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Tech News & New Tech（技术前沿）

3-D particle tracking? There's an app for that

Using four low-cost smartphone cameras and some simple colored backlighting, KAUST researchers have dispensed with expensive research-grade camera equipment and dangerous lasers to construct a tomographic particle image velocimetry (PIV) system that is capable of quantitative flow visualization. The proof-of-concept study demonstrates the research power of everyday devices, and puts a state-of-the-art tool within easy reach of a broader group of researchers and educators. 

Tomographic PIV is regarded as the holy grail of experimental fluid mechanics: it allows flow fields to be observed in three dimensions at fine spatial resolution by tracking the motion of tracer particles using an array of digital cameras. The technique involves lighting up the fluid volume with a high-intensity laser and recording the light scattered by the tracer particles using expensive, high-speed, high-sensitivity cameras. These images are then processed by simple tomographic reconstruction algorithms to reproduce the position of the particles and track their motion over time to give the 3-D velocity field. 

"Having access to tomographic PIV for the first time allows the calculation of full vortex structures in a turbulent flow," says Sigurdur Thoroddsen who led the research team. "This can benefit many applications involving turbulence, such as mixing or reducing drag for flows over airfoils or Formula 1 cars and even studying swimmers and flying animals. 

"But the technique is prohibitively expensive for many researchers," continues Thoroddsen. "We believe that it should be possible to use mainstream consumer devices to produce high-quality research on various flow problems."

The smartphone PIV system consists of four 41-megapixel smartphone cameras positioned at different angles around the flow volume—in this case a glass tank filled with moving water and polystyrene tracer particles forming a vortex ring flow. To overcome the low sensitivity of the phone cameras, the cameras were set up to photograph the shadows of the tracer particles cast by blue, green and red LED lights, imprinting in the same image all three colors (see image). The results compare well with those obtained using a commercial tomographic PIV system, with deviations in circulation flow of less than 8 percent.

"With the addition of optical zoom as seen on some of the latest phones, and the ability to take '4k' video clips or even slow-motion video, we expect to see a significant increase in the possibilities of this approach," says Thoroddsen. "We have already pre-ordered the latest phones to extend our work." 

3-D粒子跟踪？为此设计了一个应用程序

KAUST研究人员通过使用4个低成本智能手机摄像头和一些简单的彩色背光，免除了昂贵的研究级相机设备和危险的激光，以构建能够进行定量流量可视化的层析粒子图像测速（PIV）系统。概念验证研究表明了日常设备的研究能力，并将更先进的工具置于更广泛的研究人员和教育工作者触手可及的范围内。

层析PIV被认为是实验流体力学的圣杯：通过使用数码相机阵列跟踪示踪粒子的运动，可以在三维空间分辨率下观察流场。该技术包括用高强度激光照亮液体体积，并使用昂贵的高速高灵敏度相机记录示踪剂颗粒散射的光。然后通过简单的层析重建算法对这些图像进行处理，以再现颗粒的位置并跟踪其随时间的运动，以给出3-D速度场。

 “首次进入层析成像PIV可以在湍流中计算出完整的涡流结构。”领导该研究小组的Sigurdur Thoroddsen说。“这可以使涉及湍流的许多应用受益，例如混合或减少翼型或一级方程式赛车流动的阻力，甚至研究游泳运动员和飞行动物。”

 “但是对于许多研究人员而言，这种技术是非常昂贵的，”Thoroddsen继续说道。“我们认为，应该有可能使用主流消费类设备，对各种流问题进行高质量的研究。”

智能手机PIV系统由4个4100万像素的智能手机摄像头组成，这些摄像头定位在流量的不同角度，在这种情况下，一个装有流动水和聚苯乙烯示踪颗粒形成一个涡流环的玻璃罐。为了克服手机相机的低灵敏度，摄像头被设置为拍摄由蓝色，绿色和红色LED灯投射的示踪粒子的阴影，并将三种颜色(见图)印在同一图像上。结果与使用商业层析PIV系统获得的结果相比较，循环流量偏差小于8％。

“随着一些最新手机的增加光学变焦，以及采用”4k“视频剪辑甚至是慢镜头视频的能力，我们预计这种方法的可能性会大大增加。” Thoroddsen说，“我们已经预先订购了最新的手机，以扩展我们的工作。”

Physicists explore a new recipe for heating plasma

In the quest for fusion energy, scientists have spent decades experimenting with ways to make plasma fuel hot and dense enough to generate significant fusion power. At MIT, researchers have focused their attention on using radio-frequency (RF) heating in magnetic confinement fusion experiments like the Alcator C-Mod tokamak, which completed its final run in September 2016. 

Now, using data from C-Mod experiments, fusion researchers at MIT's Plasma Science and Fusion Center (PSFC), along with colleagues in Belgium and the UK, have created a new method of heating fusion plasmas in tokamaks. The new method has resulted in raising trace amounts of ions to megaelectronvolt (MeV) energies—an order of magnitude greater than previously achieved.

"These higher energy ranges are in the same range as activated fusion products," PSFC research scientist John C. Wright explains. "To be able to create such energetic ions in a non-activated device—not doing a huge amount of fusion—is beneficial, because we can study how ions with energies comparable to fusion reaction products behave, how well they would be confined."

The new approach, recently detailed in the journal Nature Physics, uses a fuel composed of three ion species: hydrogen, deuterium, and trace amounts (less than 1 percent) of helium-3. Typically, plasma used for fusion research in the laboratory would be composed of two ion species, deuterium and hydrogen or deuterium and He-3, with deuterium dominating the mixture by up to 95 percent. Researchers focus energy on the minority species, which heats up to much higher energies owing to its smaller fraction of the total density. In the new three-species scheme, all the RF energy is absorbed by just a trace amount of He-3 and the ion energy is boosted even more—to the range of activated fusion products.

Wright was inspired to pursue this research after attending a lecture in 2015 on this scenario by Yevgen Kazakov, a researcher at the Laboratory for Plasma Physics in Brussels, Belgium, and the lead author of the Nature Physics article. Wright suggested that MIT test these ideas using Alcator C-Mod, with Kazakov and his colleague Jef Ongena collaborating from Brussels.

At MIT, PSFC research scientist Stephen Wukitch helped developed the scenario and run the experiment, while Professor Miklos Porkolab contributed his expertise on RF heating. Research scientist Yijun Lin was able to measure the complex wave structure in the plasma with the PSFC's unique phase contrast imaging (PCI) diagnostic, which was developed over the last two decades by Porkolab and his graduate students. Research scientist Ted Golfinopoulos supported the experiment by tracking the effect of MeV-range ions on measurements of plasma fluctuations.

The successful results on C-Mod provided proof of principle, enough to get scientists at the UK's Joint European Torus (JET), Europe's largest fusion device, interested in reproducing the results. Like JET, C-Mod operated at magnetic field strength and plasma pressure comparable to what would be needed in a future fusion-capable device. The two tokamaks also had complementary diagnostic capabilities, making it possible for C-Mod to measure the waves involved in the complex wave-particle interaction, while JET was able to directly measure the MeV-range particles.

John Wright praises the collaboration.

"The JET folks had really good energetic particle diagnostics, so they could directly measure these high energy ions and verify that they were indeed there," he says. "The fact that we had a basic theory realized on two different devices on two continents came together to produce a strong paper."

Porkolab suggests that the new approach could be helpful for MIT's collaboration with the Wendelstein 7-X stellarator at the Max Planck Institute for Plasma Physics in Greifswald, Germany, where research is ongoing on one of the fundamental physics questions: How well fusion-relevant energetic ions are confined. The Nature Physics article also notes that the experiments could provide insight into the abundant flux of He-3 ions observed in solar flares. 

物理学家探索加热等离子体的新方法

在探索聚变能的过程中，科学家花费了数十年的时间来尝试加热等离子体燃料并使其足够密集以产生显着的核聚变能量。在麻省理工学院，研究人员将注意力集中在使用射频（RF）加热的磁约束聚变合实验中，如Alcator C-Mod tokamak，这完成了2016年9月的最终运行。

目前，利用C-Mod实验的数据，麻省理工学院等离子体科学与聚变中心（PSFC）的研究人员以及比利时和英国的同事们已经在托卡马克创造了一种新的加热融合等离子体的方法。这种新方法导致了将微量的离子增加到兆伏特（MeV）能量——比以前实现的数量级更大。

 “这些更高的能量范围与活性聚变产品的范围相同，”PSFC研究科学家John C. Wright解释说，“为了能够在未激活的设备中产生这样的能量离子而不需要进行大量的聚变，这是有益的，因为我们可以研究能量离子如何与聚变反应产物的行为相比较以及它们被限制的程度如何。”

最近在《自然物理学》杂志上详细介绍的这种新方法使用了由三种离子物质组成的燃料：氢，氘和痕量（小于1％）的氦-3。通常，用于实验室中的聚变研究的等离子体将由两种离子种类，氘和氢组成或氘和氦-3组成，其中氘主导混合物的比例高达95％。研究人员将精力集中在少数物种上，由于其总密度的较小，这些物种的能量可以上升到更高。在新的三种方案中，所有的射频能量只被微量的He-3所吸收，而离子能量甚至更多地被提升到活性聚变产品的范围。

Wright在2015年参加了一场关于Yevgen Kazakov的演讲后，被启发去从事这项研究，Jacobgen Kazakov是比利时布鲁塞尔等离子体物理实验室的研究员和自然物理学文章的主要作者。Wright建议麻省理工学院使用Alcator C-Mod测试这些想法，并与Kazakov和他的同事Jef Ongena在布鲁塞尔合作。

在麻省理工学院，PSFC研究科学家Stephen Wukitch帮助开发了该方案并进行了实验，而Miklos Porkolab教授贡献了他在RF加热方面的专业知识。研究科学家Yijun Lin能够用PSFC独特的相位对比成像（PCI）诊断测量等离子体中的复杂波形结构，这是由Porkolab及其研究生在过去二十年中开发出来的。研究科学家Ted Golfinopoulos通过跟踪MeV范围离子对等离子体波动测量的影响来支持实验。

C-Mod的成功结果证明了原理，足以让英国欧共体联合聚变中心（JET）的科学家，欧洲最大的核聚变设备，有兴趣重现结果。像JET一样，C-Mod在磁场强度和等离子体压力下运行，与将来的核聚变装置相媲美。两个托卡马克装置还具有互补的诊断功能，使得C-Mod可以测量复杂波粒相互作用所涉及的波，而JET能够直接测量MeV范围的粒子。

John Wright赞扬了这场合作。

他说：“JET的设备真的很有能量的粒子诊断能力，所以他们可以直接测量这些高能离子，并验证它们确实存在。我们在两大洲的两个不同装置上实现了一个基本理论的事实，共同形成了一篇强有力的论文。”

Porkolab表示，这种新方法可能有助于麻省理工学员与德国格雷夫斯瓦尔德的马克斯•普朗克等离子体物理学院的Wendelstein 7-X stellarator的合作，该研究所正在进行基础物理学问题之一：聚变相关的高能离子如何被限制在一起的。自然物理学文章还指出，这些实验可以提供在太阳耀斑中观察到的He-3离子的丰富通量的洞察。

How heating up a quantum system can be used as a universal probe for exotic states of matter

In physical sciences, certain quantities appear as integer multiples of fundamental and indivisible elements. This quantization of physical quantities, which is at the heart of our description of nature, made its way through the centuries, as evidenced by the antique concept of the atom. Importantly, the discovery of quantized quantities has often been associated with a revolution in our understanding and appreciation of nature's law, a striking example being the quantization of light in terms of photons, which led to our contemporary (quantum-mechanical) description of the microscopic world. 

An international team led by Prof. Nathan Goldman, Faculty of Science, Université libre de Bruxelles, predicts a novel form of quantization law, which involves a distinct type of physical observable: the heating rate of a quantum system upon external shaking. In order to understand this concept, let us first consider a simpler analogous picture: When an ice cube is placed into a micro-wave oven, the latter excites the water molecules, hence leading to a progressive melting of the ice; during this heating process, the number of molecules that form the ice decreases in time, a process which can be quantified by a heating rate. In the present article, the authors demonstrate how, under specific circumstances, such heating rates must satisfy an elegant and precise quantization law. Specifically, the authors explain that this phenomenon takes place when a physical system, which initially forms an exotic state of matter (a topological phase), is heated up in a controlled manner; upon heating, particles are ejected from the topological phase (in direct analogy with the melting of ice described above) and the corresponding heating rate is shown to satisfy the aforementioned quantization law.

