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Tech News & New Tech（技术前沿）
Team develops innovative, ideal liquid-repellent surfaces

On liquid-repellent surfaces, liquid droplets bounce away instead of being stuck. These surfaces are important in many fields, such as water-repellent clothes and anti-fouling kitchenware. Used as drag-reduction coatings for water vehicles, these surfaces can even help with speeding up cargo ships and military equipment so as to save energy. The dream of research and development on liquid-repellents is a structure that has robust liquid repellency, strong mechanical stability, and is inexpensive to produce on a commercial scale. However, the functional outcomes of existing liquid-repellent surfaces have not been satisfactory, because of inadequacies of conventional structural design and fabrication approaches in engineering microstructures and properties of such surfaces. 

The challenge was recently overcome by breakthrough research led by Professor Wang Liqiu at the Department of Mechanical Engineering, Faculty of Engineering, the University of Hong Kong (HKU) through the development of a robust liquid-repellent structure and the fabrication of porous surfaces by an innovative microfluidic-droplet-based technique. Materials such as textiles, metals, and glasses covered by a layer of this robust porous surface can then become liquid-repellent. The paper was recently published in academic journal Nature Communications (Zhu P. A., Kong T. T., Tang X. and Wang L. Q. 2017. Well-defined porous membranes for robust omniphobic surfaces via microfluidic emulsion templating, Nature Communications 8, 15823). With the new technology developed by the team, clothes would never get wet on rainy days in the future.

The team resolves effectively the conflict between liquid-repellency and mechanical stability by the springtail-cuticle-inspired design of liquid-repellent structures. Springtails are soil-dwelling arthropods whose habitats often experience rain and flooding. As a consequence, springtails evolve their cuticles with strong mechanical durability and robust liquid repellency to resist friction from soil particles and to survive in watery environments, respectively. Inspired by springtail cuticles, the research team designed porous surfaces composed of interconnected honeycomb-like micro-cavities with a re-entrant profile: interconnectivity ensures mechanical stability and re-entrant structure yields robust liquid-repellency.
Robust liquid-repellent structure shows a 21-fold enhancement in mechanical stability

The robust liquid-repellent surfaces repel at least 10 types of liquid, including water, surfactant solutions, oils, and organic solvents and show an astounding over 21-fold enhancement in mechanical stability compared with discrete structures. The porous surfaces are capable of recovering their non-wetting state as well even if micro-cavities are partially wetted by water. The flexible surfaces can also be readily coated onto various objects for liquid-repellency.
Porous surface material just costs about HKD1 per square metre

The research team also developed an innovative microfluidic-droplet-based technique for the fabrication of porous surfaces which is very much similar to shaped-cookies made by baking molds. Here the molds are uniform micron-sized droplets that are produced by microfluidics technology with precise control over their size, structure, and composition. Molded by microfluidic droplets, commercial-scale uniform microstructures are produced at low cost. The material cost is in a range of HKD 0.7 to 1.3 per square metre, only one thousandth of that in purchasing commercialized products such as PTFE water-repellent film. This technique has high accuracy and effectiveness in engineering surface structures, ensured by the precision and controllability of microfluidic-droplet generation that is low in cost and readily scaled up as well.
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Bio-inspired design of liquid-repellent structures with robust liquid-repellency. Schematic (a) and image (b) of the designed porous surface. (c) Photo of a water drop suspended on top of the porous surface. (d) repellency of 10 different liquids by the porous surface. Credit: The University of Hong Kong 

The breakthrough will change the way liquid-repellent surfaces are fabricated for robust liquid-repellency, strong mechanical stability, and economical production at a commercial scale. It has also paved the way for further progress in creating surface structures by design, and in tailoring their morphology, repellency and mechanical stability to suit a desired application in various fields, including energy, buildings, automobiles, chemical engineering, electronics, environments, bio-medical industry, advanced manufacturing, water vehicle and military equipment.
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Bio-inspired design of liquid-repellent structures with enhanced mechanical stability. (a) Intact structure of interconnected porous surface. (b) Intact discrete structure. (c-d) Damaged interconnected structures at (c) 8.6 kPa (kilopascal, the unit of pressure) and (d)11.5 kPa respectively. (e-f) Damaged discrete structures at (e) 0.4 kPa and (f)2.9 kPa respectively. Credit: The University of Hong Kong
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Fabrication of bioinspired liquids-repellent surfaces by microfluidic method. (a) Process of microfluidic fabrication method, involving emulsion deposition, solvent evaporation, and template removal. (b) Droplet assemblies after emulsion deposition. (c) Dry film after solvent evaporation. (d) Porous surface after template removal. (e-f) Images of porous surfaces with different pore sizes. (g) Transparency of porous surfaces. (h) Wafer-scale fabrication of the porous surface. Credit: The University of Hong Kong
团队开发创新理想的防液表面

在液体排斥表面上，液滴会反弹而不会卡住。这些表面对很多领域都很重要，如防水服和防污厨具。作为水车的减阻涂料，这些表面甚至可以帮助加快货船和军事装备，从而节省能源。研究和开发液体驱避剂，最理想的结果是，研制出一种具有强大的液体排斥性、强大的机械稳定性，并且在商业规模上生产成本低廉的结构。然而，由于传统结构设计和制造方法在工程微观结构和性能方面的不足，现有的防液表面的功能性结果并不令人满意。

最近，由香港大学工程学院机械工程系王立球教授领导的突破性研究，通过开发一种强大的液体排斥结构和多孔表面的制造，克服了这个挑战创新的基于微流控液滴的技术。诸如纺织品、金属和玻璃等材料，在被这种坚固的多孔表面层覆盖后，就可变成拒液性的。该论文最近在学术期刊《自然·通信》（Nature Communications）上发表（Zhu P.A.，Kong T.T.Tang X.and Wang L.Q.2017。Well-defined porous membranes for robust omniphous surface via via microfluidic emulsion templating，Nature Communications 8,15823）。随着团队开发的新技术，未来的下雨天，我们的衣服就不会淋湿了。

该团队通过防弹结构的弹簧钩表面设计，有效地解决了液体排斥性和机械稳定性之间的矛盾。 跳虫（Springtails）是一种节肢动物，它的栖息地经常遭受雨水和洪水的侵袭。因此，跳虫的表皮具有强大的机械耐久性和强大的拒液性，可抵抗土壤颗粒的摩擦，并在水环境中生存。研究团队的灵感就来自跳虫的角质层，设计了由互连蜂窝状微腔组成的多孔表面，具有可重复的轮廓：互连性确保了机械稳定性和可重复结构，产生了强大的防液性。 

坚固的防液体结构显示，机械稳定性提高了21倍

坚固的防液表面可排斥至少10种液体，包括水、表面活性剂溶液、油和有机溶剂，与离散结构相比，其机械稳定性提高了21倍。即使微孔被水部分润湿，多孔表面也能够恢复其非润湿状态。柔性表面也可以容易地涂覆到各种物体上，以用于疏液性。

多孔表面材料每平方米只需要HKD1左右

该研究小组还开发了一种创新的基于微流体液滴的多孔表面制造技术，这种技术非常类似于烘焙模具制成的形状饼干。这里的模具是由微流控技术生产的均匀的微米级液滴，精确控制其尺寸，结构和组成。通过微流体液滴模制，以低成本生产商业规模的均匀微结构。材料成本在每平方米0.7至1.3元之间，仅为购买PTFE防水膜等商品的千分之一。该技术在工程表面结构中具有高精度和有效性，由微流体液滴生成的精度和可控性确保，成本低且易于扩大。
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具有强力拒液性的防液结构的生物启发式设计。图（a）和图（b）是设计的多孔表面的示意图。 （c）是悬浮在多孔表面顶部的水滴的照片。 （d）是通过多孔表面排斥10种不同的液体。来源：香港大学

这一突破将改变防液表面的制造方式，以提供强大的液体排斥性，强大的机械稳定性和商业规模的经济生产。它还为通过设计创造表面机构的进一步发展铺平了道路，并调整其形态、驱避性和机械稳定性来适应很多领域的应用需求，其中包括能源、建筑、汽车、化学工程、电子、环境、生物医疗行业、先进制造业、水车和军事装备等各个领域的应用铺平了道路。
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上图为具有增强机械稳定性的液体排斥结构的生物启发式设计。 （a）互连多孔表面的完整结构。 （b）完整的离散结构。 （c-d）在（c）8.6千帕（千帕，压力单位）和（d）11.5千帕的情况下损坏的互连结构。 （e-f）分别在（e）0.4kPa和（f）2.9kPa下损坏的离散结构。 来源：香港大学
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上图为利用微流体法制备生物感受液体驱避表面。 （a）微流体制造方法的过程，涉及乳液沉积，溶剂蒸发和模板去除。 （b）乳液沉积后的液滴组件。 （c）溶剂蒸发后的干膜。 （d）模板去除后的多孔表面。 （e-f）具有不同孔径的多孔表面的图像。 （g）多孔表面的透明度。 （h）多孔表面的晶片级制造。 来源：香港大学

Researchers put new spin on old technique to engineer better absorptive materials

A team of University of Illinois bioengineers has taken a new look at an old tool to help characterize a class of materials called metal organic frameworks - MOFs for short. MOFs are used to detect, purify and store gases, and could help solve some of the world's most challenging energy, environmental and pharmaceutical challenges - they can even pull water molecules straight from the air to provide relief from drought. 

The research team, led by bioengineering professor Rohit Bhargava, is using infrared chemical imaging to examine and optimize the structure of MOFs. Although around for more than a decade, IR imaging is greatly underutilized in materials analysis. The researchers found that with a few modifications to improve the speed of analysis, it is the perfect tool for this application. Their findings are published in the Journal of Physical Chemistry Letters.

MOFs are microscopic-scale porous crystals engineered from metal ions bound together by organic molecules called ligands. Although they are tiny, they have an immense absorptive ability.

"The pores allow the MOFs to work like tiny sponges that can soak up chemicals such as pharmaceuticals and gases," said Sanghamitra Deb, a postdoctoral researcher at the Beckman Institute for Advanced Science and Technology at the U. of I.

"The precise structure and chemistry of MOFs greatly influence their functionality," said Prabuddha Mukherjee, a Beckman Institute research scientist. "Therefore, detailed characterization is essential in determining their best use."

The traditional methods used in materials science analysis, like high-powered electron microscopy and spectroscopy, do not combine chemical insights with the spatial resolution of IR imaging, the researchers said, so they can only provide average chemical measurements.

MOFs form by crystallizing out of a solution, and there is no way of fully controlling their structure or chemistry. "This lack of control leaves a lot of room for defects to form, and the traditional methods for characterization only tell us that there is a defect but cannot pinpoint the specific location," Mukherjee said.

"IR imaging allows us to see the chemistry and the structure in one shot," said Ayanjeet Ghosh, a postdoctoral researcher with the Beckman Institute. "We can resolve structures down to a few microns and determine their chemical composition over a few micron areas, understand how and why the spectra change as a function of space, and do it with a single analysis."

IR imaging also offers a unique scale range to work in, the researchers said.

"We do not need to see down to the atomic scale, like many high-powered electron microscopy methods offer," Deb said. "At that scale, it would take a very long time to scan devices made with MOFs, which are typically about a millimeter squared in size."

Finally, many of the other traditional techniques are destructive, meaning that once analyzed with one method, the sample cannot be examined with any additional tools. "We may be able to spot an aberration in chemistry via spectroscopy, but we don't have the opportunity to see where the defect actually exists using another method because the sample is now gone," Ghosh said. "With IR imaging, we can do both at the same time."

