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Tech News & New Tech（技术前沿）
NIST releases expanded 'fractography' guide for analyzing, understanding material failures 
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Fracture of a sapphire dome. Credit: NIST

Studying the fractures of industrially important materials such as ceramics and glasses provides important clues on why these materials can fail and how to make them more durable. The practice of "fractography," however, has been an underutilized science. The National Institute of Standards and Technology (NIST) is working to change that.

NIST has released a new, expanded edition of the NIST Recommended Practice Guide, "Fractography of Ceramics and Glasses" (NIST Special Publication 960-16e2). First issued in 2007, the guide was developed to help engineers and scientists analyze the patterns in fractures of ceramics and glasses used for household items and other consumer goods, building materials, and medical devices and implants.

Since it was first published, "Fractography of Ceramics and Glasses" has been used in training courses and by members of industry for failure analysis, helping to improve production methods and product quality.

The new edition of the guide, which is 15 percent larger than its predecessor, includes 300 new illustrations and covers the state of the art in fractography, including descriptions of new documentary standards. The guide, with nearly 1,000 images, covers various topics including equipment (with updates on new microscopy techniques), patterns in glass and ceramic fractures (the "fingerprints" that make failure analysis possible), an expanded chapter on quantitative analysis of fractures, and composites—including new materials used in dentistry. Actual case studies help readers see how the guide is used in practice.

Mechanical engineer George Quinn, the author of both the original and expanded editions, joined NIST in 1990 to perform strength testing on ceramic materials. In collaboration with ASTM, an international standards organization, Quinn helped to develop two world-first ceramic strength tests. Since formally retiring from NIST in 2009, Quinn has continued to serve the organization as a research associate.
美国国家标准与技术研究所发布的“断口金相”扩展指南用来分析并了解材料
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蓝宝石圆顶的断裂。来源：美国国家标准与技术研究所
对重要的工业材料如陶瓷和玻璃的断裂研究，提供了重要线索，为什么这些材料会断裂以及如何使它们更耐用。然而“断口金相”实践，一直是一个未被充分利用的科学。美国国家标准与技术研究所（NIST）正在改变。
美国国家标准与技术研究所发布了一个新的，扩大版的美国国家标准与技术研究所的推荐实践指南，“陶瓷和玻璃的断口金相”（ 美国国家标准与技术研究所特别出版物960-16e2）。指南在2007年发布，帮助工程师和科学家分析了用于家用物品和其他消费品、建筑材料、医疗器械和植入物的断裂类型的模式。
由于这是首次出版，“陶瓷和玻璃的断口金相”已被用于培训课程和行业失效分析，帮助改进生产方法和产品质量。
本指南的新版本，比它的前身要大15%，包括300个新的插图和断口金相的艺术状态覆盖，以及新的纪录标准的描述。该指南，有近1000副图像，涵盖各种主题包括设备（在新的显微镜技术更新），玻璃和陶瓷的断裂类型（“指纹”，使失效分析的可能），扩大了对断裂和复合材料的定量分析，包括牙科用新材料。实际案例研究帮助读者了解指南是如何在实践中使用的。
机械工程师George Quinn是原始和扩展版本的作者，在1990年加入美国国家标准与技术研究所对陶瓷材料进行强度试验。与ASTM（国际标准组织）合作，奎因帮助开发了两个世界第一的陶瓷强度试验。自2009年正式从美国国家标准与技术研究所退休，奎因作为研究助理继续为该组织服务。

Compound boosts contrast of photoacoustic images
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When injected into a mouse, osmium carbonyl clusters (left) enhance the contrast of photoacoustic images, which are obtained by using near-infrared laser light (red) to excite acoustic waves (purple and yellow). Credit: The Royal Society of Chemistry

An agent for enhancing the contrast of photoacoustic imaging—an emerging imaging modality that involves 'listening' to the sound generated by laser light—has been developed by A*STAR researchers.

Photoacoustic imaging is an intriguing way to capture a picture of biological tissue in the body. Researchers shine ultrashort pulses of near-infrared laser light on to the region to be imaged. Tissue absorbs the light, causing it to heat up and expand and the expansion generates sound waves that are picked up by an ultrasound detector and used to generate an image.

Since it does not use ionizing radiation, photoacoustic imaging is safer than X-ray imaging and combines the advantages of optical imaging (good contrast) with those of ultrasound imaging (high spatial resolution and tissue penetration). Currently it is mainly used in research laboratories, but it has several potential clinical applications.

Compounds known as contrast agents are used to boost the contrast of photoacoustic images. While metal carbonyl clusters—molecules with metal atoms at their centers and limbs of carbon monoxide—have high photoacoustic contrasts, the contrast peaks at wavelengths that are too low to be useful for photoacoustic imaging.

Now, Malini Olivo at the A*STAR Singapore Bioimaging Consortium and co-workers have discovered a way to shift the optical absorption of metal carbonyl clusters to longer wavelengths. They found that using metal cores that have high nuclearity pushes the optical contrast into the near-infrared range (680 to 1,000 nanometers), which is so important for photoacoustic imaging.

When they injected osmium carbonyl clusters into the bloodstream of mice, they observed up to a four-fold enhancement in the photoacoustic signal from certain tissues, compared to that obtained with metal carbonyl clusters that have a low nuclearity.

"We demonstrated the potential of high-nuclearity carbonyl clusters of ruthenium and osmium as photoacoustic contrast agents in whole-body preclinical imaging," says Olivo. "The clusters exhibit low toxicity, high stability and superior photoacoustic stability compared to the clinically approved near-infrared dye indocyanine green."

More broadly, the study emphasizes a neglected class of compounds. "This work highlights the potential biological applications of organometallic complexes, which have not been well explored," says Olivo.

"Metal-based therapeutic and imaging agents are becoming increasingly important. The in vivo evaluation of this class of clusters provides insights into the toxicity of such compounds, which should help to reduce the stigma associated with heavy-metal toxicity."

The team intends to improve the biocompatibility of the clusters and also functionalize the clusters with certain ligands to enable targeted imaging.

More information: Zhiyong Lam et al. High nuclearity carbonyl clusters as near-IR contrast agents for photoacoustic in vivo imaging, J. Mater. Chem. B (2016). DOI: 10.1039/C6TB00075D
增强光声图像的对比度的复合物
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当注射到小鼠中，锇羰基簇（左）提高光声图像的对比度，采用近红外激光（红色）得到激发声波（紫色和黄色）。来源：英国皇家化学学会

由A*STAR的研究人员开发了一种用于增加光声成像对比度的试剂，这一种新兴的成像方式，涉及到“听”激光所产生的声音。

光声成像是一个有趣的方式来捕捉一张体内生物组织的照片。研究人员将近红外激光的超短脉冲激光照射到该区域进行成像。组织吸收光，使其发热，扩大而扩大所产生的声波由一个超声波探测器接收，并生成一个图像。
由于它不使用电离辐射，光声成像是更安全的X射线成像，并结合光学成像（良好的对比度）与超声成像（高空间分辨率和组织渗透）的优势。目前它主要用于研究实验室，但它有几个潜在的临床应用。
被称为造影剂的化合物，被用于提高光声图像的对比度。虽然金属羰基簇分子与金属原子在他们的中心和四周具有高光声对比，对比度的波峰的波长太低无法形成有用的光声成像。
现在，在A*STAR Singapore Bioimaging 协会的Malini Olivo和同事发现了将金属羰基簇的光吸收转移到更长波长的一种方法。他们发现，使用具有高nuclearity的金属芯将光的对比度推到了近红外范围（680至1000纳米），这对光声成像是非常重要的。
当他们把锇羰基簇注入到小鼠的血液中，他们观察到在特定组织中捕获了比低nuclearity金属羰基簇要高四倍的增强光声信号。
 “我们展示了高核羰基簇钌和锇光声造影剂在全身临床前成像的潜力，”奥利沃说。“相比临床批准的近红外染料吲哚菁绿该产品具有低毒性、高稳定性和优越的光稳定性。”

更广泛地说，这项研究强调了一类被忽视的化合物。“这项工作突出了有机金属配合物潜在的生物应用，而这并没有得到很好的发掘，”奥利沃说。
 “基于金属的治疗和成像剂正变得越来越重要。这一类的集群的评价提供了深入了解这种化合物的毒性机会，这应该有助于减少重金属毒性的名声。”
该团队致力于提高集群的生物相容性并且为了让某些特定配体目标成像而功能化集群。
Using nature's own solvents for the preparation of pure lignin

Lignin can now be efficiently and cost-effectively separated from sawdust, by using eutectic solvents. VTT Technical Research Centre of Finland has developed solvents using which 50% of the lignin from wood can be extracted in a pure form that retains its natural chemical structure during processing.. Using eutectic solvents, it may be possible to produce materials for use in the forest, food processing, pharmaceutical, packaging and mining industries in the future.

The use of eutectic solvents presents a range of opportunities for using lignin in industrial applications. A VTT research programme aims to replace petroleum-based chemicals with cost-effective, environmentally friendly alternatives in forest, pharmaceutical and mining industry applications; these will provide Finnish companies with a competitive edge on the international markets.

One of the key results of the research is the separation of lignin from sawdust in such a manner that up to 100% of the lignin maintains its natural chemical structure. Conventional processes provide lignin in a form which is much less usable in terms of its chemistry. This is why lignin has mainly been used for combustion in energy production. Lignin which has retained its natural organic structure is thought to be more reactive and homogeneous, and therefore easier to use in various applications. The research findings were recently published in the journal, Scientific Reports.

VTT's research is also opening up new opportunities to use enzymes in fractionation and metabolising processes - according to the preliminary results, carbohydrate-metabolising enzymes can maintain their stability surprisingly well in certain DES solvents, whereas enzymes have tended to be relatively unstable in new biomass-degrading solvents, such as ionic liquids, which resemble DES solvents in many of their properties. The research findings were published this year in the RSC Advances journal.

Some components of eutectic solvents are fit for consumption. Interactions between the components enable chemical reactions that would be impossible to create with conventional chemical processes.

Eutectic solvents are prepared simply by heating and stirring and are inexpensive compared to conventional ionic solvents. However, their recoverability and recyclability via industrial processes have to be investigated in each case.

VTT is studying eutectic solvents as part of the 'Oil-free chemistry programme' funded by Tekes, which ended in the spring of 2016. The results indicate that eutectic solvents can be utilised in applications such as biomass fractionation, the stabilisation of certain enzymes, and potential new surface-active agents.

What are eutectic solvents?

A eutectic solvent incorporates two or more substances with high melting points in a mixture with a melting point substantially lower than any of the individual pure components. A known example of this is the mixture (mole ratio 1:2) of choline chloride (mp 302°C) and urea (mp 133°C), which has a melting point of 12°C.

Eutectic solvents represent the next generation of organic solvents; wider research into their possible applications only began in recent years.