A crucial aspect of this novel quantization law is that it is dictated by the topological nature of the initial phase of the system, in direct analogy with the quantization of the conductance in solids. To understand this analogy, we remind that the conductance, which determines the efficiency with which electric currents are generated in a material, can be quantized in terms of a "conductance quantum"; this is the signature of the quantum Hall effect, which was celebrated by two Nobel Prizes, in 1985 and in 1998. Quite surprisingly, this quantization of conductance was shown to be deeply connected to a fundamental mathematical concept: topology. In short, topology aims to classify geometric objects according to their most elementary characteristics, for instance, their number of holes or winding. This elegant relation between the physical quantization of conductance and the abstract concept of topology opened the door to the exploration of a wide family of exotic states of matter, the so-called topological phases, whose discovery was recently honored by the 2016 Nobel Prize in Physics. The discovery reported by the international team led by Prof. Goldman thus offers a novel perspective on the intriguing links between quantization laws in physics and topology.

Besides the elegance of this novel quantization law for heating rates, this discovery has an important corollary: heating up a quantum system can be used as a universal probe for exotic states of matter. The authors propose a physical platform that is particularly well suited for its experimental realization: an ultracold gas of atoms trapped in an optical lattice (a periodic landscape created by light). Such setups are known to constitute an ideal toolbox for the quantum-engineering of topological matter, but also, for implementing new types of measurements. In practice, the proposed experiment would consist in preparing a topological phase, by loading an ultracold gas into an optical lattice, and in subsequently shaking this lattice in a circular manner; the resulting heating rates would then be extracted by measuring the number of atoms that remained in the topological phase after a certain duration of shaking. 

如何将加热量子系统作为对物质的奇异状态的普遍探测

在物理科学中，某些数量以基本和不可分割的元素的整数倍数出现。物理量的这种量化是我们对自然描述的核心，这经过了几个世纪，就像古代原子的概念所证明的那样。重要的是，量化数量的发现往往与我们对自然界定律的理解和欣赏有一个革命性的关联，一个显著的例子就是光量子的量子化，这导致了我们当代（量子力学）的微观描述世界。

由布鲁塞尔大学科学院的内森高盛（Nathan Goldman）教授领导的国际小组预测了一种新型的量化规律，其中涉及到一种不同类型的物理观测：外界震荡时量子系统的加热速率。为了理解这个概念，我们首先考虑一个更简单的类似图片：当一个冰立方被放置在微波炉中时，后者会激发水分子，从而导致冰的逐渐融化；在该加热过程中，形成冰的分子的数量会随着时间而减少，这可以通过加热速率来量化。在本文中，作者论证了在特定情况下，这种加热速率必须满足优雅而精确的量化规律。具体来说，作者解释说，这种现象发生在最初形成奇异的物质状态（拓扑阶段）的物理系统以一种受控的方式被加热；在加热过程中，颗粒从拓扑相中排出（与上述冰的熔融类似），并且相应的加热速率被证明满足上述量化规律。

这一新型量子化定律的一个关键方面是，它是由系统的初始阶段的拓扑性质决定的，直接类比于固体中电导的量化。为了理解这个类比，我们提醒说，决定在材料中产生电流的效率的电导可以用“电导量子”来量化；这是量子霍尔效应的标志，它在1985年和1998年两次获得诺贝尔奖。令人惊讶的是，这种电导量子化被证明与基本的数学概念有很深的联系：拓扑。简而言之，拓扑旨在根据其最基本的特征来对几何对象进行分类，例如孔或绕组的数量。这种电导物理量化与拓扑抽象概念之间的这种优雅的关系打开了对广泛的奇异物质的探索之门，即所谓的拓扑阶段，它的发现最近被2016年得诺贝尔物理学奖授予了荣誉。 Goldman教授领导的国际小组报道的这一发现为物理与拓扑量化规律之间的有趣联系提供了一个新颖的观点。

除了这个关于加热速率的新型量子定律的之外，这一发现还有一个重要的推论：加热量子系统可以作为对物质的奇异形态的通用探针。作者提出了一个特别适合其实验实现的物理平台：被捕获在光学晶格中的原子的超冷气体（由光产生的周期性景观）。众所周知，这种设置构成了拓扑物质的量子工程的理想工具箱，而且也用于实现新型的测量。实际上，所提出的实验将包括制备拓扑阶段，通过将超冷气加载到光学晶格中，随后以圆形方式摇动该晶格;然后通过测量在一定持续时间之后保持在拓扑阶段中的原子数量来提取出加热速率。

Super-photostable fluorescent labeling agent for super-resolution microscopy

Chemists at ITbM, Nagoya University have developed a super-photostable fluorescent dye called PhoxBright 430 (PB430) to visualize cellular ultra-structure by super-resolution microscopy. The exceptional photostability of this new dye enables continuous STED imaging. With its ability to tag proteins with fluorescent labels, PB430 demonstrates its use in the 3-D construction and multicolor imaging of biological structures. 

Super-resolution fluorescence microscopy, which received the 2014 Nobel Prize in Chemistry, allows researchers to visualize biological systems and gain a detailed understanding of the complex dynamics of biomolecules. In particular, stimulated emission depletion (STED) microscopy is widely utilized to examine processes in living systems due to its fast acquisition speed and compatibility with many biological samples.

Chemists at the Institute of Transformative Bio-Molecules (ITbM) of Nagoya University have developed a new photostable fluorescent dye, PhoxBright 430 (PB430), which enables continuous super-resolution STED imaging of fluorescently labeled cells. As PB430 contains a functional moiety to allow conjugation with an antibody, specific biomolecule targets within a cell can be stained by immunofluorescence. The exceptional photostability of PB430 allowed researchers to construct a 3-D STED image of cellular microtubules and achieve multicolor STED imaging of fluorescent immunolabeled cytoskeletons by combining photostable PB430 and commercially available dyes.

The unique properties of PB430 make it a powerful tool to reveal the structures and functions of cells, and could be applied to the prolonged visualization of the movement of organelles and molecules within cells. The results of this study were recently reported in the Journal of the American Chemical Society.

In order to achieve high resolution in STED microscopy, a biological sample labeled with a fluorophore (a fluorescent dye used to label biological samples such as proteins, tissues and cells) is irradiated with a fluorescence excitation beam along with a doughnut-shaped STED beam to suppress the excitation of the surrounding molecules. Though it's a powerful technique, the need for a high-intensity STED beam, which causes photobleaching of dyes, has inhibited the practical use of STED microscopy in continuous live cell imaging.

Researchers have previously reported a fluorescent dye, C-Naphox, which exhibits strong photostability in STED imaging. The group has now optimized the structure of C-Naphox and developed the new photostable fluorescent dye, which can be used for the visualization of structures within cells.
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PB430 shows exceptional photostability compared to conventional dyes, as shown in the number of confocal images that can be taken without losing its relative fluorescence intensity. The new dye can also label proteins, such as antibodies and is able …more

"C-Naphox has demonstrated to be an extremely photostable dye for the STED imaging of various materials, so we decided to tune its properties further and apply it to visualize ultra-structures," says Masayasu Taki, an associate professor at ITbM and one of the leaders of this research. "Our new dye, PB430 shows increased solubility in water, fluoresces efficiently in aqueous media, and is able to label antibodies. We were pleased to observe that it also exhibits high photostability under STED conditions," says Taki.

Chenguang Wang, a postdoctoral researcher in Professor Shigehiro Yamaguchi's research group at ITbM, synthesized PB430 and carried out the STED imaging experiments. In a similar manner to C-Naphox, the new fluorescent dye is air stable and consists of a structurally reinforced, ring-fused, π-conjugated skeleton that contains a phosphole P-oxide unit, which is the origin of the name PhoxBright. Instead of the triphenylamine moiety, PB430 has a carboxylic acid group that can conjugate to antibodies for immunolabeling via formation of an N-hydroxylsuccinimidyl (NHS) ester.

STED imaging experiments of PB430-conjugated antibodies in fixed HeLa cells led to fluorescence images of immunolabeled microtubules, with only slight photobleaching. PB430 acted as a fluorescent label for proteins and its fluorescence intensity was maintained even when it was conjugated.

"The high photostability of PB430 enables fluorescence imaging that was not easily possible with conventional dyes," explains Taki. "For example, PB430 can be used in 3-D-STED imaging of the cytoskeleton, because it can withstand the continuous STED beam in the z-axis after imaging in the xy-axis."

Furthermore, the group showed that PB430 could be applied to multicolor STED imaging by taking advantage of the difference in photostability among various fluorescent dyes. They performed STED imaging experiments of microtubules and vimentin (intermediate filament proteins) of the cytoskeleton, immunolabeled with PB430 and Alexa Fluor 430 (a fluorescent dye), respectively. As Alexa Fluor 430 photobleaches after taking the first STED image, the second image only shows PB430-labeled microtubules. Subtracting the first image from the second image reveals the Alexa Fluor 430-labeled vimentin filaments.

"Usually, multicolor STED imaging requires several excitation lasers and a single STED laser beam, but in the combination of Alexa Fluor 430 with PB430, we only need a single pair of excitation and STED lasers," explains Taki. "By using PB430, we believe that it will be possible to conduct multicolor STED imaging with a number of different combinations of various fluorescent dyes. The next step is to improve the cell membrane permeability of the dye in order to visualize the functions of many other cell structures," he continues.

"Our research has shown that the strong photostability and physiological compatibility of PB430 enables repeated imaging as well as the 3-D imaging and multicolor imaging of cells by STED microscopy," says Yamaguchi. "We hope we can apply our fluorescent dye for prolonged live cell imaging by STED microscopy and single molecule microscopy, in order to examine various biological processes." 

超高分辨率显微镜的超级光稳定荧光标记物

名古屋大学ITbM的化学家开发了一种称为PhoxBright 430（PB430）的超光稳定荧光染料，通过超高分辨率显微镜观察细胞超结构。 这种新染料的卓越的光稳定性使连续的STED成像成为可能。PB430利用荧光标签标记蛋白质的能力，展示了其在生物结构的三维结构和多色成像中的应用。

获得2014年诺贝尔化学奖的超高分辨率显微镜，使研究人员能够可视化生物系统，并获得对生物分子复杂动态的详细了解能力。特别地，由于其快速获取速度和与许多生物样品的相容性，受激发射耗尽（STED）显微镜被广泛用于检查生物系统中的生命过程。

名古屋大学变革性生物分子研究所的化学家们发明了一种新的光稳定荧光染料，即PhoxBright 430(PB430)，这种荧光染料可以连续地处理荧光标记细胞的超高分辨率成像。由于PB430含有允许与抗体缀合的部分功能，细胞内的特异性生物分子靶可通过免疫荧光染色。PB430的异常光稳定性使得研究人员可以通过结合光稳定PB430和商业上可用的染料，来构建细胞微管的三维扫描图像，并实现荧光免疫细胞骨架的多色成像。

PB430的独特性质使其成为揭示细胞结构和功能的有力工具，可应用于细胞内细胞器和分子运动的长期形象化。这项研究的结果最近在《美国化学学会期刊》上发表。
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为了在STED显微镜中实现高分辨率，利用荧光团（用于标记生物样品如蛋白质，组织和细胞的荧光染料）的生物样品用环形STED光束照射荧光激发光束 、抑制周围分子的激发。 虽然这是一种强大的技术，但是需要一种高强度的STED光束，它会引起染色剂的漂白，从而抑制了STED显微镜在连续活细胞成像中的实际应用。

研究人员此前曾报道过一种荧光染料c - naphox，它在STED成像中显示出很强的光稳定性。该组织目前已经优化了c - naphox的结构，并开发了新的光稳定荧光染料，可以用于细胞内结构的可视化。

与传统染料相比，PB430显示出优异的光稳定性，如可以在不丧失其相对荧光强度的情况下可以拍摄的共聚焦图像的数量所示。新染料还可以标记蛋白质，如抗体，并且能够…更多

