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Map of diamond-boron bond paves way for new materials 
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Diamond is the hardest material in existence but is useless for cutting steel because it reacts with iron, from which steel is made, at high temperatures. Cubic boron nitride, a synthetic material, is the second hardest substance after diamond but is chemically stable against iron at high temperatures. Credit: Chalong Tawan

Scientists in Japan have successfully recorded the atomic bonds between diamond and cubic boron nitride: the hardest known materials on earth. This feat could ultimately lead to the design of new types of semiconductors.

Diamond is the hardest material in existence but is useless for cutting steel because it reacts with iron, from which steel is made, at high temperatures. Cubic boron nitride, a synthetic material, is the second hardest substance after diamond but is chemically stable against iron at high temperatures. If desirable composites of diamond and cubic boron nitride crystals could be obtained, a unique machining tool could be developed for work on hard rock and substances that contain iron. Also, a better understanding of the bonds formed between these two unique semiconducting materials could lead to the development of new types of semiconductors. The nature of these bonds was previously unknown.

Reporting their findings in Nature Communications, a team of researchers at Tohoku University, the National Institute for Materials Science and the Japan Fine Ceramics Center imaged bonded diamond and boron nitride, both crystalline materials, using a super-high-resolution scanning electron microscope. The team then subjected those observations to extensive theoretical calculations.

When the researchers analysed the atomic bonds, they found that the connections between the two materials had a regularly patterned atomic structure. Strangely enough, it was only by tracking pattern irregularities – certain types of crystal lattice defects formed in the boundary layer between the two materials – that the researchers were able to calculate the main pattern.

The team is conducting research to further understand the nature of the diamond/cubic boron nitride bond. They aim to be able to control the way lattice defects form in crystal layers between diamond and boron nitride. This would ultimately propel the research and development of novel functional materials with unique properties.

Journal reference: Nature Communications

含硼金刚石键的原子结构图为新型材料奠定了基础
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金刚石是现存硬度最高的材料，但是却不能削钢，因为金刚石在高温下会与炼钢的铁发生反应。立方氮化硼是一种合成材料，是第二硬的物质，硬度仅次于金刚石，但是在高温下与铁反应时相对稳定。来源：Chalong Tawan

日本的科学家成功的记录下了金刚石与氮化物之间的原子键：地球上已知的硬度最高的材料。这一成就可能会有助于新型半导体的设计。

金刚石是现存硬度最高的材料，但是却不能削钢，因为金刚石在高温下会与炼钢的铁发生反应。立方氮化硼是一种合成材料，是第二硬的物质，硬度仅次于金刚石，但是在高温下与铁反应时相对稳定。如果可以得到理想的金刚石和立方氮化硼晶体的复合材料，就可以研发特殊的加工工具，用于硬岩和含铁物质方面的工作。同样，更好地了解这两种特殊半导体材料之间形成的键有助于开发新型半导体。这些键的性质先前是未知的。

由日本东北大学、国家材料科学研究所和日本精细陶瓷中心组成的研究小组在《自然通讯》杂志上发布了他们的发现，他们使用超高分辨率扫面电镜成像两种晶体材料金刚石和氮化硼的结合体。小组随后运用这些发现进行全面的理论计算。

研究人员对原子键进行分析之后发现，两种材料之间的连接有规则的原子结构。奇怪的是，只有通过研究不规则原子结构---两种材料之间边界层上形成的某种晶格缺陷---研究人员才能够算出准确的主要原子结构。

小组目前还在进行研究，以更进一步的理解金刚石/立方氮化硼键的性质。他们的目标是能够控制金刚石和氮化硼之间晶体层的经晶体缺陷形成的方式。这将最终推动带有特殊性质的新型功能材料的研究和开发。

参考杂志：自然通讯

How to heal broken bonds, catalyst style
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On the top, the broken bonds between silicon and oxygen atoms create an opening for water to destabilize the zeolite catalyst. On the bottom, the team’s approach adds in a silicon atom that stabilizes the catalyst by healing the defect. Credit: Modified by Nathan Johnson, PNNL, from referenced article (copyright 2016 American Chemical Society

While popular catalysts called zeolites could help turn paper manufacturing waste and other biomass into fuel, the catalyst crumbles after just two days in hot water. And that's a problem because hot water is nearly ubiquitous in biofuel production. At Pacific Northwest National Laboratory, a team discovered that fixing broken bonds deep inside the material stabilized the catalyst and let it thrive in hot water.

"Rather than focusing on the surface, we tried to fix the inside," said Sebastian Prodinger, who worked on the experiments as part of his doctoral studies at TU München, Germany. "The reason is simple. The weak points are inside the crystal."

Used extensively in industry today, zeolites are promising catalysts as part of efforts to turn biomass into transportation fuels. However, the stability of zeolites is challenging to understand and predict. This study offers insights to help design resilient zeolites, increasing their efficiency at producing fuels and chemicals.

"This research should lead to more resistant materials," said Dr. Miroslaw Derewinski, who mentored Prodinger and synthesized materials for the study. "We're finding ways to make the material better."

Zeolites have a sponge-like network of pores, or internal cavities, where reactions are catalyzed. Unlike sponges, these pores are "highly regular"; they are the same size and evenly spread across the material. The reaction's starting chemicals flow into the pores and the final products flow out. Zeolites can drive many different reactions such as transformations of single molecules or joining two molecules together.

This network of pores is made from silicon-oxygen-silicon and silicon-oxygen-aluminum bonds. These bonds form the material's superstructure, much like the framing of a house. When these bonds are broken, it creates defects. Water molecules filling the pores exploit these defects and cause the zeolites to crumble.

Prodinger and his colleagues wanted to prevent that damage from happening. Their first step was to synthesize zeolite samples riddled with defects, not on the surface, but inside the sample.

With the material synthesized, the team began to find ways to heal the defects inside the zeolite. They focused on the hydroxyl (-OH) groups at the defect sites and devised a way to rebuild the silicon-oxygen-silicon bonds.

"We had to modify the method to conform to PNNL safety requirements, which meant not working in gas tubes under high pressure," said Derewinski, a materials synthesis expert. "So we designed a flow reactor. It is far simpler approach and, now, can be used for other processes at PNNL."

To see if their approach worked, the team examined the healed material using nuclear magnetic resonance spectroscopy and other tools at PNNL's Physical Sciences Laboratory along with the helium ion microscope at EMSL, a U.S. Department of Energy Office of Science user facility.

The final product retained its porosity, even after days in hot liquid water. "This is a case where understanding why it fails is what you need to make it succeed," said Prodinger.

Now, the team is applying the same healing approach to catalytically relevant zeolites. They're starting with a material that has fewer defects to see if their approach can close up defects and let the material work in hot liquid water. In addition, they are continuing to answer basic questions about the material. "We are working to get closer to real applications, and at the same time, we are working to understand why the sensitivities exist, how they are created, and how we can prevent them from happening," said Prodinger.

More information: Sebastian Prodinger et al. Improving Stability of Zeolites in Aqueous Phase via Selective Removal of Structural Defects, Journal of the American Chemical Society (2016). DOI: 10.1021/jacs.5b12785

怎样修复断键
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    在上面，硅原子和氧原子之间的断键为水提供了一个缺口来破坏分子筛催化剂。在底部，该团队想办法修复硅原子的缺陷从而阻止其破坏催化剂。PNNL机构Nathan Johnson修改，文章选自美国化学社会期刊（2016美国化学社会期刊版权所有）。

一种叫做泡沸石的有名的催化剂能够帮助将造纸废料和其他生物质转化为燃料，在热水中浸泡两天后催化剂会失效。问题就在于热水在生物燃料生产过程中无处不在。西北太平洋国家实验室一个实验团队发现修复材料中深层断键的过程会破坏催化剂，使其浸泡在热水中。

“相比于集中精力修正表面，我们更注重于尝试深层修复，”Sebastian Prodinger说，Sebastian在德国慕尼黑工大参与一个与之博士研究方向有关的实验。“理由很简单。真正的弱点在晶体内部。”

泡沸石在当今化工业中广泛使用，它是一种可靠的催化剂，在将化工废料转化为运输燃料方面功效显著。然而，泡沸石的化学稳定性则富有挑战性。这项研究对设计研发弹性较强的泡沸石有所助益，从而提高其在生产燃料和化学品过程中的使用效率。

“这项研究应该引入更多的耐久材料，”Miroslaw Derewinski博士说，博士是这项研究中Prodinger和合成材料的指导，“我们在寻找能让这些材料变得更好的方法。”

泡沸石有海绵状气孔，或者内孔，通过这个结构产生催化反应。和海绵不同的是，这些气孔排列很有规则，他们大小相同，密布在材料中。产生反应的化学物质从气孔进入，化学反应后的物质由气孔产出。泡沸石可以用在多种不同的化学反应中，比如说单分子的转换或者多分子结合。

这个气孔网是由硅原子-氧原子-硅原子和硅原子-氧原子-铝原子的化学键形成的。这些化学键构成了材料的上层结构，就像房屋的骨架结构。这些化学键断裂就会产生缺陷。水分子从这些缺陷处渗入导致催化剂作用逐渐衰退。

Prodinger和他的团员们想要阻止这种损坏作用发生。他们的第一步是通过化学手段合成泡沸石样本，样本存在气孔缺陷，缺陷在样本内部而不是表面。
该团队通过化学合成结构类似的材料，从而找出修复泡沸石内部缺陷的方法。他们着力于缺陷部分的氢氧基团，设计一个方法去重建硅原子-氧原子-硅原子的化学键。

“我们不得不根据PNNL的安全要求修改实验方法，这意味着不能在高压下的气管里工作，”化学合成材料专家Derewinski说，“因此我们设计了一个流动反应器。这是一个极为简单的方法，现在也可以用于PNNL的其他过程中。”

为了检验他们的方法是否奏效，该团队用核磁共振波谱法，西北太平洋国家实验室物理科学实验室的其他工具以及EMSL的氦离子显微镜对修复后的材料进行了检查，EMSL是美国能源部一个科学办公室。

最后的产成品即使在热水中浸泡数日也能保持它原有的孔隙度，即使在热水中浸泡数日。“只有明白了你在哪失败的，你才能知道应该从哪成功，”Prodinger说。

现在，该团队将这个方法应用于其他与泡沸石工作原理类似的催化剂中。他们开始着手研究一种缺陷很少的材料，看看他们的方法能否修复缺陷，使得该催化剂能够成功用于热水中。另外，他们还在继续探索与之有关的基础问题。“我们正在努力更靠近真实的应用，同时，我们也在努力探索催化剂遇热水时的敏感性为什么存在，他们怎么产生的，我们怎么才能预防，” Prodinger说。

更多信息：《选择性去除水相缺陷提升泡沸石的稳定性》 美国化学社会期刊（2016）Sebastian Prodinger著。DOI: 10.1021/jacs.5b12785
Tiny diamonds could enable huge advances in nanotechnology
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This electron microscope image shows a hybrid nanoparticle consisting of a nanodiamond (roughly 50 nanometers wide) covered in smaller silver nanoparticles that enhance the diamond's optical properties. Credit: Min Ouyang

Nanomaterials have the potential to improve many next-generation technologies. They promise to speed up computer chips, increase the resolution of medical imaging devices and make electronics more energy efficient. But imbuing nanomaterials with the right properties can be time consuming and costly. A new, quick and inexpensive method for constructing diamond-based hybrid nanomaterials could soon launch the field forward.

University of Maryland researchers developed a method to build diamond-based hybrid nanoparticles in large quantities from the ground up, thereby circumventing many of the problems with current methods. The technique is described in the June 8, 2016 issue of the journal Nature Communications.

The process begins with tiny, nanoscale diamonds that contain a specific type of impurity: a single nitrogen atom where a carbon atom should be, with an empty space right next to it, resulting from a second missing carbon atom. This "nitrogen vacancy" impurity gives each diamond special optical and electromagnetic properties.

By attaching other materials to the diamond grains, such as metal particles or semiconducting materials known as "quantum dots," the researchers can create a variety of customizable hybrid nanoparticles, including nanoscale semiconductors and magnets with precisely tailored properties.

