Not just the shape of the object, but its mechanical properties, its composition and how it evolves in time.”

For more than two decades, scientists have used atomic force microscopy—a probe that acts like an ultra-sensitive needle on a record player—to determine the surface characteristics of samples at the microscopic scale. A “needle” that comes to an atoms-thin point traces a path over a sample, mapping the surface features at a sub-cellular level.

But that technology has its limits. It can determine the topographical characteristics of a sample, but it can’t identify its composition. And with the standard tools currently used for chemical mapping, anything smaller than roughly half a micron is going to look like a blurry blob, so researchers are out of luck if they want to study what’s happening at the molecular level.

A team led by Tetard has come up with a hybrid form of that technology that produces a much clearer chemical image. As described in Nature Nanotechnology, Hybrid Photonic-Nanomechanical Force Microscopy (HPFM) can discern a sample’s topographic characteristics together with the chemical properties at a much finer scale.

The HPFM method is able to identify materials based on differences in the vibration produced when they’re subjected to different wavelengths of light—essentially a material’s unique “fingerprint.”

“What we are developing is a completely new way of making that detection possible,” said Tetard, who has joint appointments to UCF’s Physics Dept., Material Science and Engineering Dept. and the NanoScience Technology Center.

The researchers proved the effectiveness of HPFM while examining samples from an eastern cottonwood tree, a potential source of biofuel. By examining the plant samples at the nanoscale, the researchers for the first time were able to determine the molecular traits of both untreated and chemically processed cottonwood inside the plant cell walls.

Long term, the results will help reveal better methods for producing the most biofuel from the cottonwood, a potential boon for industry. Likewise, the new method could be used to examine samples of myriad plants to determine whether they’re good candidates for biofuel production.

Potential uses of the technology go beyond the world of biofuel. Continued research may allow HPFM to be used as a probe so, for instance, it would be possible to study the effect of new treatments being developed to save plants such as citrus trees from bacterial diseases rapidly decimating the citrus industry, or study fundamental photonically-induced processes in complex systems such as in solar cell materials or opto-electronic devices.

Source: Univ. of Central Florida 
利用振动差异识别材料组成 

一位现在在美国佛罗里达中心大学的研究学者，开发了一种新方法用于识别材料的独特化学“指纹”，以比以往更高的空间分辨率测绘其化学性质。

这一发现可能会影响多个领域，比如生物燃料生产、太阳能、光电设备、药品和医疗研究。

“我们感兴趣的是，能使我们在小尺度上了解世界的工具，”前橡树岭国家实验室超离心分离机的Laurene Tetard教授说。“不只是物体的形状，还有其机械性能、组成和如何演化。”

二十多年以来，科学家利用原子力显微镜（一种像唱机上那种高灵敏度的探针）在微观尺度下确定样本的表面特性。这种“针”在多数样本中形成一个原子薄点痕迹的路径，在亚细胞水平映射其表面特征。

但这一技术有其局限性。它可以确定样品的地形特征，但它不能确定其组成。与目前使用的化学映射的标准工具一样，任何小于约半微米的物质看起来都像一个模糊的斑点，因此，研究人员如果想在分子水平上探索发生了什么，那可能并不容易。

Tetard领导其团队研究出了一种能够产生更清晰的化学图像的混合形式的技术。如同《自然纳米技术》（Nature Nanotechnology）杂志刊文所述，混合光子纳米机械力显微镜（HPFM）能在更精细的尺度上识别样本的地形特征和化学性质。

HPFM方法能够根据材料在遇到不同波长的波所产生的振动差异——即材料本身独特的“指纹”，来对其进行识别。

“我们正在开发的是一种全新的方式，使检测成为可能，”曾任命于中央弗罗里达大学物理系、材料科学与工程系以及纳米科学技术中心的Tetard说到。

研究人员从东部棉白杨树（一种生物燃料的潜在来源）的样品抽查中证明了HPFM的有效性。通过在纳米尺度上的植物样品研究，研究人员首次在未经处理和经过化学处理的棉白杨的植物细胞壁中，确定了分子特征。

长期来看，其结果将有助于揭示更好的方法，用棉白杨来制造最好的最生物燃料，这是一个对于工业的潜在利好消息。同样的，新的方法也可以用来研究各种植物的样本，以确定它们是否适合用于生物燃料的生产。

技术的潜在应用不仅局限于生物燃料界。进一步研究也许能够将HPFM作为探针使用，例如，它将有助于研发新的治疗方法去保护植物，如柑橘树，快速地消灭细菌性疾病对柑橘产业的影响，或像是在太阳能电池材料和光电子器件的这类的复杂系统中，研究基本光电诱导过程。

来源：美国佛罗里达州中央大学 
All-natural sunscreen derived from algae

For consumers searching for just the right sunblock this summer, the options can be overwhelming. But scientists are now turning to the natural sunscreen of algae—which is also found in fish slime—to make a novel kind of shield against the sun’s rays that could protect not only people, but also textiles and outdoor materials. They report on their development in ACS Applied Materials & Interfaces.

Existing sunblock lotions typically work by either absorbing ultraviolet rays or physically blocking them. A variety of synthetic and natural compounds can accomplish this. But most commercial options have limited efficiency, pose risks to the environment and human health or are not stable. To address these shortcomings, Vincent Bulone, Susana C. M. Fernandes and colleagues looked to nature for inspiration.

The researchers used algae’s natural sunscreen molecules, which can also be found in reef fish mucus and microorganisms, and combined them with chitosan, a biopolymer from crustacean shells. Testing showed their materials were biocompatible, stood up well in heat and light, and absorbed both ultraviolet A and ultraviolet B radiation with high efficiency.

Source: American Chemical Society 

来自藻类的天然防晒霜 

今年夏天消费者寻找合适的防晒霜时，众多选择无法抗拒。但是科学家现在将目光转移到藻类的天然防晒成份上，鱼泥中也存在这种成分，这种“保护罩”可以防紫外线，不仅可以保护人体，也可以保护暴露在外的纤维和材料。他们把这项发现发表在《ACS应用材料和联系》（ACS Applied Materials & Interfaces）期刊上。

现存的防晒霜通常是通过吸收紫外线或者物理上组织紫外线来达到防晒效果。各种各样的合成和天然化合物可以做到这一点。但大多数商业选择或效率有限,或对环境和人类健康构成风险，或够不稳定。为了解决这些缺点,文森特•费尔南德斯和他的同事们向自然寻求灵感。

研究人员利用了藻类的自然防晒霜分子（这些成分在珊瑚礁鱼类黏液和微生物中也有发现），并将它们与一种提取自甲壳类动物的壳生物高聚物的壳聚糖结合。测试表明，他们研究出的材料具有生物兼容性，能够极好地耐受光和热，并且可以高效吸收紫外线A和紫外线B辐射。

资料来源：美国化学学会 
Novel material design for undistorted light waves
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Specially designed non-hermitian materials remain completely unperturbed.

When a light wave penetrates a material, it is usually changed drastically. Scattering and diffraction leads to a superposition of waves, resulting in a complicated pattern of darker and brighter light spots inside the material. In specially tailored high-tech materials, which can locally amplify or absorb light, such effects can be completely suppressed. Calculations at TU Wien (Vienna University of Technology) have now shown that these materials allow new kinds of light waves, which have the same intensity everywhere inside the material, as if there was no wave interference at all. Due to their unusual properties, these new solutions of the wave equation could be useful for technological applications.

Obstacles Change the Wave

When a light wave travels through free space, its intensity can be the same everywhere. But as soon as it hits an obstacle, the wave is diffracted. At some points in space, the wave becomes brighter, in other places it becomes darker than it would have been without hitting the object. This is the reason we can see objects that do not emit light by themselves.

In recent years, however, experiments have been carried out with new materials which have the ability to modify light in a special way: they can locally amplify light, similar to a laser, or absorb light, like sunglasses do. “When such processes are possible, we have to employ a mathematical description of the light wave which is quite different from the one we use for normal, transparent materials,” says Professor Stefan Rotter (TU Wien). “In this case we speak of non-hermitian media.”

New Solutions for the Wave Equation

Konstantinos Makris and Stefan Rotter from TU Wien, together with Ziad Musslimani and Demetrios Christodoulides from Florida (USA), discovered that this alternative description allows new kinds of solutions for the wave equation. “The result is a light wave with the same brightness at each point in space, just like a wave in free space, even though it travels through a complex,  highly structured material”, says Konstantinos Makris. “In some sense, the material is completely invisible to the wave, even though the light passes through the material and interacts with it.”

The new concept is reminiscent of so-called “meta-materials”, which have been created in recent years. These materials have a special structure, which allows them to diffract light in unusual ways. In certain cases the structure can bend the light around the object, so that the object becomes invisible, much like Harry Potter’s invisibility cloak. “The principle of our non-hermitian materials, however, is quite different”, says Stefan Rotter. “The light wave is not bent around the object, but fully penetrates it. The way the material influences the wave is, however, fully cancelled by a carefully tuned interplay of amplification and absorption.” In the end, the light wave is exactly as bright as it would have been without the object—at each and every point in space.

Several technical problems still have to be solved until such materials can be routinely fabricated, but scientists are already working on that. The theoretical work now published, however, shows that besides meta-materials there is another, extremely promising way to manipulate waves in unconventional ways. “With our work we have opened a door, behind which we expect to find a multitude of exciting new insights”, says Konstantinos Makris.

SOURCE: Technische Universität Wien
无畸变光波的新型材料 
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特别设计的非埃尔米特材料完全不受干扰。

当光波穿透一种材料时，它通常会发生极大的变化。它会散射和绕射波，导致材料内出现一个有复杂的暗和亮的光点模式。特别定制的高科技材料可以局部放大和吸收光线，这种影响完全可以被抑制。维也纳科技大学（TU Wien）的计算结果已经表明，这些材料可容许新的光波，这些光波以相同的密度充斥在材料的内部，就像没有光波干扰一样。由于它们不同寻常的特性，这些波动方程的新的解决方案可能对技术应用有用。

障碍改变光波

当光波通过自有空间时，其强度在哪里都是一样的。不过，一旦遇到障碍物，光波就会发生折射。在空间的某点，光波会变亮，但是在其他地方就会比它遇到障碍前要暗。这就是为什么我们可以看到自身不发光的物体。

近年来，科学家们已经对新型材料进行了很多实验，这些材料可以用一种特殊的方式改变光：它们可以像激光一样局部放大光，或像太阳镜一样吸收光线。当这些过程变成可能，我们必须采用一个光波数字表述，这和我们平时用在正常、透明材料上的那个不同。（维也纳科技大学）斯蒂芬•罗特教授说，“在这种情况下，我们推荐非埃尔米特媒介”

波动方程新的解决方案

维也纳科技大学的康斯坦丁诺斯•马克里斯和史蒂芬•罗特和来自加利福尼亚（美国）的齐亚德•马斯利马尼和德米特里奥斯•克里斯特都力德斯一起发现，这个选择性描述给出了光动方程新的解决方案。“结果是这个光波在任何空间亮度都是相同的，就像在自由空间一样，即使它穿过一个复杂的，高度结构化的材料也不会发生变化”，德米特里奥斯•克里斯特都力德斯说。“从某种意义上说，材料对光波是完全不可见的，即使光穿过材料并与它相互作用。”

这种新概念让人想起所谓的“负折射介质材料”，这种材料近年来已经被制造出来了。 它结构特殊，能够以不寻常的方式衍射光，在某些情况下，它的结构可以弯曲物体周围的光线，让物体变得不可见，就像哈利波特的隐形斗篷一样。“然而，我们非埃尔米特材料的原理有很大的不同，”史蒂芬•罗特说，“光波在物体周围并没有弯曲，而是完全穿透了物体。然而，材料影响光波的方式完全被放大和吸收的仔细调整的相互作用抵消了。”最后，光波像没有遇到障碍一样在空间的每一个点都一样明亮。

在这些材料可以常规的制造出来之前，一些技术问题还有待解决，但是科学家们已经开始着手了。然而，现在刊登的理论研究工作表明，除了“负折射介质材料”，还有另外一种非常有前途的方法，能以非传统的方式操作光波。“我们的工作已经打开一扇大门，在门后我们希望发现更多令人兴奋的新认识”，康斯坦丁诺斯•马克里斯说。

资料来源：维也纳科技大学 
Metal Alloy（金属合金）
A Nano View
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TEM bright field image of aggregates of fumed silica nanoparticles. Image: McCrone Associates

In nanotechnology the presence of defects is critical, more so than in the case of analogous bulk materials. Small defects in the crystal structure of a bulk metal alloy might have little impact on performance. However, the presence of defects, no matter how small, in nanoparticles of the same alloy may cause it to fail in its given application. Alteration of the elemental composition of an interface a few atomic layers thick, or missing dopant atoms in carbon nanotubes have the potential to completely alter the performance of the materials alone or when incorporated into nanocomposites.

To solve the issue of defects, analysis at the atomic level in transmission electron microscopes (TEM) aids in the identification of these defects. Once any defects are recognized, their impact on performance can be assessed, and improved synthesis methods that minimize defects can be developed.

However, this isn’t the sole purpose for use of TEM in nanoscale research.

Nano TEM applications

The most exciting development in transmission electron microscopy for nanotech applications is the commercialization of aberration corrected TEMs and STEMs (scanning transmission electron microscopes). “By enabling correction of spherical aberration, these microscopes can achieve resolutions that allow researchers to image and analyze single atoms,” says Elaine Schumacher, Senior Research Scientist, McCrone Associates to R&D Magazine. “The structure and elemental composition of nanomaterials can be determined at the atomic level, leading to greater understanding of their properties and how to tailor them for specific applications.”