ITbM的副教授Masayasu Taki说:“c - naphox已经被证明是一种很好的光稳定的染料，用于各种材料的STED成像，所以我们决定进一步调整其性能，并用它来实现可视化超结构。”“我们的新染料PB430在水中溶解度会增加，在水介质中高效荧光，并且能够标记抗体。”我们很高兴地看到，它在STED的条件下也表现出很高的光稳定性。

王晨光(音译)，是山口教授在ITbM的研究小组的博士后研究员，他合成了PB430，并进行了高水平的成像实验。以与C-Naphox类似的方式，新的荧光染料也是空气稳定的，并且由结构上加强的环稠合的π共轭骨架组成，其包含磷P氧化物单元，它是PhoxBright的起源。P

B430有一个羧酸基，可以通过形成n -羟基琥珀酰亚胺酯(NHS)的抗体来对抗免疫系统的抗体。

固定HeLa细胞中PB430结合抗体的STED成像实验导致免疫标记的微管的荧光图像，而且只有轻微的漂白。 PB430作为蛋白质的荧光标记，即使结合时也保持其荧光强度。

Taki解释说:“PB430的高光稳定性让荧光成像技术在传统染料中不容易实现。”“例如，PB430可以在细胞骨架的3d成像中使用，因为它可以在x轴成像后在z轴上承受连续的标准光束。”

此外，该研究小组还发现，PB430可以利用不同荧光染料间的光稳定性差来应用于多色成像。他们分别对细胞骨架的微管和波形蛋白(中间长丝蛋白)进行了STED成像实验，分别用PB430和Alexa Fluor 430(一种荧光染料)进行免疫治疗。作为Alexa Fluor 430光漂白术后第一个STED图像，第二个图像只显示PB430标记的微管。在第二个图像中减去第一个图像所显示的Alexa Fluor 430标记的波形蛋白丝。

Taki解释说:“通常，多色的STED成像需要几个激发激光和一个单次的激光光束，但是在Alexa Fluor 430和PB430的组合中，我们只需要一对激励和标准的激光。”“通过使用PB430，我们相信可以通过多种不同的荧光染料组合来进行多色的标准成像。”下一步的任务是改善染料的细胞膜渗透性，以可视化其他许多细胞结构的功能，”他继续说道。

Yamaguchi说:“我们的研究表明，PB430的强大光稳定性和生理上的相容性可以让人们重复成像，也可以通过显微镜观察细胞的三维成像和多色成像。”“我们希望我们能应用荧光染料在长时间的活细胞成像中使用标准显微镜和单分子显微镜，以研究各种生物过程。”

New thruster design increases efficiency for future spaceflight
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The vortex exhaust mode on low-power cylindrical Hall thruster. Credit: Wei Liqiu, Harbin Institute of Technology, China 

Hall thrusters (HTs) are used in earth-orbiting satellites, and also show promise to propel robotic spacecraft long distances, such as from Earth to Mars. The propellant in a HT, usually xenon, is accelerated by an electric field which strips electrons from neutral xenon atoms, creating a plasma. Plasma ejected from the exhaust end of the thruster can deliver great speeds, typically around 70,000 mph. 

Cylindrical shaped Hall thrusters (CHTs) lend themselves to miniaturization and have a smaller surface-to-volume ratio that prevents erosion of the thruster channel. Investigators at the Harbin Institute of Technology in China have developed a new inlet design for CHTs that significantly increases thrust. Simulations and experimental tests of the new design are reported this week in the journal Physics of Plasmas.

CHTs are designed for low-power operations. However, low propellant flow density can cause inadequate ionization, a key step in the creation of the plasma and the generation of thrust. In general, increasing the gas density in the discharge channel while lowering its axial velocity, i.e., the speed perpendicular to the thrust direction, will improve the thruster's performance.

"The most practical way to alter the neutral flow dynamics in the discharge channel is by changing the gas injection method or the geometric morphology of the discharge channel," said Liqiu Wei, one of the lead authors of the paper.

The investigators tested a simple design change. The propellant is injected into the cylindrical chamber of the thruster by a number of nozzles that usually point straight in, toward the center of the cylinder. When the angle of the inlet nozzles is changed slightly, the propellant is sent into a rapid circular motion, creating a vortex in the channel.

Wei and his coworkers simulated the motion of the plasma in the channel for both nozzle angles using modeling and analysis software (COMSOL) that uses a finite element approach to modeling molecular flow. The results showed that the gas density near the periphery of the channel is higher when the nozzles are tilted and the thruster is run in vortex mode. In this mode, gas density is significantly higher and more uniform, which also helps improve thruster performance.

The investigators verified their simulation's predictions experimentally, and the vortex inlet mode successfully produced higher thrust values, especially when a low discharge voltage was used. In particular, the specific impulse of the thruster increased by 1.1 to 53.5 percent when the discharge voltage was in the range of 100 to 200 Volts.

"The work we report here only verified the practicability of this gas inlet design. We still need to study the effect of nozzle angle, diameter, the ratio of depth to diameter and the length of the discharge channel," Wei said. He went on to predict that the vortex design will be tested in flight-type HTs soon and may eventually be used in spaceflight. 

新的推进器设计提高了未来太空飞行的效率
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低功率圆柱霍尔推进器的涡流排放模式。 来源：中国哈尔滨工业大学魏立秋

霍尔推进器（HT）用于地球轨道卫星，也显示出推动机器人远距离飞行器的希望，例如从地球到火星。在HT(通常是氙)上的推进剂是由一个电场加速的，它从中性的氙原子中剥离电子，形成等离子体。从推进器的排气末端喷射出的等离子体可以产生巨大的速度，通常在7万英里左右。

圆柱形的霍尔推进器(CHTs)可以使其小型化，并有一个较小的地对空比，可以防止推力器通道的侵蚀。中国哈尔滨工业大学的研究人员已经开发出一种新的用于提高推力的入口设计。这个新设计的模拟和实验测试将在本周发表在《等离子体物理》杂志上。

CHTs是为低功率操作设计的。然而，低推进剂流密度会导致电离不充分，这是产生等离子体和产生推力的关键一步。通常，在降低其轴向速度（即垂直于推力方向的速度）的同时增加排出通道中的气体密度将提高推进器的性能。

论文的主要作者之一魏立秋(音)说:“改变泄洪道中中性流动动力最实际的方法是改变气体注入法或排泄通道的几何形态。”

调查人员测试了一个简单的设计变化。推进剂由一些通常指向圆筒中心的喷嘴被注入到推进器的圆柱形室中。当入口喷嘴的角度略有变化时，推进剂被送入快速圆周运动，形成通道内的涡流。

魏和他的同事利用建模和分析软件(COMSOL)模拟了等离子体在两个喷嘴角度的运动，用有限元方法模拟分子流动。结果表明，当喷嘴倾斜时，通道边缘附近的气体密度较高，而推力器在涡流模式下运行。在这种模式下，气体密度明显更高，更均匀，这也有助于提高推进器的性能。

研究人员通过实验验证了他们的模拟预测，并成功地产生了更高的推力值，特别是在使用低放电电压时。特别地，当放电电压在100到200伏特时，推进器的特定冲量增加了1.1到53.5%。

“我们在这里报告的工作只是验证了这种气体进口设计的实用性。”我们还需要研究喷嘴角、直径、深度与直径之比以及放电通道长度的影响。他接着预测，旋涡设计将很快在飞行类型的HTs中进行测试，最终可能应用在太空飞行中。

Metal Alloy（金属合金）

More solar power thanks to titanium

Earth-abundant, cheap metals are promising photocatalytic electrode materials in artificial photosynthesis. A team of Chinese scientists now reports that a thin layer of titania beneath hematite nanorods can boost the performance of the photoanode. As outlined in their report in the journal Angewandte Chemie, the nanostructured electrode benefits from two separate effects. This design combining nanostructure with chemical doping may be exemplary for improved "green" photocatalytic systems. 

With the help of a catalyst, sunlight can drive the oxidation of water to oxygen and the release of electrons for current generation, a process also called artificial photosynthesis. Iron oxide in the form of hematite is a convenient and cheap catalyst candidate, but the electrons set free by the chemical reaction tend to be trapped again and get lost; the electricity flow is inefficient. As a solution, Jinlong Gong from Tianjin University, China, introduced a nanometer-thin passivation layer of titania. Not only does this prevent charge recombination between the hematite electrode structure and the substrate, but it also provides the iron oxide with a considerable doping source to increase its charge-carrier density, a highly promising effect for photoelectric applications.

Hematite may be an abundant material (iron ore), but despite its photocatalytic advantages like photostability and good energetic preconditions, scientists still struggle with its sluggish kinetics and poor electrical conductivity. Nanostructured hematite may be one solution. The hematite photocatalysts are grown on conductive glass substrates in nanorod arrays, which are further furnished with branchlets to obtain a bushy, dendritic shape. This branched nanorod structure greatly enlarges the surface to promote the water-oxidation reaction, but the problem of charge recombination, especially at the hematite-substrate interface, is not solved.

Therefore, Gong and his colleagues grew dendritic hematite nanorods on an interlayer of titanium dioxide, which by itself is a photoactive material. If sufficiently thin, the coated structure can both prevent charge recombination and provide conductivity, but this was not the only intention the scientists had. "The titanium dioxide interlayer was considered to act as a titanium cation source to dope hematite," they argued. Doping here means to increase the charge-carrier density in the photocatalyst by bringing in more positive centers and boost the electrical conductivity.

Both effects, passivation and doping, indeed produced a more than four times higher photocurrent under standardized conditions. The addition of an iron hydroxide co-catalyst pushed the photocurrent density even further to a value more than five times above that of the undoped system. This design combining cheap materials, few preparation steps, and enhanced electrical performance may be exemplary for improved systems in green artificial photosynthesis. 

更多的太阳能用到了钛

在人工光合作用下，地球资源丰富、廉价的金属有望成为光催化电极材料。一组中国科学家现有的报告指出，在赤铁矿下面有一层薄的钛矿可以提高光电阳极的性能。正如他们在《Angewandte Chemie》杂志上的报告中所概述的那样，纳米结构的电极能从两种不同的效应中获益。这种纳米结构与化学掺杂相结合的设计可能是改进“绿色”光催化系统的典范。

在催化剂的帮助下，阳光可以将水氧化为氧气，并释放电子以产生电流，这个过程也称为人造光合作用。赤铁矿形式的氧化铁是一种方便、便宜的催化剂，但由于化学反应释放的电子容易被再次捕获并丢失;电力流动效率低下。作为一种解决方案，来自中国天津大学的宫金龙(Jinlong Gong)引入了一种纳米级的二氧化钛钝化层。这不仅防止了赤铁矿电极结构与基体之间的电荷重组，而且还提供了大量掺杂源的氧化铁，以增加其电荷载体的密度，这是光电应用的一种极具前景的效应。

赤铁矿可能是一种丰富的物质(铁矿石)，但尽管其光催化的优点，如光稳定性和良好的能量先决条件，科学家仍在与它的缓慢的动力学和不良的电导率进行斗争。纳米结构的赤铁矿可能是一个解决方案。在纳米级阵列的导电玻璃基板上生长了赤铁矿光催化剂，这些基板被进一步提供小枝，以获得一种浓密的树枝状的形态。这种分枝的纳米od结构大大扩展了表面，促进了水氧化反应，但电荷重组的问题，尤其是在赤铁矿-底物界面上，并没有得到解决。

因此，宫和他的同事们在二氧化钛的夹层中生长出了树突状的赤铁矿，这是一种光活性物质。如果足够薄，涂层结构既可以防止电荷重组，也可以提供电导率，但这并不是科学家们唯一的意图。他们认为:“二氧化钛中间层被认为是一种钛离子的来源。”在这种情况下，通过引入更多的正电荷中心和提高电导率来提高光催化剂的电荷载体密度。

无论是钝化还是掺杂，在标准化的条件下都产生了超过四倍的高光电流。添加了一种铁氢氧化物的催化剂，使光流密度进一步提高到超过未掺杂系统的5倍以上。这一设计结合了廉价的材料、简单的准备步骤和增强的电性能，可以为绿色人工光合作用的改良系统提供示范。

Composite Materials（复合材料）

Innovative carbon nanotube photocatalytic materials for efficient solar energy conversion and hydrogen production
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Figure 1: Absorption spectrum of s-SWCNTs (black line) overlaid with solar spectrum (yellow line). Credit: Okayama University 

The unique properties of semiconducting single-walled carbon nanotubes (s-SWCNTs) offer significant advantages over organic molecules, semiconducting polymers, and solid-state semiconductors for wide ranging applications. In particular, s-SWCNT are potentially highly effective active absorption layers in thin-film solar cells because the optical absorption bands—that depend on the chiral indices, (n,m)—of s-SWCNTs exhibit excellent overlap with the useful solar spectrum range of the sun's radiation. 