"This unique use of an older technique, but with new instrumentation, allows us to quickly determine the quality and best application for specific MOFs in a nondestructive way - something no other group has been able to do," Mukherjee said.

The group envisions this technique being used with other devices made under similar conditions, as well as uses outside of the materials science realm. 

More information: Ayanjeet Ghosh et al. Mapping Solvation Environments in Porous Metal–Organic Frameworks with Infrared Chemical Imaging, The Journal of Physical Chemistry Letters (2017). DOI: 10.1021/acs.jpclett.7b02104
旧技术新用，创造更好的吸收性材料
伊利诺伊大学生物工程师团队重新审视了一个老的工具，用其描述一类被称为金属有机框架（MOFs）的材料的特征。 MOF被用于检测，净化和储存气体，可以帮助解决世界上最具挑战性的能源，环境和制药挑战——甚至可以直接从空气中吸取水分子来缓解干旱。

由生物工程学教授Rohit Bhargava领导的研究小组正在使用红外化学成像来检查和优化MOFs的结构。尽管十多年来，红外成像在材料分析中的应用大大减少。研究人员发现，通过一些改进就能提高分析的速度，使其成为该应用领域的理想工具。他们的发现发表在《物理化学通讯》杂志上。

MOFs是由被称为配体的有机分子结合在一起的金属离子工程改造的微观多孔结晶。尽管它们很小，但却具有巨大的吸收能力。

美国贝克曼先进科学与技术研究所的博士后研究员Sanghamitra Deb说：“毛孔使得MOFs像小海绵一样工作，可以吸收药物和气体等化学物质。

贝克曼研究所（Beckman Institute）的研究科学家普拉布哈德•穆克吉（Prabuddha Mukherjee）说：“MOF的精确结构和化学性质对其功能有很大的影响。因此，详细描述对确定其最佳用途至关重要。“

研究人员表示，材料科学分析中使用的传统方法，如高能电子显微镜和光谱学，不能将化学知识与红外成像的空间分辨率结合起来，因此他们只能提供平均化学测量。

MOFs通过从溶液中结晶而形成，并且没有办法完全控制它们的结构或化学。 Mukherjee说：“这种缺乏控制的缺陷形成了很多空间，传统的表征方法只能告诉我们存在缺陷，但不能确定具体位置。

贝克曼研究所的博士后研究员Ayanjeet Ghosh说：“红外成像使我们能够一眼就看到化学和结构。 “我们可以将结构分解到几微米，并确定它们在几微米范围内的化学成分，了解光谱如何以及为什么随着空间的变化而变化，并通过单一分析来完成。

研究人员说，红外成像还提供了一个独特的范围工作。

Deb说：“我们不需要像许多高性能电子显微镜方法所提供的那样，看到原子尺度。“在这样的尺度下，扫描用MOF制造的器件需要很长的时间，而MOF的尺寸通常是毫米的平方。”

最后，许多其他的传统技术都具有破坏性，这意味着一旦用一种方法分析，就不能用任何附加工具来检查样本。 Ghosh说：“我们可能能够通过光谱学发现化学物质的异常，但是我们没有机会使用另一种方法来查看实际存在的缺陷，因为样品现在已经消失了。“有了红外成像，我们可以同时做到这一点。”

Mukherjee说：“把旧技术用到新仪器上的这种独特的方法，使我们能够以非破坏性的方式快速确定特定MOF的质量和最佳应用——这是其他任何一个团队都无法做到的。

该组织设想着把这种技术与其他在类似条件下制造的设备一起使用，以及在材料科学领域之外使用。

更多信息：

Ayanjeet Ghosh et al. Mapping Solvation Environments in Porous Metal–Organic Frameworks with Infrared Chemical Imaging, The Journal of Physical Chemistry Letters (2017). DOI: 10.1021/acs.jpclett.7b02104
Metal Alloy（金属合金）
Alloys from the laser printer
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These small sized samples are made out of oxide dispersion strengthened titanium aluminides and have been made as part of the PhD-work. Credit: Empa 

In the future, new designer alloys for aerospace applications can be manufactured using the 3-D laser melting process (Additive Manufacturing). Pioneering work in this field was provided by Empa researcher Christoph Kenel, who works today at Northwestern University (Chicago). Empa grants him the Research Award 2017. 

Titan-Aluminum alloys are combining low density, high strength and oxidation resistance at elevated temperatures and are therefore of high technical relevance e.g. in aerospace engineering. The aim of the awarded PhD thesis of Christoph Kenel was to develop a novel titanium aluminide (TiAl) alloy, particularly for use in beam-based additive manufacturing technologies, and to include nano-sized oxide dispersoids to improve their high temperature mechanical properties. Christoph Kenels research was supervised by Christian Leinenbach at Empa's Advanced Materials Processing laboratory.

The topic is very challenging, since TiAl alloys are inherently brittle at room temperature, and the rapid solidification conditions during AM can lead to complex phase transformation sequences, pronounced element segregation and cracking. Oxide dispersion strengthened (ODS) alloys are a class of materials that offer an unmatched combination of deformation-, creep-, coarsening- oxidation- and corrosion resistance at temperatures up to 1,000 °C.

Alloys not feasible by classical casting

However, the manufacture of components using ODS alloys is currently subject to severe economic and technical barriers. Conventional wisdom is that classical powder metallurgy is the only available method to create ODS alloys from powders to which oxides were added via ball milling in a pure solid-state process: if these composite powders were melted, their oxide dispersoids are lost via one or more of coarsening, dissolution, agglomeration into interdendritic space and floating to the surface of the ingot ('slagging"). Processing ODS TiAl is thus a truly demanding task.

Dr. Kenel decided for a novel approach to develop a TiAl alloy specifically for the additive manufacturing (AM) process. In general, the AM processing parameters are optimized for a given material in a trial-and-error manner, but it has been known that this approach often fails. Considering the oxide dispersoids, Kenel and his colleagues hypothesized that laser-based AM can be used successfully to create bulk samples from oxide dispersoid-containing powders, as the very short melting time and very rapid solidification would keep the oxide dispersoids well dispersed within the alloy grains.

In his work, Dr. Kenel used computational methods (computational thermodynamics, finite element methods) for simulating the phase transformations in binary Ti-Al and ternary Ti-Al-Nb and Ti-Al-Mo alloys, respectively, during the very special heating and cooling conditions during AM. He then developed sophisticated new experiments including in situ synchrotron X-ray micro diffraction methods during laser heating, allowing him to systematically study the phase and microstructure formation in selected alloys under well-defined and simulated AM conditions with an unprecedented temporal resolution. This has not been done before. 
来自激光打印机的合金
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这些小尺寸的样品是由氧化物弥散强化的钛铝合金制成的，并且是克里斯托夫•凯内尔博士学位研究的一部分。来源：Empa

未来，可以使用三维激光熔化工艺（增材制造）来制造用于航空航天应用的新型设计合金。 Empa研究员克里斯托夫•凯内尔（Christoph Kenel）现在在西北大学（芝加哥）工作，是他开创了这一领域的工作。 Empa授予他2017年研究奖。

钛-铝合金在高温下结合了低密度、高强度和抗氧化性，因此具有高技术意义，例如，在航天工程。Christoph Kenel博士论文的目的是开发一种新型钛铝化合物（TiAl）合金，特别用于基于激光的增材制造技术，并且包括纳米氧化物弥散体以改善其高温机械性能。 Christoph Kenels的研究由Empa的先进材料加工实验室的Christian Leinenbach监督。

由于TiAl合金在室温下本质上是脆性的，因此这个话题是非常具有挑战性的，并且在AM期间的快速凝固条件会导致复杂的相转变序列、显着的元素偏析和开裂。氧化物弥散强化（ODS）合金是一类在高达1,000°C的温度下提供无与伦比的变形，蠕变，粗化，氧化和耐腐蚀组合的材料。

合金经典铸造不可行

然而，使用ODS合金的零部件的制造目前受到严重的经济和技术障碍。传统观点认为，传统的粉末冶金是唯一可用的方法，通过在纯固态过程中通过球磨来添加氧化物的粉末来生成ODS合金：如果这些复合粉末被熔化，则其氧化物分散体通过一个或多个粗化，溶解，凝聚成枝晶间空间，并漂浮在铸锭表面（“结渣”），因此处理ODS TiAl是一项非常艰巨的任务。

Kenel博士决定开发一种专门用于增材制造（AM）工艺的TiAl合金。一般而言，AM处理参数以试错方式针对给定的材料进行优化，但是我们知道，这种方法经常失败。考虑到氧化物弥散体，Kenel和他的同事们假设，基于激光的AM可以成功地用于从含有氧化物弥散体的粉末制造大块样品，因为非常短的熔化时间和非常快速的凝固将保持氧化物弥散体良好地分散在合金中谷物。

在他的研究中，Kenel博士使用计算方法（计算热力学，有限元方法）在非常特殊的加热过程中分别模拟Ti-Al和Ti-Al-Nb和Ti-Al-Mo三元合金中的相变和AM期间的冷却条件。然后，他开发了复杂的新实验，包括激光加热过程中的原位同步加速器X射线微衍射方法，使他能够以前所未有的时间分辨率系统地研究选定合金在明确和模拟AM条件下的相和微观结构的形成。这是之前从未有过的。
Chemists convert titanium nanoparticles into an efficient weapon against pollution

[image: image9.png]NiTiOs Under UV Light §

Under Vis Light





The new method Credit: Yahya Absalan 

Researchers from RUDN University (Russia) have come up with a new method to convert titanium nanoparticles into an efficient substance capable of removing toxic phenol from water, even in visible light. The results of the study are reported in the Journal of Materials Science: Materials in Electronics. 

"Environmental pollution is arguably one of the greatest threats to humanity—and to the whole planet Earth. Industry is responsible for many types of pollution, and the transfer of toxic organic substances into the water is one of them," says Yahya Absalan, Ph.D student at RUDN and the lead author of the paper. One such substance is phenol (and its derivatives), produced on a large scale (about 7 billion kilos per year). Phenol derivatives act as precursors to many materials and compounds, plastics, detergents and pharmaceuticals. However, this substance may cause harmful effects on the central nervous system and heart, the liver and kidneys. 

Chemists have elaborated quite a few methods to remove phenol from water. One of these methods considers nanomaterials, valued for their optical and magnetic properties. These properties come from unique features of nanoparticles due to their large surface and surface activity.

The researchers from RUDN University worked with titanium dioxide (TiO2) nanoparticles. This is a semiconductor that, after absolving UV-light, is capable of reacting with water. This reaction leads to the production of two radicals—OH• and O2-•, that, in turn, may react with phenol and reduce the concentration of phenol in water. 

However, the energy band gap of dioxide titanium is 3.25, so it may only absorb UV-light (and, therefore, purify water only under very specific and costly conditions). The RUDN chemists tried to modify dioxide titanium with transition metals—metallic elements occupying a central block (Groups IVB–VIII, IB, and IIB, or 4–12) in the periodic table. Pure MTiO3 ("M" here stands for "metal"—cadmium, chrome, nickel, manganese, iron and cobalt) nanoparticles were formed when the precursor was heat-treated at 750 °C for 210 minutes.

Doping a transition metal into dioxide titanium allows researchers to reduce the energy band gap and, consequently, increase the wavelength. TiO3 can absorb not only UV-light, but visible light, as well. This would allow researchers to remove phenol from water in non-specific conditions almost everywhere. 