These high-resolution instruments are being combined with in situ holders that allow for examination of materials under a variety of conditions. In the past, TEM analysis was limited to observation of samples under the high-vacuum conditions required for operation of the microscope, and samples were subjected to heating by the electron beam. “Now we have microscopes and holders with capabilities for controlled heating and cooling, perturbation of the sample with visible or laser light, introduction of reactive gases at controlled pressures and observation of materials in cells that can contain liquid,” says Schumacher. “Specialized holders can measure properties such as tensile strength or electrical resistance of nanomaterials, while directly observing the process in the TEM.” 

The importance of TEM

TEMs are useful for nanoscale research because they provide extremely high spatial resolution analysis and have the ability to acquire many types of information.

A variety of imaging modes show features size and morphology, and some imaging signals include compositional information. “Energy dispersive x-ray spectrometry (EDS) is used to acquire spectra that identify and quantify elements present,” says Schumacher. “If performed in scanning mode, EDS linescans or maps can show spatial associations between elements.”

Various methods of acquiring electron diffraction patterns can be used to determine the crystallographic nature of the material, electron energy loss spectroscopy yields electronic state information.

Schumacher states that in the TEM or STEM, a complete picture of material size, shape, elemental composition, crystallinity and electronic state can be gathered from sub-nanometer areas, and sometimes from single atoms.  These capabilities make the TEM one of the most valuable tools available for characterization of nanomaterials.

Also, advances in 3-D tomography enable researchers to gather information as multi-dimensional data sets so structural information and elemental distributions can be reconstructed in 3-D, rather than 2-D images or maps. “Ultra-fast electron microscopy adds a fourth dimension, time, for study of material transformations and chemical reactions with nanoscale spatial resolution and femtosecond time resolution,” says Schumacher.

Future advancements and upgrades

Some common research areas for the development and use of nanomaterials include medical applications—drug delivery or improved imaging sensors—catalysis for energy and chemical production, the design of better polymer nanocomposites, improvement of energy storage devices and the development of faster data communications using new photonic devices. These are just a few applications and products being revolutionized by incorporation of nanomaterials; TEM characterization plays a critical role in these, as well as all other areas of nanomaterials research.

Yet, improvements continue to be made in resolution of aberration corrected instruments, and in microscope stability and ease of operation. “All of the associated detectors and cameras are being designed for greater sensitivity and faster data acquisition,” says Schumacher. An example is integration of multiple EDS detectors into the TEM column, rather than mounting a single detector in a port on the side of the column. “Multiple detectors positioned close to the specimen can collect a much higher percentage of the x-ray generated within the material, thereby improving data quality and shortening acquisition time,” continues Schumacher.

These improvements are driven by increases in PC speed and memory capacity, allowing researchers to easily control complex microscope operations such as alignment of aberration correctors, acquire large 3-D data sets and analyze data on the fly to get immediate feedback on experiments in progress.

Safety plays a role

Transmission electron microscopy will continue to be at the forefront of efforts to characterize and tailor nanomaterials for many applications. With resolution at the atomic level, and the ability to provide information about size, homogeneity, morphology, elemental composition, crystallinity and electronic states on a fine scale, TEM is the technique of choice to enhance researchers’ understanding of nanomaterial properties and their relationship to performance.

“Understanding the properties of these materials will also aid in development of handling protocols and exposure limits for safe manufacturing, use and disposal of nanoparticles and nanocomposites,” says Schumacher.  Applications for nanomaterials can range from strengthening of a metal alloy through incorporation of carbon nanotubes to improving the sun protection factor of a personal care product by addition of nanoparticles of titanium dioxide. 

“It’s becoming more likely that we will encounter nanomaterials in our everyday lives,” says Schumacher.  “The greater our understanding of these materials, the safer they will be for manufacturers, consumers and the environment.”

The knowledge gained from transmission electron microscopy will continue to play a key role in the ongoing development of safe, high-performance nanomaterials.
一个纳米级的视野 
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锻制氧化硅的纳米粒子聚合物的透射式电子显微镜明场像。图像提供：麦克龙联合公司

在纳米技术中，瑕疵的存在十分要紧，在类似散状物料的情况里尤其如此。散状金属合金晶体结构里的一个微小的瑕疵，不管多小，在同样的合金纳米粒子里都可能造成它在其指定应用中的失败。其接口几个原子层元素组成的改变，或碳纳米管里杂原子的缺少都可能彻底改变这种材料的性能，或者改变它并入纳米复合材料的时机。

为了解决瑕疵的问题，透射式电子显微镜（TEM）原子能级的分析报告有助于识别这些瑕疵。一旦发现了任何瑕疵，他们会评估其对性能的影响，并改良合成方法将瑕疵减到最小。

然而，这并不是在纳米级研究中使用TEM的唯一目的。

纳米TEM的应用

透射式电子显微镜在纳米应用中最令人兴奋的发展，是像差校正TEM和STEM（扫描透射式电子显微镜）的商业化。“通过矫正球面像差，这些电子显微镜能达到使研究员能对单个原子成像和分析的分辨率。”高级研究员伊莱恩•舒马赫和麦克龙联合公司对R&D杂志说。“纳米材料的结构和化学组成能在原子能级被识别，使人们能更加理解它们的特性以及如何在具体情况下应用它们。”

这些高分辨率仪器连同原位支架，为各种条件下对材料的检查留出了余地。过去，TEM受限于需要在显微镜操作的高真空条件下观察样本，且样本都需要用电子束加热，“现在我们有了可控制温度的显微镜和支架，能用可见光或激光扰动样本，引入活性气体控制压力，在包含液体的细胞里观察材料，”舒马赫说。“专业支架能直接在TEM的观察下测量纳米材料的性能，例如抗张强度、抗电阻性。”

TEM的重要性

TEM能用于纳米级研究，它们能提供极高空间分辨率的分析，取得很多方面的信息。

各种各样的图像模式展示了不同的特征尺寸和形态，一些图像信号包含了材料的组成信息。“能量散射X射线度谱术（EDS）被用来获取识别量化存在元素的光谱，”舒马赫说。“在扫描模式下，EDS线扫面曲线或图像能展示元素间的空间关联。”

获得电子衍射花样的各种方法能被用来确定材料的晶体性质，电子能量损失能谱法能获取电子状态信息。

舒马赫声明，在TEM或STEM里，一幅关于材料的尺寸、形状、基本化学组成、晶体和电子状态的完整图像能从亚纳米级区域或单个原子里获悉。这些功能使TEM成为表征纳米材料最有价值的工具之一。

同样，三维层析成像的改进使研究者能收集多维数据集有关信息，所以结构信息和元素组成能以三维的方式重建，而不是二维的图像。“超快的电子显微镜为了物质变换和化学反应的研究，用纳米级空间分辨率和飞秒时间分辨能力增加了第四维空间和时间，”舒马赫说。

未来的发展和升级

一些纳米材料的发展和应用有关的研究领域，包含了医学应用——药物传输或者改善成像传感器——用于能源和化工生产的催化剂，聚合物纳米复合材料的更好设计，储能装置的改善和使用新光子设备的快速数据交流的发展。这些只是使用纳米材料改革的一部分应用和产品，TEM在其他所有纳米材料研究的领域中起到了至关重要的作用。

然而，像差校正仪器的分辨率、显微镜的稳定性和操作的简便化还在继续改进。“所有相关的探测器和摄像机正被制造得更加敏感，方便进行更快的数据采集，”舒马赫说。例如，将TEM柱里多个EDS探测器一体化，取代在TEM柱一侧的端口里增加单个探测器。“靠近标本放置的多重探测器能更高比率地搜集到材料里产生的X射线，从而提高数据质量并缩短获得时间。”舒马赫继续说道。

PC速度和记忆容量的增加推动了这些改进，使研究者能轻松地控制复杂的显微镜操作，例如校准畸变，获取巨大的三维数据集以及从实验里的动态即时反馈中分析数据。

安全性发挥作用

透射式电子显微镜将继续处于表现和应用纳米材料的最前列。拥有原子能级的分辨率和能提供尺寸、同质性、形态、化学组成、结晶度和小尺度电子能态有关信息的能力，TEM是提高研究者对于纳米材料性能和关联的理解的技术性选择。

“理解这些材料的性能将有助于处理协议，揭露安全生产的限制，使用和处理纳米粒子和纳米复合材料，”舒马赫说。从加入碳纳米管来增强金属合金的强度，到通过添加二氧化钛的纳米粒子提高个人护理产品的防晒指数，纳米材料的应用极广。

“很有可能我们将在日常生活中处处碰到纳米材料，”舒马赫说。“我们对这些材料的理解越透彻，它们对制造商、消费者和环境就越安全。”

从透射式电子显微镜中获得的知识将在发展安全高效的纳米材料中继续发挥重要作用。 
Konstantin Balakiryan Develops New Aluminum Alloy Oxidation Method

“Oxide film is no longer a challenge for the hydrogen economy,” states Professor Balakiryan.

Production of hydrogen by oxidation of active metals, and particularly aluminum and its alloys, is and has been studied by many universities and research centers.

The main problem that scientists have been trying to solve is the formation of an oxide film on the surface of the active metals which interrupts oxidation reaction and therefore stops production of hydrogen.

“We know that the investigators who used aluminum powder in their research achieved positive results,” says Balakiryan.

But the greatest success achieved in this direction has been the Purdue University scientist under the leadership of Prof. Jerry Woodall. They developed a method that uses an aluminum alloy to extract hydrogen from water for running fuel cells or internal combustion engines. They believe that this technique could be used to replace gasoline.

“The method makes it unnecessary to store or transport hydrogen - two major challenges in creating a hydrogen economy,” said Jerry Woodall in a May 15, 2007 article on Purdue University News.

They created an aluminum alloy which doesn't become covered by an oxide film and does not interrupt the process of production of hydrogen. Unfortunately, the alloy consists of gallium additives. Therefore, this method cannot reach wide industrial application because of the high cost of gallium.

“We chose a different path,” says Balakiryan. “The subject of our study was a multi-component solution of the chemical oxidant. As a result of many months and laborious work, we managed to synthesize a solution which not only oxidizes active metal, but also doesn't allow the molecules of oxide to settle on the metal surface. This discovery also led to the process of continual hydrogen production until the complete dissolution (oxidation) of the total mass of the active metal. This is a totally surprising discovery.”

This method opens up incredible opportunities for producing hydrogen by reliable and environmentally-friendly ways.

The illustrations below show the dramatization of what takes place when metal is placed in the solution for different time increments.

“Application of this technique can modify our way of how we think and produce energy thus allowing us to protect the environment as well a save billions of dollars annually on day to day energy consumption,” says Balakiryan. 

Konstantin Balakiryan发现铝合金氧化新方法

“氧化膜不再是氢经济的挑战”，Balakiryan教授陈述道。

如何利用活性金属，特别是铝及其合金的氧化反应生成氢气，是许多大学和研究中心正在研究的。

科学家一直试图解决的主要问题是，活性金属表面上会形成一层氧化膜，中断氧化反应，从而阻止氢的产生。

“我们知道使用铝粉末的研究人员取得了积极的成果，”Balakiryan说。

但在这个方向取得了最大成功的是Jerry Woodall教授领导下的普渡大学的科学家。他们开发了一种方法，用铝合金从水中提取氢气，用于燃料电池或内燃机。他们认为，这种技术可以用来代替汽油。

“该方法不需要存储或运输氢-创造氢经济的两大挑战，”2007年5月15日Jerry Woodall在普渡大学报的一篇文章中说。

他们创造了一种铝合金，它没有被氧化物膜覆盖，不会中断生产氢气的过程。不幸的是，该合金包括了镓添加剂。因此，由于镓的高成本，该方法不能达到广泛的工业应用。

“我们选择了一条不同的道路，”Balakiryan说。“我们研究的主题是化学氧化剂的多组分溶液。结果是，几个月的辛苦的工作后我们成功地研究出了一个解决方案，不仅能氧化活性金属，还能让氧分子不接触金属表面。这一发现导致直到完全溶解（氧化）活性金属，氢都能源源不断产生。这是一个完全令人惊讶的发现。”

这种方法开辟了难以置信的机会，用可靠和环保的方式生产氢气。

下面的插图显示了不同的时间增量中，把金属放在溶液里所发生的戏剧化的画面。

“这项技术的应用可以改变我们思考和生产能量的方法，从而使我们达到对环境的保护以及在每日能量消耗上每年节约数十亿美元，”Balakiryan说。
Composite Materials（复合材料）
Hydrogel Walking

Shaped like a “L,” the hydrogel expands and contracts in a video from Japan’s RIKEN Center for Emergent Matter. It’s in a water environment, where the temperature rapidly changes between 25 and 45 C. With each temperature change, the hydrogel changes shape and crawls across the floor.  

“Hydrogels are a class of polymers that can absorb large amounts of water without dissolving. This is due to the physical or chemical cross linkages of hydrophilic polymer chains,” according to the Univ. of California, Berkeley. “Hydrogels mimic many of the properties of natural tissue so they are highly biocompatible.”

Hydrogels expand and contract due to changes in their environment, whether it be changes in voltage, heat or acidity. But the process is usually slow, and the hydrogel must absorb or excrete water to expand or contract.