"If you pair one of these diamonds with silver or gold nanoparticles, the metal can enhance the nanodiamond's optical properties. If you couple the nanodiamond to a semiconducting quantum dot, the hybrid particle can transfer energy more efficiently," said Min Ouyang, an associate professor of physics at UMD and senior author on the study.

Evidence also suggests that a single nitrogen vacancy exhibits quantum physical properties and could behave as a quantum bit, or qubit, at room temperature, according to Ouyang. Qubits are the functional units of as-yet-elusive quantum computing technology, which may one day revolutionize the way humans store and process information. Nearly all qubits studied to date require ultra-cold temperatures to function properly.

A qubit that works at room temperature would represent a significant step forward, facilitating the integration of quantum circuits into industrial, commercial and consumer-level electronics. The new diamond-hybrid nanomaterials described in Nature Communications hold significant promise for enhancing the performance of nitrogen vacancies when used as qubits, Ouyang noted.
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This electron microscope image shows two hybrid nanoparticles, each consisting of a nanodiamond (roughly 50 nanometers wide) covered in smaller silver nanoparticles that enhance the diamond's optical properties. Credit: Min Ouyang

While such applications hold promise for the future, Ouyang and colleagues' main breakthrough is their method for constructing the hybrid nanoparticles. Although other researchers have paired nanodiamonds with complementary nanoparticles, such efforts relied on relatively imprecise methods, such as manually installing the diamonds and particles next to each other onto a larger surface one by one. These methods are costly, time consuming and introduce a host of complications, the researchers say.

"Our key innovation is that we can now reliably and efficiently produce these freestanding hybrid particles in large numbers," explained Ouyang, who also has appointments in the UMD Center for Nanophysics and Advanced Materials and the Maryland NanoCenter, with an affiliate professorship in the UMD Department of Materials Science and Engineering.

The method developed by Ouyang and his colleagues, UMD physics research associate Jianxiao Gong and physics graduate student Nathaniel Steinsultz, also enables precise control of the particles' properties, such as the composition and total number of non-diamond particles. The hybrid nanoparticles could speed the design of room-temperature qubits for quantum computers, brighter dyes for biomedical imaging, and highly sensitive magnetic and temperature sensors, to name a few examples.

"Hybrid materials often have unique properties that arise from interactions between the different components of the hybrid. This is particularly true in nanostructured materials where strong quantum mechanical interactions can occur," said Matthew Doty, an associate professor of materials science and engineering at the University of Delaware who was not involved with the study. "The UMD team's new method creates a unique opportunity for bulk production of tailored hybrid materials. I expect that this advance will enable a number of new approaches for sensing and diagnostic technologies."

The special properties of the nanodiamonds are determined by their nitrogen-vacancies, which cause defects in the diamond's crystal structure. Pure diamonds consist of an orderly lattice of carbon atoms and are completely transparent. However, pure diamonds are quite rare in natural diamond deposits; most have defects resulting from non-carbon impurities such as nitrogen, boron and phosphorus. Such defects create the subtle and desirable color variations seen in gemstone diamonds.

The nanoscale diamonds used in the study were created artificially, and have at least one nitrogen vacancy. This impurity results in an altered bond structure in the otherwise orderly carbon lattice. The altered bond is the source of the optical, electromagnetic and quantum physical properties that make the diamonds useful when paired with other nanomaterials.

Although the current study describes diamonds with nitrogen substitutions, Ouyang points out that the technique can be extended to other diamond impurities as well, each of which could open up new possibilities.

"A major strength of our technique is that it is broadly useful and can be applied to a variety of diamond types and paired with a variety of other nanomaterials," Ouyang explained. "It can also be scaled up fairly easily. We are interested in studying the basic physics further, but also moving toward specific applications. The potential for room-temperature quantum entanglement is particularly exciting and important."

More information: The research paper, "Nanodiamond-Based Nanostructures for Coupling Nitrogen-Vacancy Centers to Metal Nanoparticles and Semiconductor Quantum Dots," Jianxiao Gong, Nathaniel Steinsultz and Min Ouyang, was published in the journal Nature Communications on June 8, 2016.

微小钻石能够使得纳米技术取得巨大进步
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电子显微镜影像显示一个由纳米钻石（约50纳米宽）组成的混合式纳米颗粒覆盖在一块小的银纳米颗粒上，从而加强了纳米钻石的光学特性。编辑：欧阳敏

纳米材料所具备的潜力能够提升新一代科技。他们能够加速电脑芯片，提高医疗影像设备的分辨率，还可以使得电子产品更加节能。但是要让纳米材料具备这些特性费时又费钱，最新的一种快速且廉价的基于钻石的混合式纳米材料的构建方法即将问世。

马里兰大学的研究员从头开始研究出一种大量构建基于钻石的混合式纳米材料的方法，巧妙的避开了现行方法中存在的诸多问题。这项技术在2016年6月8日发布的《自然通讯》杂志上有所描述。

这个过程开始于一些微小的，纳米大小的钻石，这些钻石包含一些特定类型的杂质：由于第二个碳原子缺失，原本应该是碳原子的位置变成了氮原子，旁边还有一个空位。这个“氮空位”杂质赋予每一颗钻石独特的光学和电磁学特性。

通过在金刚石上附上不同的材料，比如说金属颗粒或者半导体材料，如我们熟知的“量子点”，研究员们可以根据客户定制需要创造出各种各样的混合式纳米颗粒，包括纳米大小的半导体，和具有精确定制特性的磁铁。

“如果你将一颗这样的钻石和金或者银纳米颗粒配对，那么金属会加强纳米钻石的光学特性。如果你将纳米钻石和一个半导体量子点配对，得出的混合材料会更有效的转换能量，”欧阳敏说道，她是UMD的物理学副教授，同时也是本项研究的资深作者。

根据欧阳敏的报道，证据显示，在室温下，一个单一的氮空缺展示了量子物理学的特性，可能以一个量子位或者量子比特的方式。量子比特还未成为量子计算科技的功能性单元，但是有朝一日它会革新人类存储和处理信息的方式。基本上所有现在研究过的量子比特都需要一个极低的温度来确保正常运行。

让量子比特能在室温下正常工作是需要向前推进的意义重大的一步，推动量子电路一体化纳入工业化，商业化和消费级电子产品。欧阳敏指出，《自然通讯》杂志上发布的最新的钻石混合纳米材料当被用作量子位元时在增强氮空缺性能方面意义重大。
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这份电子显微镜影像显示了两种混合式纳米颗粒，每一种都由一颗纳米钻石（大约50纳米宽）覆盖的小型银纳米颗粒组成，可以增强钻石的光学特性。编辑：欧阳敏

尽管这些应用为未来提供了保障，欧阳敏和他的同事们最大的突破在于他们构建混合式纳米颗粒的方法。虽然其他一些研究员将纳米钻石和与其互补的纳米颗粒配对，这种尝试依赖于相对精确的方法，就好像人工手动把钻石和颗粒一个挨一个安在一个大的表面上。研究员们说，这些方法非常费时费力，并介绍了应用上可能出现的问题。

“我们最主要的创新成果是我们现在能够可靠高效的大量生产出这些独立的混合式颗粒，”欧阳解释道，他也受到了UMD纳米物理学和先进材料中心和马里兰大学纳米中心的指派，担任UMD材料科学与工程系教授。

由欧阳和他的同事们，UMD物理学助理研究员 Jianxiao Gong 和物理系研究生Nathaniel Steinsultz研发的这种方法，确保能够对颗粒的特性进行精确控制，比方说颗粒的组成和非钻石颗粒的总数。混合式纳米颗粒会加速能适应室温的量子比特的设计，是指应用于量子计算机，会似的生物医学影像的燃料更清晰，并且会催生高磁性高敏感度的温度传感器，仅举几例。

“混合式材料通畅有其独特的特性，这些特性是由混合在内部的不同成分之间的相互作用形成的。在纳米结构材料中尤其是这样，因为纳米结构材料内部量子力学的相互作用强烈，”Matthew Doty说，Matthew是特拉华大学材料科学与工程的副教授，该校没有参与此项研究。“UMD团队新发现的方法为大量生产订制化的混合材料创造了唯一的机会。我希望这个进步能激发更多的检测和诊断技术方法。”

纳米钻石的这汇总特殊性质事由他们的“氮空缺”决定的，氮空缺造成了钻石晶体结构上的缺陷。纯净的钻石由排列有序的碳原子晶格组成，完全透明。然而，穿天然的沉积物中纯钻石是十分稀少的；大部分都存在缺陷，因为包含非碳杂质，比如氮，磷，硼。这些缺陷使得宝石钻石中出现奇妙的颜色变化。

研究中采用的纳米大小的钻石都是人工创造的，至少含有一个氮空缺。这个杂志改变了有序的碳晶格中的键结构。这些改变的键是钻石的光学，电磁学和量子物理学特性的来源，这些特性使得钻石在与其他纳米材料搭配时有所助益。

虽然现行的研究描述了氮原子替代品钻石，欧阳指出这个工艺应该拓展应用在其他钻石杂质中，每一种尝试都存在新的可能。

”我们的技术主要力量在于它可以广泛应用，可以用于多种多样不同类型的钻石，也可以和多种不同的纳米材料搭配，”欧阳解释道，“它也很容易扩大。我们很有兴趣深入研究基础物理，同时也深入推进实际应用。室温下运行的量子纠缠的潜力是令人激动并且十分重要的。”

更多信息：2016年6月8日发表在《自然通讯》期刊上的，由Jianxiao Gong, Nathaniel Steinsultz 和 Min Ouyang共同编写的研究报告Nanodiamond-Based Nanostructures for Coupling Nitrogen-Vacancy Centers to Metal Nanoparticles and Semiconductor Quantum Dots。

Metal Alloy（金属合金）

Soft decoupling of organic molecules on metal
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The illustration shows how iodine (purple) is embedded between the organic layer and the metal, thus reducing adhesion. Credit: IFM, University of Linköping

An international team has discovered an elegant way to decouple organic nanosheets grown on metal surfaces. After iodine intercalation, measurements at the synchrotron source BESSY II of Helmholtz-Zentrum Berlin showed that a network of organic molecules behaved almost as it was free-standing. The strong influence of the metal on the network was reduced. This opens up new ways to transfer organic nanostructures from metal surfaces onto more suitable substrates for molecular electronics. The results have been published in Angewandte Chemie.

Specific organic molecules - typically on reactive metallic surfaces - can interlink via chemical bond formation into extended nanostructures. Highly stable two-dimensional molecular networks can be grown in this manner. However, these networks then adhere to the metallic support, which also strongly influences their properties. To make use of these kinds of organic networks in molecular electronics, for instance, the metal would have to be laboriously removed.

Iodine vapour reduces adhesion

Now a team headed by Markus Lackinger at the Technische Universität München and the Deutsches Museum together with partners at other universities in Germany and Sweden have discovered an elegant way to reduce the adhesion between the network and the metal. They simply exposed the networks bound to the metal to iodine vapour. "After the networks had been synthesized on a silver surface, we used iodine vapour. We hoped iodine would embed between the organic layer and the metal", explains Lackinger. To do this, they investigated a nanosheet consisting of interlinked phenyl rings (polyphenylene) on a silver surface. The iodine actually migrated beneath the interlinked phenyl rings to form an atomically thin interlayer on the metal surface. After the intercalation of the iodine, measurements at BESSY II proved that the molecular network behaved almost as if it was detached. The strong influence of the metal was reduced.

Application: New transfer techniques

These results could be advantageous for future applications. "Molecular nanosheets do not grow on any surface. For this reason, we have to develop transfer techniques. Then we could fabricate the networks on metal surfaces and subsequently transfer them over to other surfaces that are more suitable for molecular electronics. Being able to mitigate the adhesion with an iodine interlayer is possibly a first step in this direction", explains Lackinger.