However, in other applications of carbon nanotubes, there have not been any reports on the use of s-SWCNTs as components of photocatalysts for splitting water into hydrogen (photocatalytic H2) although photocatalytic-based water splitting is expected to be a key technology for solar energy conversion and sustainable production of hydrogen.

Now, Yutaka Takaguchi and colleagues at Okayama University, Yamaguchi University, and Tokyo University of Science report on the observation of photocatalytic H2 evolution from water triggered by photoexcitation of s-SWCNTs.

The researchers fabricated a structure consisting of a s-SWCNT/C60 coaxial heterojunction by a self-organization technique using fullerodendron to make s-SWCNT act as a photocatalyst. This heterojunction was used to induce the highly efficient H2 evolution reaction from water, where the (8, 3) SWCNT/fullerodendron coaxial photocatalyst shows H2-evolving activity (QY = 0.015) upon 680-nm illumination, which is E22 absorption of (8, 3) SWCNT.

Due to strong absorption coefficients and ease of modifying s-SWCNTs, the CNT-photocatalyst could be a powerful candidate as a material for solar energy conversion and H2 production without CO2 emission.
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Figure 2: Illustration of SWCNT photocatalysts consisting of the s-SWCNT/C60 coaxial heterojunction. Credit: Okayama University 

创新的碳纳米管光催化材料，用于高效的太阳能转换和氢气生产
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图1：用太阳光谱（黄线）覆盖的s-SWCNT（黑线）的吸收光谱。引用：冈山大学

半导体单壁碳纳米管（s-SWCNT）的独特性质比有机分子，半导体聚合物和固态半导体在广泛应用中具有显着的优势。特别是，s-SWCNT是薄膜太阳能电池中潜在的高效活性吸收层，因为取决于s-SWCNT的手性指数（n，m）的光吸收带表现出与有用的太阳光谱的极好重叠太阳的辐射范围。

尽管预期基于光催化的水分裂是太阳能的关键技术能源转化和氢气的可持续生产，然而，在碳纳米管的其他应用中，没有任何关于使用s-SWCNT作为光催化剂用于将水分解成氢的组分的报道（光催化H2）。

现在冈山大学山口大学和山口大学的东京科技大学的同事们就s-SWCNTs光激发引发的水中光催化H2的演化情况进行了报道。

研究人员通过自组织技术制造了由s-SWCNT / C60同轴异质结构构成的结构，使用fullerodendron来制备s-SWCNT作为光催化剂。这种异质结用于诱导水的高效H 2演化反应，其中（8,3）SWCNT / fullerodendron同轴光催化剂在680nm照射下显示H 2演化活性（QY = 0.015），其为E22吸收（8 ，3）SWCNT。

由于强的吸收系数和易于修饰s-SWCNTs，CNT-光催化剂可作为太阳能转换和H2生产无二氧化碳排放的材料的有力候选者。

[image: image8.jpg](680 or 1000 nm for (8,3)sWENT

Dendron




图2：由s-SWCNT / C60同轴异质结组成的SWCNT光催化剂的图示。引用：冈山大学

Practical Application（实际应用）

Scientists watch 'artificial atoms' assemble into perfect lattices with many uses

Some of the world's tiniest crystals are known as "artificial atoms" because they can organize themselves into structures that look like molecules, including "superlattices" that are potential building blocks for novel materials. 
Now scientists from the Department of Energy's SLAC National Accelerator Laboratory and Stanford University have made the first observation of these nanocrystals rapidly forming superlattices while they are themselves still growing. What they learn will help scientists fine-tune the assembly process and adapt it to make new types of materials for things like magnetic storage, solar cells, optoelectronics and catalysts that speed chemical reactions.
The key to making it work was the serendipitous discovery that superlattices can form superfast - in seconds rather than the usual hours or days - during the routine synthesis of nanocrystals. The scientists used a powerful beam of X-rays at SLAC's Stanford Synchrotron Radiation Lightsource (SSRL) to observe the growth of nanocrystals and the rapid formation of superlattices in real time.
A paper describing the research, which was done in collaboration with scientists at the DOE's Argonne National Laboratory, was published today in Nature.
"The idea is to see if we can get an independent understanding of how these superlattices grow so we can make them more uniform and control their properties," said Chris Tassone, a staff scientist at SSRL who led the study with Matteo Cargnello, assistant professor of chemical engineering at Stanford
Tiny Crystals with Outsized Properties
Scientists have been making nanocrystals in the lab since the 1980s. Because of their tiny size -they're billionths of a meter wide and contain just 100 to 10,000 atoms apiece—they are governed by the laws of quantum mechanics, and this gives them interesting properties that can be changed by varying their size, shape and composition. For instance, spherical nanocrystals known as quantum dots, which are made of semiconducting materials, glow in colors that depend on their size; they are used in biological imaging and most recently in high-definition TV displays.
In the early 1990s, researchers started using nanocrystals to build superlattices, which have the ordered structure of regular crystals, but with small particles in place of individual atoms. These, too, are expected to have unusual properties that are more than the sum of their parts.
But until now, superlattices have been grown slowly at low temperatures, sometimes in a matter of days.
That changed in February 2016, when Stanford postdoctoral researcher Liheng Wu serendipitously discovered that the process can occur much faster than scientists had thought.
'Something Weird Is Happening'
He was trying to make nanocrystals of palladium - a silvery metal that's used to promote chemical reactions in catalytic converters and many industrial processes - by heating a solution containing palladium atoms to more than 230 degrees Celsius. The goal was to understand how these tiny particles form, so their size and other properties could be more easily adjusted.
The team added small windows to a reaction chamber about the size of a tangerine so they could shine an SSRL X-ray beam through it and watch what was happening in real time.
"It's kind of like cooking," Cargnello explained. "The reaction chamber is like a pan. We add a solvent, which is like the frying oil; the main ingredients for the nanocrystals, such as palladium; and condiments, which in this case are surfactant compounds that tune the reaction conditions so you can control the size and composition of the particles. Once you add everything to the pan, you heat it up and fry your stuff."
Wu and Stanford graduate student Joshua Willis expected to see the characteristic pattern made by X-rays scattering off the tiny particles.They saw a completely different pattern instead.
"So something weird is happening," they texted their advisor.
The something weird was that the palladium nanocrystals were assembling into superlattices.
A Balance of Forces
At this point, "The challenge was to understand what brings the particles together and attracts them to each other but not too strongly, so they have room to wiggle around and settle into an ordered position," said Jian Qin, an assistant professor of chemical engineering at Stanford who performed theoretical calculations to better understand the self-assembly process.
Once the nanocrystals form, what seems to be happening is that they acquire a sort of hairy coating of surfactant molecules. The nanocrystals glom together, attracted by weak forces between their cores, and then a finely tuned balance of attractive and repulsive forces between the dangling surfactant molecules holds them in just the right configuration for the superlattice to grow.
To the scientists' surprise, the individual nanocrystals then kept on growing, along with the superlattices, until all the chemical ingredients in the solution were used up, and this unexpected added growth made the material swell. The researchers said they think this occurs in a wide range of nanocrystal systems, but had never been seen because there was no way to observe it in real time before the team's experiments at SSRL.
"Once we understood this system, we realized this process may be more general than we initially thought," Wu said. "We have demonstrated that it's not only limited to metals, but it can also be extended to semiconducting materials and very likely to a much larger set of materials."
The team has been doing follow-up experiments to find out more about how the superlattices grow and how they can tweak the size, composition and properties of the finished product. 
科学家对“人造原子”组合成具有许多用途的完美晶格进行观察

世界上最小的一些晶体被称为“人造原子”，因为它们可以组织成看起来像分子的结构，包括作为新材料的潜在构件的“超晶格”。

现在来自能源部的SLAC国家加速器实验室和斯坦福大学的科学家已经首次对这些纳米晶体进行了观察，它们自己还在生长的时候迅速形成超晶格。他们所学到的将帮助科学家调整装配过程，并使之适应磁性储存、太阳能电池、光电子和加速化学反应的催化剂等新型材料。

使其工作的关键是偶然发现在纳米晶体的常规合成过程中超晶格可以在几秒钟内形成超快的速度，而不是通常的几个小时或几天。科学家们在SLAC的斯坦福同步辐射光源（SSRL）上使用了强大的X射线束来观察纳米晶体的生长和实时快速形成超晶格。

一篇描述这项研究的论文发表在《自然》杂志上，该论文是美国能源部的阿贡国家实验室与科学家合作完成的。

 “我们可以看到我们能够独立了解这些超晶格如何成长，这样我们就能使它们更加统一并控制其性能。” SSRL的工作人员Chris Tassone说，他是斯坦福大学化学工程助理教授Matteo Cargnello的领导。

具有超大属性的微型晶体

自20世纪80年代以来，科学家一直在实验室制造纳米晶体。由于它们的微小尺寸——宽度是十亿分之一，每个单位只有100到10,000个原子——它们受量子力学定律的约束，这赋予了它们有趣的性质，可以通过改变它们的尺寸，形状和组成来改变它们。例如，被称为量子点的球形纳米晶体，是由半导体材料制成的，其发出的光的颜色取决于其尺寸;它们用于生物成像，最近在高分辨率电视显示器中使用。

在20世纪90年代初，研究人员开始使用纳米晶体来构建超晶格，这种超晶格具有规则晶体的有序结构，但是具有小颗粒代替单个原子。这些也预计会有不同寻常的属性，不仅仅是各部分的总和。

但到目前为止，超晶格在低温下生长速度缓慢，有时甚至几天才会出现。

这在2016年2月份发生了变化，当时斯坦福大学博士后研究员Liheng Wu偶然发现，这个过程的发生速度比科学家们想象的要快得多。

 “奇怪的事情发生了”

他正试图制造钯的纳米晶体——这是一种银色金属，用于促进催化转化器和许多工业过程中的化学反应——通过将含有钯原子的溶液加热到230摄氏度以上。目的是了解这些微小颗粒是如何形成的，因此它们的尺寸和其他性能可以更容易调整。

该团队向反应室添加了一个大概橘子那么大的小窗口，以便他们可以通过它照射SSRL X射线束，并观察实时发生的情况。

 “这有点像烹饪，”Cargnello解释说。“反应室就像一个锅，我们添加一种溶剂，类似于在锅里放入煎炸油；纳米晶体作为主要成分，类似于钯; 然后是调味品，在这种情况下表面活性剂化合物可以调节反应条件，这样你可以控制粒子的大小和组成。一旦你把所有的东西都加入锅里，你就可以加热并炸东西了。”

Wu和斯坦福大学研究生约书亚•威利斯（Joshua Willis）希望看到X射线从微小粒子散射出来的特征图案。他们看到的是完全不同的模式。

 “所以有些奇怪的事情发生了，”他们发短信给他们的顾问如是说。

奇怪的是，钯纳米晶体正在组合成超晶格。

力量平衡

在这一点上，“具有挑战性的是是了解什么使颗粒物相互吸引聚集在一起，但不太强烈，所以他们有空间摆动，定居在一个有序的位置，”化学助理教授斯坦福大学的工程师Jian Qin进行理论计算，以更好地了解自我组装过程。

一旦形成纳米晶体，似乎正在发生的是它们获得了一种表面活性剂分子的毛状涂层。纳米晶颗粒聚集在一起，被它们的核心之间的弱力所吸引，然后在悬浮的表面活性剂分子之间精细调节的吸引力和排斥力的平衡使它们正好是超晶格生长的正确构型。

令科学家感到惊讶的是，之后，单个纳米晶体伴随着超晶格继续增长，直到溶液中的所有化学成分被用尽，这种意想不到的附加成长使材料膨胀。研究人员表示，他们认为这种情况发生在许多纳米晶体系统中，但从未见过，因为没有办法在SSRL团队的实验之前进行实时观察。

 “一旦我们了解了这个系统，我们意识到这个过程可能比我们以前想的更为普遍。”吴先生说，“我们已经证明，它不仅限于金属，而且还可以扩展到半导体材料，很可能会是更大的材料。”

该团队一直在进行后续实验，以了解更多关于超晶格如何增长以及如何调整成品的尺寸，组成和性能。

Sharp X-ray pulses from the atomic nucleus

X-rays make the invisible visible: they permit the way materials are structured to be determined all the way down to the level of individual atoms. In the 1950s it was x-rays which revealed the double-helix structure of DNA. With new x-ray sources, such as the XFEL free-electron laser in Hamburg, it is even possible to "film" chemical reactions. The results obtained from studies using these new x-ray sources may be about to become even more precise. A team around Kilian Heeg from the Max Planck Institute for Nuclear Physics in Heidelberg has now found a way to make the spectrum of the x-ray pulses emitted by these sources even narrower. In contrast to standard lasers, which generate light of a single colour and wavelength, x-ray sources generally produce pulses with a broad spectrum of different wavelengths. Sharper pulses could soon drive applications that were previously not feasible. This includes testing physical constants and measuring lengths and times even more precisely than can be achieved at present. 