But the RIKEN team developed a hydrogel that performs like an artificial muscle. Rather than contracting equally in all directions, the hydrogel contracts in one area while expanding in the other. It does this without absorbing or excreting water.

“The secret to the new hydrogel’s property is electrostatic charge,” according to RIKEN. “The team arranged metal-oxide nanosheets into a single plane within a material by using a magnetic field and then fixed them in place using a procedure called light-triggered in-situ vinyl polymerization, which essentially uses light to congeal a substance into a hydrogel. The nanosheets ended up stuck within the polymer, aligned in a single plane. Due to electrostatic forces, the sheets create electrostatic resistance in one direction but not in the other.”

The research team published their findings in Nature Materials.

Author Yasuhiro Ishida said, at 32 C, or the “lower critical solution temperature,” the hydrogel changed shape in length, but did not change in volume. “The substance underwent the change in shape in (an) air and in a liquid environment, showing that it doesn’t require the uptake of water,” said Ishida.

The team found the rate of deformation was about 70%/sec.

Ishida said the next step is to create hydrogels for practical use. One idea is using the hydrogel to create an artificial muscle which can open and close radiator systems as temperatures rise and fall, thereby preventing devices from overheating.
行走的水凝胶

日本理化学研究所应急物质中心（RIKEN Center for Emergent Matter）制作了一个视频，展示了形似 “L”的水凝胶的扩张和收缩。其处于一种水环境中，温度在25摄氏度到45摄氏度之间快速变化。每一次温度的变化，水凝胶都会改变形状，并爬行于地板上。

“水凝胶是一种高分子聚合物，它可以吸收大量水而不会溶解。这归功于亲水聚合物链的物理或化学交叉联系，”加利福尼亚大学的伯克利说，“水凝胶模拟自然组织的许多属性，所以它们具有高生物相容性。” 

水凝胶的扩张与收缩取决于环境的变化，无论是电压变化、热度变化还是酸度变化。但这个过程通常是缓慢的，并且水凝胶必须通过吸水或排水来扩张或收缩。

但是，RIKEN小组开发了一种形似人造肌肉的水凝胶。它并不是向四个方向均匀收缩，而是向一个方向收缩的同时向另一个方向扩张。这个过程不需要吸水或排水。

“新水凝胶性能的秘密是静电电荷，”RIKEN说。“小组通过使用磁场把金属氧化物纳米片排在材料的一个单面上，然后用一种叫做光触发原位乙烯聚合的程序即用光把物质凝结成水凝胶，把它们固定在一个位置上。纳米片最终停留在聚合物内，均匀分布在一个单面上。由于静电作用力的原因，纳米片在一个方向产生静电阻力而不是在其他方向。”

研究小组在《自然材料》上发布了他们的研究成果。

作者安广石田（Yasuhiro Ishida）说，在32摄氏度或者“低临界溶解温度”时，水凝胶长短会改变，但体积不会变。“水凝胶在气体和液体环境中形状发生改变说明它是不需要吸水的，”石田说。

研究小组发现水凝胶变形的速率是大约70%/秒。

石田说，下一步就是生产实用的水凝胶。有一种方法是用水凝胶制造一块人造肌肉，它可以随着温度升降来开关散热器系统，以防设备过热。 
Fibrelite Produce Highly Engineered F900 Composite Trench Covers
Fibrelite are now producing heavyweight, highly engineered F900 composite trench covers.

"Having re-configured the internal fibreglass architecture we can meet the permanent set and test load requirements of BS EN 124, Class F900 (when tested in accordance with the Air BP test footprint)," explains David Holmes, Fibrelite's Technical Director and Head of Product Development.

According to Fibrelite, the request to provide F900 heavy duty trench covers initially came from a large dockyard in the South-East of England. Their work inspectors were exploring replacement options for extremely heavy and corroding steel covers that had been installed years earlier, these extremely heavy covers required a crane and dedicated lifting equipment, which incurred a financial cost with equipment and manpower to lift the covers every time the ships come into dock.

The company says there are no breakouts of existing structures and no curing time resetting structures into concrete, which is an advantage in critical high trafficked areas.

"These highly engineered composite trench covers have eliminated costly and time consuming procedures, as well as allowing for a load rating of up to 90 tonnes. The associated increase in productivity and significant reduction in costs were benefactors for the consulting engineers and customers alike," explains Holmes.

Fibrelite explains that statistics show over half of injuries (resulting in absence from work) is due to manual handling and that reducing hazards in this area is a global priority. Because of legislation restricting acceptable manual handling weights, they are seeing a global trend towards lighter weight FRP composite manhole and access cover materials, which also have the benefits of ease of handling and corrosion resistance.

Fiberlite claims that lightweight composite covers that provide safe and easy access, eliminating unsafe manual handling issues, are replacing aging concrete and heavy cast iron access covers all over the world. By using lighter materials, operational injuries are prevented, work sites are made safer and ease of installation and maintenance is made available to utility workers and contractors.

The design of these lightweight covers incorporate up to two lifting points for specially designed lifting handles. These allow the operator to remove the cover without trapping fingers or bending over thus maximising the safety of the lifting technique. The weight is kept close to the body preventing back injury; one of the main causes of absence from work and personal injury claims.

Fibrelite产生精心设计的F900复合沟盖板

Fibrelite现在正在生产重量级的精心设计的F900复合沟盖板。

“通过重新配置内部玻璃纤维结构，我们能够满足BS EN 124、Class F900的永久设置和测试负载要求（当用Air BP测试足迹检测时）。”Fibrelite的技术总监和产品开发主管David Holmes解释道。

根据Fibrelite，提供F900重型沟盖板的要求最初来源于英格兰东南部的一家大型造船厂。他们的工作人员正在寻找能够替代几年前安装的极其沉重且易腐蚀的钢板的东西。这极为沉重的钢板需要起重机和专用的起重设备，因此每次船入港时都需要设备和人力资源来提起这些钢板，这会导致财务成本。

该公司表示，现有的结构没有任何突破，也没有将结构重置成固态的时间，而固态结构在交通拥挤时是个很大的优势。 

“这些精心设计过的复合沟盖板节省了昂贵而耗时的过程，并且每次能够承载高达90吨的物品。它带来的生产力的提高和成本的显著降低对咨询工程师和顾客来说都很有帮助。”Holmes解释道。

Fibrelite解释说，统计数据显示，超过半数的损伤（导致工作缺席）是由于人力操作，而降低该领域的风险在全球来说都是重中之重。由于立法限制了可接受的人力操作重量，因此可以明显看到一个全球趋势——轻型玻璃钢复合探孔并接触覆盖材料，这还有便于处理且耐腐蚀的好处。

Fiberlite声称，轻型复合盖板接触安全又方便，能够消除不安全的人力操作问题。全球范围内，它们正在逐渐取代老化的混凝土和重型铸铁。使用轻型材料能够预防操作损伤，使工作场地更加安全，且对工人和承包商来说使得安装和维修变得更简单了。

这些轻型盖板的设计涵盖了两个特别设计的吊环。这使得操作人员能够不经过弯手指或弯腰就能移除盖板，从而使起重操作的安全性最大化。重量接近身体以防止背部受损，而背部受损是旷工和工伤索赔的一个主要原因。 
SGL to Develop New Thermoplastic Capable Carbon Fibre

SGL Group has been awarded just under €1 million from the Federal Ministry of Education and Research to develop a new type of customised carbon fibre for thermoplastic applications.

The research project linked to the funding was launched back in April this year and will run until June 2017. The goal of this research project is the development of a carbon fibre with significantly increased elongation and an optimised surface structure adapted to the existing sizing system.

The total funding for this project of €2.9 million has been allocated as part of the BMBF’s Leading-Edge Cluster funding program, in which, as one of fifteen technology networks in the Germany-wide initiative, leading-edge cluster MAI Carbon (Munich, Augsburg and Ingolstadt) supports promising projects for the development of carbon-fibre composites.

The MAI CaFeE research project under the management of SGL Group is also being promoted by the two project partners, the University of Augsburg and the BMW Group. The Chair for Experimental Physics II at the University of Augsburg will assist in analysing the structure and properties of the new fibre as it’s being developed by SGL Group. To guarantee a timely test in a surrounding close to the final application, the newly developed carbon fibre will be tested by SGL partner BMW.

Thermoplastic fibre composites as a new type of material class offer several new opportunities for the application and processing of carbon fibre materials. They enable shorter cycle times, weldability, reparability and re-use, thereby offering the customer cost and processing benefits.
西格里集团研发新型热塑性能碳纤维

联邦教育研究部奖励西格里集团（SGL Group）近一百万欧元，以研究为顾客定制的新型碳纤维，以满足热塑性塑料应用。 

该资助相关的研究项目于今年四月份开展，并将持续到2017年6月份。这个研究项目的目标是开发显著提高碳纤维的伸长率并优化表面结构，适应现有的分级系统。 

该获得290万欧元资金的项目是德国联邦教育与研究部前沿的集群融资项目的一部分，作为整个德国为范围的十五个技术网络之一，该尖端集群MAI碳（慕尼黑、奥格斯堡及因戈施坦塔）支持这项深具前景的碳纤维复合材料项目的发展。

西格里集团管理下的MAI CaFeE研究项目，同样获得了奥格斯堡大学和宝马集团这两位合作伙伴的推动。奥格斯堡大学实验物理II的主席也将协助分析同时被西格里集团研究的新型纤维的结构与属性。在临近最后应用的关头，为保证测试的及时性，新研发的碳纤维将会被西格里集团的合作伙伴—宝马公司来进行测试。

热塑性纤维复合材料作为一种新型的材料为碳纤维材料的应用和发展提供了一些新的机会。它保证了短周期、可焊性、可补救及回收利用,从而节省客户的成本简化处理程序。 
Practical Application（实际应用）
Cages offer new direction in sustainable catalyst design

Univ. of Wisconsin-Madison engineers have developed a new approach to structuring the catalysts used in essential reactions in the chemical and energy fields. The advance offers a pathway for industries to wean themselves off of platinum, one of the scarcest metals in the Earth's crust.

In an effort to reduce the catalysis world's dependence on this highly reactive and versatile—but also quite expensive—metal, UW-Madison chemical engineering Professor Manos Mavrikakis and his collaborators have turned to the nanoscale structure of particles, arranging atoms to achieve more potent chemical reactions while using less material.

In a paper published in Science, the researchers describe how they teased a small number of platinum atoms into hollow "cage" structures that prove to be 5.5 times as potent as conventional platinum non-hollowed particles in an oxygen-reduction reaction crucial to low temperature fuel cells.

Materials researchers at the Georgia Institute of Technology initially came across the nano cage as a potentially powerful approach, and Mavrikakis' group used its quantum mechanical modeling expertise to synthesize cages with a tiny amount of platinum.

The real significance of this research, Mavrikakis says, is less about basic chemistry and more about offering a way forward as chemical engineers work to predict and synthesize new catalytic materials, with the ultimate goal of replacing platinum and palladium with more affordable metals.

"This demonstrates a completely new concept about how you can make materials that would utilize a minimal amount of precious metals," Mavrikakis says. "Platinum is likely the most widely used catalyst in the chemical industry, which means that using less of it helps make that industry more sustainable."

To create the nano cages, researchers start with a nanoscale cube or octahedron of less expensive palladium, then deposit a few layers of platinum atoms on top of it.

Calculations by Mavrikakis' group show that platinum atoms have a tendency to burrow into the palladium during the deposition. This allows the palladium to be removed by etching agents, leaving behind a cagelike structure in the initial shape of the palladium template with faces formed by layers of platinum just three to five atoms thick.

Reactants can flow into the hollow structure through holes in the faces, interacting with more platinum atoms in the chemical reaction than would be the case on a flat sheet of platinum or traditional, nonhollowed nanoparticles.

"Because of this new structure they're taking on, they're naturally shortening the distances between platinum atoms, which makes the platinum more active for the oxygen reduction reaction," says Luke Roling, a graduate student in Mavrikakis' lab. "We're also able to use more of the platinum atoms than we were before—at best, you could get up to twice as much of your platinum exposed."

Mavrikakis points out that, in a scaled-up version of this process, it would be possible to reuse palladium atoms after etching agents remove them from the nanoparticle. Jeff Herron, a postdoctoral researcher in Mavrikakis' group, adds that this process gives engineers a great deal of control over the shape and structure of the particle—details that make a tremendous difference in how reactive the particle ultimately is.

"Instead of having maybe not-so-well-defined nanoparticles, you can have these well-defined facets," Herron says.

One challenge in developing the nano cage was to determine just how many atomic layers of platinum the structure needs to efficiently catalyze reactions and to be stable in the reactive environment. If it's too thin—for example, two atomic layers—the cage collapses. If it's too thick—six or more layers—it's harder to remove the palladium atoms and obtain the desired hollowed cages.

Next, researchers hope to determine the optimal nano cage facet thickness for other metallic pairings, beyond platinum on palladium.

While the UW-Madison and Georgia Tech groups have recently made other significant strides in synthesizing material structures that offer greater reactivity, Mavrikakis sees the nano cage structure has opened up a whole new avenue of investigation in synthesizing new catalysts.

"The fundamental understanding of how these materials can be formed and how their reactivity can be modulated allows us now to go well beyond this pair of elements and explore other possibilities to go after even more potent catalytic materials," says Mavrikakis, whose work was supported by the U.S. Dept. of Energy and UW-Madison's College of Engineering. "If your goal is to construct platinum nano cages, the question is, can you start with something even cheaper than palladium? The challenges will be there, but we've established a framework for how to address these challenges."