More information: Atena Rastgoo-Lahrood et al, Post-Synthetic Decoupling of On-Surface-Synthesized Covalent Nanostructures from Ag(111), Angewandte Chemie International Edition (2016). DOI: 10.1002/anie.201600684

金属有机分子的软解耦
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如图展示了碘（紫色）是怎样嵌入有机层和金属之间，从而减少粘附的。来源：林雪平大学

一国际研发小组已发现一种简便的方法来解耦生长在金属表面的有机纳米薄片。插入碘之后，亥姆霍兹柏林中心对同步辐射源BESSY II的测量显示：有机分子网络几乎是独立的。这个网络对金属的强烈影响也随之减弱。这为分子电子学上有机纳米结构从金属表面到转移到更舒适的基体上开辟了新的路径。这项研究结果已发表在《德国应用化学杂志》上。

特殊有机分子---尤其是活性金属表面上的有机分子---可以通过化学键互联形成扩展纳米结构。高稳定二维分子网络可以以这种方式生长。然而，这些网络之后便会依靠金属的支持，而这也将会大大的影响他们的性能。举个例子，为了能在分子电子学上使用这些有机网络能，无论如何都要移除金属。

碘蒸汽会减少粘附

目前，以德国慕尼黑大学和德意志博物馆的Markus Lackinger为首，带领来自德国和瑞典的其他大学的合作伙伴一起发现了一种简便的方法来减少有机网络与金属之间的粘附。他们仅仅是把与金属密切相连的网络置于碘蒸汽中。Lackinger解释说：“当这个网络在银表面上发生反应的时候，我们就会使用碘蒸汽。我们希望碘能嵌入有机层和金属之间。”为达到这个目的，他们调查了银表面上由相连苯环（聚苯硫醚）组成的纳米薄片。碘实际上在相连苯环之间移动，从而在金属表面形成原子级薄夹层。插入碘之后，对BESSY II的测量表明：分子网络几乎是分离的。金属的强烈影响也随之减弱。

应用：新的传输技术

这项结果的应用前景非常可观。Lackinger解释说：“分子纳米薄片不会在任何表面上生长。正是由于这个原因，我们才必须研发传输技术。因此，我们可以在金属表面上建造网络，接着把这些网络转移到其他更适合于分子电子学的表面上。能够减少与碘夹层之间的粘附或许是新技术的第一步。”

A clean way to extract rare earth metals 
Rare earth metals—those 17 chemically similar elements at the bottom of the periodic table—are in almost every piece of technology we use from cell phones to wind turbines to electric cars. Because these elements are so similar to each other, the process of separating them is time consuming, expensive, and dangerous. Processing one ton of rare earths can produce 2,000 tons of toxic waste.

Now, researchers from the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS) may have found a clean alternative.

David Clarke, the Extended Tarr Family Professor of Materials at SEAS, and his graduate student William Bonificio, have developed a method to separate rare earths using bacteria filters and solutions with pH no lower than hydrochloric acid.

The method was recently described in the journal Environmental Science and Technology Letters.

Harvard's Office of Technology Development has filed patents and is actively pursuing commercial opportunities.

"Rare earths are very desirable but only if you can separate them," said Clarke. "It's a big 'if' because how can you separate ions that are almost the same size and the same charge?"

Current separation methods involve hundreds of steps and lots of hazardous chemicals.

Clarke and Bonifico found inspiration in the living world of bacteria. Bacteria filters have long been used to bioabsorb toxic elements from wastewater or filter metals from mine drainage systems. Recent research showed that some rare earths can bioabsorb, but Clarke and Bonifico wondered if all rare earths could be filtered through bacteria.

The video will load shortly

Credit: Harvard University

They immobilized a bacteria from marine algae on an assay filter and passed a solution of mixed rare earths (known as lanthanides) through it. The bacteria bioabsorbed all the elements as they passed—plucking them out of the solution and fixing them to their surface.

Then the team pumped solutions of various pH balances through the filter. With each successive pH wash, different rare earths detached. The researchers found that lighter lanthanides, such as Europium and Praseodymium, desorbed with higher-pH washes while heavier lanthanides, such as Thulium, Lutetium, and Ytterbium, desorbed with lower pH.

The team also found that if they wanted to separate only the heaviest metals, such as Thulium, which is commonly used in lasers and portable X-rays, they could block the bacteria's receptors that absorb the lighter rare earths and only use a low-pH solution.

"We found that it is possible to concentrate a solution of equal concentrations of each lanthanide to nearly 50 percent of the three heaviest lanthanides in just two passes," said Bonificio. "This surpasses existing industrial practice."

"This is a radically different way of doing separation," said Clarke. "We have an opportunity to harness the diversity of bacterial surface chemistry to separate and recover these valuable metals in a way that is environmentally benign.

More information: William D. Bonificio et al. Rare-Earth Separation Using Bacteria, Environmental Science & Technology Letters (2016). DOI: 10.1021/acs.estlett.6b00064

提取稀土金属的一种环保方法

稀土金属元素—在元素周期底部的17种化学性质相似的元素—几乎存在于我们使用到的每种科技，从手机到风力涡轮机到电动汽车。因为这些元素是如此地相似，彼此分离的过程是耗时，昂贵且危险的。加工处理一吨稀土可生产2000吨有毒废物。

现在，来自哈佛大学工程学院与应用科学学院（海洋）的研究人员似乎已经找到了一个环保的替代方法。

David Clarke, 海洋学院物质学的拓展塔尔家族教授和他的研究生William Bonificio一起通过使用细菌过滤器和pH值不低于盐酸的溶液研发出一种分离稀土的方法。

该方法最近被刊载在环境科学杂志和技术快报上。

哈佛大学的技术开发办公室已经申请了专利，并正在积极寻求商业机会。

“稀土是非常理想的，但只有在你可以将它们分离的情况下，” Clarke说。“这是一个很大的“假设”，因为你要如何才可以让分离的离子几乎是相同的大小和相同的电荷？”

目前的分离方法涉及了数百个步骤和大量的有害化学物质。

Clarke和Bonifico在细菌的生存环境中找到了灵感。细菌过滤器已长期被用于从废水中生物吸附有毒元素或者从矿井排水系统中过滤金属。最近的研究表明，一些稀土能够进行生物吸附，但Clarke和Bonifico想知道是否所有稀土可以被细菌过滤。

视频将马上加载

来源：哈佛大学

他们在一个试验过滤器上固定了一种来自海藻类的细菌，通过它得到了一种混合稀土（称为镧系元素）的溶液。这种细菌可以生物吸附所有接触的元素 — 将所有元素从溶液中吸出并固定在它们的表面。

然后研究团队通过过滤器中不同的PH值泵出溶液，通过连续不同的每一PH值溶液，不同的稀土得到分离。研究人员发现，轻的稀土元素如铕、镨，解吸pH较高的溶液，而重的镧系元素，如铥、镥、镱，则解吸与pH较低的溶液

研究团队还发现如果他们想分离出单独最重的金属如铥，这种金属常用于激光器和便携式X射线中，他们可以阻止细菌中吸收轻稀土的受体，并只使用低的pH值溶液。

“我们发现仅通过2次试验，就可能将一种镧系元素到近乎50%的三大重镧系元素的相同浓度溶液浓缩在一起，”Bonificio说。“这已经超越了现有的工业实践”

“这是进行分离中的一个完全不同的方法，”Clarke说,“我们有机会以环境友好的方式利用细菌表面化学的多样性，来分离和恢复这些有价值的金属。

Composite Materials（复合材料）

GraphExeter material illuminates bright new future for flexible lighting devices

Researchers from the University of Exeter have pioneered an innovative new technique to make flexible screens more effective and efficient.

A team of Engineers and Physicists from Exeter have discovered that GraphExeter - a material adapted from the 'wonder material' graphene - can substantially improve the effectiveness of large, flat, flexible lighting.

By using GraphExeter, the most transparent, lightweight and flexible material for conducting electricity, instead of pure graphene, the team have increased the brightness of flexible lights by up to almost 50 per cent.

The research has also shown that using GraphExeter makes the lights 30 per cent more efficient than existing examples of flexible lighting, which are based on state-of-the-art commercial polymers.

The research team believe the breakthrough could help significantly improve the viability of the next generation of flexible screens, which could be used for display screens, smartphones, wearable electronic devices, such as clothing containing computers or MP3 players.

The study is published in ACS Materials and Interfaces, on Thursday, 16 June 2016.

One of the lead researchers, University of Exeter physicist Dr Saverio Russo, said: "This exciting development shows there is a bright future for the use of GraphExeter in transforming flexible lighting on a mass scale, and could help revolutionise the electronics industry.

"Not only are lights that utilise GraphExeter much brighter, they are also far more resilient to repeated flexing, which makes 'bendy' screens much more feasible for day to day goods such as mobile phones."

Currently, flexible screens are still in their infancy and although they are useable, the size of the screens are limited by the materials used for mass production, which can cause a visible gradient of brightness as the size of screen increases.

By substituting graphene for GraphExeter, the team of researchers were able to create a lit screen that showed a far greater and consistent light than has previously been possible. Furthermore, the screens were more resilient to continued flexing, meaning that they have a longer shelf-life before needing to be replaced.

Dr Monica Craciun, also from the University of Exeter added: "The next step will be to embed these ultra-flexible GraphExeter lights on textile fibres and pioneer ground-breaking applications in health care light therapy."

At just one atom thick, graphene is the thinnest substance capable of conducting electricity. It is very flexible and is one of the strongest known materials. The race has been on for scientists and engineers to adapt graphene for flexible electronics. This has been a challenge because of its sheet resistance, graphene dissipates large amounts of energy.

In 2012 the teams of Dr Craciun and Profesor Russo, from the University of Exeter's Centre for Graphene Science, discovered that sandwiched molecules of ferric chloride between two graphene layers make a whole new system that is more than a thousand times a better conductor of electricity than graphene and by far the best known transparent material able to conduct electricity. The same team have now discovered that GraphExeter is also more stable than many transparent conductors commonly used by, for example, the display industry.

Explore further: GraphExeter: New graphene-based material could revolutionise electronics industry

GraphExeter材料点亮柔性显示设备光明新未来

来自埃克塞特大学的研究人员开创了一种创新型新技术，使得柔性屏幕更有效和高效。

来自埃克塞特的一支工程师和物理学家团队发现了GraphExeter，一种由“神奇材料”石墨烯改造而来的材料，能够充分提高大型，平坦，灵活屏幕效果。

使用最透明、轻盈和灵活的导电材料GraphExeter，而不是纯粹的石墨烯，该团队将柔性屏幕亮度提高了近乎50%。

这一研究也表明，使用GraphExeter能够使得屏幕亮度比现有以最尖端的商业聚合物为基础的柔性屏幕提升30%效率。

研究团队相信这一突破能够显著提高下一代柔性屏幕的可行性，可用于像显示屏，智能手机，含电脑或者MP3播放器的衣服。

这一研究于2016年6月16日星期四发表在《ACS材料与界面》上。

一名主要研究人员，埃克塞特大学的物理学家Saverio Russo博士说：“这一令人振奋的研发表明，GraphExeter在改变大尺寸柔性屏幕上前景光明，有助于变革电子产业。”

“使用GraphExeter的屏幕不仅更加明亮，也更加富有弹性，能够反复弯曲，使得柔性屏幕更有可能应用于手机一类的日常用品。”

目前，柔性屏幕处于起步阶段。虽然便于使用，但是屏幕的尺寸受到大批量生产材料限制。随着屏幕尺寸增大，亮度有所降低。

用GraphExeter代替石墨烯，研究人员团队能够创造比以前更明亮、持续的光屏。此外，屏幕也更加有弹性，能够可持续性弯曲，意味着它们的使用寿命更加长久。

同样来自埃克塞特大学的Monica Craciun博士补充道：“下一步将会是把这些超灵活的GraphExeter屏幕嵌嵌入纺织纤维，开创性地应用于保健光疗法。”

石墨烯是能够导电的最薄的物质，只有一个原子厚。它是非常柔性的，并且是已知最强的材料之一。科学家和工程师一直在竞争和比赛，以适应近年来在可穿戴式电子设备中对石墨烯使用的需求。这是一项挑战，因为薄层电阻石墨烯消散了大量能量。

2012年，来自埃克塞特大学的石墨烯科学中心的Craciun教授和Russo教授，发现了GraphExeter，一种三氯化铁三明治样的分子层，夹在两层石墨烯层之间，获得了一个比石墨烯导电性能大1000倍全新的系统，成为最著名的可以导电的透明材料。还是同一个团队，最近发现，GraphExeter同时还比许多显示工业中常用的透明导体更加稳定，例如，显示器产业。
Decoding the glass 'genome' contributes to new functional materials

From protecting our most valuable works of art to enabling smartphone displays, glass has become one of our most important materials. Making it even more versatile is the next challenge. Developing new glass compositions is largely a time-consuming, trial-and-error exercise. But now scientists have developed a way to decode the glass "genome" and design different compositions of the material without making and melting every possibility. Their report appears in ACS' journal Chemistry of Materials.