The researchers have already planned to expand the scope of their experiment by using rare metals instead of transitional metals, for instance. "There is still a long way to go before we could transfer our new method to industry. Six months, or two years, perhaps. Anyway, this is a very promising substance to be used against pollution," concluded Absalan. 

More information: Yahya Absalan et al, Novel synthesis method for photo-catalytic system based on some 3d-metal titanates, Journal of Materials Science: Materials in Electronics (2017). DOI: 10.1007/s10854-017-7769-6
化学家们将钛纳米粒子转化为防治污染的有效武器
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新方法  来源：Yahya Absalan

RUDN大学（俄罗斯）的研究人员提出了一种将钛纳米粒子转化为有效的物质的新方法，该物质即使在可见光下也能从水中除去有毒的酚。该研究的结果刊载于Journal of Materials Science：Materials in Electronics。

RUDN的学生和论文的主要作者Yahya Absalan博士说：“环境污染可能是人类乃至整个地球所面临的最大威胁之一。工业应对多种污染负责，且是把有毒有机物质排向水中的罪魁祸首之一。其中一种物质是苯酚（及其衍生物），被大规模生产（每年约70亿公斤）。苯酚衍生物是许多材料和化合物，塑料，清洁剂和药物的前体。但是，这种物质可能对中枢神经系统，心脏，肝脏和肾脏造成有害影响。

化学家已经阐述了很多去除水中苯酚的方法。其中一种方法利用了纳米材料的价值，因为它们具备光学和磁学性质。这些性质来自纳米颗粒因其较大的表面和表面活性而具备的独特特征。

RUDN大学的研究人员使用了二氧化钛（TiO2）纳米粒子。这是一种半导体，免除紫外线后能够与水反应。该反应导致产生两个自由基-OH•和O2-•，进而可能与苯酚反应并降低水中苯酚的浓度。

然而，二氧化钛的能带隙为3.25，因此它只能吸收紫外光（因此，只能在非常特殊和昂贵的条件下才能净化水）。 RUDN化学家试图用元素周期表中的过渡金属 - 金属元素占据一个中心区块（IVB-VIII，IB和IIB族，或4-12族）来修饰二氧化钛。当前体在750℃下热处理210分钟时，形成纯MTiO 3（“M”代表“金属” - 镉，铬，镍，锰，铁和钴）纳米颗粒。

将过渡金属掺杂成二氧化钛使研究人员能够降低能带隙，从而增加波长。 TiO3不仅可以吸收紫外线，还可以吸收可见光。这将使研究人员能够在几乎无处不在的非特定条件下从水中去除苯酚。

研究人员已经计划通过使用稀有金属而不是过渡金属扩大他们的实验范围。 Absalan总结说：“在我们将新方法转移到工业领域之前，还有很长的路要走，也许还需要六个月或两年的时间，无论如何，这是一个非常有前景的用于防治污染的物质。

更多信息：

Yahya Absalan et al, Novel synthesis method for photo-catalytic system based on some 3d-metal titanates, Journal of Materials Science: Materials in Electronics (2017). DOI: 10.1007/s10854-017-7769-6
Composite Materials（复合材料）
Harnessing lost atoms may aid in crafting new, never-before-seen oxides

[image: image11.png]



Chemical mapping and illustration of atomic rearrangement at the interface between two oxide materials (La = lanthanum; Sr = strontium). Credit: PNNL 

Understanding how materials form and combine with one another is important to design better energy-harvesting and -storage devices. Now, researchers have directly imaged the loss of a single layer of atoms in a photocatalyst created by layering two oxides. The team examined the structure of a single layer and that of the final composite, finding that a plane of atoms right at the material boundary was lost during the synthesis process. The team showed that the starting material's surface is unstable and can dramatically reconfigure when combined with a second layer. 

"These unexpected findings open the door to a whole new way to control oxides," explains lead author Dr. Steven Spurgeon, Pacific Northwest National Laboratory.

Spurgeon and his colleagues at Pacific Northwest National Laboratory answered a strange riddle about the behavior of a material for using sunlight and water to create hydrogen. The material undergoes a dynamic rearrangement of atoms as it forms. This change can give rise to an unexpected interface structure and properties. With this understanding, scientists can design their synthesis methods to account for growth dynamics and the restructuring of atoms. The results could lead to more precise control of the properties and performance of key energy materials.

Advances in synthesis and characterization have allowed scientists to fabricate materials in many different structures and chemistries at nearly the single atom level. However, it is still difficult to predict how two materials will interact, because many types of defects can form between them. Because the structure of materials directly controls their properties, it is important for scientists to be able to precisely tune how materials form and connect to each other. In this study, PNNL researchers examined thin film lanthanum iron oxide and strontium titanium oxide, LaFeO3 (LFO) and SrTiO3 (STO), respectively, layered together to produce a photocatalyst for solar water splitting. 

The researchers first treated the STO layer to cap it with either a strontium oxide (SrO) plane or a titanium dioxide (TiO2) plane, which they confirmed using X-ray photoelectron spectroscopy. They deposited an LFO layer atop the STO using molecular beam epitaxy and imaged the resulting structure using scanning transmission electron microscopy and electron energy loss spectroscopy. Strangely, their electron energy loss spectroscopy measurements showed that both samples had a TiO2 interface plane and that the SrO layer had gone missing during the synthesis process. The researchers conducted density functional theory calculations for different atomic configurations of the interface, finding that the SrO layer was less stable than TiO2 and that it could be lost by forming oxygen vacancies. This study illustrates how materials form through complex kinetic pathways and that by harnessing dynamic structural rearrangement, it may be possible to craft new, never-before-seen materials and properties. 

More information: Steven R. Spurgeon et al. Dynamic interface rearrangement in LaFeO3/n−SrTiO3 heterojunctions, Physical Review Materials (2017). DOI: 10.1103/PhysRevMaterials.1.063401
利用失去的原子可能有助于制造新的从未见过的氧化物
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上图为两种氧化物材料（La =镧; Sr =锶）之间的界面处的化学图谱和原子重排说明。来源：PNNL

了解材料如何形成和相互结合对于设计更好的能量收集和存储设备非常重要。现在，研究人员已经直接成像了由两层氧化物层叠而成的光催化剂中单层原子的损失。研究小组检查了单层结构和最终复合材料的结构，他们发现，在合成过程中，材料边界处的原子平面已经丢失。研究小组指出，原材料的表面不稳定，可以在与第二层结合时显着重新配置。

第一作者、西北太平洋国家实验室的Steven Spurgeon博士解释说：“这些意想不到的发现，打开了一条全新的控制氧化物的道路。

太平洋西北国家实验室的司布真和他的同事，回答了一个有关使用阳光和水来制造氢气的材料的行为的奇怪的谜语。材料在形成时会经历原子的动态重排。这种改变会引起一个意想不到的界面结构和属性。有了这个理解，科学家们可以设计他们的合成方法来解释增长动态和原子重组。其结果可以更精确地控制关键能源材料的性能和性能。

合成和表征方面的进步，使科学家能够在几乎单原子水平上制造出许多不同结构和化学性质的材料。然而，要预测两种材料如何相互作用仍然是困难的，因为它们之间会形成许多类型的缺陷。因为材料的结构直接控制着它们的性质，所以科学家们能够精确地调整材料如何形成和相互连接是非常重要的。在这项研究中，PNNL的研究人员分别将薄膜镧氧化物和锶钛氧化物LaFeO3（LFO）和SrTiO3（STO）层叠在一起，产生了一种太阳能水分解用光催化剂。

研究人员首先将STO层用锶氧化物（SrO）平面或二氧化钛（TiO2）平面覆盖，用X射线光电子能谱证实。他们使用分子束外延在STO顶上沉积LFO层，并使用扫描透射电子显微镜和电子能量损失光谱对所得结构成像。奇怪的是，他们的电子能量损失光谱测量表明，两个样品都有一个TiO2界面平面，而且SrO层在合成过程中不见了。研究人员对界面的不同原子结构进行了密度泛函理论计算，发现SrO层比TiO2更不稳定，可能因形成氧空位而损失。这项研究说明了如何通过复杂的动力学途径形成材料，并通过利用动态结构重新排列，有可能制造新的，从未见过的材料和性能。

更多信息：

Steven R. Spurgeon et al. Dynamic interface rearrangement in LaFeO3/n−SrTiO3 heterojunctions, Physical Review Materials (2017). DOI: 10.1103/PhysRevMaterials.1.063401
Aliancys Introduces New Neomould Tooling Resin

Aliancys is introducing Neomould 2017-S-1 resin for use in manufacturing composite tooling.

Composite moulds are used for cost-effective manufacturing of composite components in small to medium-sized production series (up to 500-1000 parts per year). They bring the designer the ability to create unique shapes, and composite tools also enable the manufacturing of large components like wind turbine blades, boats and façade panels for buildings. Compared to tools manufactured in steel, the production of composite tools is fast and versatile, Aliancys reports, and for these reasons composite moulds have built a track record of performance already over many years.

The zero-shrinkage feature of Neomould 2017-S-1 resin is said to enable the manufacture of parts that perfectly mirror plug surface and dimensions. At the same time the processing of the resin is fairly easy and robust, Aliancys says, and because of the thixotropic nature of the resin and high viscosity at low shear rates, it can be applied on vertical surfaces without sagging. Low viscosity at high shear rates makes the resin easy to apply in hand lay-up and spray-up processes and it is suitable for producing thick parts (up to 12 layers of glass in one go).

Aliancys has developed a Neomould tooling brochure guiding customers through the tool making process. Additional training and technical support are available through Aliancys technical experts.

“Our customers want to make composite components with unique shapes, taking advantage of the great design flexibility these materials offer,” comments Rob van de Laarschot, Head of Technical Service at Aliancys. “For them this means that the shape and surface quality of the mould must be perfectly aligned with the original plug. Aliancys can build on years of experience working with composite tooling materials, helping our customers to manufacture the perfect tool that can be used for making quality parts in consistent high volumes.”
Aliancys推出新型模具树脂

Aliancys推出Neomould 2017-S-1树脂，可用于制造复合材料模具。

复合材料模具可用于中小型生产系列（每年高达500-1000个零件）的复合材料部件的低成本生产。他们使设计师能够创造独特的形状，而复合材料工具也能够制造大型部件，如风力涡轮机叶片、船只和建筑物外立面板。与用钢制造的工具相比，Aliancys报告说，复合材料模具的生产速度快而且多功能。由于这些原因，复合材料模具已经在多年的历史中建立起了良好的业绩记录。

Neomould 2017-S-1树脂的零收缩特性，据说能够制造出完美镜面表面和尺寸的零件。Aliancys说，同时，树脂的加工也相当简单和稳定，而且由于树脂的触变性和低剪切速率下的高粘度，它可以在垂直表面上施加而不下垂。高剪切速率下的低粘度使得树脂易于在手糊和喷涂过程中使用，适用于生产厚部件（一次可达12层玻璃）。

Aliancys已经开发了Neomould模具手册，指导客户完成工具制作过程。 Aliancys技术专家可以提供额外的培训和技术支持。

Aliancys公司技术服务主管Rob van de Laarschot表示：“我们的客户希望制造具有独特形状的复合材料部件，充分利用这些材料提供的出色设计灵活性。“对于他们来说，这意味着模具的形状和表面质量必须与原始插头完美对齐。Aliancys可以凭借多年的复合材料加工经验，帮助我们的客户制造完美的工具，可用于制造高质量的零件。
Practical Application（实际应用）
Ionic 'solar cell' could provide on-demand water desalination
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Artist's rendition of bipolar-membrane design for ionic electricity generation. Credit: William White 

Modern solar cells, which use energy from light to generate electrons and holes that are then transported out of semiconducting materials and into external circuits for human use, have existed in one form or another for over 60 years. Little attention has been paid, however, to the promise of using light to drive another electricity-generating process—the transport of oppositely charged protons and hydroxides obtained by dissociating water molecules. Researchers in America report such a design, which has promising application in producing electricity to turn brackish water drinkable, on November 15 in the journal Joule. 