More information: Jaakko Hiltunen et al. Using a low melting solvent mixture to extract value from wood biomass, Scientific Reports (2016). DOI: 10.1038/srep32420
使用自然溶剂制备纯木质素
VTT木质素现在可以十分有效的，节省成本地通过使用共晶溶剂从木屑中分离出来。芬兰的VTT技术研究中心已经开发了溶剂可以用一个纯粹的形式提取木材中50%的木质素并且在加工过程中保留其天然的化学结构..使用共晶溶剂，它可能会产生未来在林业，食品加工，制药，包装和采矿业中使用的材料。
共晶溶剂的使用为木质素在工业中的应用提供了一系列的机会。VTT研究计划旨在将作为基础化工石油、森林环保，制药和采矿业的应用的替代品；这将为芬兰企业在国际市场上提供竞争优势。
研究的主要结果之一是木屑中的木质素分离，在这样一种方式下，能提取出保持其天然的化学结构的高达100%的木质素。传统的方法提供的一种形式，它是不太可能保持木质素的化学性。这就是为什么木质素主要用于能源生产的燃烧。保留了其天然有机结构的木质素被认为是更有反应性和均匀的，因此更容易在各种应用中使用。研究结果最近发表在科学报告杂志上。
VTT的研究也开阔了在分馏使用酶和代谢过程的使用，初步结果显示，糖代谢酶在一定的DES溶剂中能保持出奇好的稳定性，而酶往往在新的生物降解溶剂是相对不稳定的，如离子液体，同DES的溶剂在许多方面有类似的性质。研究结果发表在今年的RSC进展杂志上。
低共晶溶剂的某些组分适合消耗。成分之间的相互作用，像传统化学那样，通过化学反应来产生将是不可能的。
共晶溶剂的准备只需要简单的加热和搅拌，同传统的离子溶剂相比是很廉价的。然而通过工业流程，他们的可恢复性和可回收性必须在每个案例中被研究。
VTT研究共溶剂作为由特克斯资助的“无油化学计划”的一部分，在2016年春天结束的。结果表明，共晶溶剂可以被利用在如生物量分馏，某些酶的稳定化，和潜在的新的表面活性剂等方面。
什么是共晶溶剂？
共晶溶剂包括两个或两个以上的高熔点物质，而混合物的熔点明显低于其中任何一个纯物质的熔点。该混合物一个有名的例子是（摩尔比为1:2）氯化胆碱（MP 302°C）和尿素（MP 133°C）的混合物，其熔点为12°C.
共晶溶剂代表了下一代有机溶剂；仅在最近几年才开始，对它们可能的应用的广泛研究。
Lowering the heat makes new materials possible while saving energy 
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An artistic interpretation of the cold sintering of ceramic particles (white) and polymer strands (green) using low heat to evaporate added water molecules (blue). Credit: Jennifer M. McCann/MRI

A new technology developed by Penn State researchers, called Cold Sintering Process (CSP), has opened a window on the ability to combine incompatible materials, such as ceramics and plastics, into new, useful compound materials, and to lower the energy cost of many types of manufacturing.

Ceramics is the oldest known man-made material, dating back tens of thousands of years. Throughout that time most all ceramics have been made by heating them to high temperatures, either by firing in kilns or sintering ceramic powders in furnaces, both of which require large amounts of energy."In this day and age, when we have to be incredibly conscious of the CO2 budget, the energy budget, rethinking many of our manufacturing processes, including ceramics, becomes absolutely vital," said Clive Randall, professor of materials science and engineering at Penn State who developed the process with his team. "Not only is it a low temperature process (room temperature up to 200 degrees Celsius), but we are also densifying some materials to over 95 percent of their theoretical density in 15 minutes. We can now make a ceramic faster than you can bake a pizza, and at lower temperatures."

In a recent article in the journal Advanced Functional Materials, Randall and his coauthors describe the co-sintering of ceramic and thermoplastic polymer composites using CSP. Three types of polymer were selected to complement the properties of three types of ceramics, a microwave dielectric, an electrolyte and a semiconductor, in order to highlight the diversity of applicable materials. These composite materials demonstrate new possibilities for dielectric property design, and both ionic and electronic electrical conductivity design. These composites can be sintered to high density at 120 degrees C in a time frame of 15 to 60 minutes.

Just add water

According to the researchers, the process involves wetting ceramic powder with a few drops of water or acid solution. The solid surfaces of the particles decompose and partially dissolve in the water to produce a liquid phase at particle-particle interfaces. Adding temperature and pressure causes the water to flow and the solid particles to rearrange in an initial densification process. Then in a second process, clusters of atoms or ions move away from where the particles are in contact, which aids diffusion, which then minimizes surface free energy, allowing the particles to pack tightly together. The key is knowing the exact combination of moisture, pressure, heat and time required to capture the reaction rates so the material fully crystallizes and gets to very high density.

"I see cold sintering process as a continuum of different challenges," Randall said. "In some systems, it's so easy you don't need pressure. In others you do. In some you need to use nanoparticles. In others, you can get away with a mixture of nanoparticles and larger particles. It really all depends on the systems and chemistries you are talking about."

The Penn State team has begun building a library of the precise techniques required to use CSP on various materials systems, with 50 processes verified to-date. These include ceramic-ceramic composites, ceramic-nanoparticle composites, ceramic-metals, as well as the ceramic-polymers discussed in this paper.

Other areas that are now open to exploration by CSP include architectural materials, such as ceramic bricks, thermal insulation, biomedical implants and many types of electronic components.

"My hope is that a lot of the manufacturing processes that already exist will be able to use this process, and we can learn from polymer manufacturing practices," Randall concluded.

Co-authors on "Cold Sintering Process of Composites: Bridging the Processing Temperature Gap of Ceramics and Polymer Materials" were postdoctoral scholars Jing Guo and Hanzheng Guo, Ph.D. candidate Seth Berbano, research and development engineer Amanda Baker, and Michael Lanagan, professor of engineering science and mechanics, all part of Penn State's Materials Research Institute. The work was supported by the National Science Foundation as part of the Center for Dielectrics and Piezoelectrics and the NSF-ERC ASSIST program, the 3M Science and Technology Fellowship and the Department of Energy GATE Fellowship.

More information: Jing Guo et al, Cold Sintering Process of Composites: Bridging the Processing Temperature Gap of Ceramic and Polymer Materials, Advanced Functional Materials (2016). DOI: 10.1002/adfm.201602489
降低热量使新材料成为可能，同时节约能源
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陶瓷颗粒（白色）和聚合物链（绿色），使用低热量蒸发添加水分子（蓝色）的冷烧结的艺术解释。来源：Jennifer M. McCann /核磁共振成像
由宾州州立大学的研究人员开发出的一种新技术，称为冷烧结工艺（CSP），打开了将不相容的材料相容的窗口，如陶瓷和塑料变成新的、有用的复合材料，并且降低许多制造行业的能源成本。
陶瓷是已知最古老的人造材料，可以追溯几千年的历史。在这段时间里大多数陶瓷都被加热至高温，通过窑或炉烧结陶瓷粉而成，这都需要大量的能量。“ 在这个时代，我们必须清醒地意识到CO2预算，能源预算，反思我们许多的制造工艺，包括陶瓷，是至关重要的，”夕法尼亚州材料科学与工程系教授和他的团队开发这个过程的Clive Randall说。“它不仅是一个低温度（室温到200摄氏度），而且我们也密实一些材料，在15分钟内就能达到理论密度的95%。我们现在在较低的温度下制造陶瓷的速度比你可以烤一个比萨饼的速度还要快。”
最近在先进功能材料杂志上的一篇文章，兰达尔和他的同事描述了使用冷烧结工艺共烧结陶瓷和热塑性聚合物复合材料。选择三种类型的聚合物，以补充三种类型的陶瓷，分别为微波介质，电解质和半导体的属性，以突出适用的材料的多样性。这些复合材料在介电性能，离子和电子导电性设计下表现出新的可能性。这些复合材料可以在120摄氏度下在15至60分钟的时间框架内烧结到高密度。
只需加水

据研究人员说，该过程涉及用几滴水或酸溶液润湿陶瓷粉末。固体表面分解，部分溶解在水中，以产生颗粒-颗粒界面的液相。添加温度和压力使水在初始的致密化过程中流动和固体颗粒重新排列。然后在第二个过程中，原子或离子的集群移动远离颗粒接触，扩散，然后最大限度地减少表面自由能，使颗粒紧密堆积在一起。关键是知道的水分，压力，热量和所需时间的精确组合来捕获反应速率使物料充分结晶，得到非常高的密度。
 “我认为冷烧结过程是一个连续的不同挑战，”兰达尔说。“在一些系统中，它是如此简单，你不需要压力。而在其他的系统中你需要有压力。在一些系统中，你需要使用的纳米粒子。而在其他的系统中，你可以得到一个混合的纳米粒子或更大的粒子。这完全取决于你所面对的系统和化学组合。”
宾州州立大学的团队已经开始建设使用冷烧结工艺在各种材料系统中精确技术的图书馆，至今已有50个工艺验证。这些包括陶瓷-陶瓷复合材料，陶瓷-纳米粒子复合材料，陶瓷-金属，以及本文中讨论的陶瓷-聚合物材料。
其他地区，现在开放探索的冷烧结工艺包括建筑材料，如陶瓷砖、保温绝缘、生物医学植入物和许多类型的电子元件。
 “我的希望是，已经存在的许多制造工艺也能够使用这个方法，并且我们可以从聚合物的制造实践中学习，”兰达尔总结说。
 “冷复合材料烧结过程：桥接陶瓷和高分子材料的加工温度差距”的联合作者有博士后学者景国和韩正国，博士候选人Seth Berbano，研究和开发工程师Amanda Baker和工程科学与力学系教授Michael Lanagan，都是属于宾州州立大学材料研究所的一部分。这项工作是由美国国家科学基金会支持，作为介质和压电材料和NSF-ERC协助中心计划的一部分，3M科技和能源交通部门也参与了研究。
Metal Alloy（金属合金）
Stronger turbine blades with molybdenum silicides
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Figure (left): Electron micrographs of directionally solidified (DS) ingots of binary composites. (right): Temperature dependence of yield stress of DS MoSi2/Mo5Si3 eutectic composites and some high-temperature materials. Credit: Hirotaka Matsunoshita, Yuta Sasai, Kosuke Fujiwara, Kyosuke Kishida and Haruyuki Inui.

Researchers at Kyoto University have found that molybdenum silicides can improve the efficiency of turbine blades in ultrahigh-temperature combustion systems.

Gas turbines are the engines that generate electricity in power plants. The operating temperatures of their combustion systems can exceed 1600 °C. The nickel-based turbine blades used in these systems melt at temperatures 200 °C lower and thus require air-cooling to function. Turbine blades made out of materials with higher melting temperatures would require less fuel consumption and lead to lower CO2 emissions.

Materials scientists at Japan's Kyoto University investigated the properties of various compositions of molybdenum silicides, with and without additional ternary elements.

Previous research showed that fabricating molybdenum silicide-based composites by pressing and heating their powders – known as powder metallurgy – improved their resistance to fracturing at ambient temperatures but lowered their high-temperature strength, due to the development of silicon dioxide layers within the material.

The Kyoto University team fabricated their molybdenum silicide-based materials using a method known as "directional solidification," in which molten metal progressively solidifies in a certain direction.

The team found that a homogeneous material could be formed by controlling the solidification rate of the molybdenum silicide-based composite during fabrication and by adjusting the amount of the ternary element added to the composite.

The resulting material starts deforming plastically under uniaxial compression above 1000 °C. Also, the material's high-temperature strength increases through microstructure refinement. Adding tantalum to the composite is more effective than adding vanadium, niobium or tungsten for improving the strength of the material at temperatures around 1400 °C. The alloys fabricated by the Kyoto University team are much stronger at high temperatures than modern nickel-based superalloys as well as recently developed ultrahigh-temperature structural materials, the researchers report in their study published in the journal Science and Technology of Advanced Materials.