Despite the fact that humans have been making glass since antiquity, the material is still unpredictable. Scientists don't yet fully understand how the structure of glass affects its properties such as density, crack resistance and melting temperatures. This knowledge gap hinders progress in developing new products, such as lighter windows for more fuel-efficient cars. A major complicating factor is that just about any element can be incorporated into glass, which means a near-endless list of possible compositions, each with a different set of properties. Glass types have been made by trial-and-error, but this process takes a lot of time. Morten M. Smedskjaer of Aalborg University and colleagues at Corning Incorporated wanted to come up with a faster way to develop new glass compositions for large-scale use.

The researchers combined a range of computer models, from the empirical to those grounded in physics, to explore what they call the glass genome—the possible combinations of materials and their resulting properties. Using these models, glass makers will be able to predict how various glass compositions will behave in the real world, and optimize them for industrial production much faster than before.

 Explore further: Glassmaker Corning toughens Gorilla Glass for smartphone screens

More information: John C. Mauro et al. Accelerating the Design of Functional Glasses through Modeling, Chemistry of Materials (2016). DOI: 10.1021/acs.chemmater.6b01054

Abstract 

Functional glasses play a critical role in current and developing technologies. These materials have traditionally been designed empirically through trial-and-error experimentation. However, here we report recent advancements in the design of new glass compositions starting at the atomic level, which have become possible through an unprecedented level of understanding of glass physics and chemistry. For example, new damage-resistant glasses have been developed using models that predict both manufacturing-related attributes (e.g., viscosity, liquidus temperature, and refractory compatibility), as well as the relevant end-use properties of the glass (e.g., elastic moduli, compressive stress, and damage resistance). We demonstrate how this approach can be used to accelerate the design of new industrial glasses for use in various applications. Through a combination of models at different scales, from atomistic through empirical modeling, it is now possible to decode the "glassy genome" and efficiently design optimized glass compositions for production at an industrial scale.

解码玻璃“基因组”对新功能材料的贡献

从保护我们最珍贵的艺术品到智能手机显示器，玻璃已经成为最重要的材料之一。让玻璃更多能是下一个挑战。研发新的玻璃成分是极其耗时，反复试验的过程。但是如今科学家们已经发现了一个方法来解密玻璃“基因组”和设计不同材料成分，而不会错过每一种可能性。他们的报道刊登在ACS学术期刊《材料化学》上。

尽管人类自古以来一直在制造玻璃，但是这一材料依然是不可预知的。科学家们还没有完全理解玻璃的结构是如何影响密度、抗裂性和熔点等性质的。这一知识短板减慢了新产品的研发进程，例如用于节油车的轻玻璃。一个主要复杂问题是任何元素都可以合成玻璃，也就是说，可能成分的清单会有无尽的可能性，每一个都有一套不同的性质。虽然经过反复试验已经制造出不同种类的玻璃，但是这一过程耗费了大量时间。奥尔堡大学的Morten M. Smedskjaer和康宁公司的同事想要获取一种更快速的研发可供大范围使用的新玻璃成分的方法。

研究人员组合了一系列的计算机模型，从经验型到物理学型，来探索他们所谓的玻璃基因组—也就是材料的可能组合以及它们导致的性质。通过这些模型，玻璃制造者能够预知玻璃成分在现实世界会有怎样不同的表现，并且优化它们比以前更快速的用于工业生产。

更多信息：玻璃制造商康宁让智能手机屏幕大猩猩玻璃更坚固

更多资料：John C. Mauro et al.通过模型加快功能玻璃设计，《材料化学》（2016）DOI: 10.1021/acs.chemmater.6b01054

摘要

功能性玻璃在当代发展技术中作用关键。这些材料以前都是通过反复试验根据经验设计而得。然而，我们所报道的新型玻璃成分的最新技术起步于原子层面，通过前所未有的玻璃物理学和化学了解已经具备可能性。例如，新型抗损伤玻璃已经研发了模型能够预知相关制造特性（如粘性、液限温度和耐火兼容性）和玻璃相关最终使用性质（如弹性模数、抗压应力和抗损伤性）。我们证实了如何使用这种方法来加快各种不同应用新型工业玻璃的设计。通过不同尺寸的模型组合，从原子模型到经验模型，可以解码玻璃基因组，高效设计优化能用于工业生产的玻璃成分。
Silk-based filtration material breaks barriers
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A scanning electron micrograph shows a free-standing Bombyx mori silk nanofibril membrane. Credit: Massachusetts Institute of Technology

When the Chinese first discovered silk, its superior quality and properties were thought so special, it was reserved exclusively for clothing the emperor, his relatives, and dignitaries. And for more than two millennia, the mechanisms of silk production were a highly guarded secret.

Fast forward to today: MIT and Tufts University researchers have discovered additional hidden secrets of silk, called nanofibrils, which, when expertly extracted and reassembled, can be manufactured into advanced filtration membranes. The researchers' new silk-based filtration technique was recently described and published in the paper, "Ultrathin Free-Standing Bombyx mori Silk Nanofibril Membranes" in the journal Nano Letters.

The paper reveals how silk nanofibrils (SNFs), a key nanocale building block of natural silk, can lead to new naturally-based filters that are more effective, less expensive, and "greener" compared with traditional commercial products. This discovery could portend new production methods and supply chain economics for anyone that uses the new filter membranes, including water treatment facilities, food manufacturers, and life sciences organizations.

The researchers included Department of Civil and Environmental Engineering (CEE) graduate student Kai Jin; CEE postdoc Shengjie Ling; Markus J. Buehler, head of CEE and the McAfee Professor of Engineering; and Professor David L. Kaplan, chair of the Tufts Department of Biomedical Engineering.

"There has been a renewed focus recently on developing these types of ultrathin filtration membranes which can provide maximum flow-through while retaining molecules or pollutants that need to be separated from the flow," Ling says. "The challenge has always been to create these new ultrathin and low-cost devices while retaining mechanical strength and good separation performance. Cast silk fibroin membranes aren't an option, because they do not have porous structure and dissolve in water if not pretreated. We knew there had to be a better way."

An insurmountable challenge—until now

The researchers spent many months sharing ideas, working and reworking calculations, and experimenting in the lab. Their effort to find just the right solvent to dissolve the silk fibers into their most elemental compounds without destroying the samples was one of their greatest challenges.

"We devoted a lot of time developing the method for extracting the nanofibrils from the natural silk fibers," Ling says. "It's a novel approach, so we had to use trial and error before we eventually found success. It was such a good feeling to realize in tangible results what was calculated."
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This illustration demonstrates how silk nanofibril membranes (yellow) reject large molecules while allowing small molecules to pass through. Credit: Massachusetts Institute of Technology

Their work—a collaborative effort among civil, biomedical, and computational engineering, and materials science—found the solution in this new free-standing ultrathin filtration membrane and its innovative, advanced production technique.

Infinitesimal, but mighty

Natural silk fibers, which are made of pure protein, are renowned for their incredible lightness, strength, and durability. The silk nanofibrils used by the researchers were exfoliated from domesticated silkworm-produced fibers. It is the special character of the silk nanofibrils that helps the innovative membranes retain their exquisite structure and superior physical properties.

Historic methods to extract or prepare these nanofibers have not always worked. The illustration in the slideshow above shows the researchers' unique four-step approach that proved effective by overcoming prior hurdles. The first two steps were used to exfoliate the silk nanofibrils from the silk fibers by degumming, washing, drying, and incubating them at a constant temperature, before placing them in water and stirring or shaking them to remove any undissolved silk. The third step involved using ultrasonic waves to extract the silk nanofibrils, which remained stable over several months. Scanning electron micrograph imagery showed the silk nanofibrils had a diameter and contour length similar to the diameter of a single nanofibril strand. In the last step and final process, they assembled the silk nanofibrils into the ultrathin membranes using a vacuum filtration process.

Success came in meeting and exceeding three important membrane attributes: thickness (40-1,500 nanometers with narrowing pore sizes of 12-8 nm); superior water permeation, known as flux; and excellent broad-spectrum separation performance for most dyes, proteins, and nanoparticles. All of these mechanical superiority results are critical to industry, especially for use in pressure-driven filtration operations, even at high applied pressures.

Whether purifying waste water for drinking, or capturing the minuteness of blood clots in the human body, these new silk-based membranes offer significant advanced operational efficiencies. And one piece of silk nanofibrils membrane averages only $0.05-$0.51 compared with $1.20 per piece of commercial filtration membrane.

Silk nanofibrils used in manufacturing hold other important benefits, too. As the by-products of silkworms, innovative manufacturers who leverage silk's natural properties can enhance their industrial ecology and produce less environmental stress. And once the filters are replaced, the used ones biodegrade, leaving no lasting impact.
[image: image14.png]S

ilk rwmmmh Tembfan

e q Leye
Filtration and separation

% Liquid exfoliated silk nanofibrils




This illustration shows a new ultrathin filtration membrane prepared from silk nanofibrils (SNFs) that are directly exfoliated from natural Bombyx mori silk fibers. Credit: Massachusetts Institute of Technology

A keen eye for detail

Controlling the thickness of membranes and pore size distribution is especially important for filters to work effectively, so the researchers made sure the interconnected membrane pores produced in the lab were uniform and without cracks or pinholes.

In addition, they noted the new membrane's rejection of protein and gold nanoparticles in flow was higher than that of membranes with similar thickness. Protein molecules, colloids, nanoparticles, small molecules, and ions were all used to assess size-selectivity.

The researchers experimented frequently with water fluxes through membranes of different thicknesses (40-60 nm).

"What really surprised us," says Jin, "is that one flux was faster than that of most commercial materials, in fact, more than 1,000 times higher in some cases." The result proved better than fluxes of the most advanced ultrathin membranes.

Other findings showed remarkable flexibility, ease of use and sustainability. For example, the new membranes could be removed without adhering to the supporting substrate, they appeared homogeneous, were transparent with structural color on the surface, could be cut and bent without damage, and probably most important, did not dissolve in water—a critical role in most filtration processes. And because silk nanofibrils are negatively charged at neutral pH, more positively charged molecules can be taken up by the membranes via electrostatic interactions.

"These natural silkworm membranes have remarkable separation efficiency on par with current synthetic technologies," says Professor Kristie J. Koski of Brown University's Department of Chemistry, who was not involved in the research. "As a non-toxic, flexible, and tunable membrane, they have great potential for purification and recycling especially in applications where synthetic alternatives are not an option such as in biological systems."

Professor Thomas Scheibel of The University of Bayreuth in Germany, who also was not associated with the study, adds: "The filter efficiency is one of the most important parameters of filter materials. This parameter is mainly influenced by the structure of the filter material. Nano silk filters are consistently filled and therefore enable the retention of quite small particles. New filter devices based thereon should allow lowering the overall energy consumption in water as well as in air filtration at constant or even higher filter efficiencies than existing ones."

The team's discovery reflects ways in which silk's hidden secrets can advance civilization in multiple new ways.