The researchers, led by senior author Shane Ardo, an Assistant Professor of Chemistry, Chemical Engineering, and Materials Science at the University of California, Irvine, write that they have crafted an "ionic analog to the electronic pn-junction solar cell," harnessing light to exploit the semiconductor-like behavior of water and generate ionic electricity. They hope to use such a mechanism to manufacture a device that would directly desalinate saltwater upon exposure to sunlight.

"There had been other experiments dating back to the 1980s that photoexcited materials so as to pass an ionic current through them, and theoretical studies said that those currents should be able to reach the same levels as their electronic analogs, but none of them worked all that well," says first author William White, a graduate student in Ardo's research group.

In this case, the researchers attained more success by allowing water to permeate through two ion-exchange membranes, one that mostly transported positively charged ions (cations) like protons and one that mostly transported negatively charged ions (anions) like hydroxides, functioning as a pair of chemical gates to attain charge separation. Shining a laser on the system prompted light-sensitive organic dye molecules bound to the membrane to liberate protons, which then transported to the more acidic side of the membrane and produced a measurable ionic current and voltages of over 100 mV in some instances (60 mV on average).
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Summary of membrane designs for ionic electricity generation. Credit: Ardo et al. 

Despite crossing the 100 mV photovoltage threshold at times, the level of electric current that the double-membrane system can achieve remains its chief limitation. The photovoltage would need to be magnified by more than another factor of two to reach the ~200 mV mark necessary to desalinate seawater, a target that the researchers are optimistic about hitting.

"It all comes down to the fundamental physics of how long the charge-carriers persist before recombining to form water," Ardo says. "Knowing the properties of water, we are able to more intelligently design one of these bipolar-membrane interfaces so that we can maximize the voltage and the current."

In the long run, desalination is just one possible application of the synthetic light-driven proton pump developed by the researchers. It could also have potential for interfacing with electronic devices, or even for powering signaling in brain-machine interfaces and other "cyborg cells" that combine living tissue and artificial circuity, a role that cannot be filled by traditional solar cells, which are unstable in biological systems.

"We have had a lot of ideas about what this technology could be used for; it's just a question of learning enough to cross between fields and make the device work for those intended applications," says Ardo. "I think this is just another example of what you can do when you have scientists who are trained across many disciplines and think outside the box."
More information: Joule, White et al.: "Conversion of visible light into ionic power using photoacid-dye-sensitized bipolar ion-exchange membranes" http://www.cell.com/joule/fulltext/S2542-4351(17)30139-3 , DOI: 10.1016/j.joule.2017.10.015
离子“太阳能电池”可以提供按需的海水淡化

[image: image15.png]



艺术家的离子发电双极膜设计的演绎。来源：威廉•怀特

现代太阳能电池利用光的能量产生电子和空穴，然后从半导体材料中输送出来并送入外部电路供人类使用，这种太阳能电池已经以某种形式存在了60多年。然而，很少有人注意使用光来驱动另一个发电过程 - 通过分解水分子获得的带相反电荷的质子和氢氧化物的运输。美国研究人员报告了这样一种设计，该设计在11月15日发表在《焦耳》（Joule）杂志上的电力生产方面有很好的应用前景。

由资深作者、加州大学欧文分校化学、化学工程和材料科学助理教授Shane Ardo领导的研究人员写道，他们已经制作出了一种“电子pn结太阳能电池的离子类似物”，利用光来开发水的类似半导体的行为，并产生离子电。他们希望利用这样的机制来制造一种能够在暴露在阳光下直接淡化盐水的装置。

“还有一些其他的实验可以追溯到20世纪80年代，光激发材料可以通过它们传递离子电流，理论研究表明这些电流应该能够达到与电子类似物相同的水平，但是没有一个能够工作”阿多研究小组的第一作者威廉•怀特（William White）说。

在这种情况下，研究人员通过允许水透过两个离子交换膜获得了更多的成功，一个主要传输像质子一样的带正电荷的离子（阳离子），另一个主要传输像氢氧化物一样带负电荷的离子（阴离子）一对化学门达到电荷分离。在系统上照射激光，促使与膜结合的光敏有机染料分子释放质子，然后将质子转移到膜的更偏酸性的一侧，产生可测量的离子电流，在某些情况下产生超过100mV的电压（60mV一般）。
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离子发电的膜设计综述。来源：Ardo等。

尽管有时跨越了100 mV的光伏门槛，但双膜系统能够达到的电流水平仍然是其主要限制。为了达到海水淡化所需的〜200mV的标记，光电压需要放大两倍以上，这是研究人员乐观的目标。
“这一切都归结为电荷载体在重组形成水之前持续了多久的基本物理学，”Ardo说。 “了解水的性质，我们能够更智能地设计这些双极膜界面之一，使我们能够最大限度地提高电压和电流。”

从长远来看，海水淡化只是研究人员开发的合成光驱质子泵的一种可能的应用。它还可能与电子设备连接，甚至可能在脑机接口和其他结合了活体组织和人工电路的“电子人造细胞”中提供信号，传统的太阳能电池无法填充生物系统。

Ardo说：“我们对这种技术的应用有很多想法，现在的主要问题是，进行足够的研究了解来跨越不同的领域，使设备能够适应这些领域。“我认为这只是一个例子，表明当你拥有跨学科的科学家，并且跳出思维框架时你才可以做到。

更多信息：

Joule, White et al.: "Conversion of visible light into ionic power using photoacid-dye-sensitized bipolar ion-exchange membranes" http://www.cell.com/joule/fulltext/S2542-4351(17)30139-3 , DOI: 10.1016/j.joule.2017.10.015
Creating unique constructions from metal membranes

RUDN University Professor Sergey Krivoshapko has assimilated information about metal membrane suspended roofs to allow designing buildings with large spans. These structures are used in the construction of sports complexes, airports and some other buildings. He has published an op-ed article in Thin-Walled Structures. 

"Metal membranes are used much less often than other types of suspended roofs (among which one can distinguish awning or mesh metal structures, and sheaths of glued wood). It is interesting that Russia extensively builds these types of constructions; they were first used abroad only 35 years later in the U.S., when they were developed by architect Vladimir Shukhov for four pavilions at the All-Russia industrial and art exhibition in Nizhny Novgorod," Krivoshapko said.

Metal membrane suspended roofs are spatial constructions of thin sheet metal only a few millimeters thick, with rigid support contours. They can be compared with a soap membrane formed after immersion of a wire ring into a diluted dishwashing liquid. Just like a bubble, which is blown out of the contour, a metal membrane can have different curvatures.

In fact, the shape of the middle part is determined by the geometry of the frame to which it is mounted and by the presence of weighting agents. Thanks to them, it is possible to create a membrane in the form of a paraboloid, cone or sphere. Spans with metal membrane roofing can reach hundreds of square meters. For example, the universal stadium at Mira Avenue measuring 224×183 m, which was the largest building of the 1980 Olympics, is roofed by a 5 mm-thick sagging membrane. The structure only seems to be fragile—the technology involves complex engineering calculations that take into account the climate, metal used for the construction, as well as load created both by the weight of the membrane itself and by falling snow. From a technical point of view, the advantage of metal membranes is that they significantly reduce the weight of the structure. They cut its cost by up to 60 percent, and material consumption up to 70 percent. Moreover, the structure itself implies a combination of bearing and enclosing functions in one material.

"Design features of metal membrane suspended roofs determine their cost effectiveness. Although today, almost all the problematic issues concerning the design, manufacturing, installation and operation of metal membranes are theoretically solved, few design bureaus and organizations are ready to take up work. The study of the preconditions for the appearance of functional solutions in construction, the history of development and the improvement of construction technologies will allow us to summarize the experiences accumulated over decades and issue a fundamentally new solution. Otherwise, architects and engineers will have to replicate what has already been achieved in construction and architecture," Sergey Krivoshapko concludes. 

More information: Sergey N. Krivoshapko, Thin sheet metal suspended roof structures, Thin-Walled Structures (2017). DOI: 10.1016/j.tws.2017.07.014
从金属薄膜中创建独特的结构

RUDN大学教授Sergey Krivoshapko已经掌握了关于金属薄膜悬浮屋顶的信息，以便设计具有大跨度的建筑。这些建筑被用于建造体育场馆、机场和其他一些建筑。他在《薄壁结构》（Thin-Walled Structures）上发表了一篇专栏文章。

“金属薄膜的使用比其他类型的悬浮屋顶要少得多(在其中，可以区分遮阳或网状金属结构，以及胶粘木材)。有趣的是，俄罗斯建立了很多这种类型的建筑;35年后，他们才首次在美国使用这种结构，当他们由建筑师弗拉基米尔•舒霍夫(Vladimir Shukhov)在尼兹尼诺夫哥罗德(Nizhny Novgorod)的全俄罗斯工业和艺术展览会上设计了四个展馆时，”Krivoshapko说。

金属薄膜悬吊屋顶是薄板金属的空间结构，它只有几毫米厚，依靠它的刚性支撑轮廓。它们可以与一种经过金属丝环浸入稀释的洗碗液后形成的肥皂膜进行比较。就像一个被吹出轮廓的气泡，一个金属薄膜可以有不同的曲率。

事实上，中间部分的形状是由它所安装的框架的几何形状和权重代理的存在决定的。多亏了他们，才有可能制造出以抛物面、锥体或球体的形式的薄膜。金属膜屋顶的跨度可达数百平方米。例如,米拉大道的通用体育场是224×183,这是1980年奥运会的最大的建筑,它的屋顶是一个5毫米厚膜。这种结构似乎只是碎片——技术涉及复杂的工程计算，考虑到气候、建筑所用的金属以及由薄膜本身重量和飘雪所造成的负荷。从技术角度看，金属薄膜的优点在于它们能显著降低结构的重量。他们将成本削减了60%，材料消耗降低高达70%。此外，结构本身也意味着一种材料的轴承和封闭功能的组合。

金属膜悬浮屋顶的设计特点决定了其成本效益。虽然今天，几乎所有关于金属薄膜的设计、制造、安装和运行的问题都在理论层面得到了解决，但很少有设计局和组织愿意开始这项工作。研究建筑功能解决方案出现的先决条件是发展的历史和建筑技术的改进将使我们总结几十年来积累起来的经验，并提出一个全新的解决方案。否则，建筑师和工程师将不得不复制在建筑和建筑方面已经取得的成就。

参考信息：

Sergey N. Krivoshapko, Thin sheet metal suspended roof structures, Thin-Walled Structures (2017). DOI: 10.1016/j.tws.2017.07.014
Manganese dioxide shows potential in micromotors

Manganese dioxide could make the preparation of micromotors increasingly cost-effective, opening up new avenues for their use, according to a new study from the University of Eastern Finland. 

Synthetic micromotors are tiny particles with dimensions less than the diameter of a human hair. Micromotors can undergo an autonomous motion in liquid environments, which can be driven by various means such as a chemical fuel, ultrasound, light or magnetic field. Fuel-driven micromotors are often catalytic in nature, which causes the transformation of a chemical fuel into reaction products that lead to a self-propulsion of the particles. Micromotors may find use in the future, for example, in targeted drug delivery, specific catalysis or chemical sensing of harmful substances. 