More information: Hirotaka Matsunoshita et al. Plastic deformation of directionally solidified ingots of binary and some ternary MoSi/MoSieutectic composites, Science and Technology of Advanced Materials (2016). DOI: 10.1080/14686996.2016.1218248
使用钼硅化物更好的涡轮叶片
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图（左）：定向凝固的电子显微照片（DS）复合材料锭。（右）：定向凝固的MoSi2为共晶复合材料和高温材料的应力温度依赖性。来源：Hirotaka Matsunoshita，Yuta Sasai，Kosuke Fujiwara，Kyosuke Kishida，Haruyuki Inui。
京都大学的研究人员发现，钼硅化物可以提高在超高温燃烧系统中涡轮叶片效率。
燃气轮机是发电厂发电使用的机器。他们燃烧系统的工作温度可能超过1600°C，在这些系统中使用的镍基涡轮叶片的熔点温度在200°C以下，因此需要空气冷却功能。具有更高熔点温度的材料制成的涡轮机叶片，将需要消耗更少的燃料，产生较低的二氧化碳排放量。
在日本京都大学的材料科学家研究了有附加三元元素和没有附加三元元素的钼硅化物各种成分的性质。
以前的研究表明，经过加压和加热硅化钼粉（称为粉末冶金）制作的钼硅化物，由于二氧化硅层内的材料的发展，改进其对环境温度耐压性而降低其了在高温的强度。
京都大学团队制作他们的硅化钼基材料使用的方法称为“定向凝固，”让熔融金属逐步在某一个方向上凝固。
研究小组在制造过程中发现可以通过控制基复合材料和调节添加到硅化钼的三元元素量的凝固速率形成一种均质材料。
由此产生的材料开始塑性形变的温度在1000°C以上。此外，通过微观结构的细化，材料的高温强度增加。在复合材料中添加钽比添加钒、铌或钨能更有效的提高材料强度到1400°C左右的温度下。由京都大学团队制作的合金比现代镍基高温合金以及最近开发的超高温结构材料在高温下要坚固得多，研究人员把他们的研究发表在先进材料科学和技术上。

Composite Materials（复合材料）
Lowering the cost for surface patterning plastics

Researchers at the Department of Micro- and Nanosystems at KTH have developed a new way to simultaneously shape and surface treat plastic components. The new method can reduce the manufacturing cost of medical devices, such as diagnostic tools for various diseases. 

When plastic components in various diagnostic tools, such as "labs-on-a-chip", are manufactured today, they are first shaped by injection molding, and thereafter surface treated to attain desirable surface properties. The surface properties may, for example, be affinity for water or water repellence, says Wouter van der Wijngaart, professor of micro and nanosystems at KTH, who developed the technique together with KTH researchers Gaspard Pardon and Tommy Haraldsson.

Patterning surface properties of a component can be compared to treating a portion of a wooden surface with wax. Then the treated portion becomes water repellent. 

The new plastic manufacturing process defines simultaneously both the structure and the surface properties of the plastic component in a single injection molding step. 

"When we mold plastic using the new method, we simultaneously define the different surface properties it should have. Instead of needing to use several process steps, we now require only one. We needed to develop both a new plastic, and a new method to simultaneously structure and surface modifying it."

The research team members explain that the technology results from the continued development of the super plastic OSTEMER, which is at the base of the KTH Royal Institute of Technology spin-off company Mercene Labs activities.

"The "lab-on-a-chip" components that we can fabricate with our new injection molding technique are meant to handle small amounts of liquid, in medical applications. Until now, such chips have been expensive, and this has been an obstacle for the more widespread use of such technology in health care. But if you can lower the production cost with half, hopefully the device price goes down as well, which facilitates diagnostic tools based on plastics and injection molding methods."

The team adds that their research is at a fairly high technical level and that it has not been clear how to proceed in order to simplify the injection molding process.
More information: Gaspard Pardon et al. Surface Energy Mimicking: Simultaneous Replication of Hydrophilic and Superhydrophobic Micropatterns through Area-Selective Monomers Self-Assembly (Adv. Mater. Interfaces 17/2016), Advanced Materials Interfaces (2016). DOI: 10.1002/admi.201670084
降低表面制作布线图案的塑料的成本
KTH微型和纳米型系统部门的研究人员已经开发出一种新的方式，同时对塑料部件进行塑造以及进行表面处理。这项新的方法可以减少医疗设备的制造成本，例如诊断各种疾病的工具。
    当塑料部件出现在各种诊断工具中时，例如如今生产的“晶片实验室”，它们首先会经过注射成型塑形，然后再进行表面处理，从而获得期望的表面性能。例如，与KTH的研究人员加斯帕德·帕顿和托米·哈拉尔德森共同开发这项技术的KTH微型和纳米型系统的教授沃特·范·德·韦津加特所说的，该表面特性可能是对水的亲和性或是对水的排斥性。
对一个部件的表面特性制造布线图案可以比拟为对一个木制表面的一部分用蜡进行处理一样。然后经过处理的部分变得具有疏水性。

新的塑料制造工艺在单个注射成型步骤中同时限定了塑料部件的结构和表面特性。

“当我们利用新的方法对塑料制模时，我们同时也定义了其应该具有的不同表面特性。不需要使用多个处理步骤，我们目前仅需要一个步骤就可以完成。我们需要开发一个新的塑料，也需要开发一个新的方法同时塑造其结构和表面。”

该研究小组的成员解释称，该技术源自于超塑OSTEMER的持续性发展，它是建立在KTH皇家科技研究所分拆公司Mercene实验室的活动基础之上的。

“我们利用我们新的注塑成型技术制造的‘晶片实验室’是为了处理医疗应用中少量的液体。到目前为止，这种晶片都非常昂贵，并且这有可能成为这样的技术在医疗保健领域得到更加广泛的使用的一个障碍。但是如果你能够降低一半的生产成本，但是设备的价格也会下降，这有利于根据塑料和注塑方法制成的诊断工具。”

该研究小组补充称，他们的研究达到了相当高的技术水平，并且目前还不清楚如何操作以简化注塑工艺。

Researchers find way of developing composites that self-heal at very low temperatures

Scientists have developed a method of allowing materials, commonly used in aircraft and satellites, to self-heal cracks at temperatures well below freezing.

The paper, published in Royal Society Open Science, is the first to show that self-healing materials can be manipulated to operate at very low temperatures (-60°C).

The team, led by the University of Birmingham (UK) and Harbin Institute of Technology (China), state that it could be applied to fibre-reinforced materials used in situations where repair or replacement is challenging such as offshore wind turbines, or even 'impossible', such as aircraft and satellites during flight.

Self-healing composites are able to restore their properties automatically, when needing repair. In favourable conditions, composites have yielded impressive healing efficiencies. Indeed, previous research efforts have resulted in healing efficiencies above 100%, indicating that the function or performance of the healed material can be better than that prior to damage.

However, until this paper, healing was deemed insufficient in adverse conditions, such as very low temperature.

Similarly to how some animals in the natural world maintain a constant body temperature to keep enzymes active, the new structural composite maintains its core temperature.

Three-dimensional hollow vessels, with the purpose of delivering and releasing the healing agents, and a porous conductive element, to provide internal heating and to defrost where needed, are embedded in the composite.

Yongjing Wang, PhD student at the University of Birmingham, explained, "Both of the elements are essential. Without the heating element, the liquid would be frozen at -60°C and the chemical reaction cannot be triggered. Without the vessels, the healing liquid cannot be automatically delivered to the cracks."

A healing efficiency of over 100% at temperatures of -60°C was obtained in a glass fibre-reinforced laminate, but the technique could be applied across a majority of self-healing composites.

Tests were run using a copper foam sheet or a carbon nanotube sheet as the conductive layer. The latter of the two was able to self-heal more effectively with an average recovery of 107.7% in fracture energy and 96.22% in peak load.

The healed fibre-reinforced composite, or host material, would therefore have higher interlaminar properties - that is the bonding quality between layers. The higher those properties, the less likely it is that cracks will occur in the future.

Mr Wang added, "Fibre-reinforced composites are popular due to them being both strong and lightweight, ideal for aircraft or satellites, but the risk of internal micro-cracks can cause catastrophic failure. These cracks are not only hard to detect, but also to repair, hence the need for the ability to self-heal."

The group will now look to eliminate the negative effects that heating elements have on peak load by using a more advanced heating layer. Their ultimate goal, however, is to develop new healing mechanisms for more composites that can recover effectively regardless the size of faults in any condition.

More information: Sustainable Self-healing at Ultra-low Temperatures in Structural Composites Incorporating Hollow Vessels and Heating Elements, Royal Society Open Science, rsos.royalsocietypublishing.org/lookup/doi/10.1098/rsos.160488

研究人员发现了开发在非常低的温度下自我愈合的复合材料的方法
科学家已经开发出一种方法，令通常用于飞机和卫星的材料能够在低于冰点的温度下自愈裂缝。
    发表于《皇家学会开放科学》的论文是首个显示出自我愈合性材料能够在非常低的温度下（-60°C）实施愈合的论文。
    伯明翰大学（英国）和哈尔滨工业大学（中国）领导的研究小组声称，该材料可以应用于在修复或替换具有挑战性的环境中所使用的纤维增强型材料，例如海上风力涡轮机，或者甚至是“不可能”进行修复或替换的环境，例如飞行中的飞机和卫星。
    自愈复合材料能够在需要修复时自动恢复它们的属性。在有种条件下，复合材料已经产生了令人印象深刻的愈合效率。确实，之前的研究工作已经产生了100%以上的愈合效率，这表明愈合材料的功能或性能也许比损坏前的材料更好。
    但是，直到该论文出现，愈合都被认为在不利条件下是不足的，例如在非常低的温度下。
    与一些自然界的动物保持恒定体温来维持酶的活性的方式类似，新的结构性复合材料保持了其核心温度。

    该复合材料中嵌入了三维中空容器，其具有递送和释放愈合剂的目的，并且具有一个多孔导电元素，提供内部加热并且对所需区域进行解冻。
    伯明翰大学的博士生王永靖解释称，“这两个元素都非常重要。没有加热元素，液体可能会在-60°C结冰，并且化学反应可能无法激活。没有这个容器，愈合液体则无法自动传送到裂缝处。”
    在-60°C的温度下产生超过100%的愈合效率是在一个玻璃纤维增强型层压制品中获得的，但是该技术可能会被应用于大量的自我愈合复合材料。
    该测试是利用一个铜泡沫片或一个碳纳米管片作为导电层来进行的。后者能够更加有效地自我愈合，具有107.7%的断裂能平均恢复率，并且在高峰负荷下可达96.22%。
    愈合的纤维增加型复合材料，或主体材料，可能会因此具有更高的层间性质——即层之间的结合质量。这些性质越高，那么就越不可能在未来出现裂缝。
    王先生补充称，“纤维增强型复合材料非常受欢迎，因为它们既强壮，而且重量轻，非常适合飞机或卫星，但是内部微裂纹的风险可能会导致灾难性的失败。这些裂缝不仅难写于探测，而且难于修复，因此需要自我愈合的能力。”
    该研究小组目前将研究通过使用更先进的加热层来消除加热元素对峰值负载产生的负面影响。然后，他们的最终目标是为更多能够无论在任何情况下瑕疵规模如何的情况下进行有效恢复的复合材料开发新的自愈机制。
Practical Application（实际应用）
Students develop environmentally friendly, soy-based alternative to plastic exfoliating beads in soap

Four Purdue students have created an alternative to the plastic microbeads found in nearly all exfoliating soaps by using soy-based components. Soy-based beads are safe for the environment, unlike the plastic beads that can damage the environment and harm animals.

Samuel Lewis, Steve Ferris and Alison Switzer, all third-year students in Purdue's Doctor of Pharmacy program, and Ryan Pendergast, a junior in Purdue's School of Mechanical Engineering, have developed SoyFoliate, an exfoliating soap that uses soy beads instead of plastic microbeads.

The team members came up with the idea after one of them washed their hands with exfoliating soap and started considering the possibility of replacing the plastic microbeads with soy.