Researchers use light and other electromagnetic radiation for developing new materials at work in electronics, automobiles, aircraft or power plants, as well as for studies on biomolecules such as protein function. Electromagnetic radiation is also the tool of choice for observing chemical reactions and physical processes in the micro and nano ranges. Different types of spectroscopy use different individual wavelengths to stimulate characteristic oscillations in specific components of a structure. Which wavelengths interact with the structure – physicists use the term resonance – tells us something about their composition and how they are constructed; for example, how atoms within a molecule are arranged in space.

In contrast to visible light, which has a much lower energy, x-rays can trigger resonance not just in the electron shell of an atom, but also deep in the atomic core, its nucleus. X-ray spectroscopy therefore provides unique knowledge about materials. In addition, the resonances of some atomic nuclei are very sharp, in principle allowing extremely precise measurements.

X-ray sources generate ultra-short flashes with a broad spectrum

Modern x-ray sources such as the XFEL free electron laser in Hamburg and the PETRA III (Hamburg), and ESRF (Grenoble) synchrotron sources are prime candidates for carrying out such studies. Free- electron lasers in particular are optimized for generating very short x-ray flashes, which are primarily used to study very fast processes in the microscopic world of atoms and molecules. Ultra short light pulses, however, in turn have a broad spectrum of wavelengths. Consequently, only a small fraction of the light is at the right wavelength to cause resonance in the sample. The rest passes straight through the sample, making spectroscopy of sharp resonances rather inefficient.

It is possible to generate a very sharp x-ray spectrum – i.e. x-rays of a single wavelength – using filters; however, since this involves removing unused wavelengths, the resulting resonance signal is still weak.

The new method developed by the researchers in Heidelberg delivers a three to four-fold increase in the intensity of the resonance signal. Together with scientists from DESY in Hamburg and ESRF in Grenoble, Kilian Heeg and Jörg Evers from Christoph Keitel's Division and a team around Thomas Pfeifer at the Max Planck Institute for Nuclear Physics in Heidelberg have succeeded in making some of the x-ray radiation that would not normally interact with the sample contribute to the resonance signal. They have successfully tested their method on iron nuclei both at the ESRF in Grenoble and at the PETRA III synchrotron of DESY in Hamburg.

A tiny jolt amplifies the radiation

The researchers' approach to amplifying the x-rays is based on the fact that, when x-rays interact with iron nuclei (or any other nuclei) to produce resonance, they are re-emitted after a short delay. These re-emitted x-rays then lag exactly half a wavelength behind that part of the radiation which has passed straight through. This means that the peaks of one wave coincide exactly with the troughs of the other wave, with the result that they cancel each other out. This destructive interference attenuates the X-ray pulses at the resonant wavelength, which is also the fundamental origin of absorption of light.

"We utilize the time window of about 100 nanoseconds before the iron nuclei re-emit the x-rays," explains project leader Jörg Evers. During this time window, the researchers move the iron foil by about 40 billionths of a millimetre (0.4 angstroms). This tiny jolt has the effect of producing constructive interference between the emitted and transmitted light waves. "It's as if two rivers, the waves on one of which are offset by half a wavelength from the waves on the other, meet," says Evers, "and you shift one of the rivers by exactly this distance." This has the effect that, after the rivers meet, the waves on the two rivers move in time with each other. Wave peaks coincide with wave peaks and the waves amplify, rather than attenuating, each other. This trick, however, does not just work on light at the resonance wavelengths, but also has the reverse effect (i.e. attenuation) on a broader range of wavelengths around the resonance wavelength. Kilian Heeg puts it like this. "We squeeze otherwise unused x-ray radiation into the resonance."

To enable the physicists to move the iron foil fast enough and precisely enough, it is mounted on a piezoelectric crystal. This crystal expands or contracts in response to an applied electrical voltage. Using a specially developed computer program, the Heidelberg-based researchers were able to adjust the electrical signal that controls the piezoelectric crystal to maximize the amplification of the resonance signal.

Applications in length measurement and atomic clocks

The researchers see a wide range of potential applications for their new technique. According to Thomas Pfeifer, the procedure will expand the utility of new high-power x-ray sources for high-resolution x-ray spectroscopy. This will enable more accurate modelling of what happens in atoms and molecules. Pfeifer also stresses the utility of the technique in metrology, in particular for high-precision measurements of lengths and the quantum-mechanical definition of time. "With x-rays, it is possible to measure lengths 10,000 times more accurately than with visible light," explains Pfeifer. This can be used to study and optimize nanostructures such as computer chips and newly developed batteries. Pfeifer also envisages x-ray atomic clocks which are far more precise than even the most advanced optical atomic clocks nowadays based on visible light.

Not least, better X-ray spectroscopy could enable us to answer one of physics' great unanswered questions – whether physical constants really are constant or whether they change slowly with time. If the latter were true, resonance lines would drift slowly over time. Extremely sharp x-ray spectra would make it possible to determine whether this is the case over a relatively short period.

Evers reckons that, once mature, the technique would be relatively easy to integrate into experiments at DESY and ESRF. "It should be possible to make a shoe-box sized device that could be rapidly installed and, according to our calculations, could enable an approximately 10-fold amplification," he adds. 

来自原子核的尖锐X射线脉冲

X射线使隐形可见：它们允许材料的结构方式一直下降到单个原子的水平。在20世纪50年代，它是透露DNA双螺旋结构的X射线。使用新的X射线源，如汉堡的XFEL自由电子激光器，甚至可以“电影”化学反应。从使用这些新的x射线源的研究中获得的结果可能将变得更加精确。来自海德堡马克斯普朗克核物理研究所的Kilian Heeg团队现在已经找到了一种使这些来源发射的X射线脉冲频谱更窄的方法。与产生单色和波长的光的标准激光器相反，x射线源通常产生具有广谱不同波长的脉冲。更快的脉冲可能会推动以前不可行的应用程序。这包括比目前可以实现的物理常数和测量长度和时间更精确。

研究人员利用光和其他电磁辐射在电子，汽车，飞机或电厂的工作中开发新材料，以及研究生物分子如蛋白质功能。电磁辐射也是在微观和纳米范围内观察化学反应和物理过程的首选工具。不同类型的光谱使用不同的单个波长来刺激结构的特定部件中的特征振荡。哪些波长与结构相互作用 - 物理学家使用共振术语 - 告诉我们关于它们的组成及其构建方式;例如，分子内的原子如何排列在空间中。

与可见光相比，X射线可以触发不仅在原子的电子壳中的共振，而且也可以在原子核，核的深处触发共振。因此，X射线光谱提供了关于材料的独特知识。此外，一些原子核的共振非常尖锐，原则上允许非常精确的测量。

X射线源产生广泛的超短闪光

现代X射线源，如汉堡的XFEL自由电子激光器和PETRA III（汉堡）和ESRF（格勒诺布尔）同步加速器光源是进行此类研究的首选。特别地，自由电子激光器被优化用于产生非常短的X射线闪光，其主要用于在原子和分子的微观世界中研究非常快的过程。然而，超短光脉冲又具有广谱波长。因此，只有一小部分光线处于正确的波长，以引起样品中的共振。其余的通过样品，使得尖锐的共振的光谱学效率低下。

可以使用滤波器产生非常清晰的x射线谱 - 即单波长的X射线;然而，由于这涉及去除未使用的波长，所得到的共振信号仍然很弱。

海德堡研究人员开发的新方法提高了共振信号强度的三到四倍。与位于汉堡的DESY和格勒诺布尔的ESRF的科学家一起，海德堡的马克斯•普朗克核物理研究所的Christoph Keitel部门的Kilian Heeg和JörgEvers和Thomas Pfeifer的团队成功地制造了一些X射线辐射通常不与样品相互作用，有助于谐振信号。他们已经在格勒诺布尔的ESRF和汉堡的DESY的PETRA III同步加速器上成功测试了铁核的方法。

一个微小的颠簸放大了辐射

研究人员放大X射线的方法是基于以下事实：当x射线与铁核（或任何其他核）相互作用以产生共振时，它们在短暂的延迟之后被重新发射。然后这些再发射的X射线在直接通过的那部分辐射之后恰好落后于半波长。这意味着一个波的峰值与另一波的波谷完全一致，结果是它们彼此抵消。这种破坏性干扰衰减了谐振波长处的X射线脉冲，这也是光吸收的基本原理。

项目负责人JörgEvers解释说：“在铁核重新放射X射线之前，我们利用大约100纳秒的时间窗口。在这个时间窗口，研究人员将铁箔移动了大约四十亿分之一毫米（0.4埃）。这种微小的颠簸具有在发射光和透射光波之间产生建设性干扰的作用。 “就像两条河流，其中一条波浪被另一边的波浪偏移了一半波长，相遇，”埃弗斯说，“你把一条河流移动了这个距离。”这样做的结果是，在河流相遇之后，两条河流的波浪相互并流。波峰与波峰重合，波相互放大，而不是衰减。然而，这个技巧不仅在谐振波长的光上起作用，而且在谐振波长周围的较宽波长范围内也具有相反的效果（即衰减）。 Kilian Heeg这样说。 “我们挤压才能使未使用的X射线辐射进入共振。

为了使物理学家能够足够快速地精确地移动铁箔，它被安装在压电晶体上。该晶体响应于所施加的电压而膨胀或收缩。基于海德堡的研究人员使用专门开发的计算机程序，可以调整控制压电晶体的电信号，使谐振信号的放大最大化。

长度测量和原子钟应用

研究人员看到他们的新技术有广泛的潜在应用。据Thomas Pfeifer介绍，该程序将扩大用于高分辨率X射线光谱的新型大功率x射线源的实用性。这将使原子和分子发生更准确的建模。 Pfeifer还强调了该技术在计量学中的应用，特别是对于长度的高精度测量和时间的量子力学定义。 Pfeifer解释说：“使用X射线，可以测量长度比可见光高出10,000倍的长度。这可用于研究和优化计算机芯片和新开发的电池等纳米结构。 Pfeifer还设想了x射线原子钟，这些时钟远比目前基于可见光的最先进的光学原子钟精确得多。

最重要的是，更好的X射线光谱可以使我们能够回答一个物理学的伟大的未回答的问题 - 物理常数是否真的是恒定的，还是随着时间的推移而变化。如果后者是真实的，谐振线将随着时间的推移而缓慢移动。非常锋利的X射线光谱将使得有可能在相对短的时间内确定是否是这种情况。

Evers认为，一旦成熟，该技术将相对容易地集成到DESY和ESRF的实验中。 “应该可以制造一个可以快速安装的鞋盒尺寸的设备，并且根据我们的计算，可以实现大约10倍的放大，”他补充说。

Nanomaterial wrap for improved tissue imaging

Researchers at Tokai University describe in Advanced Materials how wrapping biological tissue in a nanosheet of a particular organic material results in high-quality microscopy images. Application of the wrap prevents the sample from drying out, and hence from shrinking, enabling larger image-recording times. 

In order to fully understand how biological cells function, it is important to be able to visualize them in their environment, on long-enough timescales and with high-enough resolution. However, typical setups for studying a biological tissue sample by means of optical microscopy do not prevent the sample from drying out, making it shrink during observation, resulting in blurred images. But now, a team of researchers led by Yosuke Okamura from Tokai University, has discovered how to overcome this problem: wrapping the sample in a fluoropolymer nanosheet preserves its water content, and the sheet's strong adhesion makes it mountable.