Platinum is the most widely explored catalytic material for the preparation of micromotors. It efficiently decomposes hydrogen peroxide into oxygen gas and water. However, platinum is an extremely rare chemical element and also suffers from serious limitations, such as drastically reduced catalytic efficiency in salt-rich environments and complete inactivation in the presence of sulphur containing compounds. Manganese dioxide is an alternate inorganic material that can decompose hydrogen peroxide similar to platinum. Manganese dioxide is also cheap and available in large quantities. Thus, it is a very potential new material for the preparation of catalytic micromotors, but has been scarcely explored to date.

In the study, a variety of manganese dioxide based micromotors were synthesized and characterized in terms of their motion behaviour in solution. Based on the results, the prepared micromotors exhibited a remarkable propulsion efficiency even in the presence of very low fuel concentrations. To demonstrate their potential for practical applications, the micromotors were used for the removal of organic dyes from water. The dye removal process was based on a unique effect that combined catalytic degradation and adsorptive bubble separation processes. The dye removal efficiency was over 90 percent in just one hour of reaction time without external mixing. In addition, manganese dioxide was used as a simple means for protecting the conventional platinum-based micromotors from sulphur toxicity.

Self-propelling micromotors may offer new opportunities to deliver drugs precisely to the tumour, with minimal adverse effects to the healthy tissues. Micromotors also possess an enormous potential to convert water pollutants into non-toxic or less-toxic products, even at difficult to reach areas and remote field locations, where external means of mixing to speed up the processes are not viable. Manganese dioxide micromotors, which can undergo a fast motion for a sufficient period of time in the presence of a low concentration of hydrogen peroxide, are expected to find diverse applications for active drug delivery and water remediation. 

More information: Tam Do Minh et al. Protection of Platinum-Based Micromotors from Thiol Toxicity by Using Manganese Oxide, Chemistry - A European Journal (2017). DOI: 10.1002/chem.201700788
二氧化锰在微电机方面显示出潜力

东芬兰大学(University of Eastern芬兰)的一项新研究表明，二氧化锰可以使微型机械的制备变得越来越划算，这为他们的应用开辟了新的途径。

合成微机械是微小的粒子，其尺寸小于人类头发的直径。微型机器人可以在液体环境中进行自主运动，它可以通过化学燃料、超声波、光或磁场等多种方式来驱动。燃料驱动的微机械通常是催化性质的，它会导致化学燃料转化成反应产物，从而导致粒子的自我推进。微动器可能会在未来使用，例如，靶向药物传递、特定催化或对有害物质的化学感应。

铂是最广泛研究的催化材料，用于制备微分体。它有效地将过氧化氢分解成氧气和水。然而，铂是一种极其稀有的化学元素，它也有严重的局限性，例如，在含硫化合物的环境中，它催化效率会大大降低，并且完全失活。二氧化锰是一种替代无机材料，可以像铂一样分解双氧水。二氧化锰也很便宜，而且数量庞大。因此，它是一种非常有潜力的制备催化微机械的新材料，但迄今为止还没有人探索过。

在研究中，合成了多种基于二氧化锰的微分体，并对其在溶液中的运动特性进行了表征。根据研究结果，即使在低燃料浓度的情况下，制备的微型煤也表现出显著的推进效率。为了展示它们在实际应用中的潜力，微型分子被用来去除水中的有机染料。染料去除过程是基于一种独特的效果，即催化降解和吸附气泡分离过程。在没有外部混合的情况下，在仅仅一小时的反应时间内，染料去除效率超过90%。此外，二氧化锰被用作一种简单的方法来保护传统铂基微体的硫毒性。

自我推动的微电机可能提供新的机会，使药物精确输送到肿瘤部位，并且它对健康组织的不良影响最小。微电机还拥有将水污染物转化为无毒或毒性较低的产品的巨大潜力，即使是在难以到达和偏远的地方，在这些地方，外部的混合方法也无法使其加速。二氧化锰微分体在过氧化氢浓度较低的情况下，能在一段时间内快速运动，有望应用于活性药物输送和水整治方面。

参考信息：Tam Do Minh et al. Protection of Platinum-Based Micromotors from Thiol Toxicity by Using Manganese Oxide, Chemistry - A European Journal (2017). DOI: 10.1002/chem.201700788
Researchers produce high grade rare earth concentrate from coal source

University of Kentucky researchers recently produced nearly pure rare earth concentrates from Kentucky coal sources using a novel rare earth recovery process. 

The process recovered over 80 percent of the rare earth elements present in the feed sources. The concentrates were comprised of more than 80 percent total rare earth elements on a dry whole mass basis and over 98 percent rare earth oxides.

Critical elements such as neodymium and yttrium represented over 45 percent of the total concentrate, which are important due to their use in national defense technologies and the high-tech and renewable energy industries.

"The novel rare earth recovery process is low cost and more environmentally friendly than alternative technologies such as solvent extraction," said Honaker. "We are excited about the new development and look forward to testing the process in our pilot-scale facility which will be operational during spring 2018."

Another unique feature of the new rare earth process is that scandium, a highly valued rare earth element, is efficiently separated from the other rare elements and concentrated as a separate product from the circuit. The process will be part of a ¼-tph mobile rare earth recovery pilot scale plant being developed and tested by Honaker's research team as part of the U.S. Department of Energy project.
研究人员从煤炭资源中提取出了优质的稀土精矿

肯塔基大学的研究人员最近利用一种新的稀土回收过程，从肯塔基州的煤炭资源中提取了几乎纯稀土。

这个过程回收了饲料来源中的超过80%的稀土元素。精矿主要由超过80%的稀土元素在一个干燥的整体质量基础上组成的，它其中的稀土氧化物含量超过了98%。

钕和钇的关键元素占总精矿的45%以上，这对它们在国防技术和高科技和可再生能源领域的使用非常重要。

Honaker说:“新的稀土回收工艺成本低，而且对环境友好，而不是像溶剂萃取这样的替代技术。”“我们对新的发展感到兴奋，并期待在我们的试点范围内测试这一过程，该设施将在2018年春季投入使用。”

新稀土工艺的另一个独特之处在于，高价值的稀土元素钪与其他稀有元素有效地分离，并作为电路中的独立产品进行浓缩。这个过程是由Honaker的研究小组作为美国能源部项目的一部分来开发和测试的，同时这也是¼-tph可移动稀土回收中试规模工厂的一部分。
Organic & Polymer（有机高分子材料）
Reconstituted silk can be several times stronger than the natural fiber and made in different forms

When it comes to concocting the complex mix of molecules that makes up fibers of natural silk, nature beats human engineering hands down. Despite efforts to synthesize the material, artificial varieties still cannot match the natural fiber's strength. 

But by starting with silk produced by silkworms, breaking it down chemically, and then reassembling it, engineers have found they can make a material that is more than twice as stiff as its natural counterpart and can be shaped into complex structures such as meshes and lattices.

The new material is dubbed regenerated silk fiber (RSF) and could find a host of applications in commercial and biomedical settings, the researchers say. The findings are reported in the journal Nature Communications, in a paper by McAfee Professor of Engineering Markus Buehler, postdoc Shengjie Ling, research scientist Zhao Qin, and three others at Tufts University.

Some kinds of silk produced by spiders are among the strongest materials known, pound for pound. But unlike silkworms, spiders cannot be bred to produce the fibers in useful amounts. Various researchers, including Buehler and his collaborators, have attempted to make purely synthetic silk instead, but those efforts have not yet yielded fibers that can match the strength of the natural versions.
Instead, the team has now developed a way to harness the best qualities of natural silk produced by silkworms, while processing it in a way that makes it stronger and opens up a wide variety of new shapes and structures that could never be formed from natural silk.

The key is to break down the natural silk, but not too much, the team says. That is, they dissolve the cocoons built by silkworms, not to the point that the material's molecular structure breaks down but rather into an intermediate form composed of microfibrils. These tiny, thread-like assemblies preserve some of the important hierarchical structures that give the silk its strength.

Buehler, who is the head of the Department of Civil and Environmental Engineering, compares this recycling of materials to tearing down an old brick house. Instead of just knocking the house down into a pile of rubble, however, the individual bricks are carefully separated and then used to build a new structure. "Nature is still better at making the microstructures" that, as demonstrated in some of his earlier research, are responsible for silk's unique stiff, stretchy properties, he says. "In this case, we take advantage of what nature provides."

Though silk thread and fabric are expensive, the material's cost comes mainly from the labor-intensive process of unraveling the thread from the cocoon and weaving it, not from the actual production of the silkworms and their cocoons, which are quite inexpensive, explains Ling. In bulk, unprocessed silkworm cocoons cost only about $5 per kilogram (2.2 pounds), he says.
By breaking down the silk and then extruding it through a tiny opening, the researchers found they could produce a fiber twice as stiff as conventional silk and approaching the stiffness of spider drag-line silk. This process could open up a variety of possibilities for new uses. For example, silk is a naturally biocompatible substance that does not produce any adverse reactions in the body, so the new material could be ideal for applications such as medical sutures, or scaffolding for the growth of new skin or other biomaterials.

The method also allows the researchers to shape the material in ways that could never be duplicated by natural silk. It could be formed, for example, into meshes, tubes, fibers much thicker than natural silk, coils, sheets and other forms. "We're not satisfied with what [the silkworms] make," Buehler says. "We want to make our own new materials."

Such forms can be created by using the reconstituted material in a kind of 3-D printing system customized for silk solution, Qin says. And one advantage of the new process is that it can be carried out using conventional manufacturing technologies, so scaling it up to commercial quantities should not be difficult. The specific properties of the fiber, including its stiffness and toughness, can be controlled as needed simply by varying the speed of the extrusion process.

These reconstituted fibers are also very sensitive to different levels of humidity, and they can be made electrically conductive by adding a thin coating of another material such as a layer of carbon nanotubes. This could enable their use in a variety of sensing devices, where a surface covered with a layer or mesh of such fibers could respond to the press of a fingertip, or to changes in the ambient conditions.