"We know plastic microbeads aren't good for the environment, and after doing some research we found out how harmful they really are," Lewis said. "They can't be filtered out, so they get into the ocean, and then the fish can eat them and die. However, if they don't die, then humans eat the fish and can potentially experience harmful effects. It's an endless cycle."

President Barack Obama signed the Microbead-Free Waters Act, banning microbeads, into law in December 2015. The ban, however, does not go into effect until the middle of 2017.

Lewis said he and his team have developed a way to make their own soy beads.

"We mill down the soy and we set the size of the beads to one that we think is the best," Lewis said. "The soy is very rigid and once you break it down it has properties that help safely exfoliate your skin as you run it through your hands."

The soy beads provide a naturally degradable substitute for the plastic microbeads.

"Right now the plastic beads don't absorb water, but soy can over time. To mitigate the problem we mixed our beads with small amounts of oil to prevent water from saturating the beads and decreasing their rigid properties. We are still doing research on increasing shelf-stability and ensuring our product is safe for the environment," Lewis said.
学生开发环保的基于大豆的替代肥皂中塑料磨砂珠的材料
四位普度大学的学生创造了一个可以替代几乎所有去角质皂中的塑料微球的以大豆为基础的替代物。大豆为基础的珠子是环境友好的，不像塑料珠会破坏环境，伤害动物。
在普度大学药学博士计划的Samuel Lewis、Steve Ferris和Alison Switzer，以及普度大学机械工程学院的大三年级的学生Ryan Pendergast，已经开发了soyfoliate，在去角质皂中代替塑料微球的大豆珠。
在其中一个人使用去角质皂洗手并开始考虑用大豆代替塑料微球的可能性后，团队成员想出这个主意。
 “我们知道塑料微球不是环境友好的材料，在做了一些研究后，我们发现了它们到底是多么的有害，”Lewis说。“他们不能被过滤掉，所以他们进入海洋，然后鱼会吃掉他们并且死亡。然而，如果他们不死，那么人类吃鱼，并可能会遇到有害的影响。这是一个无休止的周期。”
贝拉克·奥巴马总统签署了禁止小球进入水域的法令，禁止微球，在2015年12月进入正式法律。然而，禁令直到2017年中期才生效。
Lewis说，他和他的团队已经开发出一种方法制作他们自己的大豆珠。
 “我们将大豆磨成粉然后我们确立一个我们认为是最好的大小的珠子，”Lewis说。“大豆是非常坚硬的，一旦你用它穿过你的手，它可以帮助你安全的去除你手上的死皮。”
大豆珠代替塑料微球是一种可自然降解的替代品。
 “现在的塑料珠子不吸收水，但大豆会随着时间吸收水。为解决这一问题我们在我们的珠子里加入了少量的油，防止水浸入珠子，降低其刚性的性能。我们还在研究增加货架的稳定，确保我们的产品是环境友好的，”Lewis说。
Toward more efficient CO2 capture

Existing methods to capture CO2 suffer from a series of drawbacks directly affecting their output. Aiming to improve the situation, Dr. Sonia Zulfiqar has been investigating the CO2 absorption capacity of new materials based on amide polymeric ionic liquids.

Wet scrubbers are currently the preferred option for capturing CO2 from industrial exhaust streams: they pump polluted air, put it into contact with a scrubbing liquid that attracts carbon dioxide molecules, and finally pumps out the clean air. But more efficient solutions are constantly needed in the face of climate change, and molecular ionic liquids (ILs) are undoubtedly a great candidate.

Since 2014, Dr. Sonia Zulfiqar of the University of the Basque Country in Spain has been focusing on a specific kind of ILs with EU support under the NABPIL (Novel Amide Based Polymeric ionic Liquids: Potential Candidates for CO2 capture) project. 'Polymeric ionic liquids' (PILs) are not only a potential new member of the CO2 absorbent family, but they happen to significantly outperform the sorption efficiency of the already highly efficient molecular ionic liquids.

What is the main issue with current CO2 capture facilities?

While technology already exists to capture CO2 that encompasses chemical solvent absorption, physical adsorption, cryogenic fractionation, membrane separation, biological fixation as well as the O2/CO2 combustion process, existing commercial capture facilities are based on the wet scrubbing process. This process uses aqueous alkanolamine solutions, which often suffer from issues related to corrosion, amine degradation, and solvent losses. This is why new materials for efficient CO2 separation are needed.

In this context, what are the main objectives of NABPIL?

The main goal of NABPIL is the design, production, characterisation and testing of a new class of amide based polymeric ionic liquids that potentially have a high capability of capturing carbon dioxide from natural gas pre-combustion feed and post combustion effluent gases. These novel materials can offer both low cost and high capacity CO2 capture.

With this project, we aimed to push research related to CO2 capture and conversion to new frontiers. Our approach will contribute to the creation of a CO2 economy by introducing efficient ways of capture it before converting into commercial products. These objectives imply the creation of bridges between chemistry, environmental and material sciences.

Why did you decide to investigate ionic liquids rather than other materials? What is their added value?

Materials typically known for CO2 separation processes include silica, activated carbons, zeolites, and metal-organic frameworks. They already have been used with a great degree of success, but there are many issues that still need to be addressed.

We believe the solution to these issues can come from Ionic liquids (ILs), broadly known as 'green solvents'. These are highly versatile materials that have been explored for their outstanding physicochemical properties and applications specifically in CO2 capture and separation. Unlike common organic solvents they boast a negligible vapour pressure, thermal stability and tuneable chemistry.

The functionalisation of polymers featuring ILs chemical groups have led to the development of a new class of polyelectrolytes known as polymeric ionic liquids (PILs) which have been used in the likes of polymer electrolytes for batteries, biosensors, CO2 capture and separation membranes, smart materials, cellulose processing and in gene delivery applications, amongst others.

The use of PILs for gas capture and separation from waste channels—or its storage or transport—is actually the most active and challenging area of PILs research. Their non-volatility, high uptake and reversible sorption of CO2 make them good candidates for environmental applications. PILs bearing amine groups and nanoporous poly(ionic liquid)s versions have been specifically designed with improved CO2 capture. More recently, their permeability and selectivity to other gases including CO2, N2, CH4 and H2 has even been demonstrated.

What are the main difficulties you faced and how did you overcome them?

The proposed scheme was to first prepare amide-based polymers, followed by a quaternisation reaction to produce polymeric ionic liquids. Using this approach, we did not achieve high conversion rate into ionic polymers and the yield was rather low.

To overcome this problem we have tried another strategy that consists in synthesising ionic monomers first and then converting them into ionic polymers. This resulted in a high conversion rate and a better yield.

The project is now completed. Do you have any follow-up plans?

During the execution of the NABPIL project, we have published the first-ever review article highlighting the effect of different parameters on the CO2 uptake performance of PILs. Keeping this in mind, we would now like to incorporate a variety of CO2 philic cations and anions into the ionic polymers and investigate their effect in order to achieve superior CO2 sorption performance.

Did you explore the market potential of your materials yet? If so, what did you find out?

The market potential of these novel materials has not been explored yet . Even though the CO2 sorption capacities of these amide-based PILs are superior to many other PILs, they are still inferior to commercial, non-ionic alternatives.

We are pursuing our efforts to improve the CO2 uptake performance and, once we are happy with the result, we will definitely explore the market potential of these novel PILs. 
更有效的二氧化碳吸收
现有的吸收二氧化碳的方法，有着一系列的缺点，甚至直接影响到了他们的输出。为了改善这种状况，Sonia Zulfiqar博士一直在研究基于酰胺离子液体聚合物的新材料对CO2的吸收能力。
湿式除尘器是目前捕获从工业废气流的CO2优先选择：他们泵入手污染的空气，使洗涤液与二氧化碳分子接触吸收，并最终泵出干净的空气。但需要更有效的应对不断变化气候的解决方案，而分子离子液体（ILS）无疑是一个最好的选择。
自2014年以来，在西班牙巴斯克自治区大学的Sonia Zulfiqar博士一直专注于一种特定的离子液体的研究，在欧盟支持的NABPIL（酰胺基聚合物离子液体：CO2吸收潜在的候选人）项目下。“聚合离子液体”（PILS）不仅是一个潜在的新的CO2吸收剂的家庭成员，同时他们恰巧有着明显优于已经很高效的分子离子液体的吸附效率。
目前二氧化碳捕获设施的主要问题是什么？
虽然技术已经存在，包括捕获二氧化碳的化学溶剂吸收法、物理吸附、深冷分离、膜分离、生物固定以及O2/CO2燃烧过程，现有的商业捕获设备基于湿法洗涤工艺。本工艺采用水醇胺的解决方案，这往往会受到相关的腐蚀，胺降解，和溶剂损失的问题。这就是为什么需要有效的分离二氧化碳的新材料。
在这样的背景下，NABPIL的主要目标是什么？
NABPIL的主要目标是设计、生产、鉴定和测试一类新的酰胺基聚合物的离子液体，有着很高的捕获来自天然气燃烧前和燃烧后废气中二氧化碳的能力。这些新材料可以提供低成本和很高的二氧化碳捕获量。
有了这个项目，我们的目的是推动二氧化碳捕获和转换的相关技术到新的前沿。我们的方法通过引入在转换成商业产品前有效捕获二氧化碳的技术，有助于创造一个二氧化碳的经济。这些目标意味着在化学，环境和材料科学之间的创造一个桥梁。
为什么你决定研究离子液体，而不是其他材料？他们的附加值是什么？
通常参与二氧化碳分离过程的材料包括二氧化硅，激活的carbons，沸石，和金属-有机骨架。他们的使用已经有了很大程度上的成功，但仍有许多问题需要解决。
我们相信，这些问题可以从离子液体（ILS），一般被称为“绿色溶剂”中得到解决。这些都是高度通用的材料，已了解其优异的物理化学性质，特别是在二氧化碳吸收和分离中的应用。不同于常见的有机溶剂，它们拥有一个可以忽略蒸汽压、热稳定性和可调节的化学性。
聚合物化学基团的功能化引导了被称为离子液体聚合物（PILS）的新一类聚电解质的发展，它们已被用于像生物传感器的电池，聚合物电解质、二氧化碳的吸收和分离膜、智能材料、纤维素处理和基因传递应用，和其他一些。
从废气通道（存储或运输气体）中捕获和分离的气体的使用，实际上是离子液体聚合物最活跃、最有挑战性的研究领域。他们的非挥发性，高吸收和可逆吸附的二氧化碳的能力，使他们是良好环境应用的候选人。离子液体聚合物胺基团和多孔聚合物（离子液体）的版本已被专门设计改进用来吸收CO2。最近，他们对其他气体如CO2，N2，CH4和H2的渗透性和选择性，甚至已经被证实。
你面临的主要困难是什么，你是如何克服这些困难的？
提出的方案是先制备酰胺基的聚合物，然后通过季铵化反应生成的聚合物离子液体。使用这种方法，我们并没有实现离子聚合物转化的高转化率并且产量也是相当低的。

为了克服这个问题，我们尝试另一种策略，包括合成离子单体，然后将它们转换成离子聚合物。这使得有一个很高的转化率和产量。
该项目已完成。你有什么后续计划吗？
在NABPIL项目执行过程中，我们已经公布的首次评论文章强调了了不同参数对离子液体聚合物的CO2吸收性能的影响。记住这一点，我们现在要把各种二氧化碳的阳离子和阴离子的离子聚合物组合在一起，探讨其影响，以实现卓越的CO2吸附性能。
你发掘你的材料的市场潜力了吗？如果是这样的话，你发现了什么？
这些新材料的市场潜力还没有被发掘。尽管这些酰胺类离子液体聚合优于其他离子液体聚合的CO2吸收能力，他们没有成为商业、非离子的替代品。
我们正在努力改善我们的CO2吸收性能，一旦我们对结果满意，我们将探讨这些新的离子液体聚合物的市场潜力。
Coffee-infused foam removes lead from contaminated water

Coffee is one of the most popular drinks in the U.S., which makes for a perky population—but it also creates a lot of used grounds. Scientists now report in the journal ACS Sustainable Chemistry & Engineering an innovative way to reduce this waste and help address another environmental problem. They have incorporated spent coffee grounds in a foam filter that can remove harmful lead and mercury from water.