The researchers, who were inspired by the use of plastic food wrap, investigated the wrapping properties of a fluorine-containing polymer known as CYTOP, a stiff but stretchable and highly optically transparent material. They first confirmed that due to its high water-repellency, a nanosheet of CYTOP floats on water, even after adding a surfactant. Scanning-electron-microscopy observations revealed that the nanosheet is flat and free of cracks or wrinkles.

As a first test of CYTOP as a wrapper material for biological tissues, the researchers coated a cylindrically shaped alginate-hydrogel—an easily formable biomaterial—sample in a CYTOP nanosheet, and monitored the evolution of its water content. They found that after 24 hours, 60% of the original water content was still present. (A similar sample left unwrapped in air became totally dehydrated after about 10 hours.) Through experimenting with various thicknesses, the scientists discovered that the nanosheet's water-retention capability increases proportionally with its thickness. They concluded that a 133-nm-thick sheet offers sufficient surface adhesion (necessary for fixing the sample) and water retention.

The researchers then performed experiments with an actual biological sample: 1-mm-thick brain slices from mice, exhibiting enhanced expression of yellow fluorescent protein for visualisation purposes. Without applying a CYTOP wrap, evaporation of the embedded water caused local, non-uniform sample shrinkage, leading to a blurred image. By wrapping the brain slices in a CYTOP nanosheet, however, images with a high spatial resolution could be obtained from scanning a large area (more than 750 µm x 750 µm) over a long time (about 2 hours).

The scientists noted, however, that for observations over longer time spans shrinkage will occur. This effect can be compensated by embedding the sample with agarose, a gel-forming material, providing a stability matrix—a technique already used for mounting biological tissues for microscopy observations. The wrapping technique of Okamura and colleagues is still at an early stage, but, as the researchers point out, it "establishes and verifies the superiority of nanosheet wrapping mounts for tissue imaging." 

用于改善组织成像的纳米材料包裹

东海大学的研究人员在Advanced Materials中描述了如何将生物组织包裹在特定有机材料的纳米片中产生高质量的显微镜图像。包装的应用防止样品变干，从而缩小样品，从而实现更大的图像记录时间。

为了充分了解生物细胞的功能，重要的是能够在其环境中可视化，有足够长的时间尺度和足够高的分辨率。然而，通过光学显微镜研究生物组织样品的典型设置不能阻止样品干燥，使其在观察期间收缩，导致模糊的图像。但是现在，来自东海大学的冈山佑介领导的研究团队已经发现了如何克服这个问题：将样品包裹在含氟聚合物纳米片中，保持其含水量，并且片材的强粘附性使其可以安装。

受到使用塑料食品包装的启发的研究人员研究了称为CYTOP的含氟聚合物的包裹性能，这是一种刚性但可拉伸和高度光学透明的材料。他们首先证实，由于其高的拒水性，即使加入表面活性剂之后，CYTOP的纳米片也漂浮在水上。扫描电子显微镜观察显示纳米片是平坦的并且没有裂纹或皱纹。

作为CYTOP作为生物组织的包装材料的第一个测试，研究人员在CYTOP纳米片中涂覆了圆柱形藻酸盐 - 水凝胶 - 易形成的生物材料样品，并监测其含水量的演变。他们发现，24小时后，60％的原水含量仍然存在。 （在大约10小时之后，在空气中展开的类似样品变得完全脱水）。通过各种厚度的实验，科学家们发现纳米片的保水能力与其厚度成比例地增加。他们得出结论，133nm厚的片材提供足够的表面粘附（固定样品所必需的）和保水性。

研究人员然后用实际的生物样品进行实验：来自小鼠的1-mm厚的脑切片，显示出增强的黄色荧光蛋白的表达用于可视化目的。不使用CYTOP包装，嵌入水的蒸发会导致局部的，不均匀的样品收缩，导致模糊的图像。然而，通过将脑切片包裹在CYTOP纳米片中，可以通过长时间（约2小时）的大面积扫描（大于750μm×750μm）获得具有高空间分辨率的图像。

科学家们指出，对于长时间的观测来看，收缩将会发生。通过用琼脂糖（凝胶形成材料）包埋样品可以补偿这种效果，提供稳定性矩阵 - 已经用于安装用于显微镜观察的生物组织的技术。 Okamura及其同事的包装技术还处于早期阶段，但正如研究人员指出的那样，它“建立并验证了纳米片包装架对组织成像的优越性”。

New bioimaging technique is fast and economical

A new approach to optical imaging makes it possible to quickly and economically monitor multiple molecular interactions in a large area of living tissue—such as an organ or a small animal; technology that could have applications in medical diagnosis, guided surgery, or pre-clinical drug testing. The method, which is detailed in Nature Photonics, is capable of simultaneously tracking 16 colors of spatially linked information over an area spanning several centimeters, and can capture interactions that occur in mere billionths of a second. 

"We have developed a smart way to acquire a massive amount of information in a short period of time," said Xavier Intes, a professor of biomedical engineering at Rensselaer Polytechnic Institute. "Our approach is faster and less expensive than existing technology without any compromise in the precision of the data we acquire."

As its name implies, optical imaging uses light to investigate a target. In biomedical applications, optical imaging has many advantages over techniques such as MRI and PET, which use magnetism and positron emissions to acquire images inside of living tissue.

The method the Intes lab developed makes use of advanced optical imaging techniques—fluorescence lifetime imaging paired with foster resonance energy transfer—to reveal the molecular state of tissues. In fluorescence lifetime imaging (FLIM), molecules of interest are tagged with fluorescent "reporter" molecules which, when excited by a beam of light, emit a light signal with a certain color over time that is indicative of their immediate environment. Reporter molecules can be tuned to offer information on environmental factors such as viscosity, pH, or the presence of oxygen. FLIM is ideal for the thick tissues of a body because it relies on time information, rather than light intensity, which degrades significantly as it travels through tissue. Researchers also used Forster resonance energy transfer (FRET), which determines close proximity between two similarly tagged molecules - such as a drug and its target—based on an energy transfer that occurs only when the tagged molecules are delivered into the diseased cells for maximal therapeutically efficacy.

However, while the FLIM-FRET method generates a signal rich in information, collecting that signal quickly and economically is problematic. Current methods rely on expensive cameras, which can image only one reporter at a time, and scanning the subject can take hours as the camera collects information from its full field of vision.

To overcome this obstacle, the researchers dispensed with cameras and instead used a single-pixel detection method combined with a mathematical sampling technique (based on a Hadamard transform) that allowed them to collect sufficient relevant information in 10 minutes to construct a precise image. The detection method can collect information on 16 spectral channels simultaneously, and three detection devices positioned around the sample provided spatial information used to construct a three-dimensional image.

"This is a new platform, a new option in macroscopy, and we think it will have traction in multiple applications in the biomedical arena," said Intes.

Intes' research is enabled by the vision of The New Polytechnic, an emerging paradigm for higher education which recognizes that global challenges and opportunities are so great they cannot be adequately addressed by even the most talented person working alone. Rensselaer serves as a crossroads for collaboration—working with partners across disciplines, sectors, and geographic regions—to address complex global challenges, using the most advanced tools and technologies, many of which are developed at Rensselaer. Research at Rensselaer addresses some of the world's most pressing technological challenges—from energy security and sustainable development to biotechnology and human health. The New Polytechnic is transformative in the global impact of research, in its innovative pedagogy, and in the lives of students at Rensselaer.  

一种快速且经济的新生物成像技术

一种新的光学成像方法使它能够快速和经济地监测大量活体组织(如器官或小动物)的多种分子相互作用;可以在医学诊断、指导手术或临床前药物测试中应用的技术。该方法在自然光子学中很详细，它能够同时跟踪一个跨越数厘米的区域的16种空间关联信息，并能捕捉到在十亿分之一秒内发生的相互作用。

Rensselaer Polytechnic Institute生物医学工程教授Xavier Intes说:“我们已经开发出一种智能的方法，可以在短时间内获得大量信息。”“我们的方法比现有技术更快、更便宜，在我们获得的数据的精确度方面无可置疑。”

顾名思义，光学成像利用光来研究目标。在生物医学应用领域，光学成像比磁共振成像和PET等技术有许多优势，它们利用磁和正电子来获取活体组织内的图像。

Intes实验室开发的方法利用先进的光学成像技术——荧光终生成像和培养共振能量转移——来揭示组织的分子状态。在荧光寿命成像(FLIM)中，目标分子被标记为荧光的“记者”分子，当被一束光激发时，随着时间的推移发出带有一定颜色的光信号，这预示着他们的直接环境。记者分子可以通过调谐来提供有关环境因素的信息，如粘度、pH值或氧气的存在。FLIM对于身体的粗组织来说是很理想的，因为它依赖于时间信息，而不是光强，它在组织过程中会显著降低。研究人员还使用了福斯特共振能量转移，它决定了两个相似的标记分子之间的距离，比如一种药物，它的目标是一种能量转移，只有当标记的分子被送到患病细胞以达到最大的治疗效果时才会发生。

然而，当这种方法产生了信息丰富的信号时，快速地收集信号是有问题的。目前的方法依赖于昂贵的相机，它只能在一段时间内拍摄一个记者分子，而扫描这一主题可能需要数小时的时间，因为摄像机需要从其完整的视野中收集信息。

为了克服这一障碍，研究人员使用了相机，并使用一种单像素检测方法和一种数学采样技术(基于Hadamard变换)，允许他们在10分钟内收集足够的相关信息来构建一个精确的图像。检测方法可以同时收集16个光谱通道的信息，在样本周围放置3个检测设备，提供空间信息来构建三维图像。

“这是一个新的平台，在宏观上是一个新的选择，我们认为它将在生物医学领域的多个应用中得到支持，”Intes说。

Intes的研究是由新的理工学院所支持的，这是一种新兴的高等教育范式，它认识到全球的挑战和机会是如此巨大，即使是最有才华的人也无法充分地解决这些问题。伦斯勒（Rensselaer）与合作伙伴（跨学科，部门和地理区域）合作开展交流，以应对复杂的全球挑战，使用最先进的工具和技术，其中许多是在伦斯勒开发的。伦斯勒的研究解决了世界上最迫切的技术挑战 - 从能源安全和可持续发展到生物技术和人类健康。新理工学院在研究，创新教育学以及伦斯勒学生生活的全球影响方面具有转型。

Study reveals exactly how low-cost fuel cell catalysts work

In order to reduce the cost of next-generation polymer electrolyte fuel cells for vehicles, researchers have been developing alternatives to the prohibitively expensive platinum and platinum-group metal (PGM) catalysts currently used in fuel cell electrodes. New work at Los Alamos and Oak Ridge national laboratories is resolving difficult fuel-cell performance questions, both in determining efficient new materials and understanding how they work at an atomic level. The research is described this week in the journal Science. 
"What makes this exploration especially important is that it enhances our understanding of exactly why these alternative catalysts are active," said Piotr Zelenay, leader of the project at Los Alamos National Laboratory. "We've been advancing the field, but without understanding the sources of activity; without the structural and functional insights, further progress was going to be very difficult."
Building on previous studies, the Los Alamos-led team has synthesized catalysts comprising low-cost platinum alternatives that yield performance comparable to the standard PGM fuel cell catalyst used in vehicle applications. Using sophisticated microscopy at Oak Ridge National Laboratory (ORNL), researchers were able to directly observe the single-atom active sites in the novel material where catalysis takes place, which provided unique insights into the PGM-free material's efficiency potential.
Platinum aids in both the electrocatalytic oxidation of hydrogen fuel at the anode and electrocatalytic reduction of oxygen from air at the cathode, producing usable electricity. Finding a viable, low-cost PGM-free catalyst alternative is becoming more and more possible, but understanding exactly where and how catalysis is occurring in these new materials has been a long-standing challenge. This is true, Zelenay noted, especially in the fuel cell cathode, where a relatively slow oxygen reduction reaction, or ORR, takes place that requires significant 'loading' of platinum.
The new material examined in this study is an iron-nitrogen-carbon (Fe-N-C) electrocatalyst, synthesized with two nitrogen precursors that developed a hierarchical pore structure to expose a large fraction of the carbon surfaces to oxygen. Its fuel-cell performance is approaching that of platinum catalysts, a significant advance, as documented in fuel cell test-stand performance.
Through the use of ORNL's aberration-corrected scanning transmission electron microscope and electron energy loss spectroscopy, ORNL researchers were able to provide the first direct observation of the often proposed ORR active site, FeN4, at an atomic level.
"With both this performance and the atomic visualization of the reaction sites, we are closing the gap to replace platinum with a high-performance catalyst poised to be scaled up for potential application in fuel cells for automotive applications," said Karren More, ORNL microscopy team lead.
In addition, the high activity of Fe-N-C catalysts and the FeN4 active-site structure was predicted by computer modeling conducted at Los Alamos, as was the possible reaction pathway.
"In this paper we're tying the modeling and the microscopy results with the electrochemically determined high activity of a PGM-free oxygen reduction reaction catalyst," Zelenay said.
Los Alamos research into fuel cells expands the options for energy production in support of the Laboratory's mission of strengthening the nation's energy security. 
研究揭示了低成本燃料电池催化剂的工作原理