Source: Univ. of Wisconsin-Madison
“笼式”结构为可持续的催化剂设计提供了新方向

威斯康星大学麦迪逊分校的工程师已经开发出一种新的方法来构建化工和能源领域必要反应所需的催化剂。该先进方法为试图摆脱铂束缚的行业提供了一种途径，铂是地壳中的稀缺金属之一。

在努力减少催化世界对这种高度反应性和通用性——但是同时相当昂贵的——金属的依赖的工作中，威斯康星大学化学工程系的教授马诺斯•马夫瑞卡基斯和他的合作者们已经转身了颗粒的纳米结构，在使用更少的材料的同时配置原子以达到更有效的化学反应。

在发表于《科学》（Science）的论文中，研究人员描述了他们是如何将少量的铂原子添加至空心化的“茏式”结构中，该结构被证明其强力是传统对低温燃料电池至关重要的氧还原反应中铂非中空颗粒的5.5倍。 

最初是佐汉亚技术研究所的材料研究人员想到了将纳米笼作为一个潜在的强大方法，并且马夫瑞卡基斯的小组利用其量子力学模拟专业知识运用少量的铂来合成笼。

马夫瑞卡基斯表示，这项研究的真正意义在于少谈基础化学，而是作为化学工程师的工作提供向前的一个方式来预测和合成新的催化材料，其最终目标是运用更实惠的金属替代铂金和钯金。

“这证明了一个关于你如何制造出将利用少量贵金属的材料的全新概念，”马夫瑞卡基斯表示。“铂可能是化学工业中最广泛使用的催化剂，这意味着运用较少的它将有助于令该行业更可持续化。”

为了创建纳米笼，研究人员开始是运用一个纳米立方体或是不太昂贵的钯的八面体，然后将数层铂原子沉积到它的上面。

由马夫瑞卡基斯的小组进行的计算显示出，铂原子在沉积过程中有钻入钯中的倾向。这使得钯通过蚀刻剂被去除，在最初的钯模板中留下了一个笼状结构，而表面则是由仅三到五个原子厚的铂层形成。

反应物可以通过表面的孔进入中空结构，在化学反应中与更多的铂原子进行反应，这要比平面铂或传统的非中空纳米颗粒的情况下反应的铂原子要多。

“由于这种他们所采用的新的结构，他们自然地缩短了铂原子间的距离，这使得铂金对于氧还原反应更加积极，”马夫瑞卡基斯实验室的一位研究生卢克罗林表示。“们还还能够利用比之前更多的铂原子——最好的，你可能会令多达两倍的铂被暴露。”

马夫瑞卡基斯指出，在这个过程中一个按比例增长的模式中，其将有可能会在蚀刻剂将钯原子从纳米颗粒中去除之后再次运用钯原子。马夫瑞卡基斯小组的博士后研究员杰夫•赫伦补充称，该过程为工程师对颗粒的形状和结构提供了大量的控制——在该颗粒最终将如何反应过程中制造巨大差别的细节。

“不同于拥有可能不那么明确定义的纳米粒子，你可能会拥有这些明确界定的方面，”赫伦表示。

在开发纳米笼时所面临的一个挑战是确定究竟该结构需要多少铂原子层来有效地催化反应，并且在反应环境中保持稳定。如果太薄——例如，双原子层——该笼倒倒塌。如果太厚——例如六层或更多——其很难消除钯原子并且获得所需的空心笼。

接下来，研究人员希望为其他金属配对确定最佳的纳米笼面厚度，超过钯上的铂。

虽然威斯康星大学麦迪逊分校和乔治亚理工学院的研究小组最近已经在合成提供更多反应性的材料结构方面取得了显著的进步，马夫瑞卡基斯看到，纳米笼结构已经在合成新的催化剂方面打开了全新方式的调查。

“对于这些材料如何形成以及他们的反应如何得到调节的基本认识令我们目前远远超出了这对元素，并且探索了其他更有力的催化材料的可能性，”其工作受到美国能源部和威斯康星大学麦迪逊分校工程学院的支持的马夫瑞卡基斯表示。“如果你的目标是构建铂纳米笼，那么问题是你是否可以运用一些甚至比钯还要便宜的元素？挑战已经出现了，但我们已经建立了一个框架来解决这些挑战。”

资料来源：威斯康星大学麦迪逊分校  
New material could change how we work and play

[image: image5.jpg]



An artistic ren¬dering of novel mag¬netism in 2D-BNCO sheets, the new mate¬rial Swastik Kar and Srinivas Sridhar cre¬ated. Image: Northeastern Univ.

Serendipity has as much a place in sci­ence as in love. 

That's what North­eastern Univ. physi­cists Swastik Kar and Srinivas Sridhar found during their four-year project to modify graphene, a stronger-than-steel infin­i­tes­i­mally thin lat­tice of tightly packed carbon atoms. Pri­marily funded by the Army Research Lab­o­ra­tory and Defense Advanced Research Projects Agency, or DARPA, the researchers were charged with imbuing the decade-old mate­rial with thermal sen­si­tivity for use in infrared imaging devices such as night-vision gog­gles for the military.

What they unearthed, pub­lished in Science Advances, was so much more: an entirely new mate­rial spun out of boron, nitrogen, carbon and oxygen that shows evi­dence of mag­netic, optical and elec­trical properties, as well as DARPA's sought-after thermal ones. Its poten­tial appli­ca­tions run the gamut: from 20-megapixel arrays for cell­phone cam­eras to photo detec­tors to atom­i­cally thin tran­sis­tors that when mul­ti­plied by the bil­lions could fuel computers.

"We had to start from scratch and build every­thing," says Kar, an assis­tant pro­fessor of physics in the Col­lege of Sci­ence. "We were on a journey, cre­ating a new path, a new direc­tion of research."

The pair was familiar with "alloys," con­trolled com­bi­na­tions of ele­ments that resulted in mate­rials with prop­er­ties that sur­passed graphene's—for example, the addi­tion of boron and nitrogen to graphene's carbon to con­note the con­duc­tivity nec­es­sary to pro­duce an elec­trical insu­lator. But no one had ever thought of choosing oxygen to add to the mix.

What led the North­eastern researchers to do so?

"Well, we didn't choose oxygen," says Kar, smiling broadly. "Oxygen chose us."

Oxygen, of course, is every­where. Indeed, Kar and Sridhar spent a lot of time trying to get rid of the oxygen seeping into their brew, wor­ried that it would con­t­a­m­i­nate the "pure" mate­rial they were seeking to develop.

"That's where the Aha! moment hap­pened for us," says Kar. "We real­ized we could not ignore the role that oxygen plays in the way these ele­ments mix together."

"So instead of trying to remove oxygen, we thought: Let's con­trol its intro­duc­tion," adds Sridhar, the Arts and Sci­ences Dis­tin­guished Pro­fessor of Physics and director of Northeastern's Elec­tronic Mate­rials Research Institute.

Oxygen, it turned out, was behaving in the reac­tion chamber in a way the sci­en­tists had never antic­i­pated: It was deter­mining how the other elements—the boron, carbon and nitrogen—combined in a solid, crystal form, while also inserting itself into the lat­tice. The trace amounts of oxygen were, metaphor­i­cally, "etching away" some of the patches of carbon, explains Kar, making room for the boron and nitrogen to fill the gaps.

"It was as if the oxygen was con­trol­ling the geo­metric struc­ture," says Sridhar.

They named the new mate­rial, sen­sibly, 2D-BNCO, rep­re­senting the four ele­ments in the mix and the two-dimensionality of the super-thin light­weight mate­rial, and set about char­ac­ter­izing and man­u­fac­turing it, to ensure it was both repro­ducible and scal­able. That meant inves­ti­gating the myriad per­mu­ta­tions of the four ingre­di­ents, holding three con­stant while varying the mea­sure­ment of the remaining one, and vice versa, mul­tiple times over.

After each trial, they ana­lyzed the struc­ture and the func­tional prop­er­ties of the product—elec­trical, optical—using elec­tron micro­scopes and spec­tro­scopic tools, and col­lab­o­rated with com­pu­ta­tional physi­cists, who cre­ated models of the struc­tures to see if the con­fig­u­ra­tions would be fea­sible in the real world.

Next they will examine the new material's mechan­ical prop­er­ties and begin to exper­i­men­tally val­i­date the mag­netic ones con­ferred, sur­pris­ingly, by the inter­min­gling of these four non­mag­netic ele­ments. "You begin to see very quickly how com­pli­cated that process is," says Kar.

Helping with that com­plexity were col­lab­o­ra­tors from around the globe. In addi­tion to North­eastern asso­ciate research sci­en­tists, post­doc­toral fel­lows, and grad­uate stu­dents, con­trib­u­tors included researchers in gov­ern­ment, industry, and acad­emia from the U.S., Mexico and India.

"There is still a long way to go but there are clear indi­ca­tions that we can tune the elec­trical prop­er­ties of these mate­rials," says Sridhar. "And if we find the right com­bi­na­tion, we will very likely get to that point where we reach the thermal sen­si­tivity that DARPA was ini­tially looking for as well as many as-yet unfore­seen applications."

Source: Northeastern Univ.
改变我们工作与娱乐方式的新材料  
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新型磁性2D-BNCO片材的艺术绘制，2D-BNCO片材是Swastik Kar与Srinivas Sridhar创造的一种新材料。图片来源：东北大学。

正如在爱情中一样，运气在科学中也扮演着重要角色。

这就是东北大学科学家Swastik Kar和Srinivas Sridhar在其对石墨烯四年的研究项目中得出的结论，石墨烯是一种比钢材钢硬，比水晶格薄而又排列紧密的碳原子。该项目最初是由美国陆军研究实验室和美国国防部高级研究计划局或DARPA资助，研究人员在红外成像设备中的运用十年之久的材料，如军用夜视镜。

他们发现并发表在《科学进展》（Science Advances）上的研究成果很多：一种由硼，氮，碳和氧合成的新材料，拥有良好的磁性、光学和电学性质，与DARPA发现的那一种性能一样好。其潜在的应用领域为：20万像素阵列手机摄像头，高达数十亿美元且可增强电脑性能的光电检测器以原子薄晶体管。

“我们不得不从头开始，建立了一切，” 物理科学学院助理教授Kar说。“我们正在闯出一条新路，一个全新的研究方向。”

该对熟悉“合金”的元素的组合，控制了一些元素的结合，这些元素可以形成性能超越石墨烯的材料，- 例如，添加硼和氮与石墨烯的碳，这意味着必须生产电绝缘体的导电性能。但是，没有人想过将选择氧气加进来。

是什么使得东北大学的研究者们这么做呢？

“我们没有选择氧气，” Kar满面微笑的说，“是氧气选择了我们。”

氧气无处不在，事实上，Kar 和 Sridhar曾花费很多时间来避免氧气渗入他们的实验中，担心氧气会污染他们正在创造的材料的纯洁性。

“这让我们大吃一惊，” Kar说。“我们意识到，我们不能忽视氧在这些元素混合在一起时所扮演的中重要角色。”

“因此，与其试图消除氧，我们想：倒不如控制它，Sridhar,补充说：”，物理的艺术与科学学院特聘教授和东北大学的电子材料研究所主任。

事实证明，氧在反应室中的表现方式，科学家从未预料到：它确定其他元素，如硼，碳和氮的组合方式，在插入本身进格是固体还是晶体形式。用比喻来说，氧“蚀刻掉”一些碳的补丁，Kar解释说，从而留出空间来填补硼和氮的空白。

“看起来好像是氧气决定了几何结构，” Sridhar说。

它们将新材料命名为“2D-BNCO”，代表由四种元素和两维的超薄轻质材料制成，并设置关于表征和制造它的方式，以确保它的重现性和可扩展性。这意味着调查四种成分的无数的排列，保持三个恒定，同时改变剩下的一个的测定，并且反之亦然。

每次试验后，他们用电子显微镜和光谱工具，分析产品的结构和功能特性——电、光，以及计算物理学家，创建的结构的模型，以查看在实际可行的世界是否配置。

接着，他们将检查新材料的机械性能，并开始验证磁性，出人意料的是，通过这四个非磁性元素的交织。 “你很快将看到过程多么复杂，” Kar说。

帮助验证这种复杂性的是来自世界各地的合作者。除了东北部研究科学家，博士后和研究生，还包括政府研究人员，来自美国、墨西哥和印度行业和学术界。

“我们还有很长的路要走，但有明显的迹象表明，我们可以调整这些材料的电气性能，” Sridhar说。 “如果我们找到了正确的组合，我们将很有可能到达那个地步，实现DARPA最初寻找的热灵敏度以及众多的尚未预见的应用。

资料来源：东北大学。  
Organic & Polymer（有机高分子材料）
Eliminating entanglements: New strategy towards ultra-soft yet dry rubber
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This is an ultra-soft elastomer fabricated by crosslinking bottlebrush polymers contains only crosslinks (red chains) and no entanglements. Courtesy of Li-Heng Cai, Harvard SEAS

Medical implants mimic the softness of human tissue by mixing liquids such oil with long silicone polymers to create a squishy, wet gel. While implants have improved dramatically over the years, there is still a chance of the liquid leaking, which can be painful and sometimes dangerous.

Now, led by David A. Weitz, Mallinckrodt Professor of Physics and Applied Physics at Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) and associate faculty member at the Wyss Institute for Biologically Inspired Engineering at Harvard, a team of polymer physicists and chemists has developed a way to create an ultra-soft dry silicone rubber. This new rubber features tunable softness to match a variety of biological tissues, opening new opportunities in biomedical research and engineering.