Restaurants, the beverage industry and people in their homes produce millions of tons of used coffee grounds every year worldwide, according to researcher Despina Fragouli. While much of the used grounds go to landfills, some of them are applied as fertilizer, used as a biodiesel source or mixed into animal feed. Scientists are also studying it as a possible material for water remediation. Experiments so far have shown that powder made from spent coffee grounds can rid water of heavy metal ions, which can cause health problems. But an additional step is needed to separate the powder from the purified water. Fragouli and colleagues wanted to simplify this process.

The researchers fixed spent coffee powder in a bioelastomeric foam, which acted as a filter. In still water, the foam removed up to 99 percent of lead and mercury ions from water over 30 hours. In a more practical test in which lead-contaminated water flowed through the foam, it scrubbed the water of up to 67 percent of the lead ions. Because the coffee is immobilized, it is easy to handle and discard after use without any additional steps, the researchers say.
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More information: Asmita A. Chavan et al. Spent Coffee Bioelastomeric Composite Foams for the Removal of Pband Hgfrom Water, ACS Sustainable Chemistry & Engineering (2016). DOI: 10.1021/acssuschemeng.6b01098

Abstract 

Herein we present an interesting approach for the reutilization of coffee waste in water remediation. This is achieved by the development of bioelastomeric foams composed of 60 wt % of spent coffee powder and 40 wt % of silicone elastomer using the sugar leaching technique. In this study, we present the necessary characteristics of the developed "green" foams for the successful removal of Pb2+ and Hg2+ ions from water, and we identify the involved mechanisms. The capability of the bioelastomeric foams to interact with Pb2+ and Hg2+ is not affected by the presence of other metal ions in water as tests in real wastewater demonstrate. The incorporation of the spent coffee powder in a solid porous support, without compromising its functionality, facilitates the handling and allows the accumulation of the pollutants into the foams enabling their safe disposal. The fabricated foams can be used for the continuous filtration and removal of metal ions from water, demonstrating their versatility, in contrast to the sole coffee powder utilized so far, opening the way for the reutilization and valorization of this particular waste.
咖啡注入泡沫去除污水里的铅
咖啡是一个在美国最受欢迎的饮料，给人们带来活力，同时也有了许多使用的地方。科学家在杂志ACS可持续化学与工程的报告一种创新途径减少浪费，同时有助于解决另一个环境问题。他们把咖啡渣掺在一个泡沫过滤器中，可以去除水中的有害铅和汞。
全世界每年由餐厅、饮料行业和家庭使用产生的咖啡渣多达数百万吨，根据研究员Despina Fragouli。虽然大部分都去了垃圾填埋场，其中一些被用作肥料，生物柴油的来源或混合成动物饲料。科学家们也在研究它作为一种可能的水修复材料。迄今为止的实验表明，用废咖啡渣制成的粉末能去除水中的导致健康问题重金属离子。但是，需要一个额外的步骤来分离纯化水中的粉末。Fragouli和他的同事想简化这个过程。
研究人员将咖啡粉放入bioelastomeric泡沫中，作为一个过滤器。在蒸馏水中，泡沫在超过30小时的时间中可以去除水中高达99%的铅和汞离子。在一个更实际的测试，被铅污染的水流入泡沫，它也可以去除水中高达67%的铅离子。研究人员说，由于咖啡是固定的，所以它在使用后很容易处理和丢弃，不需要任何额外的步骤。
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更多的信息：
摘要
我们在此提出的咖啡渣在水修复中再利用一个有趣的方法。这是由60wt%的咖啡粉和40wt%的硅橡胶组成的bioelastomeric泡沫使用糖浸出技术发展实现的。在这项研究中，我们提出了“绿色”泡沫将水中的Pb2 +和Hg2 +离子成功去除的必要特征，同时我们确定了其机制。在实际废水试验表明，bioelastomeric泡沫有着与Pb2+、Hg2+反应，且不受水中的其他金属离子存在影响的能力。在不损害其功能的前提下，在固体多孔载体上咖啡粉的掺入，使污染物的积累到泡沫上有利于处理。制备的泡沫材料可用于连续过滤水中金属离子的去除，展示他们的多方面的作用，同先进唯一的咖啡粉使用方式一起，开拓了这种废料再利用的方式。
Scientists put a new twist on artificial muscles

In recent years, researchers at The University of Texas at Dallas and colleagues at the University of Wollongong in Australia have put a high-tech twist on the ancient art of fiber spinning, using modern materials to create ultra-strong, powerful, shape-shifting yarns.

In a perspective article published Sept. 26 online in the Proceedings of the National Academy of Sciences, a team of scientists at UT Dallas' Alan G. MacDiarmid NanoTech Institute describes the path to developing a new class of artificial muscles made from highly twisted fibers of various materials, ranging from exotic carbon nanotubes to ordinary nylon thread and polymer fishing line.

Because the artificial muscles can be made in different sizes and configurations, potential applications range from robotics and prosthetics to consumer products such as smart textiles that change porosity and shape in response to temperature.

"We call these actuating fibers 'artificial muscles' because they mimic the fiber-like form-factor of natural muscles," said Dr. Carter Haines, associate research professor in the NanoTech Institute and co-lead author of the PNAS article, with research associate Dr. Na Li. "While the name evokes the idea of humanoid robots, we are very excited about their potential use for other practical applications, such as in next-generation intelligent textiles."

Science Based on Ancient Art

Spinning animal fur and plant fibers to make thread and yarn goes back thousands of years. Aligning the fibers and then twisting them into yarn gives the yarn strength.

By exploiting this concept, and adding 21st-century science, the UT Dallas researchers have produced actuating muscle yarns that, like their wooly counterparts, can be woven, sewn and knitted into textiles.

For example, carbon nanotubes are essentially tendrils of tiny, hollow tubes that are super-strong and electrically conductive. In 2004, led by Dr. Ray Baughman, director of the NanoTech Institute and the Robert A. Welch Distinguished Chair in Chemistry at UT Dallas, the team developed a method to draw "forests" of nanotubes out into sheets of aligned fibers—much like carded wool—and then twist the sheets into yarns.

Next, the group turned to polymer fibers such as nylon sewing thread and fishing line, which consist of many individual molecules aligned along the fiber's length. Twisting the thread or fishing line orients these molecules into helices, producing torsional—or rotational—artificial muscles that can spin a heavy rotor more than 100,000 revolutions per minute.

When these muscles are so highly twisted that they coil like an over-twisted rubber band, they can produce tensile actuation, where the muscle dramatically contracts along its length when heated, and returns to its initial length when cooled. That research, published in 2014, showed that simple, low-cost muscles made from fishing line can lift 100 times more weight and generate 100 times higher mechanical power than a human skeletal muscle of the same length and weight.

"The success of our muscles derives from their special geometry and the fact that we start with materials that are anisotropic—when they are heated, the materials expand in diameter much more than they expand along their length," said Baughman, senior author of the PNAS perspective. This anisotropy is an intrinsic property of high-strength polymer fibers, and is the same principle that drives powerful artificial muscles the researchers discovered in 2012, which they made by adding a thermally responsive "guest" material within a carbon nanotube yarn.

"When these fibers are then twisted and coiled, their internal geometry changes so that when they are heated, that diameter expansion results in a change in length," Baughman said. "The fiber's diameter only has to expand by about 5 percent to drive giant changes in length."

The Latest Twist

In their most recent experiments, described for the first time in the PNAS article, Haines and Li added a new twist to their artificial muscles."The coiled artificial muscles we initially made from fishing line and nylon sewing thread were limited in the amount they could expand and contract along their length," Haines said. "Because of their geometry—like a phone cord—they could only contract so far before the coils began to collide with one another."

The solution: Form the coiled actuators into spirals.

"The advantage to the spiral shape is that now our muscle can contract into a flat state, expand out in the other direction, and return to its original length, all without getting stuck on itself," Li said. "Our experiments to date have been proof-of-concept, but have already shown that we can use heating and cooling to drive this back-and-forth motion across a giant range. This type of telescoping actuator can produce over an 8,600 percent change in length, compared to around 70 percent for our previous coils."

Smart Clothing

Li said one potential application for the spiral-shaped coil might be thermally responsive clothing. Instead of a down-filled jacket, a coat that incorporates many small coils could change the loft and insulating power of the garment in response to temperature.

In the laboratory, Haines and Li have produced spools of coiled polymer muscle threads suitable for sewing. "We have shown that these thermally responsive fibers can be used in conventional machines, such as looms, knitting machines and sewing machines," Li said. "As we move forward with our research, and scale it up, we hope to incorporate our ideas into functional fabrics and textiles for a variety of purposes, from clothing to environmentally responsive architecture to dynamic art sculptures."

The group's research is supported by the Air Force Office of Scientific Research, the Robert A. Welch Foundation and the Australian Research Council.

Explore further: Researchers create powerful muscles from fishing line and sewing thread

Journal reference: Proceedings of the National Academy of Sciences
Provided by: University of Texas at Dallas  
科学家们在人造肌肉上放了一个新的连结
近年来，在达拉斯德克萨斯大学的研究人员和在澳大利亚伍伦贡大学的同事们已经把高科技与古代艺术的纤维纺纱相结合，利用现代材料创造超强，功能强大，形状变化的纱线。
在9月26日发表与美国国家科学院在线诉讼中的一篇文章，一队在UT Dallas' Alan G. MacDiarmid纳米技术研究所的科学家描述了一类由高度扭曲的纤维制成的新人工肌肉，纤维的材料从国外的碳纳米管到普通聚合物和尼龙钓鱼线。
因为人造肌肉可以制成不同的尺寸和配置，潜在的应用范围从机器人和假肢等到消费产品如智能纺织品，可以对不同温度有形状变化的反应。
 “我们称这些驱动纤维为人工肌肉是因为他们模仿了纤维状肌肉自然形成的方式，”在纳米技术研究所和这篇文章的共同作者研究副教授Carter Haines博士和研究员厉娜博士说。“虽然这个名字唤起了仿真机器人的想法，我们非常兴奋的是他们在其他实际应用的潜在用途，如在下一代智能纺织品。”
基于古代艺术的科学
使用动物毛皮和植物纤维来纱线和纱线可以追溯到几千年前。对准纤维，然后将它们捻成纱，增加纱线的强度。
利用这个概念，并加入第二十一世纪的科学，UT Dallas的研究人员得到驱动肌肉纱，同他们毛茸茸的同行一样，是可以编织、缝制、针织的纺织品。
例如，碳纳米管是微小的空心管，具有超强的导电性。在2004年，由纳米技术研究所的主任Ray Baughman博士领导的，UT达拉斯的团队特聘化学教授Robert A. Welch开发了一种方法来画碳纳米管“森林”，使其能变成排列的纤维，就像梳羊毛然后捻成纱片。