More information: Shengjie Ling et al. Ultrathin Free-StandingSilk Nanofibril Membranes, Nano Letters (2016). DOI: 10.1021/acs.nanolett.6b01195

丝质过滤材料突破障碍
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一张电子显微扫描图展示一张独立的桑蚕丝纳米纤维膜。来源：麻省理工学院。

当中国首次发现丝绸时，其卓越的品质和特性被认为是独一无二的，丝绸专门保留给皇帝、他的亲戚和高管做衣服。在超过两千年的历史中，丝绸生产机构是一个保卫严密的团体。

快进到今天：麻省理工学院和塔夫茨大学的研究人员发现了丝绸隐藏的秘密，即纳米纤维，当巧妙地抽丝并重新组合时，可加工成先进的过滤膜。最近，研究人员的丝质过滤技术在《纳米快报》杂志上以《超薄独立的桑蚕丝纳米纤维膜》发表。

本文揭示了天然丝关键的纳米结构——丝绸纳米纤维（SNFS），怎样使新的自然过滤膜与传统的商业产品相比更有效、更便宜、更绿色。这一发现预示着为水处理设备、食品制造商和生命科学组织等任何使用者提供了生物过滤膜的新制造工艺和供应链经济。

研究人员包括土木与环境工程系（CEE）研究生晋凯、土木与环境工程系博士后陵胜杰、土木与环境工程系主任马库斯J.比埃勒、工程学教授迈克菲、David L.卡普兰教授和塔夫斯大学生物医学工程系主任塔夫茨教授。

“我们最近重新将关注点几种在这种超薄生物过滤膜的开发中，这种滤膜可以使液体以最快流速流过，同时过滤需要从液体中分离出来的分子和污染物”，陵胜杰说。“制造即保持一定的机械强度又具有良好分离性能的厚度又薄成本又低的新滤膜一直是一项挑战。抛弃蛋白蚕丝滤膜不是一个好的选择，因为如果不经过预先处理，蚕丝滤膜没有多孔结构，不会在水中溶解，如果不进行预处理。我们知道肯定有一个更好的办法。”

到现在为止一个不可逾越的挑战

研究人员花了好几个月交流思想，研究，反复的计算，在实验室进行试验。他们致力于寻找一种将蚕丝纤维溶解到蚕丝纤维所含元素混合溶剂中去又不破坏样品的正确方法，这是研究者所面临的重大的挑战之一。

“我们花了大量的时间用于探索从天然蚕丝纤维中提取纳米纤维的方法，”陵胜杰说。“这是一种全新的方法，所以我们在找到成功的方法之前经过反复的试验。当计算证实我们的猜想的时候，那是一种非常好的感觉。”
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该图展示了黄色的丝质纳米纤维滤膜如何隔绝大分子同时允许小分子通过。来源：麻省理工学院

他们与土木专家、生物学者、计算机工程专家和材料学专家的共同努力发现了这个新的独立的超薄滤膜，以及其富有创新性和先进性的生产技术。

极小量，但作用极大

天然蚕丝纤维是由蛋白质形成，素以难以置信的亮度、强度和耐久性而闻名。研究人员使用的纳米蚕丝纤维是从家蚕丝剥离的纤维。家蚕丝是纳米丝绸纤维促使新研制的植物滤膜保持其精致的结构和优良的物理性能的特别元素。

已有的提取、制作纳米纤维的方法总是不成功。幻灯片上面的插图展示了研究人员的独特的四步方法，该方法已有效地克服了之前的障碍。前两个步骤通过在将蚕丝浸泡在水中搅拌、振荡之前对其进行脱胶、洗涤、在一定的温度下干燥处理，从而剥离的蚕丝纤维。第三个步骤是使用超声波来提取蚕丝纳米纤维，使其在几个月内保持稳定。扫描电子显微照片图像，发现蚕丝纳米纤维具横向直径和纵向长度大致等同于单个纳米纤维线。在最后的步骤中，他们采用真空过滤法将丝质纳米纤维重组成极薄的生物滤膜。

该技术的成功显而易见，并超越三个重要的生物膜属性：厚度（40—1500毫微米，细的地方直径仅为12—8纳米）；良好的透水性，以流通量知名；对大多数染料、蛋白质和纳米颗粒广泛适用的卓越分离能力。所有机械优势成果对于工业是十分重要的，尤其是在压力驱动过滤操作中的应用，即使是在高压下，丝质纳米滤膜都能很好地发挥作用。

无论是将污水净化为饮用水，还是获取人体内渺小的血液凝块，这些新的丝质生物滤膜都可以显著地先进地提高运营效率。一张丝质纳米纤维滤膜的平均价钱只有0.05-0.51美元，而相比之下，一张商业滤膜的价钱要1.20美元。

在制造业中，丝质纳米纤维的使用还具有其他重要的作用。作为桑蚕的副产品，具有创新意识的厂商利用蚕丝的天然属性来提升自己的产业生态，减少环境压力。当过滤器更换后，用过的滤膜生物降解，不留下任何持久的环境影响。
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该图展示了蚕丝纳米纤维（SNFS）制成的超薄生物滤膜是直接从家蚕丝纤维中提取的。来源：麻省理工学院。

对细节敏锐的眼睛

控制滤膜的厚度和孔径分布对过滤工作的效率来说是特别重要的，因此研究人员要确保在实验室中制成的相互连接的膜孔是均匀的、无裂纹的、无堵塞的。

此外，他们指出，该新制造的滤膜在过滤蛋白质和金纳米颗粒的效率高于同等厚度的传统生物膜。蛋白质分子、胶体、纳米颗粒、小分子、离子大小对新制造的滤膜都是可选择的。

研究人员对不同厚度的生物滤膜的水流量频繁地进行试验（40—60纳米）。

晋凯说：“真正让我们感到吃惊是一次实验中的流量比大多数商业滤膜都快，实际上在某些试验中显示流量高出1000倍。”结果证明这个最先进的超薄滤膜的流通性更好。

其他研究结果显示了该滤膜非凡的弹性、适用性和可持续性。例如，该滤膜可以在不附着在支撑基质中移动，它们是均匀的，透明的，表面有结构色，可以切割和弯曲而不损坏原膜，最重要的是在水中不溶解的——在大多数过滤过程中是非常重要的性质。而且由于丝质纳米纤维是在中性pH液体中带负电荷，通过静电相互吸引作用可选出大多数的带正电荷的分子。

“这些天然的蚕膜在目前的合成技术中具有显着的分离特效，”布朗大学化学系的Kristie J Koski教授说，Kristie J Koski教授没参与这项研究工作。“作为一个无毒的、弹性的、可调节的生物滤膜，它们在净化和回收方面具有强大的潜力，尤其在例如人工合成不能替代的生物系统中的应用。”

同样未参与该研究的德国拜罗伊特大学教授，Thomas Scheibel补充说：“过滤效率是过滤材料的最重要参数之一，该参数的主要影响因素是过滤材料的结构。纳米丝质过滤器不断地填充，因此，保留了相当小的颗粒。该新的过滤装置的基础是控制其在水中或空气中的整体耗能减小，无论过滤效率恒定或较现存过滤器高”。

该小组的发现反映了丝绸隐藏着的秘密可以在多种新的方式上推进文明的进步。
Practical Application（实际应用）

Tracking the aluminum used to purify tap water
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Analysis using 27Al qNMR (quantitative NMR) spectroscopy. Each spectrum can be measured in just three minutes. Credit: Kobe University

A Kobe University research group including Associate Professor Maki Hideshi (Center for Environmental Management), PhD candidate Sakata Genki (Graduate School of Engineering, Department of Chemical Science and Engineering, currently employed at Central Glass Co., Ltd.) and Professor Mizuhata Minoru (Graduate School of Engineering) have developed a new analysis method that uses magnetic fields to quickly and accurately measure the concentration of aluminum used to purify tap water. These findings can potentially be used in developing efficient and environmentally-conscious coagulants for water treatment. The findings were presented on May 29, 2016 at the 76th Japan Society for Analytical Chemistry Symposium.

In order to provide clear, safe tap water it is necessary to remove particles called colloids from raw water. These particles are very small, between nanometer order and micrometer order in diameter. Polychlorinated aluminum is used as a coagulant in the water treatment process to collect and dispose of these particles. However, aluminum ions can be toxic for fish and inhibit plant growth. The Japanese Water Works Law specifies that aluminum concentration in water must be limited to below 0.1ppm (1:10,000,000).

Various hydrolyzed species of aluminum ion can be detected in water. Until now the "ferron method", involving pigments and absorption meters, has been widely used to calculate the concentration of these compounds. However, this method has some disadvantages: the analysis takes several hours and the results often contain errors.

Associate Professor Maki's research group optimized NMR¹ equipment to develop an analysis method called "27Al qNMR (quantitative NMR) spectroscopy" that accurately measures the abundance of each aluminum compound. Notably, measurements using this analysis method can be carried out in just three minutes, and the concentration of hydrolyzed species can be calculated to within a very small margin of error in all pH ranges.
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The hydrolysis reaction of aluminum ions. Measurements can be taken a few minutes after the solution is prepared. The measurement process is non-destructive, meaning that the same solution can be monitored over a long period. Credit: Kobe University

After the agglomeration mechanism of sludge including the aluminum ion was analyzed, the group discovered that when there is a high concentration of aluminum ions, after roughly 100 minutes a Keggin-type tridecameric cluster (K-Al13) is formed, and after a few months polymerization occurs.

As well as making it easier to measure the concentration of aluminum ions in water, this new analysis method has also clarified the structural changes aluminum ions undergo over time. These findings could potentially contribute to the development of high-performance, environmentally-conscious coagulants that can act more efficiently on colloids.

Explore further: Breakthrough in study of aluminum to yield new technological advances

Provided by: Kobe University

监测用于净化自来水的铝
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利用27Al核磁共振定量谱做出的分析。每段频谱都可以在短短的三分钟之内测量出来。

来源：神户大学

由副教授Maki Hideshi（环境管理中心），博士生Sakata Genki（工程研究院化学科学与工程系，目前就职于中央玻璃株式会社）和教授Mizuhata Minoru（工程研究院）组成的神户大学研究小组探讨出了一种新的分析方法，利用磁场，快速准确地测量出用于净化自来水的铝的浓度。这些发现可能会被用来研发高效，环保的水处理混凝剂。这项研究结果已于2016年5月29日在第76届日本分析化学研讨会上发表。

为了给人们提供干净，安全的自来水，有必要除去原水中被称为胶体的颗粒。这些颗粒非常小，直径在纳米和微米之间。聚氯化铝作为混凝剂，在水处理过程中会收集和处理这些颗粒。然而，对于鱼来说，铝离子是有毒的，同样，铝离子也会抑制植物的生长。日本水工程法明确规定，水中铝的浓度必须限制在0.1ppm（1:10,000,000）以下。

水中可以检测到各种各样铝离子水解物。目前，包括色素和吸收计在内的“铁试剂法”已广泛应用于计算这些化合物的浓度。然而这些方法还存在一些缺点：分析需要花费几个小时，结果也往往会有些错误。

副教授Maki的研究小组对核磁共振设备进行了优化，研发了一种叫做“27Al核磁共振定量谱”的方法，这种方法可以准确的测量出每种铝化合物丰度。特别的是，运用这种分析方法可以在短短三分钟之内进行测量，在所有Ph值范围内，水解物浓度计算的误差值也会非常小。

[image: image21.jpg]Al concentration / mmolL*

Smin 1h  1day1week 1 month 6 months

[ O O I

80

60 [AI(H,0)
40 K-Aly,

20
A

.
10° 10" 10* 10° 10° 10° 10°
Reaction time / min




铝离子的水解反应。溶液准备好之后，测量可以在几分钟之内进行。测量过程不具破坏性，意思就是我们可以在很长一段时间内检测同一种溶液。来源：神户大学

在分析了沉淀物包括铝离子的附聚机制后，小组发现，当铝离子浓度很高的时候，大约100分钟之后，会形成K-A113集群，几个月之后就会出现聚合反应。

这种新型的分析方法不仅更容易测量水中铝离子的浓度，也阐明了随着时间的推移，铝离子的结构也在发生变化。这些研究结果可能会有助于研发高性能、环保的，对水中胶体更加有效的混凝剂。

深入探索：突破研究铝，以获得新技术方面的进展

来源：神户大学 

Proper breeding ground for germanene
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Germanene honeycomb on MoS2. Credit: University of Twente

Germanene is a one atom thick sheet of germanium, in a honeycomb structure. It has clear similarities with graphene, the material that induced massive research activity worldwide, especially after 2010's Nobel Prize.

A major difference between graphene and germanene is the 'band gap', a property well-known in semiconductor electronics: thanks to this 'jump' of energy levels that electrons are allowed to have, it is possible to control, switch and amplify currents. Graphene had a very small band gap that can only be measured at very low temperatures, germanene shows a band gap that is significantly larger. Previous attempts to grow germanene, however, show that these attractive properties seem to vanish when it is grown on a metal surface: a good conductor of current. To prevent this, the UT scientists chose the semiconductor MoS2 as the substrate material.