The material is featured on the cover of the journal Advanced Materials.

"Conventional elastomers are intrinsically stiff because of how they are made," said lead author Li-Heng Cai, a postdoctoral fellow at SEAS. "The network strands are very long and are entangled, similar to a bunch of Christmas lights, in which the cords are entangled and form knots. These fixed entanglements set up an intrinsic lower limit for the softness of conventional elastomers."

In order to fabricate a soft elastomer, the team needed to eliminate the entanglements from the beginning by developing a new type of polymer that was fatter and less prone to entanglement than linear polymers. The polymers, nicknamed bottlebrushes, are easily synthesized by mixing three types of commercially available linear silicone polymers.

"Typically the fabrication of such bottlebrush molecules requires complex chemical synthesis," said co-first author Thomas E. Kodger, Ph.D.' 2015, now a postdoctoral fellow at University of Amsterdam. "But we found a very simple strategy by carefully designing the chemistry. This system creates soft elastomers as easily as silicone kits sold commercially."

The softness of the elastomers can be precisely controlled by adjusting the amount of cross-linked polymers to mimic everything from soft brain tissue and relatively stiff cells.

"If there are no crosslinks, all the bottlebrush molecules are mobile and the material will flow like a viscous liquid such as honey," said Cai. "Adding crosslinks connects the bottlebrush molecules and solidifies the liquid, increasing the material stiffness."

In addition to controlling the softness, the team also found a way to independently control the liquid-like behavior of the elastomer.

"To make the conventional elastomer softer, one needs to swell it in a liquid," said coauthor Michael Rubinstein, John P. Barker Distinguished Professor in Chemistry at the University of North Carolina at Chapel Hill. "But now we can adjust the length of 'hairy' polymers on the bottlebrush molecules to tune the liquid-like behavior of soft elastomers—without swelling—allowing us to make these elastomers exceptionally non-adhesive yet ultra-soft."

These qualities make the material not only ideal for medical devices, such as implants, but also for commercial products such as cosmetics.

"The independent control over both softness and liquid-like behavior of the soft elastomers will also enable us to answer fundamental questions in biomedical research," said Weitz. "For example, stem cell differentiation not only depends on the softness of materials with which they are in contact, but recent findings suggest that it is also affected by how liquid-like the materials are. This discovery will provide entirely new materials to study the cell behavior on soft substrates."

"The exceptional combination of softness and negligible adhesiveness will greatly broaden the application of silicon-based elastomers in both industry and research," said Weitz.

SOURCE: Harvard University
消除缠结：制造超软干橡胶的新策略  
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这是一个由交联“洗瓶刷（bottlebrush）”聚合物制造出来的超软橡胶弹性体，只包含交叉连接（红色链）不包含缠结。图片由哈佛大学工程与应用科学学院的蔡力恒（音）提供。 

医疗植入物通过模仿人体组织的柔软性，把液体油和长硅酮聚合物混合在一起，来制造一个黏糊糊的湿凝胶。虽然植入物在过去几年已经有了大幅改善，但是仍然有液体泄漏的情况发生，这会给病人带来痛苦，有时还会很危险。

在哈佛大学应用物理学和应用物理马林克罗教授大卫•韦茨、工程和应用科学学院和哈佛生物工程维斯研究所的副教员约翰•保尔森的指导下，现在高分子物理学家和化学家团队开发了一种方法，制造出一种超软干硅橡胶。这种新型橡胶具有可调谐柔软性，可与多种生物组织相匹配，为生物医学研究及工程提供了新机会。

这种材料被刊登在《先进材料》（Advanced Materials）杂志封面上。

“传统弹性体由因其制造方式造成内部是僵硬的，”主要作者哈佛大学工程与应用科学学院的博士后研究员蔡力恒说，“网络链很长，缠绕在一起，类似于电线缠绕成节的圣诞灯。这种固定的缠结为传统弹性体的柔软度建立了一个内部下限。”

为了制造一个柔软的弹性体，该团队需要通过开发一种比线性聚合物更丰满不易缠结的新型聚合物来从一开始消除缠结。这种聚合物的绰号是“洗瓶刷”（bottlebrushes），它很容易通过混合三种类型的商用线性有机硅聚合物来合成。

“通常这种洗瓶刷分子的制造需要复杂的化学合成，”共同署名的第一作者2015年博士和现在的阿姆斯特丹大学博士后研究员托马斯•科德说，“但我们发现了一个非常简单的策略，那就是精心设计化学物质。这个系统制造软弹性体就像制造市面上卖的硅胶包一样容易。”

通过调整交联聚合物数量来模拟柔软脑组织和相对僵硬细胞的所有特性，弹性体的柔软度可以得到精确控制。

“如果没有交联，所有的洗瓶刷分子都是移动的，并且材料会像蜂蜜一样流动，”蔡力恒说，“通过添加洗瓶刷分子的交联连接和凝固液体可以增加材料的硬度。”

除了控制柔软度，该团队还发现了一种方法来独立控制弹性体类液行为。

“为了使传统弹性体变得更软，就需要让它在一种液体里膨胀，”合著者北卡罗来纳教堂山分区特聘化学教授约翰•巴克说，“但是现在我们可以通过调整洗瓶刷毛的长度来协调软弹性体的类液行为，不需要膨胀，我们就可以使这些弹性体变得非常柔软并且没有粘结。”

这些品质使得这种材料不仅适合用于医疗设备，如植入物，还适合用于商业产品，如化妆品。

“独立控制软弹性体的柔软度和类液行为使我们能够回答在生物医学研究中的基本问题，”韦茨说，“例如，干细胞分化不仅取决于材料连接的柔软度，最近的研究结果表明，它还会被材料类液程度所影响。这一发现将为研究软基质行为提供了全新的材料。”

“柔软和和微粘合度的特殊组合将大大拓宽硅弹性体在工业和研究中的应用，”韦茨说。

资料来源：哈佛大学  
Graphene’s Promise Persists 
Graphene is an atomic-scale honeycomb lattice made of single layers of carbon atoms. First isolated and produced by Andre Geim and Konstantin Novoselov at the Univ. of Manchester, U.K., in 2003, the researchers won the Nobel Prize in Physics in 2010 “for their groundbreaking experiments regarding 2-D graphene.” Graphene had been theorized for many years before Geim-Novoselov’s production discovery. It was imaged on a transmission electron microscope (TEM) in 1961 by chemist Hanns-Peter Boehm at Ludwig-Maximilians Univ., and identified and named in an IUPAC report in 1994.

The material’s extraordinary physical properties made it an immediate target for researchers attempting to find ways to produce the material in commercial quantities. In terms of physical properties, graphene has 200 times the strength of steel by weight, with the highest tensile strength of any material ever tested. It also has nearly three times the surface area of carbon nanotubes (CNTs); it’s a zero gap semiconductor with numerous electronic properties, exceeding those of silicon; it’s resistivity is lower than silver’s; it has unique optical properties; and it has more than twice the thermal conductivity of pyrolytic graphite.

The market for graphene in 2014 was estimated by Future Markets at $15 to $20 million, with a forecast of 40% CAGR through 2020 to $140 to $160 million, according to market research firms Yole Developments, Lux Research and IDTechEx. Research use for graphene over the next five years is split equally in composite materials, conductive inks and coatings, energy storage (batteries) and basic research applications. Minor uses for these materials include high-performance electronics, transparent conductive films and water filtration applications.

With all its strong properties, the continuing challenge for graphene researchers has been to find a way to produce it in commercial quantities, while maintaining its desired properties. “There are many diverse methodologies being investigated for large-scale production of graphene,” says Felix Miranda, Chief, Advanced High Frequency Branch at NASA Glenn Research Center, Cleveland. “Some of the methods, while simple, have limitations regarding large surface area coverage, as well as control of the numbers of layers of graphene (as the number of atomic layers increase, the properties decline). Nonetheless, mechanical exfoliation is appropriate for small-scale, research-type physics, biology and chemical experiments.”

Despite the lack of significant process successes, nor the emergence of a “killer” application, current interest in graphene remains strong. In 2013, the European Union (EU) committed more than $1 billion over the next decade for research on graphene and other 2-D materials. South Korea and the U.K. governments have similarly committed $40 and $27 million, respectively, over the past two years. And market research firm IDTechEx estimates that more than $60 million in private investments have been made in graphene R&D over the past several years.

In the U.S., the National Science Foundation, the Air Force Office of Scientific Research, the Dept. of Energy, NASA and other government agencies are funding academia to optimize graphene properties and support the development of applications.

Production processes

“One of the graphene production processes being examined is chemical vapor deposition (CVD), but there are other emerging ones, such as ink-jet printing,” says Miranda. “Last year, the AMBER (Advanced Materials and Bioengineeering Research at Trinity College) group in Dublin, Ireland, produced large quantities of defect-free few-layer graphene by shear exfoliation in liquids. Other original techniques used were mechanical exfoliation and unzipping of multi-walled carbon nanotubes. Graphene can also be produced by spin-coating and spraying graphene oxide or graphene flake dispersion from liquid-phase exfoliation.”

“Reduction of graphene oxide and liquid exfoliation of graphite provide small graphene flakes, while CVD processes yield large intact graphene sheets,” says Ivan Vlassiouk, research scientist in the Energy and Transportation Science Div. at Oak Ridge National Laboratory. “The graphene oxide and liquid exfoliation processes result in lower costs, and are basically ready for scale-up. However, the drawback is the large size of the flakes (1 to 10 μm or larger) and a large number of defects in graphene sheets. The current CVD approach for graphene synthesis gives the best quality/cost ratio.”

Using their CVD process, Vlassiouk’s team has fabricated polymer composites containing 2-in-by-2-in sheets of one-atom- thick hexagonally arranged carbon atoms. “Before our work, superb mechanical properties of graphene were only able to be shown at a micro scale,” says Vlassiouk. “We have extended this to a larger scale, which considerably extends the potential applications and market for graphene.” The composite structure they produced contains multiple graphene layers, each sandwiched between polymer layers. The nanocomposite laminate is electrically conductive, with graphene loading that’s 50 times less compared to other current state-of-the-art graphene samples.

Researchers at Massachusetts Institute of Technology (MIT) also recently announced a CVD-based process for fabricating graphene in large continuous sheets. This process is an adaptation of a CVD method already used at MIT, which uses a small vacuum chamber in which carbon vapor reacts on a horizontal substrate, such as a copper foil. The new MIT system uses a similar vapor chemistry, but the chamber consists of two concentric tubes, one inside the other, and the substrate is a thin ribbon of copper that slides over the inner tube. Gases flowing into the tubes are released through precisely placed holes, allowing the substrate to be exposed to two mixtures of gases sequentially. The first region is termed an annealing region, which is used to prepare the substrate surface. The second region is a growth zone, where the graphene is formed on the copper ribbon. The chamber is heated to approximately 1,000 C to perform the reaction.

When the ribbon is rolled through the chamber at 25 mm/min, a uniform, high-quality single layer of graphene is created. When the ribbon is rolled 20 times faster, it still produces a graphene coating, but it’s lower quality with more defects.

“Some applications, such as filtration membranes, may require high-quality graphene, but others, such as thin-film heaters, may work well enough with lower-quality graphene sheets,” says A. John Hart, MIT mechanical engineering associate professor. “The new system produces graphene that’s not quite equal to the best that can be done by batch processing, but it’s still as good as what has been produced by other continuous processes. Further work on pre-treatment of the substrate to remove unwanted defects could improve the quality of the resulting graphene sheets.”

Researchers at Northwestern Univ. have developed a novel way to print large, robust 3-D structures with a graphene-based ink. Previous similar attempts resulted in relatively low graphene loading (20%), which failed to take advantage of the graphene properties. Higher graphene volumes generally resulted in brittle, fragile structures. Led by Ramille Shah, assistant professor of materials science and engineering at Northwestern, the researchers developed a 60 to 70% graphene-loaded ink. The graphene flakes are mixed with a biocompatible elastomer and fast-evaporating solvent. “After the ink is extruded, one of the solvents evaporates causing the structure to solidify,” says Shah. “The presence of the other solvents and the interaction with a specific polymer binder contributes to the structure’s flexibility and properties. Because it holds its shape, we’re able to build large, well-defined objects.” These objects can play a role in tissue engineering and regenerative medicine, as well as in the design of electronic devices.
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While U.S. research laboratories are well supported and are creating innovative production processes, “groups from South Korea are also very strong,” says Oak Ridge’s Vlassiouk. “Several Asian companies also have demonstrated the production of large sheets of graphene as well.” These foreign researchers are also working at the fundamental level with a strong orientation toward device development.

Unique applications

Graphene-based applications take advantage of graphene’s unique strengths, and many of these strengths are particularly applicable to electronic devices. “In early 2014, IBM’s Shu-Jen Han reported fully functional ICs made of wafer-scale graphene with 10,000 times better performance than previously reported efforts,” says NASA’s Miranda. “IBM’s interest is to improve the state of the practice wireless devices’ communication speed, and lead the way toward carbon-based electronic devices and circuit applications beyond what’s possible with widely used silicon chips. By integrating graphene RF devices, low-cost silicon technology could enable pervasive wireless communications, allowing such things as “smart” sensors and RFID tags to send data signals at significantly larger distances.”