One possible application, for example, might be a bedsheet made from such fibers, Buehler says. Such a sheet could be used in nursing care facilities to help avoid bedsores by monitoring pressure and automatically warning caregivers when a patient has been lying in the same position too long with pressure in a particular area of the body. Such applications could be made practical very quickly, he says, as no real obstacles remain to producing material suitable for such uses. 
以不同的形式重构的丝绸比天然纤维的强度要高好几倍

当要合成构成天然丝绸纤维的复杂分子组合时，自然就胜过人类工程学。虽然人工合成的人工品种仍然不能与天然纤维的强度相匹配。

但从生产的蚕丝开始，以化学方式将其分解，然后重新组装，工程师们发现，他们可以制造出比天然材料更硬的材料，并能被塑造成复杂的结构，如网格和晶格。

研究人员说，这种新材料被称为再生丝纤维(RSF)，可以在商业和生物医学环境中找到大量的应用。这一发现发表在《自然通讯》杂志上，该论文由迈克菲工程教授、博士后盛杰、科研人员赵琴以及塔夫茨大学的其他三人共同撰写。

一些种类的蜘蛛丝是已知的最强韧的材料之一。但与蚕不同的是，蜘蛛丝不能被培育成有用的纤维。包括布勒和他的合作者在内的各种研究人员试图制造纯合成的丝绸，但这些努力还没有产生与自然版本强度相匹配的纤维。

相反，该团队现在已经开发出一种方法，利用蚕所生产的天然蚕丝的最佳品质，同时以一种更强的方式加工它，并开辟出各种各样的新形状和结构，这些新形状和结构是永远不可能在天然丝中形成的。

该团队说，关键是要打破天然丝，但不能太过。也就是说，他们将蚕茧溶解，而不是将物质的分子结构分解，而是分解成由微纤维组成的中间形态。这些细小的，线状的小部件保留了一些重要的等级结构，这些结构赋予了丝绸强度。

Buehler是土木与环境工程部门的负责人，他将这种材料的回收与拆除旧砖房进行了比较。然而，这些砖块被小心地分开，然后用来建造一个新的结构，而不是把房子推倒成一堆瓦砾。他说，“大自然仍能更好地制造微型结构”，正如他早期的一些研究所证明的那样，它对丝绸独特的坚硬、弹性的特性负有责任。“在这种情况下，我们可以利用大自然提供的东西。”

尽管丝线和面料都很贵，但材料的成本主要来自于劳动密集型的生产过程，即从蚕茧和编织中解开丝线，而不是从实际生产的蚕和它们的茧，这很便宜，Ling解释说。他说，散装的未经加工的蚕茧每公斤只需要5美元(2.2磅)。

通过将丝绸分解，然后通过一个微小的开口挤压，研究人员发现他们可以制造出一种硬度为传统丝绸两倍的纤维，并接近蜘蛛丝的硬度。这个过程可以为新用途打开各种可能性。例如，蚕丝是一种天然的生物相容性物质，不会对人体产生任何不良反应，所以这种新材料对于医用缝合线或新皮肤或其他生物材料生长的支架来说是非常理想的。

这种方法还允许研究人员用天然丝绸无法复制的方式来塑造材料。例如，它可以形成网格、管道、纤维比天然丝、线圈、被单和其他更厚的形式。“我们对(蚕)所做的工作不满意，”比勒说。“我们想要制造自己的新材料。”

秦刚说，这种形式可以用一种为丝绸解决方案量身定制的3d打印系统来制作。新工艺的一个优点是，它可以使用传统的制造技术进行，因此将其扩大到商业模式并不困难。纤维的具体性能，包括它的刚度和韧性，只需通过改变挤压过程的速度就可以控制。

这些重新构成的纤维对不同湿度水平也很敏感，可以通过添加一层碳纳米管这样的薄层来导电。这可以使他们在各种传感装置中使用，在那里，表面覆盖着一层或网状的纤维可以对指尖的按压做出反应，或者对周围环境的变化做出反应。

例如，一种可能的应用就是由这种纤维制成的床单，比勒说。这样的床单可以用于护理设施中，通过监视压力来帮助避免褥疮，并且当患者躺在同一个位置上的时间过长并且在身体的特定区域中受压时自动警告护理人员。他说，这样的应用程序可以非常迅速地实现，因为继续生产适合这种用途的材料并没有真正的障碍。
A gel that does not break or dry out
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Figure 1: Diagram of the inorganic/organic double network within the strong ion gel, demonstrations of its resilience (compression test, stretching test) and moldability (film, tube, fish shape). Credit: Kobe University 

Researchers have developed a highly robust gel that includes large amounts of ionic liquid. The research team was led by Professor MATSUYAMA Hideto and Assistant Professor KAMIO Eiji (Kobe University Graduate School of Science, Center for Membrane and Film Technology). These findings were published on November 8 in Advanced Materials. 

Ionic liquid is a substance made solely from ions, and it has unique properties – for example, it does not evaporate at normal temperatures[W1] [K2]  or pressures, and it has high thermal stability. Gels that contain ionic liquid are known as ion gels. With the same properties as ionic liquids, as well as their ability to retain liquid form, they can potentially be used as electrolytes for rechargeable batteries and as membranes for gas separation. However, the low mechanical strength of typical ion gels limits their practical applications. 
The research team created a double network within ionic liquid, combining a network of inorganic silica particles with a network of organic polymers. This dramatically improved the resilience of the ion gel, and the gel that they developed can withstand more than 25 MPa of compressive stress without breaking. The strength of the newly-developed robust ion gel originates in the special interpenetrating double network. When stress is applied to the gel, the brittle silica particle network breaks and dissipates the loaded energy. The physical interaction between the silica particles enables the network to self-recover.[K3]  Most of the ionic liquid contained in the gel does not vaporize, so it can be stored in a stable condition for a long time. Even exposing it to a high temperature vacuum does not damage its performance, so it can also be used in high temperature fields.

The gel obtained from this research could be used in CO2 separation membranes or as electrolytes for rechargeable batteries. Our research team will collaborate with businesses to find practical applications for this gel. They will also continue to analyze the strengthening mechanism in more detail, and aim for a higher-performance, stronger gel by designing the perfect network. 

More information: Eiji Kamio et al. Inorganic/Organic Double-Network Gels Containing Ionic Liquids, Advanced Materials (2017). DOI: 10.1002/adma.201704118
一种不会断裂或干燥的凝胶
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图1：强离子凝胶中无机/有机双网的示意图，展示其弹性(压缩试验、拉伸试验)和成型性(薄膜、管、鱼形)。图片来源：神户大学

研究人员已经开发出一种高度坚固的凝胶，它包括大量的离子液体。该研究小组由松山秀英教授和他的助理教授(神户大学科学研究生院，膜和电影技术中心)领导。这些发现发表在11月8日的高级材料上。

离子液体是一种完全由离子形成的物质，它具有独特的性质——例如，它不会在正常温度或压力下蒸发(W1)[K2]，而且它具有高的热稳定性。含离子液体的凝胶被称为离子凝胶。与离子液体具有相同的性质，以及它们保留液体形式的能力，它们有可能被用作可充电电池的电解质和气体分离的膜。然而，典型离子凝胶的低机械强度限制了它们的实际应用。

研究小组在离子液体中建立了一个双网，将无机硅颗粒与有机聚合物网络相结合。这大大提高了离子凝胶的抗压能力，他们开发的凝胶能够承受超过25 MPa的抗压应力而不断裂。新开发的高坚固度离子凝胶的强度来源于特殊的互穿双网。当应力作用于凝胶时，脆性的硅颗粒网络断裂，释放出负载的能量。硅粒子之间的物理相互作用使网络能够自我恢复。[K3]凝胶中含有的大部分离子液体都不会汽化，因此可以长期储存在稳定的环境中。即使把它暴露在高温真空中也不会损坏它的性能，所以它也可以用于高温领域。

从这项研究中得到的凝胶可以用于二氧化碳分离膜或可充电电池的电解质。我们的研究团队将与企业合作寻找这种凝胶的实际应用。他们还将继续对强化机制进行更详细的分析，并通过设计完美的网络来实现更高性能、更强的凝胶。

参考信息：Eiji Kamio et al. Inorganic/Organic Double-Network Gels Containing Ionic Liquids, Advanced Materials (2017). DOI: 10.1002/adma.201704118
Cool textiles to beat the heat

Air-conditioned buildings bring welcome relief to people coming in from the heat. But creating that comfort comes with a cost to our wallets and the environment in the form of increased energy bills and greenhouse gas emissions. Now researchers report in ACS Nano  the development of a new material for clothing that we could one day don as our own personal cooling unit, without any external energy needed to power it.   

Functionalized clothes have become the norm in recent years. We now have moisture-wicking and smell-proof athletic gear, and shirts and tops coated with a chemical layer that blocks ultraviolet rays. Clothes that help cool us down, however, have been harder to achieve. So far, such attempts have resulted in materials that incorporate bulky components, require a lot of energy or are expensive. Liangbing Hu and colleagues at University of Maryland College Park wanted to see if they could come up with a more practical option.

The researchers combined boron nitride—a material that transfers heat—and polyvinyl alcohol to create a nanocomposite fiber that can be 3-D printed and woven into fabric. Testing to simulate the material on skin showed that the composite is 1.5 to 2 times more efficient at moving heat away from the body when compared to pure polyvinyl alcohol or cotton fabrics, respectively. Making clothes with the nanocomposite thread could help keep wearers comfortable and reduce the need to cool entire buildings, the researchers say.
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More information: Tingting Gao et al. Three-Dimensional Printed Thermal Regulation Textiles, ACS Nano (2017). DOI: 10.1021/acsnano.7b06295 
Abstract 

Space cooling is a predominant part of energy consumption in people's daily life. Although cooling the whole building is an effective way to provide personal comfort in hot weather, it is energy-consuming and high-cost. Personal cooling technology, being able to provide personal thermal comfort by directing local heat to the thermally regulated environment, has been regarded as one of the most promising technologies for cooling energy and cost savings. Here, we demonstrate a personal thermal regulated textile using thermally conductive and highly aligned boron nitride (BN)/poly(vinyl alcohol) (PVA) composite (denoted as a-BN/PVA) fibers to improve the thermal transport properties of textiles for personal cooling. The a-BN/PVA composite fibers are fabricated through a fast and scalable three-dimensional (3D) printing method. Uniform dispersion and high alignment of BN nanosheets (BNNSs) can be achieved during the processing of fiber fabrication, leading to a combination of high mechanical strength (355 MPa) and favorable heat dispersion. Due to the improved thermal transport property imparted by the thermally conductive and highly aligned BNNSs, better cooling effect (55% improvement over the commercial cotton fiber) can be realized in the a-BN/PVA textile. The wearable a-BN/PVA textiles containing the 3D-printed a-BN/PVA fibers offer a promising selection for meeting the personal cooling requirement, which can significantly reduce the energy consumption and cost for cooling the whole building.
能防暑的纺织品

有空调的建筑让人们从炎热的环境中解脱出来。但创造这种舒适的代价是我们的钱包和环境以增加能源账单和温室气体排放的形式出现。现在，研究人员在ACS Nano中报道了一种新开发的衣服材料，我们有一天可以把它作为我们的个人冷却装置，而不需要任何外部能量来驱动它。

近年来，功能化的服装已经成为常态。我们现在有防潮和防臭的运动用具，衬衫和上衣上面涂上一层化学层阻挡紫外线。然而，帮助我们降温的衣服却很难实现。到目前为止，这样的尝试已经导致了包含大量组件的材料，这需要大量的能量或者是昂贵的。马里兰大学(University of Maryland College Park)的胡良冰(Liangbing Hu)和他的同事们想看看他们是否能想出一个更实际的选择。

研究人员将硼氮化材料结合在一起，将热和聚乙烯醇转化为一种纳米复合纤维，可以将其3D打印出来并编织成纤维。测试模拟皮肤上的材料表明，与纯聚乙烯醇或棉织物相比，复合材料的热量在运动时的效率是1.5到2倍。研究人员说，用纳米复合线制作衣服可以让佩戴者感到舒适，并减少为整个建筑降温的需要。
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参考信息：Tingting Gao et al. Three-Dimensional Printed Thermal Regulation Textiles, ACS Nano (2017). DOI: 10.1021/acsnano.7b06295
摘要

空间冷却是人们日常生活中能量消耗的主要部分。尽管在炎热的天气里冷却整个建筑是提供个人舒适的有效方法，但它需要消耗能源和高成本。个人冷却技术，能够通过将局部热引导到热调节的环境来提供个人的热舒适，被认为是冷却能源和节约成本的最有前途的技术之一。在这里，我们展示了一种利用热传导和高度对准硼氮化硼(BN)/聚乙烯醇(PVA)复合材料(表示为a -BN/ PVA)纤维的个人热调节纺织品，以改善用于个人冷却的纺织品的热传导性能。a- bn / PVA复合纤维是通过快速和可伸缩的三维(3D)打印方法制作的。在纤维制造过程中，可以实现均匀分散和高排列的BN纳米片(BNNSs)，并结合高机械强度(355 MPa)和良好的热扩散。由于采用热导和高度对准的BNNSs的热传输特性，提高了在a - bn / PVA纺织品上的冷却效果(比商业棉纤维提高了55%)。可穿戴的a - bn / PVA纺织品含有3d打印的a - bn / PVA纤维，为满足个人冷却需求提供了一个有前途的选择，可以显著降低整个建筑的能耗和冷却成本。

A simple technique for mass producing ultrathin, high-quality molybdenum trioxide nanosheets

Molybdenum trioxide (MoO3) has potential as an important two-dimensional (2-D) material, but its bulk manufacture has lagged behind that of others in its class. Now, researchers at A*STAR have developed a simple method for mass producing ultrathin, high-quality MoO3 nanosheets. 