Islands

Under ultra-high vacuum conditions, germanene indeed grows on the semiconductor. At first, the scientists observed islands at the locations where MoS2 had crystal defects, after that the germanene is spreading out covering a larger surface. An exciting question is, if the desired properties remain intact. First measurements show that the typical 2D properties and band gap are present, further low temperature measurements are needed to confirm germanene operates in the desired way: the inner part would work as an insulator, while conducting channels are formed at the edges.

Sandwich

The other UT scientists did quantum mechanical calculations on the molybdenum-disulfide combination. They, for example, looked at the direction of growth, to be able to optimize the process. The theoretical group went one step further, by not only investigating the bilayer of molybdenum-disulfide, but als covering the germane with molybdeendisulfide. This prevents germanene from rapid oxidation. Calculations show that the sandwich construction has even better performance when it comes to the band gap.

Both publications show that germanene, grown on molybdenum-disulfide is an important first step towards new electronic devices or unsuspected combinations with conventional devices. 'Spintronics', based on the spin movement of electrons, seems to be an attractive application area for germanene. Electrons with spin up and electrons with spin down have separate conducting channels on the edges of germanene. Harold Zandvliet recently received a grant for further research on this promising effect.
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Germanene on MoS2. Credit: University of Twente

More information: Structural and Electronic Properties of Germanene on MoS2; L. Zhang, P. Bampoulis, A. N. Rudenko, Q. Yao, A. van Houselt, B. Poelsema, M. I. Katsnelson, H. J. W. Zandvliet; Phys. Rev. Lett. 116, 256804 – Published 21 June 2016; DOI: dx.doi.org/10.1103/PhysRevLett.116.256804

2 Invariance of Germanene on MoS2 from First Principles; Taher Amlaki, Menno Bokdam, and Paul J. Kelly; Phys. Rev. Lett. 116, 256805 – Published 21 June 2016; DOI: dx.doi.org/10.1103/PhysRevLett.116.256805

合适的锗烯生长环境
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锗烯在蜂窝结构中是锗的一个单原子厚片。锗烯与石墨烯---一种在世界范围内都有着大量研究活动的材料---有着明显的相似之处。

石墨烯与锗烯最主要的不同就是“带隙”，半导体电子学中最有名的属性：由于电子中允许有这种能级“跳跃”，才有可能控制、转换和放大电流。石墨烯的带隙很小，只能够在低温下进行测量，锗烯的带隙明显较大。然而，先前培育锗烯的尝试表明，当在金属表面生长的时候，这些诱人的性质就消失了：金属表面是电流良好的导体。为了防止这一点，屯特大学的科学家们选用半导体二硫化钼作为基片材料。

岛屿结构

在超高真空条件下，锗烯确实会在半导体上生长。首先，科学家们观察了二硫化钼有晶体缺陷的岛屿位置，之后，锗烯大面积生长。令人好奇的问题就是所需属性是否保持不变。第一次测量表明典型的二维属性和带隙只是暂时的，有必要进行更进一步的测量来确认锗烯会以理想的方式运行：内部充当绝缘体，然而导电通道却在边缘形成。

三明治结构

屯特大学的科学家们对二硫化钼组合做了量子力学计算。例如他们观看能优化过程的增长方向。理论组研究更深入，不仅调查了双层二硫化钼，还用二硫化钼覆盖了锗。这有助于防止锗烯的快速氧化。计算结果表明，当涉及到带隙的时候，三明治结构具有更好地性能。

上述两种发表的观点表明：对于新的电子设备，或是带有常规器件的不明组合，使锗烯生长在二硫化钼上是最重要的一步。基于电子自旋运动的“自旋电子学”对锗烯来说似乎是极佳的应用领域。锗烯边缘的电子自旋向上和自旋向下有不同的导电通道。Harold Zandvliet最近收到了一笔拨款，用于进一步研究这项有前景可观的项目。

[image: image25.jpg]©Ge eS oMo




生长在二硫化钼上的锗烯。来源：屯特大学

Toward development of safe and durable high-temperature lithium-sulfur batteries 
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Scheme of MLD alucone coated C-S electrode and cycle performance of stabilized high temperature Li-S batteries. Credit: Canadian Light Source

Safety has always been a major concern for electric vehicles, especially preventing fire and explosion incidents with the best possible battery technologies.

Lithium-sulfur batteries are considered as the most promising candidate for EVs due to their ultra-high energy density, which is over 5 times the capacity of standard commercial Li-ion batteries. This high density makes it possible for electric vehicles to travel longer distances without stopping for a charge.

However, batteries operating at the high temperatures necessary in electric vehicles presents a safety challenge, as fire and other incidents become more likely.

Prof. Andy Xueliang Sun and his University of Western Ontario research team, in collaboration with Dr. Yongfeng Hu and Dr. Qunfeng Xiao from the Canadian Light Source, have developed safe and durable high-temperature Li-S batteries using by a new coating technique called molecular layer deposition (MLD) technology for the first time. This research has been published in Nano Letters.

"Close collaboration with CLS to obtain such detailed information is very important to our understanding," said Dr. Sun. "We need not only to design novel materials for energy storage, but also deep understanding on the science behind materials."

"We demonstrated that MLD alucone coating offers a safe and versatile approach toward lithium-sulfer batteries at elevated temperature," said Dr. Sun.

MLD is an ultrathin-film technique with applications in energy storage systems, providing precise and flexible control over film thickness and chemical composition of the target material at a molecular scale.

The MLD alucone coated carbon-sulfur electrodes demonstrated very stable and improved performance at temperatures as high as 55oC, which will significantly prolong battery life for high-temperature Li-S batteries.

X-ray studies at the CLS revealed the specific mechanism and interaction between sulfur and alucone MLD coating.

"By using synchrotron-based high energy X-ray photoelectron spectroscopy (HEXPS), it demonstrated the coating ends up hindering unwanted side reactions," said Dr. Hu. This is achieved as the coating passivating the surface of the electrode.

Next up, the team will focus on the safe lithium sulfur batteries with synchrotron X-ray in-situ battery study in future.

More information: Xia Li et al. Safe and Durable High-Temperature Lithium–Sulfur Batteries via Molecular Layer Deposited Coating, Nano Letters (2016). DOI: 10.1021/acs.nanolett.6b00577

安全耐高温锂硫电池的发展
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分子层沉积薄膜技术(MLD) alucone覆盖在碳硫电极以及稳定的高温锂硫电池循环特性。

引用：加拿大光源中心

安全问题一直是电动汽车主要关心的问题，尤其是在用最好的电池技术预防火灾和爆炸事件方面。

锂硫电池的较高能量密度是标准商业锂电池容量的5倍以上，因此被认为是最有前途的电动汽车电池。这种高密度使得电动汽车能够连续行使更长距离，而不需要停下充电。

然而，电动汽车必然会面临高温环境，这种情况下使用电池也有安全风险，火灾和其他事件发生的可能性更大。

孙学良教授和他的西安大略大学研究团队，与加拿大光源中心的胡永峰、肖群峰博士合作，首次利用一种叫做分子层沉积薄膜的新型包覆技术研发了安全、耐高温的锂硫电池。这一研究已经发表在《纳米快报》上。

“与加拿大光源中心的紧密合作取得了如此详细的资料，这对于我们的理解十分重要，”孙博士说，“我们不仅需要为储能技术设计新材料，也需要加深材料背后的科学理解。”

“我们证实了分子层沉积薄膜alucone包覆层提供了一个安全普适的方法制造耐高温的锂硫电池。”孙博士说。

分子层沉积薄膜技术是一种应用于储能系统的超薄薄膜技术，能够精确灵活控制薄膜厚度以及分子层面目标材料的化学成分。

分子层沉积薄膜alucone包覆碳硫电极在55°C高温下表现非常稳定，提升了性能，这将极大延长高温锂硫电池的使用寿命。

加拿大光源中心的X射线研究揭示了硫和alucone分子层沉积薄膜之间的详细机制和相互作用。

“利用同步辐射高能X射线光电子能谱学，证实了包覆层最终避免了有害副作用，”胡博士说道。这是因为包覆层钝化了硫电极表面。

未来，该团队会致力于安全的锂硫电池和同步辐射X射线电池研究。

New material for urban paving made from 100% waste products

The manufacture of ceramic tiles in the EU generates around 3 million tones of waste each year. LIFECERAM is a European-funded project led by the Institute of Ceramic Technology (ITC-UJI) that addresses this issue.

Right on schedule, LIFECERAM has achieved its goal of zero waste in the manufacture of ceramic paving through the design of a sustainable manufacturing process whereby elements of the final paving product incorporate the waste generated in other parts of the process. This new product is designed for use in urban paving.

Led by the Instituto de Tecnología Cerámica of the Universitat Jaime I of Castellón (UJI), the consortium also includes the Spanish Association of Ceramic Tile and Paving Manufacturers (ASCER) and three Spanish ceramics companies: KEROS Cerámica, S.L., VERNÍS, S.A. and CHUMILLAS-TARONGI, S.L.

Co-funded under LIFE+, the European Union's only financial instrument dedicated to the promotion of innovative technologies that support the environment, nature conservation and climate action, these results have been three years in the making.

The new process takes waste from the ceramics manufacture process, such as green and fired scraps, glaze sludge and dust from the kiln filters, and turns them into a 100% recycled urban paving product.

Presented last month at ASCER headquarters, the main conclusions from the project is that sustainable urban paving is indeed possible. Javier García, research leader at the ITC, further explained that, not only is it possible, "the composition of the new material closely matches the relative proportions in which the different ceramic waste products [the aforementioned scraps, sludges and dusts] are generated. Adding that "we have achieved the porosity, mechanical resistance and environmental properties we set out to, and the end product can be processed at existing industrial instalations, meaning no changes to proceses or equipment at ceramics plants are necessary."

Explore further: Engineers crack ceramics production obstacle

城市铺路新材料100%可来自废料

每年，欧盟瓷砖制造业产生大约3百万吨废物。LIFECERAM是陶瓷技术研究所（ITC-UJI）领导的一个欧盟资助项目，专门来解决这个问题。

LIFECERAM把最终铺路产物中的元素与加工过程中其他零部件产生的废料相结合，通过这种可持续制造过程达到铺路陶瓷在生产中零浪费的目标，所得到的新产品可专为城市铺路所用。

该项目由UJI （Universitat Jaime I of Castellón）大学陶瓷技术机构领导，团队中还包括西班牙瓷砖协会，铺砌制造商（ASCER）及三个西班牙陶瓷企业：KEROS Cerámica, S.L., VERNÍS, S.A. 以及 CHUMILLAS-TARONGI, S.L.。

该项目由LIFE+资助，这是欧盟唯一一个致力于推广创新技术的金融工具，这些技术主要是支持环境保护，自然保护和气候行动的。三年来取得了一定的成果。

新工艺利用陶瓷制造工艺中产生的废料，如绿色燃烧产生的废料，污泥及除尘器中产生的灰尘，并把它们加工成100%回收利用的城市铺路产品。

上个月ASCER总部给出了该项目的主要结论：可持续发展地进行城市铺路确实是可能的。ITC研究的领导者Javier García进一步解释说，“它不仅是可能的，而且新材料的成分（上述废料，废渣和粉尘）是呈比例的，我们可以生产不同配比的陶瓷废品。 我们已经达到了预期的孔隙率，机械性能和环境性能，并且最终产品可以在现有工业设备上进行加工，这意味着我们没有必要改变现有工厂的生产工艺或陶瓷设备。”

Organic & Polymer（有机高分子材料）

Ultrafast charge separation
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Ultrafast experiments provide insight into charge carrier transfer and separation in polymer–fullerene blends and aid the optimization of organic solar cells. Credit: KAUST

Polymers are an exciting prospect for use in solar cells because their manufacture is cheap, easily processed at low temperatures and can be scaled up for industrial production. A key drawback is their relatively low power conversion efficiency. A better understanding of light absorption and charge transfer dynamics in these materials is needed for their efficiency to match that of the more conventional silicon-based devices.

Omar Mohammed and his colleagues at the Solar & Photovoltaics Engineering Research Center (SPERC) at King Abdullah University of Science and Technology (KAUST), Saudi Arabia, study the ultrafast dynamics of photo-induced charge transfer and separation in a range of polymer–fullerene blends and harness this insight to develop a better approach to designing high-efficiency solar cells.