Another electronic-based graphene application is its implementation in 3-D supercapacitors. Building on a laser-induced graphene (LIG) production process developed in the Rice Univ. laboratory of chemist James Tour (R&D’s 2013 Scientist of the Year), researchers discovered that firing a laser at an inexpensive polymer burned off other elements and left a film of porous graphene. The researchers have since created vertically aligned supercapacitors with the LIG layers on both sides of a polymer sheet. These sections are stacked with solid electrolytes in between for a multilayer sandwich with multiple graphene-based supercapacitors. “The flexible stacks have excellent energy-storage capacities and power potentials, and can be scaled for commercial applications,” says Tour. “LIG can be made in air at ambient temperatures and in industrial quantities through a commercial roll-to-roll process.”

Yet another graphene electronics application was demonstrated by researchers at Pacific Northwest National Laboratory, Richland, Wash., with their addition of graphene into the titanium oxide components of lithium battery electrodes. The addition of small quantities of Vor-X graphene into the electrodes resulted in charging and discharging performances up to three times better than with the standard titanium dioxide electrodes. Vor-X graphene is manufactured by Vorbeck Materials Corp., Jessup, Md. Vorbeck has a number of graphene patents covering applications in conductive inks, printed electronics, composite materials and energy storage.

Yet another graphene-based electronics application was demonstrated by researchers at the Univ. of Manchester, with the 3-D printing of a graphene laminate for use in fabricating a lightweight antenna. The resulting antennae products have practically acceptable return loss, gain, bandwidth and radiation patterns. This is particularly useful for RFID tags. Other acceptable high-conductivity inks used for fabricating antenna devices are available, such as those incorporating silver, but are generally cost-prohibitive. Other choices, such as copper and aluminum, aren’t durable and quickly become corroded, but are the current material of choice due to their availabilities. The Manchester researchers used a method called “rolling compression”, which substantially increased the conductivity of the graphene. They tested the concept by producing a functional dipole antenna which radiated power effectively after being successfully printed with a binder-free graphene laminate on paper process.

Choices

“While a number of companies are already claiming the ability to fabricate large quantities of defect-free graphene, there’s still work to be done regarding the optimization of the graphene materials,” says NASA’s Miranda. “The fabrication and deposition techniques also need to be optimized for large volumes, reproducibility and outside of laboratory environments. Accordingly, the time frame for achieving large-scale production values is likely in the five to 10 year range.”

As a result, the primary graphene applications over the next five years will continue to be in the research arena. This also includes the development of proof-of-concept devices.

A recent market report by Lux Research states graphene is destined to become the “next carbon nanotube (CNT),” referring to the massive hype that surrounded the initial CNT development, which then failed to be followed by actual commercial successes. Lux analysts believe graphene won’t follow in silicon’s footsteps and find wide-ranging ubiquitous applications. Lux believes graphene will become closer to CNT markets and find limited uses in somewhat niche markets.
石墨烯潜能依旧

石墨烯是一个用单层碳原子组成的原子尺度的蜂窝状晶格。它首次是由英国曼彻斯特大学的安德烈•海姆和康斯坦丁•诺沃肖洛夫在2003年分离和生产出的，这两名研究人员在2010年因“他们有关2-D石墨烯的开创性实验”而获得了诺贝尔物理学奖。石墨烯在海姆-诺沃肖洛夫的生产发现的许多年前就已经被理论化了。它早在1961年就被路德维希-马克西米利大学的汉斯-彼得勃姆化学家通过透射电子显微镜（TEM）进行了成像，并且在1994年的一份IUPAC报告中进行了确认和命名。

该材料的超凡物理特性令其成为了一个研究人员试图找到方法在以商业规模来生产该物料的直接目标。在物理特性方面，相同质量的情况下石墨烯具有比钢超出200倍的强度，并且具有目前所测试的任何材料中最大的拉伸强度。它还是碳纳米管(CNT)表面积的近三倍；它是一个具有众多电子性能的零隙半导体，超过了硅的性能；其电阻率比银还要低；它还拥有独特的光学特性；并且它还具有超过热解石墨两倍以上的热导率。

据市场研究公司Yole发展、勒克斯研究和IDTechEx称，期货市场在2014年评估石墨烯市场达到1500至2000万美元，并且到2020年预测复合年增长率为40%，达到1.4至1.6亿美元。在未来五年，石墨烯的研究应用在复合材料、导电油墨和涂料、储能（电池）以及基础研究应用中是平均分配的。这些材料的将要用途包括高性能电子、透明导电膜以及水过滤应用。

凭借其所有强大的特性，石墨烯的研究人员持续进行的挑战是找到一种方式来以商业规模生产该材料，同时保持其所需的性能。“为石墨烯大规模生产进行调查的方式有许多，并且都不尽相同，”克利夫兰美国宇航局格伦研究中心先进高频分公司的主席费利克斯•米兰达表示。“其中一些方法，虽然简单但是具有关于较大的表面区域覆盖的限制，并且对石墨烯层数具有一定的控制（随着原子层数量的增加，性能会有所下降）。然而，机械剥离适合于小规模的、研究型物理学、生物学和化学实验”。

尽管没有显著的进展成功，也没有“杀手级”应用的出现，但是石墨烯目前的利率仍然非常强劲。在2013年，欧盟（EU）承诺在未来十年对石墨烯和其他2-D材料的研究经费会超过十亿美元。韩国和英国在过去的两年内分别调配了4000万和2700万美元。并且市场研究公司IDTechEx估计，在过去的几年内有超过6000万美元的私人投资已经投入到了石墨烯的研发当中。

在美国，美国国家科学基金会、科学研究空军办公室、能源部、国家航空航天局以及其他政府机构将资助学术界我的心石墨烯的性能以及支持应用程序的开发。

生产流程

“石墨烯一个接受检测的生产流程是化学气相沉积（CVD），但是也有其他新兴的流程，例如喷墨印刷，”米兰达表示。“去年，AMBER（圣三一学院先进材料与生物工程研究）小组在爱尔兰的柏林利用液体中的剪切剥离生产出大量的无缺陷数层石墨烯。其他所使用的原始技术是机械剥离和多壁碳纳米管的解压。石墨烯还可以通过旋涂以及喷涂氧化石墨烯或是从液相剥离获得的石墨烯薄片来进行生产。”

氧化的还原以及石墨烯的液态剥离提供了少量的石墨烯薄片，而CVD工艺则产生了大量完好的石墨烯片，”橡树岭国家实验室能源与交通科学部的研究科学家伊万•弗拉修克表示。“石墨烯氧化和液体剥离艺术会产生较低的成本，并且基本上已经作好了扩大的准备。然而，其缺点是薄片的较大尺寸（1至10微米或更大），以及石墨烯片的大量缺陷。目前石墨烯合成的CVD方法提供了最佳的质量/价格比率。”

通过他们的CVD工艺，弗拉修克的研究小组已经制成了含有单原子厚的六角形排列的碳原子2-in-by-2-in薄片的聚合物复合材料。“在我们进行研究之前，石墨烯的精湛机械性能只能在微观尺度上进行展示，”弗拉修克称。“我们已经扩展到了较大的规模上，而这为石墨烯大大扩展了潜在的应用和市场。”由他们制成的复合结构体包含多个石墨烯层，每个石墨烯层都夹在聚合物层之间。该纳米复合材料层压板是导电的，与其他目前先进的石墨烯样品相比，其石墨烯负荷电力要少50倍。

美国麻省理工学院（MIT）的研究人员最近也公布了以大型连续薄片制造石墨烯的CVD工艺。这个过程是已经用于MIT的CVD方法的同化，它使用的是一个小的真空室，其中碳蒸气反应在水平基底上发生，例如铜箔。新的MIT系统使用的是一个类似的蒸气化学，但该室包括两个同心管，一个在另一个管的内部，且所述衬底为滑过内管的铜的薄带。流入管内的气体通过精确放置的孔被释放出来，从而使得衬底按一定的顺序暴露于这两种气体的混合物中。第一区域被称为退火区，它被用于备制衬底表面。第二区域是一个增长区域，石墨烯在这个区域内于铜带上形成。该室会被加热至约1000摄氏度左右来进行反应。

当该铜带以25毫米/分钟的速度轧制时，均匀的高品质单层石墨烯就创建出来了。当该铜带以快20倍的速度轧制时，它仍然会产生石墨烯涂层，但是会产生具有更多缺陷并且质量较低的石墨烯涂层。

“有些应用程序，例如过滤膜，可能需要高质量的石墨烯，但是其他，例如薄膜加热器，可能运用低质量的石墨烯片就能工作良好，”MIT机械工程系副教授A约翰•哈特表示。“新的系统能够生产出与通过批量处理产生的最佳石墨烯相同质量的石墨烯，但是仍然与通过其他连续工序生产出的石墨烯一样好。有关去除不想要的缺陷的基板预处理的进一步工作可能会提高最终获得的石墨烯片的质量。”

美国西北大学的研究人员已经开发出一种新的方法通过石墨烯油墨打开出大的、强健的3-D结构。之前类似的尝试产生了相对低的石墨烯负载（20%），而这未能利用石墨烯属性的优势。较高的石墨烯容易通常会产生脆的、易碎的结构。在西北大学材料科学与工程系的副教授拉米拉•沙阿的领导下，研究人员开发出一种达到60%-70%的石墨烯负荷的油墨。该石墨烯片与生物相容性弹性体和快速蒸发溶剂混合在一起。“在该墨被挤出之后，一种溶剂蒸发导致该结构固化，”沙阿表示。“其他溶剂的存在以及与特定聚合物粘合剂的相互作用有利于该结构的灵活性和性能。由于它拥有其形状，因此我们能够建造大型的、定义良好的物体。”这些物体可能会在组织工程和再生医学以及电子设备的设计方面发挥一定的作用。
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虽然美国研究实验室得到了很好的支持并且正在创造出创新的生产工艺，“韩国的研究小组也非常强大，”橡树岭的弗拉修克表示。“一些亚洲的公司也已经展示了大片石墨烯的生产。”这些外国研究人员也正朝着设备发展的强大导向来研究基本水平。

独特的应用

石墨烯应用程序充分利用了石墨烯的独特优势，并且许多优势特别适用于电子设备。“在2014年初，IBM的韩蜀仁报告称，由晶圆级石墨烯制成的全功能芯片要比之前报告的工作在性能方面好上10000倍，”美国航空航天局的米兰达表示。“IBM的兴趣是改善实践无线设备的通信速度状态，并且引导到有可能广泛运用硅芯片的应用之外的碳基电子设备和电路应用方面。通过集成石墨烯射频设备，低成本硅技术能够成就无处不在的无线通信，允许诸如‘智能’传感器和RFID标签的物体在较大距离之间发送数据信号。”

另一个电子基石墨烯的应用是其在三维超级电容器中的应用。构建在莱斯大学化学家詹姆斯•图尔实验室开发的一种激光诱导石墨烯（LIG）生产工艺的基础上（2013年度科学家研发），研究人员发现，对低廉的聚合物发射激光会燃烧其他元素，剩下一个多孔石墨烯薄膜。研究人人员已经创造出了在聚合物片材两面都具有LIG层的垂直对准的超级电容器。这些部分之间都堆满了固体电解质，形成一个多层具有多个石墨烯基超级电容器的夹层。“灵活性堆叠具有优异的能量存储容量和电源电位，并且可以扩展用于商业用途，”图尔表示。“LIG可以通过一个商业卷装进出工艺在环境温度下以工业量在大气压下制造。”

另一种石墨稀电子应用通过华盛顿里奇兰太平洋西北国家实验室的研究人员得到了证实，他们将石墨烯添加到锂电池电极氧化钛成分中。在电极中加入少量的Vor-X石墨烯导致充电和放电性能比标准的二氧化钛电极要好上三倍。Vor-X石墨烯是由马里兰州杰瑟普的福尔贝克材料公司生产的。福尔贝克拥有许多石墨烯专利，涉及了导电性油墨、印刷电子、复合材料以及能量存储等应用。

而另一种石墨烯基电子应用是通过曼彻斯特大学的研究人员得到证实的，通过用于合成一个轻量级天线的石墨烯叠层的3-D打印。所得的天线产品实际上可接受回波损耗、增益、带宽以及辐射模式。这对于RFID标签特别有用。用于制造天线设备的其他可接受的高导电性油墨是可用的，例如那些掺入银的油墨，但是通常成本过高。其他选择，例如铜和铝，并不耐用并且会迅速被腐蚀，但是由于它们的可用性成为了目前材料的选择。曼彻斯特的研究人员利用一种称为“滚动压缩”的方法，大大增加了石墨的导电性。它们通过生产功能性偶极天线来测试该概念，该天线在通过纸上工艺由不含粘合剂的石墨烯层成功打印之后能够有效地辐射出功率。

选项

“虽然一些公司已经宣称具有制造大量无缺陷石墨稀的能力，但是关于石墨烯材料的优化仍然有许多工作要做，”NASA的米兰达表示。“制造和沉积技术还需要为大容量、可重复性以及实验室环境以外的环境进行优化。因此，实现大规模生产值的时间帧可能在5-10年的范围内。”

其结果是，未来五年石墨烯的主要应用将继续出现在研究领域。这也包括概念验证设备的开发。

勒克斯研究最近给出的市场报告指出，石墨烯注定要成为“下一个碳纳米管（CNT）”，指的是大规模围绕着最初CNT发展的炒作，其在之后未能在商业领域取得实际的成功。勒克斯的分析师认为石墨烯交不会跟随硅的步伐，并且其将发现广泛的无处不在的应用。勒克斯认为石墨烯将更接近于CNT市场，并且在在细分市场发现有限的用途。 
Flexible dielectric polymer can stand the heat

Easily manufactured, low-cost, lightweight, flexible dielectric polymers that can operate at high temperatures may be the solution to energy storage and power conversion in electric vehicles and other high temperature applications, according to a team of Penn State engineers.