Following the discovery of graphene, other 2-D materials such as transition metal di-chalcogenides, began to attract considerable attention. In particular, MoO3 emerged as an important 2-D semiconducting material because of its remarkable electronic and optical properties that hold promise for a range of new applications in electronics, optoelectronics and electrochromics.

Liu Hongfei and colleagues from the A*STAR Institute of Materials Research and Engineering and Institute of High Performance Computing have sought to develop a simple technique for mass producing large, high-quality nanosheets of MoO3 that are flexible and transparent.

"Atomically thin nanosheets of molybdenum trioxide have novel properties that can be utilized in a range of electronic applications," says Liu. "But to produce good quality nanosheets, the parent crystal must be of very high purity."

By first using a technique called thermal vapor transport, the researchers evaporated MoO3 powder in a tube-furnace at 1,000 degrees Celsius. Then, by reducing the number of nucleation sites, they could better match the thermodynamic crystallization of MoO3 to produce high-quality crystals at 600 degrees Celsius without the need for a specific substrate.

"In general, crystal growth at elevated temperatures is affected by the substrate," explains Liu. "However, in the absence of an intentional substrate we could better control the crystal growth, allowing us to grow molybdenum trioxide crystals of high purity and quality."

After cooling the crystals to room temperature, the researchers used mechanical and aqueous exfoliation to produce submicron-thick belts of MoO3 crystals. Once they subjected the belts to sonication and centrifugation, they were able to produce large, high-quality MoO3 nanosheets.

The work has provided new insights into the interlayer electronic interactions of 2-D MoO3 nanosheets. The crystal growth and exfoliation techniques developed by the team could also be helpful in manipulating the band gap—and therefore the optoelectronic properties—of 2-D materials by forming 2-D heterojunctions.

"We are now attempting to fabricate 2-D MoO3 nanosheets with larger areas, as well as exploring their potential use in other devices, such as gas sensors," says Liu. 

More information: Hongfei Liu et al. Aqueous and mechanical exfoliation, unique properties, and theoretical understanding of MoO3 nanosheets made from free-standing α-MoO3 crystals: Raman mode softening and absorption edge blue shift, Nano Research (2017). DOI: 10.1007/s12274-017-1733-x
大规模生产超薄、高质量的三氧化钼纳米薄片的简单技术

三氧化钼(MoO3)作为一种重要的二维(二维)材料是具有潜力的，但其批量制造却落后于其他同类产品。现在，一位A*STAR 的研究人员已经开发出一种简单的方法来批量生产超薄、高质量的MoO3纳米薄片。

随着石墨烯的发现，其他2 - D材料，如过渡金属铜-硫属化合物，开始引起广泛关注。特别是，MoO3作为一种重要的二维半导体材料而出现，因为它具有非凡的电子和光学性质，它在电子、光电子和电色学上有一系列新的应用。

刘鸿飞(音译)和来自A*STAR材料研究与工程研究所的同事们，正在寻求开发一种简单的技术，用于大规模生产高质量的、灵活且透明的MoO3纳米材料。

 “纳米三氧化钼的原子薄纳米薄片具有可以在一系列电子应用中使用的新特性，”刘说。“但是为了生产出质量好的纳米薄片，母体的晶体纯度必须非常高。”

研究人员首先使用了一种叫做热蒸汽运输的技术，在1000摄氏度的一个管炉中蒸发了MoO3粉。然后，通过减少核位点的数量，他们可以更好地匹配MoO3的热力学结晶，在600摄氏度时产生高质量的晶体，而不需要特定的衬底。

“一般来说，高温的晶体生长受到基质的影响，”刘解释道。“然而，在没有一种有意的基质的情况下，我们可以更好地控制晶体生长，使我们能够生长出高纯度和高质量的三氧化钼晶体。”

在将晶体冷却到室温后，研究人员用机械和水的去角质方法产生了3 - 3 - 3的子微米厚带。一旦经过超声波和离心处理，他们就能生产出高质量的、高质量的MoO3纳米薄片。

这项研究为2 -D MoO3纳米片的层间电子相互作用提供了新的见解。该研究小组开发的晶体生长和剥落技术也有助于通过形成2 - D异质结对2 - D材料的光电子性能进行控制。

“我们现在正尝试在更大的区域制造2D的MoO3纳米片，以及探索它们在其他设备上的潜在用途，比如气体传感器，”刘说。

参考信息：Hongfei Liu et al. Aqueous and mechanical exfoliation, unique properties, and theoretical understanding of MoO3 nanosheets made from free-standing α-MoO3 crystals: Raman mode softening and absorption edge blue shift, Nano Research (2017). DOI: 10.1007/s12274-017-1733-x
E-Material（电子材料）
Photopolymerization-triggered molecular motion for flexible liquid crystal display
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A represents the molecular alignment through conventional photoalignment methods. B represents the molecular alignment achieved through the currently reported scanning wave photopolymerization method. Credit: Atsushi Shishido, Tokyo Institute of Technology
With current 2D techniques, one typically irradiates a liquid crystal film that contains added photoresponsive dye molecules, with uniform polarized light. This controls the net liquid crystal alignment via the interaction of the dye dipole and the polarization axis of light. The drawback with these systems is the need for adding strong dyes, which can discolor or degrade optical and stability properties. Thus, a dye-free method is highly desired in the engineering industry. 

Currently, only two approaches to dye-free methods have been explored. The first is a two-step alignment method, in which the liquid crystal materials are coated over a very thin dye-containing photoalignment layer and then aligned or fixed by polymerization. While this method has proven very successful in achieving stimuli-responsive 2D aligned liquid crystals and elastomers used in photonics, solar energy harvesting, microfluidics, and soft-robotic devices, it is expensive and time-consuming. The creation of a film with microscopic arrays of microalignment patterns requires precise and dynamic control of the polarized direction of incident light in each pixel, so this method is unsuitable for aligning patterns on the nanoscale over large areas.

The second approach to the development of a dye-free system uses surface topography to overcome the limitations of conventional photoalignment. In this method, the liquid crystals are aligned over a surface topography template through lithography, nanoimprinting, or inkjet techniques among others. While this method allows for 2D micropatterning of molecular alignment, it still requires multi-step processing, making it costly and time-consuming. Due to the surface roughness from the topographic templates, this method proves difficult in the production of thin films.
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A represents a schematic illustration of the desired patterns of alignment. B represents irradiated light patterns of expanding toroid shapes, periodic dots, and the words Tokyo Tech. C represents POM images under crossed polarizers. Credit: Atsushi Shishido, Tokyo Institute of Technology
A research group led by Atsushi Shishido at Tokyo Tech has reported the development of a new method of scanning wave photopolymerization that utilizes spatial and temporal scanning of focused guided light. As the polymerization reaction proceeds, a mass flow in the film is triggered, and this results in alignment of the liquid crystals with the incident light patterns. The desired alignment is achieved through a single step by light triggered mass flow.

This new method generates arbitrary alignment patterns with fine control over larger areas in a wide variety of liquid crystal materials without the need for strong dyes or additional processing steps, something that previous methods were unable to achieve. This method has the additional advantage of unlimited complexity in 2D patterns that would, in principal, only be restricted by the light diffraction limits.

This new concept of scanning wave photopolymerization is currently limited to photopolymerizable liquid crystal systems with a thickness below tens of micrometers. However, further investigation can expand material systems that could be used such as nanorods, nanocarbons, and proteins. Scanning wave photopolymerization can be readily introduced into existing photoproduction facilities, allowing for great economic advantages. The scientists at Tokyo Institute of Technology see this method as a powerful pathway for the simple creation of highly functional organic materials with arbitrary, fine molecular alignment patterns on the nanoscale over large areas. 

More information: Kyohei Hisano et al, Scanning wave photopolymerization enables dye-free alignment patterning of liquid crystals, Science Advances (2017). DOI: 10.1126/sciadv.1701610
光聚合引发的分子运动可用于柔性液晶显示屏
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A表示通过传统的光对准方法的分子排列。B代表通过目前报道的扫描波光聚合方法实现的分子对准。来自:东京理工学院的寿司石世道

在目前的2D技术中，一种典型的辐照液晶薄膜含有添加光的染料分子，具有均匀的偏振光。通过染料偶极子的相互作用和光的偏振轴来控制网液晶体的排列。这些系统的缺点是需要添加强力染料，这些染料可以使光学和稳定性能变色或降低。因此，在工程行业中，一种无染料的方法是非常理想的。

目前，只有两种无染料方法被探索。第一个是两步校准法，其中液晶材料被涂覆在一个非常薄的含有染料的光对准层上，然后通过聚合进行对齐或固定。虽然这种方法已经被证明非常成功地实现了在光子学、太阳能收获、微流体和软机器人设备中使用的刺激反应的二维液晶和弹性体，但它既昂贵又耗时。用微阵列显微阵列制作的薄膜，需要精确和动态控制每一个像素点的入射光偏振方向，因此这种方法不适合在大范围内对准纳米尺度上的模式。

开发无染料系统的第二种方法是利用表面形貌来克服常规光对准的局限性。在这种方法中，液体晶体通过光刻、纳米印迹或喷墨技术在表面的地形模板上进行排列。虽然这种方法允许对分子排列进行二维微模式，但它仍然需要多步骤处理，使之既昂贵又耗时。由于地形模板的表面粗糙度问题，这一方法在薄膜的生产中存在困难。
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A表示所期望的对齐模式的示意图。B代表了膨胀的环形形状、周期性点和东京技术的辐照光模式。C代表交叉偏光器下的POM图像。来自:东京理工学院的寿司石世道

东京科技公司(Tokyo Tech)的Atsushi Shishido领导的一个研究小组报告了一种新的扫描波光聚合方法，该方法利用了空间和时间扫描聚焦导向光。随着聚合反应的进行，膜中的质量流被触发，这导致液晶与入射光模式相结合。通过光触发的质量流，实现了所期望的排列。

这种新方法产生任意的排列模式，在更大的范围内对更大范围的液晶材料进行精细的控制，而不需要强的染料或额外的处理步骤，这是以前的方法无法做到的一点。这种方法在二维模式中具有无限复杂性的额外优势，而在原则上，只有在光衍射极限的限制下才能实现。

这一新的扫描波光聚合的概念，目前仅限于具有厚度低于几十微米的光可聚合液晶系统。然而，进一步的研究可以扩大可以使用的材料系统，如纳米棒、纳米碳化物和蛋白质。扫描波光聚合可以很容易地引入到现有的光波设备中，从而获得巨大的经济优势。东京技术研究所的科学家们认为，这种方法是一种强有力的途径，可以简单地创造出高度功能性的有机材料，并且它在大范围内的纳米尺度上有精细的分子排列模式。

参考信息：Kyohei Hisano et al, Scanning wave photopolymerization enables dye-free alignment patterning of liquid crystals, Science Advances (2017). DOI: 10.1126/sciadv.1701610
Chemist proposes 'sweat analysis' to better secure electronics

Jan Halámek believes there is a better method to securing electronic devices – and it relies on our own sweat. 