接下来，该组转向聚合物纤维，如尼龙缝纫线和钓鱼线，其中包括许多单独分子沿纤维的长度对齐。扭线或钓鱼线将这些分子进入螺旋，产生缠绕或旋转，人工肌肉是用每分钟超过100000转的大转子缠绕在一起的。
当这些肌肉是如此高度缠绕在一起就像一个高度扭曲的橡皮筋，他们可以产生拉伸致动，其中肌肉在加热时沿其长度有着显著的收缩，在冷却时返回到其初始长度。在2014年发表的研究表明，简单的，低成本肌肉制成的钓鱼线比相同长度和重量的人类骨骼肌能多提起100倍以上的重量以及产生100倍以上的机械功率。
 “我们肌肉装置的成功源自于它们特殊的几何性态，当我们开始对各向异性的材料加热时，材料直径的扩展远远超过他们长度的扩展，”PNAS视角的资深作者鲍曼说。这种各向异性是高强度聚合物纤维的固有特性，研究人员在2012年发现的驱动强大的人工肌肉也是相同的原理，他们通过在碳纳米管纱中添加一个热响应的“访客”材料。
 “当这些纤维被缠绕和卷曲后，其内部的几何形状发生变化，使得受热时，直径的变化结果导致长度的变化，”鲍曼说。“光纤的直径只需扩大约5%，就可以让长度发生巨大的变化。”
最新的连结
在最近的实验中，在美国国家科学院院刊文章的第一时间描述了，海恩斯和李在他们的人造肌肉里增加了一个新的连结。“连续人工肌肉我们最初是由钓鱼线和尼龙缝纫线制成的，在可扩大和沿其长度的合同上是有限制的，”海恩斯说。“由于他们的几何形状，像一个电话线，他们只能到一定程度，线圈就开始相互碰撞。”
解决方案：形成盘绕成螺旋致动器。
 “螺旋形状的优点是，现在我们的肌肉可以收缩成一个平坦的状态，在另一个方向扩大，并返回到它原来的长度，所有这些都不会被自身卡住，”李说。“迄今为止我们的实验已经了证明这个概念，但我们已经可以使用加热和冷却来推动这个来回运动跨越一个巨大的范围。这种伸缩致动器可以生产8600%的长度变化到相比我们以前的线圈只能产生70%左右的变化。”
智能服装
李说，螺旋形线圈的一个潜在应用可能是热响应服装。相比起一件羽绒服外套，可以制作一件结合许多小线圈的外衣，在感受温度时改变的隔层和绝缘能力。
在实验室中，海恩斯和李生产了连续的适合缝纫的聚合物肌肉线线轴。“我们已经证明，这些热响应性纤维可用于在传统的机器上，如织机，针织机和缝纫机，”李说。“随着我们研究的进行和扩展，我们希望把我们的想法与功能性的面料和纺织品的相结合，产生各种用途，从服装到环境响应性的建筑，动态的艺术雕塑。”
该小组的研究是由空军科学研究室，罗伯特A韦尔奇基金会和澳大利亚研究委员会支持的。
Organic & Polymer（有机高分子材料）
Water helps assembly of biofibers that could capture sunlight 
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A new study from Argonne National Laboratory has shown water can serve a previously undiscovered role to help micelles coalesce to spontaneously form long fibers. The study could help scientists to understand how light-harvesting molecules are incorporated into the micelle fiber as it assembles, which would be a key step to understanding some forms of artificial photosynthesis. Credit: Robert Horn/Argonne National Laboratory

When it comes to water, some materials have a split personality - and some of these materials could hold the key to new ways of harnessing solar energy.

These small assemblies of organic molecules have parts that are hydrophobic, or water-fearing, while other parts are hydrophilic, or water-loving. Because of their schizoid nature, micelles organize themselves into spheres that have their hydrophilic parts turned out while their hydrophobic parts are shielded inside.

A new study from the U.S. Department of Energy's (DOE's) Argonne National Laboratory has shown water can serve another previously undiscovered role as these micelles coalesce to spontaneously form long fibers.

In a study led by Argonne nanoscientist Subramanian Sankaranarayanan and chemist Christopher Fry, both of Argonne's Center for Nanoscale Materials, supercomputer simulations and as well as lab-based experiments showed that water serves as an invisible cage for the growth of the micelle fiber.

The study could help scientists to understand how light-harvesting molecules are incorporated into the micelle fiber as it assembles, which would be a key step to understanding some forms of artificial photosynthesis.

"Until now, trying to understand where the light-harvesting molecules bind has been like trying to see how a square peg can fit in a round hole," said Sankaranarayanan. "By seeing the way in which the micelle fiber self-assembles, we can get a better understanding of how these kinds of light-harvesting systems are formed."

Though micelles can be composed of several different types of organic molecules, the Argonne study specifically looked at those made of chains of amino acids. When micelles form, the water near the micelles becomes "strongly ordered," which means that the water molecules are all oriented in the same manner. This strong ordering causes the formation of beta sheets, which are planar protein regions along which the micelle fiber grows.

In the experimental part of the study, Argonne chemist Christopher Fry used Sankaranarayanan's computational findings to examine how a certain class of light-harvesting molecules known as zinc porphyrins could possibly become incorporated into the fiber.

"The results that came out of the simulations informed the areas I focused on in the lab," Fry said. "I was able to probe some of the effects that water has on the overall self-assembly process, and that was something that we didn't focus on in the lab before."

"The water around the micelle stabilizes the structure, which enables the beta sheets to provide the platform for growth," Sankaranarayanan added. "The more ordered the water becomes, the more stable the fiber becomes."

To effectively simulate the growth of the micelles and micelle fibers, Sankaranarayanan and his colleagues at the Argonne Leadership Computing Facility (ALCF) used two approaches to modeling on Mira, Argonne's 10-petaflop supercomputer. They ran both coarse-grained simulations, which showed more general dynamics over relatively long periods of time, as well as atomistic simulations, which showed the motion of individual water molecules over very brief stretches.

"You need both of these views, and to be able to switch back and forth very quickly between them, in order to truly understand how the micelle fiber forms," Sankaranarayanan said.

According to Fry, the next step of the research would involve using a template to assemble the fiber and the light-harvesting molecules simultaneously in such a way that they become naturally embedded in the fiber matrix. If successful, this advance could underlie improvements to organic components of some solar cells. "Can we make a material that would form part of a more efficient solar cell, that's the question," Fry said. "It's all about being able to use a small peptide to tune the efficiency."

Both the CNM and ALCF are DOE Office of Science user facilities.

A paper based on the study, "Water ordering controls the dynamic equilibrium of micelle-fiber formation in self-assembly of peptide amphiphiles," appeared in the August 24 edition of Nature Communications.

More information: Sanket A. Deshmukh et al, Water ordering controls the dynamic equilibrium of micelle–fibre formation in self-assembly of peptide amphiphiles, Nature Communications (2016). DOI: 10.1038/ncomms12367
水有利于可以捕获阳光的生物纤维的组装
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阿尔贡国家实验室的一项研究表明，水可以以先前未被发现的角色帮助胶束结合自发形成长纤维。这项研究可以帮助科学家了解聚光分子怎样纳入胶束纤维进行组装，这将是理解某些形式的人工光合作用的一个关键步骤。归功于：Robert Horn/阿贡国家实验室。

当涉及到水，一些材料有分裂的特性，这些材料控制着利用太阳能新方法的关键。

这些有机分子的小装备有一部分水是疏水的，或者是恐水的，而其他部分是亲水的，或者是喜水的。因为它们拥有自然分裂的特性，胶束组织自成球体，亲水部分包裹表面而疏水部分被保护在内部。

美国能源部(DOE)的阿尔贡国家实验室的一项新的研究表明水可以提供另一个以前未发现的角色使这些胶束结合自发形成长纤维。

阿尔贡纳米科学家Subramanian Sankaranarayanan和化学家Christopher Fry的一项实验，阿尔贡的纳米材料中心的超级计算机模拟以及实验室实验表明，水作为一种无形的笼子束缚着胶束纤维的生长。

这项研究可以帮助科学家了解聚光分子如何纳入胶束纤维成为其组件，这将是理解某些形式的人工光合作用的一个关键步骤。

“直到现在，试图理解聚光分子固定就像试图看到方形钉如何适应一个圆洞，”Sankaranarayanan说。“理解胶束纤维自我聚合的方式，我们可以更好的理解这些聚光系统是如何形成的。”

尽管胶束可以由几个不同类型的有机分子组成，阿尔贡研究专门研究那些由氨基酸链组成的。当胶束形成时，胶束附近的水变得“强大的命令”，这意味着水分子都调整为同样的方式。这种强大的命令导致β折叠的形成，β折叠就是沿着胶束纤维的生长的二维蛋白质区域。

在研究的实验部分，阿贡化学家Christopher Fry使用了Sankaranarayanan的计算结果来检查一定阶级的聚光分子被认为是锌卟啉如何可能并入纤维内。

“模拟得出的结果使我了解在实验室里关注的领域，”弗莱说。“我能够探测的一些水在整个自组装过程中的效果，这是我们之前在实验室里没有关注的。”

“胶束周围的水使结构稳定,这为β折叠提供发展的平台，”Sankaranarayanan补充道。“受命令的水越多，纤维就变得更稳定。”

为了有效地模拟胶束和胶束纤维的生长，Sankaranarayanan和他的同事在阿尔贡计算设备(ALCF)上使用两种方法构建Mira——阿尔贡的10 - 千万亿次级超级计算机。他们运行了所有低级模拟，模拟在相对较长的一段时间显示更多的通用动力，以及原子模拟，原子模拟显示了在非常短暂的延伸中单个水分子的运动。

“你需要这两种观点，为了能够很快地在它们之间来回切换，以真正了解胶束纤维的形式，”Sankaranarayanan说。

Fry认为，下一步的研究将涉及使用一个模板组装纤维和聚光分子，以它们自然中嵌入矩阵的这种方式来进行。如果成功，这种进步可能成为改进一些太阳能电池有机组成的部分。“我们可以做一个材料，将会成为一个更高效的太阳能电池的一部分，这就是我们要解决的问题，”Fry 说。“都是为了能够使用一个小肽来调节效率。”

CNM和ALCF是能源部科学办公室用户设备。

论文基于该项研究“水命令控制在双亲分子肽自我组装时束胶纤维形成的动态平衡，”论文在8月24日在《自然通讯》上发表。

One-pot synthesis towards sulfur-based organic semiconductors
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Yellow and gray colors on the molecule represent sulfur and carbon atoms respectively. Thiophene-fused PAHs have found uses as transistors. Credit: ITbM, Nagoya University

Thiophene-fused polycyclic aromatic hydrocarbons (PAHs) are known to be useful as organic semiconductors due to their high charge transport properties. Scientists at Nagoya University have developed a short route to form various thiophene-fused PAHs by simply heating mono-functionalized PAHs with sulfur. This new method is expected to contribute towards the efficient development of novel thiophene-based electronic materials.

Nagoya, Japan - Dr. Lingkui Meng, Dr. Yasutomo Segawa, Professor Kenichiro Itami of the JST-ERATO Itami Molecular Nanocarbon Project, Institute of Transformative Bio-Molecules (ITbM) of Nagoya University and Integrated Research Consortium on Chemical Sciences, and their colleagues have reported in the Journal of the American Chemical Society, on the development of a simple and effective method for the synthesis of thiophene-fused PAHs.

Thiophene-fused PAHs are organic molecules composed of multiple aromatic rings including thiophene. Thiophene is a five-membered aromatic ring containing four carbon atoms and a sulfur atom. Thiophene-fused PAHs are known to be one of the most common organic semiconductors and are used in various electronic materials, such as in transistors, organic thin-film solar cells, organic electro-luminescent diodes and electronic devices. More recently, they have found use in wearable devices due to their lightweight and flexibility.