"Ceramics are usually the choice for energy storage dielectrics for high temperature applications, but they are heavy, weight is a consideration and they are often also brittle," said Qing Wang, professor of materials science and engineering, Penn State. "Polymers have a low working temperature and so you need to add a cooling system, increasing the volume so system efficiency decreases and so does reliability."

Dielectrics are materials that do not conduct electricity, but when exposed to an electric field, store electricity. They can release energy very quickly to satisfy engine start-ups or to convert the direct current in batteries to the alternating current needed to drive motors.

Applications like hybrid and electric vehicles, aerospace power electronics and underground gas and oil exploration equipment require materials to withstand high temperatures. The researchers developed a cross-linked polymer nanocomposite containing boron nitride nanosheets. This material has high-voltage capacity for energy storage at elevated temperatures and can also be photo patterned and is flexible. The researchers report their results in a recent issue of Nature.

This boron nitride polymer composite can withstand temperatures of more than 480 F under the application of high voltages. The material is easily manufactured by mixing the polymer and the nanosheets and then curing the polymer either with heat or light to create crosslinks. Because the nanosheets are tiny—about 2 nm in thickness and 400 nm in lateral size, the material remains flexible, but the combination provides unique dielectric properties, which include higher voltage capability, heat resistance and bendability.

"Our next step is to try to make this material in large scale and put it into a real application," said Wang. "Theoretically, there is no exact scalability limit."

Source: Penn State Univ. 

耐高温弹性绝缘聚合物

根据滨州州立大学工程师小组，制造简便、成本低、质量轻、弹性绝缘耐高温聚合物或许可成为电动车等高温应用能量存储和功率变换的解决方案。

“陶瓷通常是高温应用能量存储电介质的首选材料，但是陶瓷很重而易碎，而重量非常重要，”滨州州立大学材料科学和工程学教授王清说道。“聚合物通常不耐高温，因此需要增加冷却系统，加大容积，而系统效率就会降低，可靠性也会降低。”

电介质是种不导电的材料，但是当暴露在电磁场中时，可以储存电能。其可以快速释放能量满足殷勤启动所需，还可以将电池中的直流电转换成驱动马达所需的交流电。

混合电动车、航天动力电子设备、地下燃气和石油勘探设备等都需要能耐高温的材质。研究员研制出了一种交联聚合物纳米复合材料，包含氮化硼纳米片。该材料能量存储可耐高温、高压，还可以压片复写，非常灵活。研究员将此研究结果发表在了《自然》杂志上。

该氮化硼聚合物复合材料可在高压条件下承受超过480华氏度高温。将聚合物和纳米片混合，然后用高温或光固化建立交联，即可轻易制得该材料。由于纳米片非常薄，大约2纳米厚，外侧尺寸400纳米，该材料极具弹性，但是却具备独特的电介质特性，包括耐高压、高温及弯曲性。

“我们下一步要做的就是大规模生产这种材料，进行实际应用，”王教授说道。“理论上，其没有延展性限制。”

来源：宾州州立大学 
E-Material（电子材料）
How graphene nanoribbons could enable faster, more efficient electronics

[image: image11.jpg]



Progressively zoomed-in images of graphene nanoribbons grown on germanium. The ribbons automatically align perpendicularly and naturally grow in what is known as the armchair edge configuration. Image: Arnold Research Group and Guisinger Research Group

Graphene, an atom-thick material with extraordinary properties, is a promising candidate for the next generation of dramatically faster, more energy-efficient electronics. However, scientists have struggled to fabricate the material into ultra-narrow strips, called nanoribbons, that could enable the use of graphene in high-performance semiconductor electronics.

Now, Univ. of Wisconsin-Madison engineers have discovered a way to grow graphene nanoribbons with desirable semiconducting properties directly on a conventional germanium semiconductor wafer. This advance could allow manufacturers to easily use graphene nanoribbons in hybrid integrated circuits, which promise to significantly boost the performance of next-generation electronic devices. The technology could also have specific uses in industrial and military applications, such as sensors that detect specific chemical and biological species and photonic devices that manipulate light.

In a paper published in Nature Communications, Michael Arnold, an associate professor of materials science and engineering at UW-Madison, PhD student Robert Jacobberger, and their collaborators describe their new approach to producing graphene nanoribbons. Importantly, their technique can easily be scaled for mass production and is compatible with the prevailing infrastructure used in semiconductor processing.

"Graphene nanoribbons that can be grown directly on the surface of a semiconductor like germanium are more compatible with planar processing that's used in the semiconductor industry, and so there would be less of a barrier to integrating these really excellent materials into electronics in the future," Arnold says.

Graphene, a sheet of carbon atoms that is only one atom in thickness, conducts electricity and dissipates heat much more efficiently than silicon, the material most commonly found in today's computer chips. But to exploit graphene's remarkable electronic properties in semiconductor applications where current must be switched on and off, graphene nanoribbons need to be less than 10 nm wide, which is phenomenally narrow. In addition, the nanoribbons must have smooth, well-defined "armchair" edges in which the carbon-carbon bonds are parallel to the length of the ribbon.

Researchers have typically fabricated nanoribbons by using lithographic techniques to cut larger sheets of graphene into ribbons. However, this "top-down" fabrication approach lacks precision and produces nanoribbons with very rough edges.

Another strategy for making nanoribbons is to use a "bottom-up" approach such as surface-assisted organic synthesis, where molecular precursors react on a surface to polymerize nanoribbons. Arnold says surface-assisted synthesis can produce beautiful nanoribbons with precise, smooth edges, but this method only works on metal substrates and the resulting nanoribbons are thus far too short for use in electronics.

To overcome these hurdles, the UW-Madison researchers pioneered a bottom-up technique in which they grow ultra-narrow nanoribbons with smooth, straight edges directly on germanium wafers using a process called chemical vapor deposition. In this process, the researchers start with methane, which adsorbs to the germanium surface and decomposes to form various hydrocarbons. These hydrocarbons react with each other on the surface, where they form graphene.

Arnold's team made its discovery when it explored dramatically slowing the growth rate of the graphene crystals by decreasing the amount of methane in the chemical vapor deposition chamber. They found that at a very slow growth rate, the graphene crystals naturally grow into long nanoribbons on a specific crystal facet of germanium. By simply controlling the growth rate and growth time, the researchers can easily tune the nanoribbon width be to less than 10 nm.

"What we've discovered is that when graphene grows on germanium, it naturally forms nanoribbons with these very smooth, armchair edges," Arnold says. "The widths can be very, very narrow and the lengths of the ribbons can be very long, so all the desirable features we want in graphene nanoribbons are happening automatically with this technique."

The nanoribbons produced with this technique start nucleating, or growing, at seemingly random spots on the germanium and are oriented in two different directions on the surface. Arnold says the team's future work will include controlling where the ribbons start growing and aligning them all in the same direction.

Source: Univ. of Wisconsin-Madison  

如何利用石墨烯纳米带制造更快速、高效的电子产品
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生长在锗上的石墨烯纳米带逐渐放大的图象。纳米带自动地垂直对齐并自然地生长成所谓的扶手椅边缘配置型。图片提供：阿诺德研究小组和盖辛格研究小组。 

石墨烯是具有非凡属性的单原子层材料，有望制造出下一代更快更节能的电子产品。然而，科学家们已经尝试把它做成了超窄条，也就是纳米带，它可以使石墨烯能够在高效能半导体电子产品中使用。

现在，威斯康星-麦迪逊大学的工程师们已经发现了一种方法，可把带有半导体性质的石墨烯直接植入到传统的锗半导体晶片上。这个进步使得制造商们能够把石墨烯轻松地用在混合集成电路中，这样一定能够显著提高下一代电子器件的性能。这项技术还可以具体用在工业和军事用途，如检测特定的化学和生物物种的传感器和声控照明设备。

在《自然通讯》上发表的一篇报道中，威斯康星-麦迪逊大学分校的材料科学和工程学副教授迈克尔•阿诺德和博士生罗伯特•雅科伯格以及他们的合作者，描述了他们生产石墨烯纳米带的新方法。重要的是，他们的技术可以使纳米带实现大规模生产，并和应用在半导体加工中的基础设施相兼容。

“石墨烯纳米带可以被直接在锗等半导体表面进行培养，更兼容于半导体工业中的平面处理，所以未来把这些优秀的材料用于电子产品将不是什么太大的障碍。”阿诺德说。

石墨烯是一片只有一个原子层厚的碳原子，它导电和消散热量比硅要有效的多，现在计算机芯片中最常使用的就是石墨烯。但是为了在必须有开关电流的半导体应用中利用石墨烯的电子性质，需要把它制作成不到10 nm的宽度，这是非常狭窄的。此外，纳米带的边缘必须光滑且界限分明呈“扶手椅型”，其中，碳-碳键近似纳米带的长度。

研究人员通常利用光刻技术把更大片的石墨烯切割成带状来制造纳米带。然而，这种“自上而下”的制造方法缺乏精度并且生产的纳米带边缘非常粗糙。

制造纳米带的另一个方法，是“自下而上”的方法，比如表面辅助型有机合成，在该合成过程中，分子前驱体在表面反应，聚合形成纳米带。阿诺德说，表面辅助合成可以生产出精确、边缘光滑的纳米带，但这个方法只适用于金属基板，并且由此生产的纳米带太短不适用于电子产品。

为了克服这些障碍，威斯康星-麦迪逊大学分校的研究人员尝试了一种自下而上的方法，他们用一种叫做化学汽相淀积的技术把光滑直边的纳米带直接种植到锗晶片上。在这个过程中，研究人员先把甲烷吸附到锗表面并分解成各种碳氮化合物，这些碳氮化合物在表面相互反应形成石墨烯。

阿诺德小组尝试通过减少化学汽相淀积的甲烷数量来大幅放缓石墨烯晶体的增长率。他们发现，在一个非常缓慢的增长率下，石墨烯在锗的一个特定晶体面上自然而然地形成纳米带。通过简单控制增长速度和增长时间，研究人员可以很容易地把纳米带的宽度调整到小于10 nm。

“我们发现，将石墨烯种植在锗上，它会自然地形成边缘光滑呈扶手椅型的纳米带，”阿诺德说。“宽度非常非常狭窄，带长很长，所以，我们想在石墨烯纳米带上得到的所有理想特性，在这项技术中都能自然而然的产生。”

用这种技术生产的纳米带，在锗上像随机点一样成核生长，在表面面向两个不同的方向。阿诺德说，小组未来的工作将包括控制纳米带开始生长的地方并把它们调整到同一个方向。

源自：威斯康星-麦迪逊大学 
Tantalizing discovery may boost memory technology

Scientists at Rice Univ. have created a solid-state memory technology that allows for high-density storage with a minimum incidence of computer errors.

The memories are based on tantalum oxide, a common insulator in electronics. Applying voltage to a 250-nm-thick sandwich of graphene, tantalum, nanoporous tantalum oxide and platinum creates addressable bits where the layers meet. Control voltages that shift oxygen ions and vacancies switch the bits between ones and zeroes.

The discovery by the Rice lab of chemist James Tour could allow for crossbar array memories that store up to 162 gigabits, much higher than other oxide-based memory systems under investigation by scientists. (Eight bits equal one byte; a 162-gigabit unit would store about 20 gigabytes of information.)

Details appear online in Nano Letters.

Like the Tour lab’s previous discovery of silicon oxide memories, the new devices require only two electrodes per circuit, making them simpler than present-day flash memories that use three. “But this is a new way to make ultra-dense, nonvolatile computer memory,” Tour said.

Nonvolatile memories hold their data even when the power is off, unlike volatile random-access computer memories that lose their contents when the machine is shut down.

Modern memory chips have many requirements: They have to read and write data at high speed and hold as much as possible. They must also be durable and show good retention of that data while using minimal power.

Tour said Rice’s new design, which requires 100 times less energy than present devices, has the potential to hit all the marks.

“This tantalum memory is based on two-terminal systems, so it’s all set for 3-D memory stacks,” he said. “And it doesn’t even need diodes or selectors, making it one of the easiest ultradense memories to construct. This will be a real competitor for the growing memory demands in high-definition video storage and server arrays.”

The layered structure consists of tantalum, nanoporous tantalum oxide and multilayer graphene between two platinum electrodes. In making the material, the researchers found the tantalum oxide gradually loses oxygen ions, changing from an oxygen-rich, nanoporous semiconductor at the top to oxygen-poor at the bottom. Where the oxygen disappears completely, it becomes pure tantalum, a metal.

The researchers determined three related factors give the memories their unique switching ability.

First, the control voltage mediates how electrons pass through a boundary that can flip from an ohmic (current flows in both directions) to a Schottky (current flows one way) contact and back.

Second, the boundary’s location can change based on oxygen vacancies. These are “holes” in atomic arrays where oxygen ions should exist, but don’t. The voltage-controlled movement of oxygen vacancies shifts the boundary from the tantalum/tantalum oxide interface to the tantalum oxide/graphene interface. “The exchange of contact barriers causes the bipolar switching,” said Gunuk Wang, lead author of the study and a former postdoctoral researcher at Rice.