Halámek, an assistant professor of chemistry at the University at Albany, has released a concept paper in ChemPhysChem that proposes a new biometric-based authentication approach for unlocking mobile and wearable devices, such as smart phones and smart watches.

The approach relies on analyzing skin secretions – or sweat – to build an amino acid profile that is unique to the devices' owner. The profile would be stored within the device and used for identification purposes each time an attempt to unlock is made.

"We are developing a new form of security that could completely change the authentication process for electronic devices," Halámek said. "Using sweat as an identifier cannot be easily mimicked/hacked by potential intruders. It's close to full-proof."

Skin secretions contain many small molecules - or metabolites – that can each be targeted for authentication analysis.

To build a profile, the device would first have a "monitoring period" in which it would continuously measure its owner's sweat levels at various times of the day. For example, those who work overnight shifts would have a vastly different profile at 2 a.m. than those who work day shifts. Other factors, including age, biological sex, race and physiological state of the individual would also play a role.

Once the profile is developed, the owner would be identified once holding the device/wearing it.

The approach would not only improve on current authentication methods, but also help people with certain disabilities, who may be unable to move their fingers in a specific position to open the device or have a caretaker who is unlocking the device without permission. The device owner would also not have to remember a passcode.
"The current forms of authentication have proven to be less than ideal," Halámek said. "Passwords and pins can easily be seen over someone's shoulder and there are many internet tutorials on how to create a fingerprint mold that is capable of opening a device. There's also issues with facial recognition, which often times does not work correctly."

Halámek has tested the analysis in his lab with success. The next step is to collaborate with an engineer who can help with implementation.

His co-authors on the paper are Vladimir Privman, a professor at Clarkson University, and UAlbany graduate student Juliana Agudelo.

Catching Criminals:

Halámek's new concept paper is his first that focuses on cybersecurity, but adds to a growing portfolio of research that involves testing biomarkers to catch criminals.

Over the last two years, Halámek and his research team have been featured in dozens of media outlets across the globe for their forensic discoveries. 

By testing compounds within physical evidence left behind at a crime scene– like fingerprints or blood residue – Halámek and his team can identify key characteristics of culprits within minutes and without DNA testing. This includes their age range, sex and ethnicity.

"It's all about the biomarkers when you're looking for the attributes of a person," said Halámek. "It's pure chemistry."

Halámek's forensic research is ongoing through numerous collaborations on campus and with researchers from other universities around the nation. His lab was also recently awarded with a three-year grant through the Department of Justice/National Institute of Justice to continue developing their fingerprint analysis. 

More information: Juliana Agudelo et al. Promises and Challenges in Continuous Tracking Utilizing Amino Acids in Skin Secretions for Active Multi-Factor Biometric Authentication for Cybersecurity, ChemPhysChem (2017). DOI: 10.1002/cphc.201700044
化学家提出用“汗水分析”来更好地保护电子产品
JanHalámek认为，有一个更好的方法来保护电子设备——依靠我们自己的汗水。

奥尔巴尼大学化学助理教授Halámek在ChemPhysChem发布了一个概念文件，该文章提出了一种新的基于生物识别的身份验证方法，用于解锁智能手机和智能手表等移动设备和可穿戴设备。

该方法依靠分析皮肤分泌物（或汗水）来构建设备所有者独有的氨基酸谱。配置文件将被存储在设备中，并在每次尝试解锁时用于识别目的。

Halámek说：“我们正在开发一种新的安全形式，可以彻底改变电子设备的认证过程。“使用汗水作为标识符不容易被潜在的入侵者模仿/黑客入侵，这接近于完全的证明。

皮肤分泌物含有许多小分子 - 或代谢物 - 可以分别作为认证分析的目标。

为了建立一个档案，设备将首先有一个“监测期”，在这个“监测期”里，它将持续地在一天中的不同时间测量其拥有者的出汗水平。例如，在夜间工作的人比在白天工作的人在上午2点的情况大不相同。其他因素，包括年龄、生物性别、种族和个人的生理状态也会起作用。

一旦配置文件开发出来，一旦持有该设备/佩戴该设备，该拥有者将被识别。

这种方法不仅可以改进目前的认证方法，还可以帮助有特定残疾的人，他们可能无法将手指移动到特定的位置来打开设备，或者有一个看门人在未经允许的情况下解锁设备。设备所有者也不必记住密码。

Halámek说：“目前的认证形式已经证明并不理想。 “人们可以很容易地看到密码和别针，有许多互联网教程介绍如何创建能够打开设备的指纹模型，还有面部识别问题，这些问题往往无法正常工作。

Halámek已经在他的实验室成功测试了这个分析。下一步是与可以帮助实施的工程师合作。

他的论文的合著者是克拉克森大学（Clarkson University）教授弗拉基米尔•普里夫曼（Vladimir Privman）和UAlbany研究生朱丽安娜•阿古德洛（Juliana Agudelo）。

抓罪犯：

Halámek的新概念文件是他的第一篇专注于网络安全的概念文章，但增加了越来越多的涉及测试生物标志物以追踪犯罪分子的研究。

在过去的两年里，Halámek和他的研究团队已经在全球数十个媒体上发表了他们的法医学发现。

通过在犯罪现场留下的物理证据（如指纹或血液残留物）中检测化合物，Halámek和他的团队可以在几分钟内识别出罪魁祸首的关键特征，而无需DNA测试。这包括他们的年龄段，性别和种族。

Halámek说：“当你在寻找一个人的属性的时候，就是关于生物标志物的。 “这是纯粹的化学。”

Halámek的法医研究正在通过校园内的众多合作以及全国其他大学的研究人员进行。他的实验室最近还获得了司法部/国家司法研究所三年的赠款，继续开发指纹分析。

参考信息：Juliana Agudelo et al. Promises and Challenges in Continuous Tracking Utilizing Amino Acids in Skin Secretions for Active Multi-Factor Biometric Authentication for Cybersecurity, ChemPhysChem (2017). DOI: 10.1002/cphc.201700044
Semiconductors with an aligned interface
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Knowledge of the bandgap and band alignment of aluminum-nitride-based semiconductors is key to designing energy-efficient optical and power devices. Credit: KAUST
The electronic characteristics of an interface between two wide bandgap semiconductors are determined by researchers at KAUST: an insight that will help improve the efficiency of light-emitting and high-power electronic devices. 

Semiconductors, such as silicon and gallium nitride, have electrical properties somewhere in between those of a conductor and an insulator. They only allow current to flow when electrons have enough energy to overcome a barrier known as bandgap. The bandgap—which may be direct or indirect, narrow or large—determines the properties of semiconductors and their consequent applications. 

Materials with a large bandgap, for example, are useful in high-power electronics because they have larger breakdown voltage for energy-efficient transistors as compared with narrow bandgap materials, such as silicon. They can also produce light deep into the ultraviolet part of the spectrum, making them useful for disinfection and water purification. 

These materials can be further tailored to a specific application by layering different semiconductors on top of each other to create a so-called heterostructure with the desired properties. But it is vital to understand how the bandgaps of two semiconductors align when semiconductors are brought together in this way. 

Haiding Sun and principle investigator Xiaohang Li from KAUST and coworkers from the Georgia Institute of Technology, report that they experimentally measured the alignment of two emerging large bandgap materials: boron aluminum nitride and aluminum gallium nitride. 

The 2014 Nobel Prize for physics was awarded in recognition of the development of gallium nitride light-emitting diodes. But, compared to gallium nitride, aluminum nitride has a much larger bandgap of 6.1 electronvolts. Its electronic properties can be tuned by replacing some of the aluminum atoms in the crystal with either boron or gallium. 

The team created an interface between boron aluminum nitride with a boron to aluminum atom ratio of 14:86 and aluminum gallium nitride with a gallium nitride ratio of 30:70 on an aluminum-nitride-covered sapphire substrate. 

They used high-resolution X-ray photoemission spectroscopy to measure the offset between the top and the bottom of the two material's bandgaps. They show that the bandgaps have a staggered alignment, with both the top and bottom edge of the bandgap of the Al0.7Ga0.3N lower than the respective edge in B0.14Al0.86N. 

"Based on the experimental results, we can achieve a much higher amount of two-dimensional electron gas sheet carrier concentration in such junction," says Sun. "The determination of the band alignment of B0.14Al0.86N/Al0.7Ga0.3N heterojunction provides valuable support in the design of optical and electronic devices based on such junctions." 

More information: Haiding Sun et al. Band alignment of B0.14Al0.86N/Al0.7Ga0.3N heterojunction, Applied Physics Letters (2017). DOI: 10.1063/1.4999249
具有对齐接口的半导体
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关于氮化铝基半导体的带隙和能带对准的知识，是设计高能效光学和功率器件的关键。来源：KAUST

两个宽带隙半导体之间的界面的电子特性由KAUST的研究人员确定：这将有助于提高发光和高功率电子器件的效率。

诸如硅和氮化镓之类的半导体具有介于导体和绝缘体之间的电特性。当电子有足够的能量克服被称为带隙的障碍时，它们只允许电流流动。带隙——可以是直接的或间接的，狭窄的或大的 ——决定了半导体的性质及其随后的应用。

具有大带隙的材料例如在高功率电子器件中是有用的，因为与窄带隙材料（例如硅）相比，它们对于高能效晶体管具有更大的击穿电压。它们还可以在光谱的紫外线部分产生光线，使其可用于消毒和水净化。

这些材料可以通过将不同的半导体层叠在彼此之上而进一步适合于特定的应用，以创建具有期望特性的所谓的异质结构。但是要理解半导体以这种方式结合在一起时，两个半导体的带隙如何对齐是至关重要的。

Haiding Sun和主要研究人员来自KAUST的李晓航和佐治亚理工学院的同事报告说，他们通过实验测量了两种新兴的大带隙材料的排列：氮化硼铝和氮化铝镓。

2014年诺贝尔物理学奖获得了氮化镓发光二极管的认可。但是，与氮化镓相比，氮化铝具有6.1电子伏特的更大的带隙。其电子性质可以通过用硼或镓代替晶体中的一些铝原子来调节。

该团队在氮化铝覆盖的蓝宝石基板上形成硼与铝原子比为14:86的氮化硼铝和氮化镓比为30:70的氮化铝镓之间的界面。

他们使用高分辨率X射线光电子能谱来测量两种材料带隙的顶部和底部之间的偏移。他们表明，带隙具有交错排列，Al0.7Ga0.3N的带隙的顶部和底部边缘都低于B0.14Al0.86N中的相应边缘。

Sun说：“根据实验结果，我们可以在这样的连接处实现更高的二维电子气载流子浓度。 “确定B0.14Al0.86N / Al0.7Ga0.3N异质结的能带对准，为基于这种连接的光学和电子器件的设计提供了宝贵的支持。”

参考信息：Haiding Sun et al. Band alignment of B0.14Al0.86N/Al0.7Ga0.3N heterojunction, Applied Physics Letters (2017). DOI: 10.1063/1.4999249
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