为了降低车载下一代聚合物电解质燃料电池的成本，研究人员一直在开发替代燃料电池电极目前使用的昂贵的铂和铂族金属（PGM）催化剂。洛斯阿拉莫斯和橡树岭国家实验室的新工作正在处理难以解决的燃料电池性能问题，既要确定有效的新材料，又能了解其在原子层面的工作原理。这项研究本周发表在《科学》杂志上。

洛斯阿拉莫斯国家实验室项目负责人Piotr Zelenay表示：“这一发现特别重要的是它增强了我们对这些替代催化剂的活性的确切理解。我们一直在推进这个领域，但是没有了解活动的来源，结构和功能，进一步的进展将是非常困难的。”

在之前研究的基础上，洛斯阿拉莫斯领导的团队已经合成了包含低成本替代铂的催化剂，该催化剂的性能可与汽车应用中使用的标准PGM燃料电池催化剂相媲美。在Oak Ridge国家实验室（ORNL）使用精密的显微镜技术，研究人员能够直接观察催化发生的新型材料中的单原子活性位点，这为无PGM材料的效率潜力提供了独特的见解。

铂有助于在阳极处的氢燃料的电催化氧化和从阴极处的空气中氧气的电催化还原，产生可用的电力。寻找一种可行的，低成本的无PGM催化剂替代品越来越成为可能，但是了解催化剂在这些新材料中精确地的发生地点和方式一直是一个长期的挑战。Zelenay指出，事实确实如此，尤其是在燃料电池阴极中，其中发生相对较慢的氧还原反应或ORR，这需要大量的“负载”铂。

在本研究中检查的新材料是铁 – 氮 - 碳（Fe-N-C）电催化剂，由两种氮前驱物合成，形成分层孔隙结构，将大部分碳表面暴露于氧气中。其燃料电池性能接近铂催化剂，正如在燃料电池测试中所记录的那样，这是一个重要的进步。

通过使用ORNL的像差校正扫描透射电子显微镜和电子能量损失光谱，ORNL研究人员能够提供在原子级别上经常提出的ORR活性位点FeN4的首次直接观察。

 “通过这一性能和反应位点的原子可视化，我们正在缩小与用高性能催化剂取代铂的差距，以便在汽车应用的燃料电池中潜在应用。”Karren More，ORNL显微镜组长表示。

此外，在Los Alamos进行的计算机模拟预测Fe-N-C催化剂和FeN4活性位点结构的高活性，这是可能的反应途径。

 “在这篇论文中，我们用电化学测定的PGM-free氧气还原反应催化剂的高活性来建模和显微镜结果联系起来。”Zelenay说。

洛斯阿拉莫斯对燃料电池的研究扩大了能源生产的选择，以支持实验室加强国家能源安全的使命。

Beetles spark development of color-changing nanoparticles for commercial use

Inspired by the varying colors that gleam off of beetle shells, scientists have developed color-shifting nanoparticles that can change hue even after being embedded into a material. A report on the new, inexpensive technique, which could lead to the production of easier-to-read sensors and anti-tampering tags, appears in ACS Applied Materials & Interfaces. 
The shells, or exoskeletons, of beetles are covered with stacks of crystalline-like shapes that scatter light and produce dazzling colors. In some cases, these colors can change with just a slight shift of the viewing angle. Known as structural colors, scientists have long been interested in replicating them for use in paints, dyes, cosmetics and other products. But unlike many pigments, structural colors are eco-friendly and resist fading. Current techniques used to integrate structural colors into materials are time-consuming and costly, however. And once they are attached to a surface, it is hard to modify them. Geon Hwee Kim, Taechang An and Geunbae Lim sought to overcome these challenges.
The researchers used a process called hydrothermal growth to synthesize zinc oxide nanostructures in 40 to 80 degree Celsius water. This technique produced the tiny particles quickly and easily. The method also allowed them to better control the size and spacing of the nanostructures, a key step toward being able to adjust colors as needed within a material or fabric. The researchers conclude that this new technique could have broad applications including the fabrication of microelectrodes for use in sensors. 
甲壳虫引发商用的变色纳米粒子的发展

科学家受到甲壳虫闪闪发光的各种颜色的激发，开发了色移纳米粒子，这种纳米粒子即使嵌入到材料中也可以改变色调。ACS应用材料与接口（ACS Applied Materials＆Interfaces）上出现了一种新型廉价技术的报告，该技术可能导致生产易于读取的传感器和防篡改标签。

甲虫的外壳或外骨骼覆盖着散射光线并产生令人眼花缭乱的颜色的结晶状形状的堆叠。在某些情况下，这些颜色会随着视角的细微变化而改变。科学家们长期以来一直有兴趣将它们复制到油漆、染料、化妆品和其他产品中。但与许多颜料不同的是，结构色彩是环保的，而且不会褪色。然而，目前用于将结构色彩融入材料的技术既费时又费钱。一旦它们附着在表面上，就很难再修改。Geon Hwee Kim，Taechang An和Geunbae Lim试图克服这些挑战。

研究人员利用一种称为水热生长的方法，在40至80摄氏度的水中合成氧化锌纳米结构。这种技术快速，轻松地产生了微小的粒子。该方法还允许它们更好地控制纳米结构的尺寸和间距，这是能够根据需要在材料或织物内调整颜色的关键步骤。研究人员得出结论，这种新技术可能具有广泛的应用，包括制造用于传感器的微电极。

Organic & Polymer（有机高分子材料）

Solutal Marangoni flows of miscible liquid drive transport without surface contamination
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Marangoni-driven convection flow generated at the interface between water and alcohol, and the flow visualization results. Credit: KAIST 

A research team led by Hyoungsoo Kim, a professor of Mechanical Engineering at KAIST, succeeded in quantifying the phenomenon called, the Marangoni effect, which occurs at the interface between alcohol and water. It is expected that this finding will be a valuable resource used for effectively removing impurities from a surface fluid without any contamination, and developing materials that can replace surfactants. 

This research, co-conducted with a research team led by Professor Howard A. Stone at Princeton University, was published online in Nature Physics on July 31.

The Marangoni effect, also known as tears of wine, is generated when two fluids having a different surface tension meet, causing finite mixing, spreading time and length scale. Typically, people believe that infinitely miscible liquids immediately mix together; however, it is not always true according to this paper.

The typical surface tension of alcohol is three times lower than that of water, and this different surface tension generates the Marangoni-driven convection flow at the interface of the two liquids. In addition, there is a certain amount of time required for them to mix.

This phenomenon has been discussed many times since it was discovered in early the 20th century, yet there was a limit to quantifying and explaining it.

Professor Kim, considering the mixing and spreading mechanism, used various flow visualization techniques and equipment for capturing high speed images in his experiment.

Through the flow visualization methods, the team succeeded in quantifying and explaining the complex, physicochemical phenomenon generated between water and alcohol. Moreover, they developed a theoretical model to predict the physicochemical hydrodynamic phenomena.

The theoretical model can predict the speed of Marangoni-driven convection flow, the area of a drop of alcohol and the time required to develop the flow field. Hence, this model can map out types of materials (e.g., alcohol) and the volume of a drop of liquid as applicable to target a specific situation.

Moreover, the research team believes that the interfacial flow enables the driving of bulk flows and that it can be a source of technology for effectively delivering drugs and removing impurities from a surface of substance without causing secondary contamination.

Above all, the results show a possibility for replacing surfactant with alcohol as a material used for delivering drugs. In the case of the drug delivery, some drugs are encapsulated with a surfactant in order to be effectively transported in vivo; however, the surfactant accumulates in the body, which can cause various side effects, such as heart disease. Therefore, using new materials like alcohol for drug delivery will contribute to preventing the side effects caused by the surfactant.

"The surfactant is used for delivering drugs, but it is difficult to be expelled from the body. This will cause various side effects, such as heart diseases in asthmatic patients," said Professor Kim. "I hope that using new materials, like alcohol, will free people from these side effects." 

Solutal Marangoni流动的混溶液驱动运输没有表面污染
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在水和酒精之间的界面产生马兰戈尼驱动的对流，以及流动可视化结果。引用：KAIST

KAIST机械工程教授Hyoungsoo Kim领导的研究小组成功地量化了在酒精和水之间发生的称为Marangoni效应的现象。预期该发现将是用于有效地从表面流体中除去杂质而没有任何污染物的有用资源，以及开发可替代表面活性剂的材料。

这项研究与普林斯顿大学的Howard A. Stone教授领导的研究小组合作，于7月31日在自然物理学上发表。

当具有不同表面张力的两种流体相遇时，产生Marangoni效应，也称为酒的眼泪，导致有限的混合，铺展时间和长度尺度。通常，人们认为无限混溶液体立即混合在一起;然而，根据本文不一定总是如此。

酒精的典型表面张力比水的表面张力低三倍，这种不同的表面张力在两种液体的界面处产生Marangoni驱动的对流。另外，需要一定的时间来混合。

这个现象自二十世纪初被发现以来已经被多次讨论过了，但是量化和解释是有限的。

金教授考虑到混合和扩散机制，在实验中使用各种流动可视化技术和设备捕获高速图像。

通过流动可视化方法，团队成功量化和解释了水与酒精之间产生的复杂物理化学现象。此外，他们开发了一种预测物理化学流体动力学现象的理论模型。

理论模型可以预测马兰加尼驱动对流的速度，一滴酒精的面积和开发流场所需的时间。因此，该模型可以映射材料类型（例如酒精）和一滴液体的体积，适用于特定情况的目标。

此外，研究团队认为，界面流动能够驱动大量流量，并且可以成为有效输送药物和从物质表面除去杂质而不引起二次污染的技术的来源。

最重要的是，结果表明用乙醇代替表面活性剂作为用于输送药物的材料。在药物递送的情况下，一些药物用表面活性剂包封以在体内有效运输;然而，表面活性剂积聚在体内，其可引起各种副作用，例如心脏病。因此，使用像酒精这样的新药物进行药物输送将有助于防止由表面活性剂引起的副作用。

Kim表示：“表面活性剂用于输送药物，但难以排出体外，会引起各种副作用，如哮喘患者的心脏病。 “我希望使用像酒精这样的新材料，能够使人们免受这些副作用。”

Breakthrough ink discovery could transform the production of new laser and optoelectronic devices

A breakthrough 'recipe' for inkjet printing, which could enable high-volume manufacturing of next-generation laser and optoelectronic technologies, has been uncovered by Cambridge researchers. 

The research, led by Dr Tawfique Hasan, of the Cambridge Graphene Centre, University of Cambridge, found that Black phosphorous (BP) ink – a unique two-dimensional material similar to graphene – is compatible with conventional inkjet printing techniques, making possible – for the first time – the scalable mass manufacture of BP-based laser and optoelectronic devices.

An interdisciplinary team of scientists from Cambridge as well as Imperial College London, Aalto University, Beihang University, and Zhejiang University, carefully optimised the chemical composition of BP to achieve a stable ink through the balance of complex and competing fluidic effects. This enabled the production of new functional laser and optoelectronic devices using high-speed printing.

Due to the BP ink drying rapidly, the final print quality of the devices made – a laser and a photodetector – is of a high quality and uniformity, and as good as what you would expect from the printing of a photograph onto paper.