A common way to fabricate organic solar cells is to combine two different materials, known as a polymer–fullerene blend. Light absorbed in such a material induces charge transfer from the polymer "donor" to a fullerene "acceptor," a type of spherical molecule. This creates a positive charge on the donor component and a negative charge on acceptor components. The key consideration in solar cell optimization, therefore, is to effectively separate these two charges and thereby generate an electrical current.

Mohammed and his co-workers studied these crucial charge transfer and charge separation processes using transient absorption spectroscopy with broadband capability. This is a technique that measures the changes of a material's properties in response to short pulses of laser light, and in this way is able to monitor in real time electron dynamics on femtosecond (10-15 seconds) timescales.

"The main idea is to provide essential information on the mechanistic and kinetic details of the fundamental events that occur at device interfaces in polymer-fullerene systems," Mohammed said.

The researchers used a donor polymer called PTB7-Th and blended it with one of three different acceptors; PC71BM, PC61BM or IC60BA. They showed that the charge transfer process occurs in times shorter than one picosecond (10-12 seconds), and that the charge dynamics and solar-cell device performance are strongly dependent on the choice of acceptor. For example, a solar cell made with IC60BA exhibited a power conversion efficiency of only two percent, but the value was found to be over nine percent in a PC71BM-based device.

"This time-resolved technique is a unique pathway to study fundamental events that occur at device interfaces – saving time and effort in device optimization," Mohammed noted. "We next hope to extend this experiment to different polymers or even for solar cells based on inorganic photoactive materials."

More information: Qana A. Alsulami et al. Remarkably High Conversion Efficiency of Inverted Bulk Heterojunction Solar Cells: From Ultrafast Laser Spectroscopy and Electron Microscopy to Device Fabrication and Optimization, Advanced Energy Materials (2016). DOI: 10.1002/aenm.201502356

快速电荷分离
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快速试验能帮助我们深入了解聚合物-富勒烯共混物电荷载体的传递和分离，同时还有助于有机太阳能电池的优化。来源：阿卜杜拉国王科技大学

在太阳能电池的使用中，聚合物的前景十分可观，因为制造价格低，特别是在低温下进行处理的时候，也可以用于扩大工业生产规模。关键的缺点就是他们的功率转化效率相对较低。为使他们的效率能与常规的硅基器件效率相媲美，更好的了解这些材料的光吸收和电荷转移动力是非常有必要的。

来自沙特阿拉伯阿卜杜拉国王科技大学太阳能光伏工程技术研究中心的Omar Mohammed和他的同事们，研究了聚合物-富勒烯共混物光致电荷转移与分离的快速动力学，并利用这项研究来研发出更好的设计高效率太阳能电池的方法。

制造有机太阳能电池最常见的方法就是将两种不同的材料结合在一起，我们称之为聚合物-富勒烯共混物。这种材料中的光吸收诱导电荷会从聚合物“供体”转移到富勒烯“受体”---一种球形分子。这个过程会在供体上建立一个正电荷，在受体上建立一个负电荷。因此，太阳能电池的优化，主要是要考虑到能够有效的分离这两个电荷，从而产生电流。

Mohammed和他的同事们利用瞬态吸收光谱技术和宽频带性能，对这些重要的电荷转移和电荷分离过程进行了研究。这是一种技术，能够测出当发生激光短冲脉时，材料性能发生的变化；通过这种方式，能够对实时监测电子动力学上的飞秒（10-15秒）时间尺度。

Mohammed说：“最主要的想法是为机械学和动力学细节上的基础事件提供必要信息，这些事件通常会发生在聚合物-富勒烯系统的设备接口处。”

研究人员使用一种叫做PTB7-Th的供体聚合物，使之与PC71BM，PC61BM或者IC60BA三种受体中的一种混合。他们发现，电荷转移过程所需的时间不超过一皮秒（10-12秒），电荷动力和太阳能电池设备的性能大大取决于所选择的受体。基于IC60BA的太阳能电池所表现出来的功率转化效率仅有2%，但是他们却发现基于PC71BM的设备效率却超过了9%。

Mohammed指出“时间分辨技术是研究发生在设备接口处基础事件的一种特殊途径---在设备优化中节约了时间，也节省了精力。接下来我们希望用不用的聚合物，甚至是使用基于无机光敏材料的太阳能电池来继续做这个实验。”

Talc nanocrystals with unique properties produced within seconds
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Credit: Wiley

It takes millions of years until the natural clay mineral talc is produced hydrothermally under bedrock, but artificial synthesis can make this process a lot shorter. Synthetic talc has many advantages such as high purity and tunable properties. In the journal Angewandte Chemie, French scientists introduce a laboratory synthesis of talc, which needs only seconds and produces nanocrystals with unique properties useful in many applications.

Talc is a nontoxic clay mineral, which is widely used in various industries. In chemical terms it is a hydrated magnesium silicate, the deposits of which are mined worldwide. However, the mined talc faces challenges mainly concerning homogeneity and purity. In this context, two research groups under the direction of Cyril Aymonier and François Martin in Bordeaux and Toulouse, France, have developed a method to produce synthetic talc nanocrystals hydrothermally in supercritical water. In this state, water has properties neither of a liquid nor of a gas and offers unique conditions for hydrothermal synthesis. "Water properties under supercritical conditions can be finely tuned from gas-like to liquid-like," the authors write. And while the natural process to talc, which is metamorphosis under bedrock, leads to micron-sized, rather impure and hydrophobic talc crystals, Aymonier and Martin's "supercritical hydrothermal flow synthesis" produces pure nanocrystals within seconds.

This technology also offers access to the unique characteristics of talc nanocrystalline structures. The scientists point out that nanominerals have long been overlooked in natural ore, although they can severely affect its properties. "Even in small proportion, nanominerals can induce defect of ore-grade material through their reactivity," the authors write, highlighting the importance of studying the growth behavior and characteristics of the nanominerals.

The hydrothermally synthesized talc nanocrystals were also shown to present some remarkable features. In contrast to their micron-sized natural counterparts, they are hydrophilic and thus offer new opportunities for industrial applications. Therefore, further exploration as reinforcement, for paints, and in the paper, ceramics, and cosmetics industries is recommended.

More information: Angela Dumas et al. Fast-Geomimicking using Chemistry in Supercritical Water, Angewandte Chemie International Edition (2016). DOI: 10.1002/anie.201604096

滑石纳米晶数秒内产生独特的性能
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编辑：威利

天然粘土矿物滑石在岩床下中经过数百万年热液形成，但人工合成的滑石可以让这个过程大大缩短。人工合成的滑石具有许多优点，如高纯度和性能可调性。在《应用化学》杂志上，法国科学家提出了一种实验室合成滑石的方法，该方法只需要几秒钟形成可应用到多领域的具有独特性能的纳米晶体。

滑石是一种无毒的粘土矿物，被广泛应用于各种行业。在化学领域，滑石是一种水合硅酸镁，其沉积物在世界范围内开采。然而，开采的滑石主要面临的同质性和纯度的挑战。在此背景下，来自法国波尔多和图卢兹的Cyril Aymonier和François Martin两个研究小组开发出一种在超临界水中热液合成纳米滑石粉的方法。在这种状态下，水具有特有的性质，既不是液体，也不是气体，以给热液合成提供独特的条件。“超临界状态下的水的特性可以从类气相转化为类液相，”作者写道。虽然自然形成滑石粉的过程经过在岩床下变质，形成微米级的、不纯的、疏水性的滑石粉晶体，Aymonier和Martin的“超临界热液合成流”在数秒内合成纯纳米晶体。

该技术还可观测到滑石纳米晶体的纳米结构。科学家们指出，尽管晶体结构会严重影响矿物性能，但是纳米矿物在天然矿石中被长期忽视。“即使在很小的比例，纳米矿物通过反应可以在矿石品位上造成缺陷，”作者写道，强调了研究纳米矿物的生成过程和特点的重要性。

热液合成滑石纳米晶体还呈现出一些显着的特点。相反地，与它们微米大小的自然对应，滑石纳米晶体是亲水性的，因而给工业应用的提供了新的可能。因此，建议加强在涂料行业、造纸行业、陶瓷行业和化妆品行业的进一步探索。

A new way to degrade plastics that turns them into fuel  
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A novel chemical process converts post-consumer polyethylene plastic bottles, bags, and films into liquid fuels and waxes. Credit: Jia et al. Science Advances (2016). DOI: 10.1126/sciadv.1501591

(Phys.org)—A combined team of researchers from the Chinese Academy of Sciences and University of California has found a way to degrade ordinary plastics in a way that allows for fuel to be created from plastic trash. In their paper published in the journal Science Advances, the team describes their technique and their hopes for scaling it up to allow for it to be used in actually reducing plastic trash.

Most people know that modern life is filled with plastics, from packaging, to bags and soda bottles—the world has been inundated with them since they became a cheaper alternative to many other products. The problem is, of course, that they break down very slowly, which means they are piling up in landfills and serving as the source material in artificial island creation in our seas. Scientists have been looking for good ways to degrade plastics, particularly polyethylene, the most common kind produced, but until have not been able to find a means for doing so that is both inexpensive and scalable. In this new effort, the researchers report on successes they have achieved in the former and their hopes for the latter.

The method by the team involves mixing the plastics with an organometallic catalyst, which was made by mixing readily available molecules that were then doped with metal iridium. The reaction caused the bonds holding the plastic together to weaken, allowing them to be more easily torn apart—after doing, so, the team was able to use the broken down material to create a diesel-like fuel which they claim could be used to power vehicles and other motors—they report that burning the fuel is also cleaner than burning other combustible materials.

The team claims that the process is inexpensive and not very difficult, though it is still not clear if it is scalable. The ratio of plastic to catalyst is currently approximately 30 to1, which is not nearly good enough for commercial purposes. Their goal is 10,000 to 1. The team is also looking for something to use as part of the catalyst instead of iridium, because it is both difficult to get in large quantities and too expensive. The team is cautiously optimistic however that they will be able to find a way to change their technique to allow for use in commercial applications, which could mean, future energy seekers might be looking in landfills for a source material, rather than beneath our feet.

Explore further: Behind-the-scenes advances underpin new super-strong plastics

More information: X. Jia et al. Efficient and selective degradation of polyethylenes into liquid fuels and waxes under mild conditions, Science Advances (2016). DOI: 10.1126/sciadv.1501591

Abstract 

Polyethylene (PE) is the largest-volume synthetic polymer, and its chemical inertness makes its degradation by low-energy processes a challenging problem. We report a tandem catalytic cross alkane metathesis method for highly efficient degradation of polyethylenes under mild conditions. With the use of widely available, low-value, short alkanes (for example, petroleum ethers) as cross metathesis partners, different types of polyethylenes with various molecular weights undergo complete conversion into useful liquid fuels and waxes. This method shows excellent selectivity for linear alkane formation, and the degradation product distribution (liquid fuels versus waxes) can be controlled by the catalyst structure and reaction time. In addition, the catalysts are compatible with various polyolefin additives; therefore, common plastic wastes, such as postconsumer polyethylene bottles, bags, and films could be converted into valuable chemical feedstocks without any pretreatment.