Thienannulation (thiophene-annulation) reactions, a transformation that makes new thiophene rings via cyclization, leads to various thiophene-fused PAHs. Most conventional thienannulation methods require the introduction of two functional groups adjacent to each other to form two reactive sites on PAHs before the cyclization can take place. Thus, multiple steps are required for the preparation of the substrates. As a consequence, a more simple method to access thiophene-fused PAHs is desirable.
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Conventional methods require 2 functional groups on PAHs, whereas the method requires only 1 functional group. Credit: ITbM, Nagoya University

A team led by Yasutomo Segawa, a group leader of the JST-ERATO project, and Kenichiro Itami, the director of the JST-ERATO project and the center director of ITbM, has succeeded in developing a simple and effective method for the formation of various thiophene-fused PAHs. They have managed to start from PAHs that have only one functional group, which saves the effort of installing another functional group, and have performed the thienannulation reactions using elemental sulfur, a readily available low cost reagent. The reactions can be carried out on a multigram scale and can be conducted in a one-pot two-step reaction sequence starting from an unfunctionalized PAH. This new approach can also generate multiple thiophene moieties in a single reaction. Hence, this method has the advantage of offering a significant reduction in the number of required steps and in the reagent costs for thiophene-fused PAH synthesis compared to conventional methods.

The researchers have shown that upon heating and stirring the dimethylformamide solution of arylethynyl group-substituted PAHs and elemental sulfur in air, they were able to obtain the corresponding thiophene-fused PAHs. The arylethynyl group consists of an alkyne (a moiety with a carbon-carbon triple bond) bonded to an aromatic ring. The reaction proceeds via a carbon-hydrogen (C-H) bond cleavage at the position next to the arylethynyl group (called the ortho-position) on PAHs, in the presence of sulfur. As the ortho-C-H bond on the PAH can be cleaved under the reaction conditions, prior functionalization (installation of a functional group) becomes unnecessary.

Arylethynyl-substituted PAHs are readily accessible by the Sonogashira coupling, which is a cross-coupling reaction to form carbon-carbon bonds between an alkyne and a halogen-substituted aromatic compound. The synthesis of thiophene-fused PAHs can also be carried out in one-pot, in which PAHs are subjected to a Sonogashira coupling to form arylethynyl-substituted PAHs, followed by direct treatment of the alkyne with elemental sulfur to induce thienannulation.
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Structures of thiophene and thiophene-fused PAHs. Credit: Institute of Transformative Bio-Molecules (ITbM), Nagoya University

"Actually, we coincidentally discovered this reaction when we were testing different chemical reactions to synthesize a new molecule for the Itami ERATO project," says Yasutomo Segawa, one of the leaders of this study. "At first, most members including myself felt that the reaction may have already been reported because it is indeed a very simple reaction. Therefore, the most difficult part of this research was to clarify the novelty of this reaction. We put in a significant amount of effort to investigate previous reports, including textbooks from more than 50 years ago as well as various Internet sources, to make sure that our reaction conditions had not been disclosed before," he continues.

The team succeeded in synthesizing more than 20 thiophene-fused PAHs. They also revealed that multiple formations of thiophene rings of PAHs substituted with multiple arylethynyl groups could be carried out all at once. Multiple thiophene-fused PAHs were generated from three-fold and five-fold thienannulations, which generated triple thia[5]helicene (containing three thiophenes) and pentathienocorannulene (containing five thiophenes), respectively. The pentathienocorannulene was an unprecedented molecule that was synthesized for the first time.

"I was extremely happy when I was able to obtain the propeller-shaped triple thia[5]helicene and hat-shaped pentathienocorannulene, because I have always been aiming to synthesize exciting new molecules since I joined Professor Itami's group," says Lingkui Meng, a postdoctoral researcher who mainly conducted the experiments. "We had some problems in purifying the compounds but we were delighted when we obtained the crystal structures of the thiophene compounds, which proved that the desired reactions had taken place."
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Thiophene moieties formed in the reaction are colored red. Credit: ITbM, Nagoya University

"The best part of this research for me is to discover that our C-H functionalization strategy on PAHs could be applied to synthesize structurally beautiful molecules with high functionalities," says Segawa. "The successful synthesis of a known high-performance organic semiconductive molecule, (2,6-bis(4-n-octylphenyl)- dithieno[3,2-b:2?,3?-d]thiophene (the lower right of Figure 4), from a relatively cheap substrate opens doors to access useful thiophene compounds in a rapid and cost-effective manner."

"We hope that ongoing advances in our method may lead to the development of new organic electronic devices, including semiconductor and luminescent materials," say Segawa and Itami. "We are considering the possibilities to make this reaction applicable for making useful thiophene-fused PAHs, which would lead to the rapid discovery and optimization of key molecules that would advance the field of materials science."

More information: Lingkui Meng et al, Thiophene-Fused π-Systems from Diarylacetylenes and Elemental Sulfur, Journal of the American Chemical Society (2016). DOI: 10.1021/jacs.6b06486
一锅法合成硫基有机半导体
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分子上的黄色和灰色分别代表硫和碳原子。含噻吩环被发掘可用作晶体管。归功于：ITbM，名古屋大学。

含噻吩环(多环芳烃)被认为用作有机半导体是有用的，因为其拥有高的电荷传输的特性。名古屋大学的科学家们已经开发出一种短路线通过加热单功能多环芳烃硫来形成各种混有噻吩的多环芳烃。这种新方法将有助于新的基于噻吩的电子材料的有效发展。

名古屋，日本的Lingkui Meng博士，Yasutomo Segawa博士，JST-ERATO Itami 分子纳米碳项目，名古屋大学的变革性的生物分子(ITbM)研究机构以及化学科学综合研究团的Kenichiro Itami 教授，和他们的同事们在《美国化学学会杂志》上发表了一种发展基于噻吩多环芳烃的合成的简单而有效的方法。

含噻吩环是由多个芳环包括噻吩组成的有机分子。噻吩是一种含有四个碳原子和一个硫原子的五元芳环。含噻吩环被认为是最常见的一种有机半导体以及被用于各种电子材料中，如晶体管、有机薄膜太阳能电池、有机电镀冷光二极管和电子设备。最近，因为其轻便和灵活，被发现可用于可穿戴设备。

噻吩环化(噻吩环状)反应，通过环化转换为新的噻吩环，形成各种含噻吩环。在多环芳烃环化前，大多数传统thienannulation方法需要两个相邻的官能团形成两个反应点。因此，制备基质需要多个步骤。因此，发掘更简单的方法来进入含噻吩环是可取的。
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传统的方法在多环芳烃上需要2个官能团，而新方法里在多环芳烃上只需要1官能团。归功于：ITbM，名古屋大学。

由Yasutomo Segawa领导的研究小组（在JST-ERATO项目中是主要的研究领导小组），和JST-ERATO项目的负责任以及ITbM中心主任Kenichiro Itami，已经成功地开发出一种简单而有效的方法来形成各种含噻吩环。他们开始使用只有一个官能团的多环芳烃，以节省安装另一个官能团所耗费的精力，并表现了噻吩并稠环反应使用元素硫反应，容易获得低成本的试剂。在multigram规模上该反应就可以进行，并且可以一个多环芳烃功能团进行一罐两步的系列反应。这种新方法在一个反应中可以生成多个噻吩根。因此，与传统方法相比，这种方法的优点是显著减少所需的步骤和含噻吩环合成的试剂成本。

研究人员已经证明，在空气中加热和搅拌arylethynyl 替代的多环芳烃和单质硫的二甲基甲酰胺溶液，他们可以获得相应的含噻吩环。arylethynyl集团由炔(碳碳三键的一部分)连着一个芳环。在存在硫时，碳氢(碳氢键)与多环芳烃上的arylethynyl 基团旁边的位置(称为邻位)的键裂，反应得以进行。在反应条件下，碳氢结合多环芳烃也可以裂解，因此前期的功能化(安装官能团)成为了必要。

Arylethynyl-替代多环芳烃通过耦合比较容易接近，这是一个交叉耦合反应在炔和鹵代芳香族化合物之间可以形成碳碳键。含噻吩环的合成，也可以在一锅法中合成，一锅法中多环芳烃受到薗头偶联反应形成arylethynyl代多环芳烃，其次是通过单质硫诱发噻吩并稠环反应从而对炔烃进行直接处理。
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噻吩和噻吩混合多环芳烃的结构。归功于：变革生物分子(ITbM)研究所，名古屋大学。
“事实上，我们在测试不同的化学反应合成的新分子的伊埃拉托项目是偶然发现了这个反应，”这项研究的领导人之一，Yasutomo Segawa说。“一开始，包括我自己在内的大多数成员觉得反应可能已经被报道，因为它实际上是一个非常简单的反应。因此，本研究最困难的部分是澄清这个反应的新奇。我们经过很多努力去调查之前的报告，包括50多年前的教科书以及各种网络资源，以确保我们的反应条件在以前并没有被披露，”他继续说。
团队成功地合成了20多个噻吩混合多环芳烃。他们还透露，多种形态噻吩环的多环芳烃被多个arylethynyl团取代在反应中都可以实现。多含噻吩环可以被三倍和5倍的稠环取代，分别生产三泰雅[5]螺烯(包含三噻吩)和5噻吩碗烯(包含5噻吩)。5噻吩碗烯是前所未有的首次合成的分子。
“我非常高兴当我能够获得螺旋桨状的三泰雅[5]螺烯和帽子形状的5噻吩碗烯，因为自从我加入Itami教授的集团我一直致力于合成激动人心的新分子，”试验主要人员博士后 Lingkui Meng说。“关于净化化合物我们仍有一些问题，但我们非常高兴当我们获得噻吩化合物的晶体结构，我们渴望获得的反应已经发生。”
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反应中形成的噻吩基团是红色的。归功于：ITbM，名古屋大学。
“我的研究最好的部分是发现我们的多环芳烃的碳氢键功能化战略可以应用于合成结构漂亮的高功能分子，”Segawa说。“一个已知的成功合成高性能有机半导体分子，(2,6-bis(4-n-octylphenyl)- dithieno[3,2-b:2?,3?-d]噻吩(图4)的右下方，使用了一个相对廉价基质来合成有用噻吩化合物的迅速和有效的方式。”
“我们希望通过持续的进步我们的方法将有助于新型有机电子器件的发展，包括半导体和发光材料”Segawa和Itami说。“我们正在考虑做出这个反应适用于制造有用的含噻吩环的可能性，这将有利于快速发现和优化的关键分子，使材料科学领域得到进步。” 

Inexpensive semiconducting organic polymers can harvest sunlight to split carbon dioxide into alcohol fuels
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Credit: RCS

Chemists at The University of Texas at Arlington have been the first to demonstrate that an organic semiconductor polymer called polyaniline is a promising photocathode material for the conversion of carbon dioxide into alcohol fuels without the need for a co-catalyst.

"This opens up a new field of research into new applications for inexpensive, readily available organic semiconducting polymers within solar fuel cells," said principal researcher Krishnan Rajeshwar, UTA distinguished professor of chemistry and biochemistry and co-Director of UTA's Center for Renewable Energy, Science & Technology.

"These organic semiconducting polymers also demonstrate several technical advantages, including that they do not need a co-catalyst to sustain the conversion to alcohol products and the conversion can take place at lower temperatures and use less energy, which would further reduce costs," Rajeshwar added.

Rajeshwar and his co-author Csaba Janaky, professor in the Department of Physical Chemistry and Materials Science at the University of Szeged, recently published their findings in The Royal Society of Chemistry journal ChemComm as "Polyaniline films photoelectrochemically reduce CO2 to alcohols."