Third, the flow of current draws oxygen ions from the tantalum oxide nanopores and stabilizes them. These negatively charged ions produce an electric field that effectively serves as a diode to hinder error-causing crosstalk. While researchers already knew the potential value of tantalum oxide for memories, such arrays have been limited to about a kilobyte because denser memories suffer from crosstalk that allows bits to be misread.

The graphene does double duty as a barrier that keeps platinum from migrating into the tantalum oxide and causing a short circuit.

Tour said tantalum oxide memories can be fabricated at room temperature. He noted the control voltage that writes and rewrites the bits is adjustable, which allows a wide range of switching characteristics.

Wang said the remaining hurdles to commercialization include the fabrication of a dense enough crossbar device to address individual bits and a way to control the size of the nanopores.

Source: Rice Univ.
存储技术新发展   

莱斯大学的科学家们已经创造了一种固态存储器技术，它能够在实现高密度存储的同时将电脑错误的发生率降到最低。

存储器建立在氧化钽这种常见的电子绝缘体上的。在250纳米厚的石墨烯、钽、纳米多孔氧化钽及铂的夹层上加上电压，能够在层级接触的地方产生可访问的比特。控制改变氧离子和空隙的电压可以使比特在1和0之间变化。

莱斯大学化学家James Tour的实验室的这项发现，能够产生存量高达162吉比特的横梁阵列内存，这比科学家们调查的基于其他氧化物的存储系统的存量高出了许多（8比特等于1字节、162吉比特可以存储超过20千兆字节的信息）。

详细信息刊载于《纳米快报》（Nano Letters）网络版上。

就如Tour实验室之前对氧化硅存储器的发现一样，该新设备每个电路只需要两个电极，使它们比现在使用3个电极的闪存更加简单。“但是这是一个制造致密的非易失性电脑存储器的新方法。”

非易失性存储器在电源关闭时也能保存数据，不像易失性随机存取的电脑存储器一样，在机器关闭时失去存储内容。

现代存储芯片有诸多要求：它们必须能高速读取并记录数据，而且还必须尽可能多地存储数据。它们还必须非常耐用，能在耗电量最小的情况下很好地保存数据。

Tour说，莱斯大学的新设计有可能会大获成功，它需要的能源只是现有设备的百分之一。

“该钽存储器基于两个终端系统，因此能用于3-D闪存堆栈。”他说，“而且它甚至不需要二极管或选择器，这使它成为最容易制造的致密存储器之一。在高清视频储存和服务器阵列对存储器的需求越来越高的情况下，这将成为强势竞争力。”

层级结构包括两个铂电极之间的钽、纳米多孔氧化钽和多层石墨烯。在制造该材料时，研究员们发现，氧化钽会渐渐失去氧离子，从一个顶部富氧、纳米多孔半导体变成一个底部缺氧的半导体。当氧完全消失时，它就成为了一种纯粹的金属，钽。

研究员们确认，3个相关的因素给予了存储器独特的转换能力。

首先，控制电压调节了电子在可以从电阻（电流在两个方向上运动）变成肖特基（电流只在一个方向上流动）的边界上来回穿梭的方式。

其次，边界的位置可以随着氧的空隙改变。这些原子序列中的漏洞本来是氧离子应该存在的地方，但实际上没有氧离子存在。在控制了电压时氧离子空隙的移动使边界从钽/氧化钽界面转移到氧化钽/石墨烯界面。“接触障碍的改变导致双向开关。” 研究的第一作者兼莱斯大学往届博士后研究员Gunuk Wang说。

第三，电流流动吸引了氧化钽纳米孔的氧离子并使之稳定下来。这些带负电的离子产生了一个电场，该电厂可以有效地作为一个二极管，阻止造成问题的信号干扰。虽然研究员们已经知道了氧化钽对存储器的潜在价值，但由于更高密度的存储器存在信号干扰的可能，可能导致比特被错误解读，这种序列只能存储大约千字节数据。

石墨烯作为障碍有双重作用，它防止铂迁移到氧化钽并造成短路。

Tour说，可以在室温下制造氧化钽存储器。他指出，记录和重新记录比特的控制电压是可调的，使开关特性变广泛

Wang说，商业化的其它障碍，包括制造一足够致密的衡量装置来解决单个比特，以及寻找控制纳米孔大小的方法。

来源：莱斯大学  
Surprising discoveries about 2-D molybdenium disulfide
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With the Campanile probe, optical excitation and collection are spatially confined to the nano-sized gap at the apex of the tip, which is scanned over the sample, recording a full emission spectrum at each position.

Scientists with the U.S. Dept. of Energy (DOE)’s Lawrence Berkeley National Laboratory (Berkeley Lab) have used a unique nano-optical probe to study the effects of illumination on 2-D semiconductors at the molecular level. Working at the Molecular Foundry, a DOE Office of Science User Facility, the scientific team used the “Campanile” probe they developed to make some surprising discoveries about molybdenum disulfide, a member of a family of semiconductors, called “transition metal dichalcogenides (TMDCs), whose optoelectronic properties hold great promise for future nanoelectronic and photonic devices.

“The Campanile probe’s remarkable resolution enabled us to identify significant nanoscale optoelectronic heterogeneity in the interior regions of monolayer crystals of molybdenum disulfide, and an unexpected, approximately 300-nm-wide, energetically disordered edge region,” says James Schuck, a staff scientist with Berkeley Lab’s Materials Sciences Div. Schuck led this study as well as the team that created the Campanile probe, which won a prestigious R&D 100 Award in 2013 for combining the advantages of scan/probe microscopy and optical spectroscopy.

“This disordered edge region, which has never been seen before, could be extremely important for any devices in which one wants to make electrical contacts,” Schuck says. “It might also prove critical to photocatalytic and nonlinear optical conversion applications.”

Schuck, who directs the Imaging and Manipulation of Nanostructures Facility at the Molecular Foundry, is the corresponding author of a paper describing this research in Nature Communications. The co-lead authors are Wei Bao and Nicholas Borys.

2-D-TMDCs rival graphene as potential successors to silicon for the next generation of high-speed electronics. Only a single molecule in thickness, 2-D-TMDC materials boast superior energy efficiencies and a capacity to carry much higher current densities than silicon. However, since their experimental “discovery” in 2010, the performance of 2-D-TMDC materials has lagged far behind theoretical expectations primarily because of a lack of understanding of 2-D-TMDC properties at the nanoscale, particularly their excitonic properties. Excitons are bound pairs of excited electrons and holes that enable semiconductors to function in devices.

“The poor understanding of 2-D-TMDC excitonic and other properties at the nanoscale is rooted in large part to the existing constraints on nanospectroscopic imaging,” Schuck says. “With our Campanile probe, we overcome nearly all previous limitations of near-field microscopy and are able to map critical chemical and optical properties and processes at their native length scales.” 

The Campanile probe, which draws its name from the landmark “Campanile” clock tower on the campus of the Univ. of California at Berkeley, features a tapered, four-sided microscopic tip that is mounted on the end of an optical fiber. Two of the Campanile probe’s sides are coated with gold and the two gold layers are separated by just a few nanometers at the tip. The tapered design enables the Campanile probe to channel light of all wavelengths down into an enhanced field at the apex of the tip. The size of the gap between the gold layers determines the resolution, which can be below the diffraction optical limit.

In their new study, Schuck, Bao, Borys and their co-authors used the Campanile probe to spectroscopically map nanoscale excited-state/relaxation processes in monolayer crystals of molybdenum disulfide that were grown by chemical vapor deposition (CVD). Molybdenum disulfide is a 2-D semiconductor that features high electrical conductance comparable to that of graphene, but, unlike graphene, has natural energy band-gaps, which means its conductance can be switched off.

“Our study revealed significant nanoscale optoelectronic heterogeneity and allowed us to quantify exciton-quenching phenomena at crystal grain boundaries,” Schuck said. “The discovery of the disordered edge region constitutes a paradigm shift from the idea that only a 1-D metallic edge state is responsible for all the edge-related physics and photochemistry being observed in 2-D-TMDCs. What’s happening at the edges of 2-D-TMDC crystals is clearly more complicated than that. There’s a   mesoscopic disordered region that likely dominates most transport, nonlinear optical, and photocatalytic behavior near the edges of CVD-grown 2-D-TMDCs.”

In this study, Schuck and his colleagues also discovered that the disordered edge region in molybdenum disulfide crystals harbors a sulfur deficiency that holds implications for future optoelectronic applications of this 2-D-TMDC.

“Less sulfur means more free electrons are present in that edge region, which could lead to enhanced non-radiative recombination,” Schuck says. “Enhanced non-radiative recombination means that excitons created near a sulfur vacancy would live for a much shorter period of time.”

Schuck and his colleagues plan to next study the excitonic and electronic properties that may arise, as well as the creation of p-n junctions and quantum wells, when two disparate types of TMDCs are connected.

“We are also combining 2-D-TMDC materials with so-called meta surfaces for controlling and manipulating the valley states and circular emitters that exist within these systems, as well as exploring localized quantum states that could act as near-ideal single-photon emitters and quantum-entangled Qubit states,” Schuck says.

Source: Lawrence Berkeley National Laboratory

2-D二硫化钼惊人发现
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用钟楼探头样本扫描，在每个位置记录完整的发射光谱时，光的激发和收集空间上局限于纳米间隙前端的顶点处。
美国能源部（DOE）的伯克利劳伦斯国家实验室（Berkeley Lab）的科学家使用了一种独特的纳米探针来研究光照对二维半导体分子水平的影响。在分子铸造工作中，美国能源部科学用户设施办公室的科学小组利用他们开发的“钟楼”探针发现了一些关于二硫化钼的惊人的发现。它是被称为“过渡金属硫化物（TMDCs）的半导体中的一员，其光电性能为未来纳米电子和光子器件的研究提供了的保证。
“钟楼探针卓越的分辨率使我们能够确定在二硫化钼单层晶体内部区域纳米光电子异质性，大约300纳米宽极度无序的边缘地区，”杰姆斯舒克说。他是伯克利实验室材料科学部的一名科学家，领导了这次的研究，创建了钟楼探测队，并在2013年因结合扫描探针显微镜和光学光谱赢得了著名的R&D100奖。
“这个混乱的边缘区域是从来没有过的，它对于任何需要进行电子连接的设备都极其重要，”舒克说。“它也可能证明光催化和非线性光学转换十分关键。”
舒克在分子铸造中指导纳米结构设备成像和操作，他是自然通讯杂志中关于此研究的论文的通讯作者。该文章的共同作者还有卫宝和尼古拉斯•伯瑞斯。
2-D-TMDCs对石墨烯在下一代高速电子研究中作为硅潜在的接班人，其厚度只有一个单一的分子。2-D-TMDC材料具备优良的能源效率，能运输比硅更高的电流密度。然而，自从2010年他们实验“发现”，2-D-TMDC材料的性能已经远远落后于理论的预期。这主要是因为在纳米尺度上缺乏对2-D-TMDC特性的理解，特别是其激子性质。激电子和空穴束缚的激子，使半导体功能设备得以运用。
“纳米尺度上2-D-TMDC激子及其他性能认识的不足是大部分纳米光谱成像现有限制的根本原因，”舒克说。“通过使用我们的钟楼探头，我们克服了以前几乎所有近场显微镜的局限，并能以它们本身的长度尺度绘制关键的化学性质和光学性质及其过程的图谱。”
钟楼探针，因位于加州大学伯克利分校中的地标“钟楼”塔而得名，是一个安装在光纤尾端的四面略尖的锥形。钟楼探针的两面镀金且顶端的金层仅有几纳米的缝隙。钟楼探针的锥形设计可以将所有波长的光引至顶端的增强区。金层之间的间隙可以保证探针的分辨率低于光学衍射极限。
在Schuck, Bao, Borys及其合著者的新研究中，他们使用钟楼探针绘制在化学气相沉积（CVD）中产生的单晶二硫化钼的激发态/弛豫过程光谱图。二硫化钼是一个2-D半导体，具有可媲美石墨烯的高电导性，但不同于石墨烯的是，二硫化钼具有天然能带隙，意味着它的电导可以被切断。
“我们的研究揭示了纳米光电子的重要的多相性，以至于使我们能够在晶体边界层中量化电子猝熄的现象，”Schuck说道。 “无序边缘层的发现造成了仅1-D金属边缘状态可以解释所有的相关边缘物理现象和在2-D-TMDCs观察到的光化学这一思维模式的转变。在2-D-TMDC晶体边缘所发生的现象显然比那更为复杂。在2-D-TMDCs的气相沉积发展的边缘，存在一个很可能主导着传输、非线性光学以及光催化反应的细观无序层。”
在这项研究中，Schuck和他的同事们还发现，在二硫化钼晶体的无序边缘层中呈现的硫缺乏，其蕴含着对未来2-D- TMDC光电应用的影响。
“少硫意味着在边缘区域存在更多的自由电子​​，这将会增强非辐射复合，”Schuck说道。 “而增强非辐射复合意味着会大大缩短硫空缺区域附近的激子的存在周期。”
在两种不相干类型的TMDCs关联之后，Schuck和他的同事们计划研究可能出现的激子和电子特性，以及创建pn结和量子阱。
“我们也正在将2-D-TMDC材料与所谓元表面结合以操控存在于这些系统中的谷态和环形发射器，以及探索可用于充当理想的单光子发射器和量子纠缠态的局部量子态，“Schuck说道。
资料来源：劳伦斯伯克利国家实验室
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