降解塑料的一种新方法，将其转化为燃料
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一种新的化学过程将消费后的聚乙烯塑料瓶、塑料袋和薄膜转化为液体燃料和蜡。来源: Jia et al。科学进展（2016）。关键词：10.1126/sciadv.1501591

(Phys.org)—中国科学院和加利福尼亚大学的一个联合研究小组已经找到了一种方法来降解普通塑料，在一定程度上让塑料垃圾制造出燃料。他们的论文被出版在杂志《科学进展》中，该小组描述了他们的技术并希望通过提高这个技术，让它被实际应用到以减少塑料垃圾。

大多数人都知道，现代生活中满是塑料，从包装袋，到塑料袋和饮料瓶，世界已经被它们淹没了，因为他们已成为比许多其他产品更便宜的替代品。当然，问题在于他们分解得非常慢，这意味着它们正堆积起垃圾填埋场并作为在我们海洋中人工岛屿创建的源材料。科学家们一直在寻找好的方法来降解塑料，特别是聚乙烯，最常见的一种，但一直都没有能够找到一种既经济价廉性又可扩展性的方法。在这项新的研究成果中，研究人员报告他们在前研究者之后取得了成功，也给予了后研究者希望。

研究小组运用的方法涉及到混合塑料与金属有机催化剂，通过混合现成的分子并掺杂金属铱来完成。该反应导致塑料的结合物弱化，让它们更加容易被分解—所以在这步骤后他们能够利用分解的材料来制造柴油类燃料，一种他们声称可以用于动力汽车和其他汽车的燃料—他们报告称燃烧此燃料也比燃烧其他可燃材料更环保。

研究小组声称，该过程是廉价且不是很困难的，虽然仍然不清楚该方法是否有可扩展性。塑料和催化剂比目前约30比1，这几乎不足以用于商业用途。他们的目标比例是10000比1。该团队也在寻找一种可以替代铱作为催化剂一部分的材料，因为铱很难大量获得并且昂贵。不管怎样，研究小组持谨慎乐观的态度，他们将能够找到一种方法来改变他们的技术使其作为商业运用，这可意味着未来的能源探索者有望在垃圾填埋场中而不是在我们的脚下就能找到源材料。

摘要

聚乙烯（PE）是体积最大的合成聚合物，其化学惰性使其降解的低能量的过程成为一个挑战性的问题。我们上报一个串联催化交叉烷烃复分解法在温和的条件下高效降解聚乙烯。随着广泛的可利用性，低价值，短链烷烃（例如，石油醚）作为交叉复分解反应的组成部分，使得不同类型与不同分子量的聚乙烯进行完全转化，成为有用的液体燃料和蜡。该方法展示线性烷烃优越的可选性，和降解产物分布（液体燃料与蜡）可以由催化剂结构和反应时间控制。此外，该催化剂与各种聚烯烃添加剂兼容；因此，常见的塑料垃圾，如使用后的聚乙烯瓶，塑料袋，和胶片不需作任何预处理，可以转换成有价值的化工原料。
E-Material（电子材料）

Study shows band structure engineering is possible with organic semiconductors  
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Molecular structural properties of (halogenated) ZnPc and SubPc. Credit: (c) Science (2016). DOI: 10.1126/science.aaf0590

(Phys.org)—A team of researchers with members from institutions in Germany and Switzerland has shown that band structure engineering is possible when designing organic semiconductors. In their paper published in the journal Science, the team describes a technique that involves long-range Coulomb interactions that are loosely bound by van der Walls forces. Nobuo Ueno with Chiba University, in Japan offers a deeper look at the work done by the team in a Perspective commentary in the same journal issue.

As Ueno notes, one of the most basic principles underlying semiconductor devices is the band gap—which is a measure of the energy needed to excite a material enough to make it conduct electricity. Much work has been done over the years to control the band gap in inorganic (non-carbon based) materials such as gallium, arsenide and of course silicon, by creating different alloys and putting them together in different ways to allow for tuning—success in this area meant that many different types of semiconductor based devices could be created. In recent years researchers have looked more and more at applying similar techniques to organic semiconductors, which as their name implies are semiconductors made from materials that are carbon based. Holding up such work has been an inability to find a way around the strong localization of the electronic states in them. In this new effort, the researchers report that they have developed a means at long last for engineering organic semiconductors.

The new approach involved taking note of the influence of Coulomb interactions (interactions that occur between electrically charged particles) which up to now, the team points out, have been mostly ignored by other researchers attempting to control band gaps in organic semiconductors. They found that the ionization energies of crystalline organic semiconductors could be tuned continuously over a large number of options by mixing them with their halogenated derivatives. In addition they showed that the photovoltaic gap and open-circuit voltage of organic solar cells could be tuned on a continuous basis by mixing the ratio of the donors.

As Ueno notes, this new technique could very well lead to the development of a whole new kind of device architecture—one that is able to take advantage of the ability to engineer the band gap in organic devices.

More information: M. Schwarze et al. Band structure engineering in organic semiconductors, Science (2016). DOI: 10.1126/science.aaf0590

Abstract 

A key breakthrough in modern electronics was the introduction of band structure engineering, the design of almost arbitrary electronic potential structures by alloying different semiconductors to continuously tune the band gap and band-edge energies. Implementation of this approach in organic semiconductors has been hindered by strong localization of the electronic states in these materials. We show that the influence of so far largely ignored long-range Coulomb interactions provides a workaround. Photoelectron spectroscopy confirms that the ionization energies of crystalline organic semiconductors can be continuously tuned over a wide range by blending them with their halogenated derivatives. Correspondingly, the photovoltaic gap and open-circuit voltage of organic solar cells can be continuously tuned by the blending ratio of these donors. 

Journal reference: Science

研究表明,有机半导体能带结构工程是可行的
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（卤代）ZnPc和ZnPc的分子结构性质。来源：（c）科学（2016）。关键词：10.1126/science.aaf0590

(Phys.org)-来自德国和瑞士的研究机构的一研究团队表明，在设计有机半导体时，能带结构工程是可行的。在他们被发表在杂志《科学》的论文中，该团队描述了一种技术，涉及远程库伦相互作用与范德华力的游离结合。日本千叶大学的Nobuo Ueno教授在同一期刊前瞻性评论中针对该团队的研究成果发表了深入的见解。

Nobuo Ueno教授表明，一个构成半导体器件基础最基本的原理是能带隙 — 这是对激发一种材料足以使其导电所需要能量的度量。多年来很多研究工作进行了控制无机（非碳基）材料如镓，砷，当然还有硅的能带隙，通过创造不同的合金并将它们以不同方式结合在一起以作调谐 — 在这一领域的成功意味着许多不同类型的半导体器件可以被创造。近年来，研究人员越来越多地将类似的技术应用到有机半导体中，那些命名中意味着它们是由碳基材料制成的半导体。持续这个工作一直无法找到一种关于有机半导体中电子态的强大定位方法。在新的成果中，研究人员报告称他们已经开发了一种可长期进行有机半导体工程的方案。

该研究团队指出，这种涉及库伦相互作用（带电粒子之间发生的相互作用）影响力的新方法，到目前为止是最被其他那些尝试控制有机半导体能带隙的研究者们忽略的。他们发现，通过将结晶有机半导体与他们的卤代衍生物混合，其电离能量可被连续调谐出大量可选项。此外，他们也表示有机太阳能电池的光伏间距和开路电压可以通过混合的比例连续被调谐。

Ueno指出，这项新技术可以很好地引导一种全新材料架构的发展—这能够利用到有机材料带隙工程的能力

更多信息：M. Schwarze et al.。有机半导体中的能带结构工程，科学（2016）。关键词：10.1126/science.aaf0590

摘要

现代电子学中的一个关键突破是能带结构工程的引入，几乎任意电势结构的设计都是通过合金化不同的半导体以不断调谐带隙和带边的能量。这种方法在有机半导体中的实施已经受到这些材料中电子态强定位的阻碍。我们发现，至今在很大程度上被忽略了的远程库仑相互作用的影响提供了一个解决方案。光电子能谱证实晶态有机半导体的电离能通过混合他们的卤代衍生物在很大程度上能够被不断调谐。与之相对应的是，这些材料的混合比让有机太阳能电池的光伏间距和开路电压可以被不断调谐。

参考期刊：科学  
New understanding of molecular doping could yield better semiconductor designs

A new understanding of why tungsten-doped thin films degrade so rapidly in air may lead to better designs for semiconductor technologies.

A combination of experiments and theory have helped researchers at King Abdullah University of Science and Technology (KAUST) to improve the understanding of fundamental physics questions about molecular doping—these will underpin the development of organic solar cells and field effect transistors.

Molecular doping is an essential method of creating flexible and low-cost optoelectronic devices such as organic solar cells and field effect transistors. The technique involves the controlled addition of impurities known as dopants into conjugated polymer thin films; this enables an otherwise electrically inert material to act like a semiconductor.

However, dopants that are electron-donating (n-type) can readily become oxidized if not housed under vacuum or inert atmosphere. This reduces device performance, which is a problem because many key processing steps are currently carried out under ambient conditions.

Max L. Tietze from the University's Solar & Photovoltaics Engineering Research Center (SPERC) and colleagues have now examined this instability problem in more detail.

In 2013, the researchers demonstrated that by using organic semiconductors with sufficiently low energy levels, they produced highly stable n-type conductive films. Getting this result by using a di-tungsten complex as their n-dopant was a surprise, because in pure films a di-tungsten complex immediately degrades in air. At the time, the researchers offered two possible explanations for this phenomenon: one is single electron transfer from the dopant to the host material and the other is the formation of hybridized electronic states.

To gain deeper insight into the underlying mechanism, the researchers exposed four types of n-doped organic thin films to air. However, they observed the passivation effect only in films in which the host material's electron affinity exceeds a critical value. Another strand of inquiry for the researchers was to use both conductivity measurements and photoemission spectroscopy to confirm the findings.

The researchers have now teamed up with the theory group led by Jean-Luc Bredas at KAUST. They showed that the formation of hybridized electronic host–dopant states can be excluded by numerical calculations, an effect that is owed to the three-dimensional (paddle wheel) structure of the di-tungsten complex.

Instead, it is conclusively shown that single electron transfer to oxygen–water complexes, which were supposed to constitute electron traps of an universal depth of 3.6 eV in conjugated polymers, actually governs the degradation of the n-doped films, and thus their passivation. Hence, Tietze's team could identify a general limit for achieving air stable molecular n-type doping on a quantitative basis.

"This combination of experimental and high level theoretical work clearly addresses the most recent questions regarding the fundamental physics of molecular doping," said Tietze.

More information: Max L. Tietze et al. Passivation of Molecular n-Doping: Exploring the Limits of Air Stability, Advanced Functional Materials (2016). DOI: 10.1002/adfm.201505092 

对分子掺杂的新认识有助于更好的半导体设计

对为什么钨掺杂薄膜在空气中会快速降解的新认识有助于更好的半导体技术设计。

阿卜杜拉国王科技大学的研究人员通过实验与理论相结合，更好的理解了关于分子掺杂的基础物理问题---这将进一步巩固有机太阳能电池和场效应晶体管的发展。

分子掺杂是生产灵活低成本光电器件的重要方法，例如有机太阳能电池和场效应晶体管。此项技术包含把被称为掺杂物的杂质加入共轭聚合物薄膜的控制添加；这使得电惰性材料就像半导体一样。

然而，如果不储放在真空或惰性气体中，供电子（N型）掺杂物就很容易被氧化。这降低了设备的性能，但却仍然是一个问题，因为许多关键的处理步骤目前都在环境条件下进行。

阿卜杜拉国王科技大学太阳能光伏工程技术研究中心的Max L. Tietze和他的同事们目前正在研究关于这个不稳定问题的更多细节。

2013年，研究人员表明，使用足够低能级的有机半导体，他们制作出了具有高稳定性的n-type导电膜。使用二钨配合物作为他们的N型掺杂物所得到的结果令人欣喜，因为在纯薄膜中，二钨配合物会立即降解。当时，针对这种现象，研究人员提供了两种可能的解释：一是单电子从掺杂物转移到了主体材料上，二是杂化电子态的形成。

为更深入了解深层机制，研究人员将四种n型掺杂物至于空气中。然而，他们只在薄膜中发现了钝化效应，薄膜中主体材料的电子亲和势超过了临界值。研究人员的另一探究就是通过电导率测量和光电子能谱研究证实他们的发现。

研究人员目前已与由Jean-Luc Bredas带领的阿卜杜拉国王科技大学理论组合作。他们表明，通过数值计算，杂化电子（掺杂态）的形成可以排除，这个结果要归结于二钨配合物的三维（桨轮式）结构。

相反，这也确切的表明了转移到氧水配合物中单电子---在共轭聚合物中，这应该有3.6eV普通深度的电子陷阱---实际上控制着n型掺杂物薄膜的降解，以及它们的钝化。因此，Tietze的团队能够分辨出在定量基础上实现空气稳定分子n型掺杂物有哪些一般限制。

Tietze说：“实验与高级次理论工作的结合明显地解决了最近一些关于分子掺杂基础物理问题。”
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