In this proof-of-concept study, the researchers provide insights into the unique behavior of polyaniline obtained from photoelectrochemical measurements and adsorption studies, together with spectroscopic data. They also compared the behavior of several conducting polymers.

The stationary currents recorded after two hours during testing suggests that the polyaniline layer maintained its photoelectrochemical efficacy for the studied time period. While in the gas phase, only hydrogen was detected, but potential fuels such as methanol and ethanol were both detected in the solution for carbon dioxide-saturated samples.

"Apart from these technical qualities, as a polymer, polyaniline can also be easily made into fabrics and films that adapt to roofs or curved surfaces to create the large surface areas needed for photoelectrochemical reduction, eliminating the need for expensive and dangerous solar concentrators," Rajeshwar added.

Frederick MacDonnell, chair of UTA's Department of Chemistry and Biochemistry, underlined the importance of this research in the context of UTA's focus on global environmental impact within the Strategic Plan 2020: Bold Solutions|Global Impact.

"Dr. Rajeshwar's ongoing leadership in research around new materials for solar fuel generation is vital in a world where we all recognize the need to reduce the impact of carbon dioxide emissions," MacDonnell said. "Finding an inexpensive, readily-available photocathode material could open up new options to create cheaper, more energy-effective solar fuel cells."

Rajeshwar joined the College of Science in 1983 and is a charter member of the UTA Academy of Distinguished Scholars. He is the newly appointed president of the Electrochemical Society, an organization representing the nation's premier researchers dedicated to advancing solid state, electrochemical science and technology.

He is an expert in photoelectrochemistry, nanocomposites, electrochemistry and conducting polymers, and has received numerous awards, including the Wilfred T. Doherty Award from the American Chemical Society and the Energy Technology Division Research Award of the Electrochemical Society. Rajeshwar earned his Ph.D. in chemistry from the Indian Institute of Science in Bangalore, India, and completed his post-doctoral training in Colorado State University.
More information: Dorottya Hursán et al. Polyaniline films photoelectrochemically reduce COto alcohols, Chem. Commun. (2016). DOI: 10.1039/C6CC04050K
廉价的半导体有机聚合物能够收集阳光将二氧化碳分离成酒精燃料
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    德克萨斯大学阿灵顿分校的化学家已经率先证实，一种称为聚苯胺的有机半导体聚合物对于在不需要助催化剂的情况下二氧化碳向酒精燃料的转化方面是一个有前途的光电材料。
    “这对于研究太阳能燃料电池中廉价、易得的有机半导体聚合物的新应用的研究方面开辟了新的领域，”UTA特聘化学及生物化学系教授兼UTA可再生能源、科学&技术中心的共同主管首席研究员克里希南·拉杰什瓦尔称。
    “这些有机半导体聚合物还展示出若干技术优势，包括它们不需要一个助催化剂来维持向酒精产品的转化，并且该转化可以在较低的温度下进行，并且使用较少的能源，这可能会进一步降低成本，”拉杰什瓦尔补充称。
    拉杰什瓦尔和他的合著者兼塞格德大学物理化学及材料科学家系教授乔鲍·贾纳基最近在皇家化学科学杂志《ChemComm》中发表了他们的研究成果，名为“聚苯胺薄膜在光电电化学方面将二氧化碳降解为酒精。”
    在这项验证概念的研究中，研究人员对于从光电化学测量和吸附研究以及光谱数据中获得的聚苯胺的独特行为提供了深入见解。他们还比较了几种导电聚合物的行为。
    在测试过程的两个小时之前记录的静止电流表明，聚苯胺层在研究期间维持了其光电化学效率。而在气相中，仅检测到了氢，但是潜在的燃料，例如甲醇和乙醇都能二氧化碳饱和样品中得到了检测。
    “除了这些技术质量，作为一个聚合物，聚苯胺还能够轻易地被制作成适合屋顶和弯曲表面的纤维以及薄膜，创造出光电电化学还原所需的大型表面积，消除了对昂贵并且危险的太阳能聚光器的需求，”拉杰什瓦尔补充道。
    UTA化学与生物化学系的主任弗雷德里克·麦克唐奈强调了本研究在UTA专注于2020策略计划：大胆的解决方案/全球影响的全球环境影响的背景下的重要性。
    “拉杰什瓦尔博士在有关用于太阳能燃料发电的新材料的研究中所获得的领导地位在我们都意识到需要减少二氧化碳排放量的影响的世界中是至关重要的，”麦克唐奈称。“寻找一种廉价并且易于获得的光电阴极材料可能会为创造更廉价并且更具有能源效率的太阳能燃料电池开辟新的选项。”
    拉杰什瓦尔于1983年加入科学学院，并且是UTA特聘学者学院的创始成员。他是电化学学会新指派的主席，该组织代表着该国致力于推进固态、电化学科技最为重要的研究人员。
    他是光电化学、纳米复合材料、电化学和导电聚合物方面的专家，并且获得了多项殊荣，包括美国化学学会颁发的威尔弗雷德T.多尔蒂奖和电化学学会颁发的能源技术分部研究奖。拉杰什瓦尔在印度班加罗尔的印度科学研究院获得了他化学领域的博士学位，并且在科罗拉多州立大学完成了他的博士后教育。

E-Material（电子材料）
Transparent superhydrophobic glass coatings for electronic devices

Samsung Electronics has exclusively licensed optically clear superhydrophobic film technology from the Department of Energy's Oak Ridge National Laboratory to improve the performance of glass displays on smartphones, tablets and other electronic devices.

ORNL's development of a transparent coating that repels water that carries away dust and dirt, reduces light reflection and resists fingerprints and smudges resulted from approximately three years of superhydrophobic research on glass-based coatings.

"The thin nanostructured layer of porous glass film enables these combined properties, making it suitable for commercial applications," said ORNL's Tolga Aytug, co-inventor of the technology.

To be superhydrophobic, a surface must achieve a water droplet contact angle exceeding 150 degrees. ORNL's coating has a contact angle of between 155 and 165 degrees, so water literally bounces off, taking away dust particles.

The ORNL research team developed the superhydrophobic technology by depositing a thin glass film on a glass surface and heating the coated glass to transform the surface into two material compositions. A selective etching process produces a porous three-dimensional network of high-silica content glass that resembles microscopic coral and enables water-repellent and antireflective properties.
Beyond electronics, the technology holds significant potential for applications in solar panels, lenses, detectors, windows and many other products. The fields of solar panels and architectural windows are still available for licensing.

Aytug led the technology's development in collaboration with ORNL co-inventors Parans Paranthaman, Daniela Bogorin, David Christen, Brian D'Urso and John Simpson and was recognized with an R&D 100 Award in 2015. The work was supported by ORNL's Laboratory Directed Research and Development Program and Technology Innovation Program.
Provided by: Oak Ridge National Laboratory
用于电子设备的透明超疏水玻璃涂层
三星电子有美国能源部橡树岭国家实验室的剔透的超疏水薄膜技术的独家授权，以提高智能手机、平板电脑和其他电子设备玻璃显示器的性能。
ORNL发展一个透明涂层，这种不溶于水，会带走灰尘和污垢，可以减少光反射和抗指纹和污迹，这项研究是大约进行了三年的超疏水玻璃涂层研究。
“多孔玻璃纳米层薄膜使这些特性组合在一起，使其适用于商业应用，”该技术合作发明者ORNL Tolga Aytug说。
具有疏水性，必须实现表面水滴接触角超过150度。ORNL的涂层的接触角为155至165度，所以可以反射水滴和尘埃颗粒。
ORNL研究小组开发的超疏水技术通过在玻璃表面形成一层玻璃薄膜并且加热表面镀膜将表面变成两个材料成分的组合。选择性刻蚀过程产生类似于微珊瑚和具有防水和抗反射的特性的二氧化硅玻璃的多孔三维网。
出来电子产品，该技术拥有应用于太阳能电池板、眼镜、探测器、窗户和许多其他产品的巨大的潜力。太阳能电池板和建筑窗口领域的仍然具有可用的许可。
Aytug 在与ORNL发明人Parans Paranthaman，Daniela Bogorin，David Christen，Brian D'Urso和John Simpson 合作共同中领导该技术的发展，并且在100个研发奖中得到认可。该研究得到ORNL实验室和发展计划和技术创新项目的支持。
New test to improve commercial viability of printable electronics 
Scientists at the National Physical Laboratory (NPL) have developed a new, non-destructive method of detecting the orientation of molecules in organic semiconductor transistors using Raman spectroscopy. This will create a faster and more flexible method of measuring the efficiency of electrical conductivity in a printed circuit, enabling scientists to understand the quality of their devices.

Modern electronic devices such as solar cells can lower costs and weight by using organic semiconductors, in this case organic polymer molecules which conduct electricity, as they can be printed onto thin sheets of plastic material in large volumes. However, printing these polymer molecules means that they can crystallise in all directions which reduces their conductivity. Thus, being able to measure the orientation of these molecules is a crucial part of the quality control process.

Making non-destructive measurements of these molecules has been impossible before now. By using Raman spectroscopy, scientists can observe the way in which a molecule vibrates when light shines on it. Different vibrations cause light reflected from the molecule to have different frequencies. Molecules with different orientations vibrate differently as lasers are passed over them, resulting in a range of frequencies. The technique developed by NPL uses these reflected frequencies to discern the three dimensional orientation of the molecules within the printed circuit.

Using the new test, the efficiency of the production process for electronic devices can be drastically increased making them cheaper, faster and of better quality.

Dr Sebastian Wood, a Higher Research Scientist at NPL, says: "Understanding molecular orientation has been an area of interest to the printed electronics community for over a decade, with various one and two dimensional tests being undertaken. NPL is the first organisation to characterise this important property efficiently and in three dimensions, without destroying the test circuit. We're excited to be the organisation that enables what could be a revolutionary breakthrough in the performance and commercial viability of printable electronics."
More information: Sebastian Wood et al. Precise Characterisation of Molecular Orientation in a Single Crystal Field-Effect Transistor Using Polarised Raman Spectroscopy, Scientific Reports (2016). DOI: 10.1038/srep33057

新的测试将改善可打印电子设备的商业可行性
国家物理实验室（NPL）的科学家已经开发出一种方法，利用拉曼光谱检测有机半导体晶体管内分子的定向。这将为测量印刷电路中的电导率的效率创造一个更快速并且更加灵活的方法，使科学家能够了解他们设备的质量。
    现代电子设备，例如太阳能电池，能够通过使用有机半导体来减少成本和重量，在这种情况下，有机聚合物分子进行导电，正如它们能够大量被打印在材料材料的薄片上一样。然而，打印这些聚合物分子意味着它们能够在所有减少它们导电性的方向上结晶。因此，能够测量这些分子的定向对于质量控制程序而言是至关重要的一部分。
    进行这些分子的非破发性测量在之前是不可能实现的。通过使用拉曼光谱，科学家能够观察到分子在光线照射下的振动方式。不同的振动会导致从分子反射出来的光具有不同的频率。具有不同定向的分子在激光穿过它们时会产生完全不同的振动，产生一系列频率。NPL开发的技术利用这些反射的频率分辨印刷电路中分子的三维定向。
    利用新的测试，电子设备生产程序的效率能够得到显著增长，从而令它们更加廉价、更加速度并且具有更好的质量。
    NPL较高研究科学家塞巴斯蒂安·伍德称：“了解分子定向十多年来一直是印刷电子协会感兴趣的领域，其中各种一维和二维的测试正在开展中。NPL是第一个在不破坏测试电路的情况下以三维形式有效表征这个重要的性质的组织。我们很高兴能够成为使可印刷电子设备的性能和商业可行性出现革命性突破的组织。”
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