The research titled Black phosphorus ink formulation for inkjet printing of optoelectronics and photonics has been published today in Nature Communications and was funded by the Royal Academy of Engineering and the Engineering and Physical Sciences Research Council (EPSRC).

BP contains useful properties for electronic and optoelectronic devices, including a semiconductor band gap that can cover the visible and near-infrared region of the electromagnetic spectrum.

Mr Guohua Hu, the lead author, said: "Our ink formulation enables highly uniform inkjet printing which does not degrade in the ambient environment, bringing large arrays of 2D material-based light sensors closer to reality.

"The formulation represents a significant scientific and technical achievement in terms of using this BP material for future applications. The functional ink, containing very small 'flakes' of BP, allows us to print on a wide variety of substrates, including plastic, which remains stable for a prolonged period."

Professor Meng Zhang from Beihang University led the work on printing BP-based non-linear optical devices which can be inserted easily into lasers to act as ultra-quick optical shutters.

A continuous beam of laser radiation is converted into a repetitive series of very short bursts of light (or pulses) which is highly suited to industrial and medical applications, for example, machining, drilling, imaging and sensing.

"Our non-linear optical device design using BP achieves a significantly better performance and operational stability than any other previous demonstration," said Professor Zhang.

"This is why our ink 'recipe' using BP marks a significant step change towards new photonic devices and architectures using such a novel material."

As part of the research, the team also demonstrated the ability of BP to act as an efficient and highly-responsive detector of light, extending the wavelength range beyond what is currently achieved by conventional silicon-based photodetectors.

Dr Hasan, who leads the Hybrid Nanomaterials Engineering research group, added: "BP is a particularly interesting post-graphene material that offers many opportunities for new laser and optoelectronic devices. Yet despite its remarkable performance in the lab, practical real-world exploitation of this unique graphene-like crystal has been hindered by complex material fabrication and its poor environmental stability. But our breakthrough in BP ink is set to change all this and the ink itself can be seamlessly integrated with existing complimentary metal-oxide-semiconductor (CMOS) technologies." 

突破性油墨研究可以改变新型激光和光电子器件的生产

剑桥研究人员发现了喷墨打印的突破性“配方”，可以实现下一代激光和光电子技术的大批量生产。

剑桥大学剑桥石墨烯中心博士Tawfique Hasan博士领导的研究发现，黑色磷（BP）油墨是一种与石墨烯相似的独特二维材料，与传统的喷墨印刷技术相兼容，使其成为可能第一次 - 基于BP的激光和光电子器件的可扩展的大规模制造。

来自剑桥，伦敦帝国理工学院，阿尔托大学，北京航空航天大学，浙江大学的跨学科科学家团队精心优化了BP的化学成分，通过复杂和竞争的流体效应的平衡来实现稳定的油墨。这使得能够使用高速打印生产新的功能激光和光电子器件。

由于英国石油公司的油墨干燥速度很快，最终的印刷质量——激光和光电探测器——具有高质量和均匀性，而且和你在纸上打印照片时所期望的一样好。

题为“用于光电子学和光子学喷墨印刷的黑磷油墨配方”的研究已经在Nature Communications上发表，由皇家工程与物理科学研究理事会（EPSRC）资助。

BP包含电子和光电器件的有用特性，包括可覆盖电磁光谱的可见光和近红外区域的半导体带隙。

主要作者胡国华先生表示：“我们的油墨配方可实现高度均匀的喷墨印刷，在周围环境中不会降解，使大量基于2D材料的光传感器更接近现实。

“该配方在将BP材料应用于未来应用方面取得了重大的科学和技术成果。功能性油墨，包含非常小的”薄片“BP，使我们能够在各种基材上印刷，包括塑料，仍然保留稳定长时间“。

北航大学张孟教授带领了印刷基于BP的非线性光学器件的工作，可以轻松插入激光器作为超快光学百叶窗。

连续的激光辐射束被转换为非常短的突发的光（或脉冲）的重复系列，其非常适合于工业和医疗应用，例如机械加工，钻孔，成像和感测。

张教授说：“我们使用BP的非线性光学器件设计比以前的任何其他演示显着提高了性能和运行的稳定性。

“这就是为什么我们使用BP的墨水配方标志着使用这种新型材料的新型光子器件和架构的重大转变。”

作为研究的一部分，该团队还展示了BP作为高效和高响应性光检测器的能力，将波长范围扩展到传统硅基光电探测器目前所实现的范围。

领导混合纳米材料工程研究小组的Hasan博士补充说：“BP是一种特别有意思的后石墨烯材料，为新的激光和光电子器件提供了许多机会，尽管在实验室中表现出色，但实际的现实世界利用这种独特的石墨烯晶体受到复杂的材料制造及其环境稳定性的阻碍，但是我们在BP油墨的突破将改变所有这一切，油墨本身可以与现有的互补金属氧化物半导体（CMOS）无缝集成”。

Ultrasonic vibrations force a polymer to be a semiconductor
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Design of mechanochemically generated conjugated polymer. (A) Insulating CBE mechanophores connected with π systems, designed to rearrange to continuously extended conjugation under force. (B) Thermally unstable CBEs with sp2 carbon substituents at …more

(Phys.org)—A team of researchers at Stanford University has used mechanical force to transform a molecule from one form to another—from a nonconductive state into a semiconductor. In their paper published in the journal Science, the group describes the process they developed and possible applications. 
As the researchers note, using mechanical force to change a molecule from one form to another (by prying open their bonds) has been a popular research subject over the past decade, leading to a new field now known as mechanochemistry. In this new effort, the researchers used a physical force to "unzip" a nonconducting polymer, transforming it into a semiconductor.
In their work, the team studied chunks of cyclobutanes to learn more about their structure. In their natural state, they exist as a polyladderene molecule with the appearance of stairs leading from a low point to a high point, and walls holding them in place. The team thought that if they could pull the walls apart, effectively unzipping the staircase, they could transform it into a zig-zag-looking polymer known as a polyacetylene, which is a semiconductor.
The cyclobutanes were placed in a solution and subjected to sonic waves exerting opposing forces on the molecule, causing it to unzip and stretch out into nearly a flat structure (into alternating C=C double bonds). The group reports that the solution, which was initially clear, slowly changed to blue, and eventually became dark as it was filled with a mesh of nanowires. The researchers note that the material could be used as a means for measuring stresses in other materials. It could also be used to mimic human senses in a robot because it is able to use a mechanical force to convert a material into a wire capable of carrying an electronic signal. But before that can happen, the team acknowledges that more work needs to be done to make the structures simpler, as they are now they are too complex for industrial applications. 
超声振动迫使聚合物成为半导体
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机械化学合成的共轭聚合物的设计。（A）与π系统连接的CBE机械臂绝缘，设计用于强制重新连续延伸共轭。（B）与具有sp2碳取代基的热不稳定CBEs ...更多

（Phys.org）—— 斯坦福大学的研究团队使用机械力将分子从一种形式转变为另一种形式——从非导电状态转变为半导体。在他们发表在《科学》杂志上的论文中，该小组介绍了他们开发的过程和可能的应用。

正如研究人员所说，使用机械力将分子从一种形式改变为另一种形式（通过撬开它们的键）在过去十年中一直是一个热门的研究课题，这导致现在被称为机械化学的新领域的产生。在这项新的努力中，研究人员利用物理力量“解压缩”不导电的聚合物，将其转变为半导体。

在他们的工作中，该研究小组研究了大量的环丁烷，以便对它们的结构进行更好地了解。在它们的自然状态下，它们作为一种聚联子分子存在，从低点到高点的楼梯出现，并用墙壁将它们固定在适当位置。该研究小组认为，如果他们可以将墙壁分开，有效地解开楼梯，他们就可以将其转化为一种称为聚乙炔的锯齿形聚合物的半导体。

将环丁烷置于溶液中并在声波的作用下在分子上施加相反的力，使其解压缩并拉伸成几乎平坦的结构（转换成C = C双键）。该小组报告说，解决方案最初是明确的，因为它填满了纳米线的网格慢慢地变成了蓝色，最终变得黑暗。研究人员指出，该材料可以作为测量其他材料应力的手段。它也可以用于模拟机器人中的人类感觉，因为它能够使用机械力将材料转换成能够承载电子信号的导线。但在此之前，该小组承认，需要做更多的工作才能使结构更简单，因为它们现在对工业应用来说太复杂了。

E-Material（电子材料）

Heat-conducting plastic could lead to lighter electronics, cars
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High thermal conductivity in polyelectrolyte thin films via controlled ionization. Credit: Science Advances (2017). DOI: 10.1126/sciadv.1700342 

Advanced plastics could usher in lighter, cheaper, more energy-efficient product components, including those used in vehicles, LEDs and computers—if only they were better at dissipating heat. 
A new technique that can change plastic's molecular structure to help it cast off heat is a promising step in that direction.
Developed by a team of University of Michigan researchers in materials science and mechanical engineering and detailed in a new study published in Science Advances, the process is inexpensive and scalable.
The concept can likely be adapted to a variety of other plastics. In preliminary tests, it made a polymer about as thermally conductive as glass—still far less so than metals or ceramics, but six times better at dissipating heat than the same polymer without the treatment.
"Plastics are replacing metals and ceramics in many places, but they're such poor heat conductors that nobody even considers them for applications that require heat to be dissipated efficiently," said Jinsang Kim, U-M materials science and engineering professor. "We're working to change that by applying thermal engineering to plastics in a way that hasn't been done before."
The process is a major departure from previous approaches, which have focused on adding metallic or ceramic fillers to plastics. This has met with limited success; a large amount of fillers must be added, which is expensive and can change the properties of the plastic in undesirable ways. Instead, the new technique uses a process that engineers the structure of the material itself.
Plastics are made of long chains of molecules that are tightly coiled and tangled like a bowl of spaghetti. As heat travels through the material, it must travel along and between these chains—an arduous, roundabout journey that impedes its progress.
The team—which also includes U-M associate professor of mechanical engineering Kevin Pipe, mechanical engineering graduate researcher Chen Li and materials science and engineering graduate student Apoorv Shanker—used a chemical process to expand and straighten the molecule chains. This gave heat energy a more direct route through the material. To accomplish this, they started with a typical polymer, or plastic. They first dissolved the polymer in water, then added electrolytes to the solution to raise its pH, making it alkaline.
The individual links in the polymer chain—called monomers—take on a negative charge, which causes them to repel each other. As they spread apart, they unfurl the chain's tight coils. Finally, the water and polymer solution is sprayed onto plates using a common industrial process called spin casting, which reconstitutes it into a solid plastic film.
The uncoiled molecule chains within the plastic make it easier for heat to travel through it. The team also found that the process has a secondary benefit—it stiffens the polymer chains and helps them pack together more tightly, making them even more thermally conductive.
"Polymer molecules conduct heat by vibrating, and a stiffer molecule chain can vibrate more easily," Shanker said. "Think of a tightly stretched guitar string compared to a loosely coiled piece of twine. The guitar string will vibrate when plucked, the twine won't. Polymer molecule chains behave in a similar way."
Pipe says that the work can have important consequences because of the large number of polymer applications in which temperature is important.
"Researchers have long studied ways to modify the molecular structure of polymers to engineer their mechanical, optical or electronic properties, but very few studies have examined molecular design approaches to engineer their thermal properties," Pipe said. "While heat flow in materials is often a complex process, even small improvements in the thermal conductivities of polymers can have a large technological impact."
The team is now looking at making composites that combine the new technique with several other heat dissipating strategies to further increase thermal conductivity. They're also working to apply the concept to other types of polymers beyond those used in this research. A commercial product is likely several years away.
"We're looking at using organic solvents to apply this technique to non- water soluble polymers," Li said. "But we believe that the concept of using electrolytes to thermally engineer polymers is a versatile idea that will apply across many other materials."
The study is titled "High thermal conductivity in electrostatically engineered amorphous polymers." 
导热塑料可能带来更轻的电子产品，汽车
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通过受控电离在聚电解质薄膜中的高导热性。来源：科学进步（2017）。 DOI：10.1126 / sciadv.1700342

先进的塑料可以带来更轻，更便宜，更节能的产品组件，包括用于车辆，LED和计算机的产品组件——如果它们能够更好地散热的话。

一种可以改变塑料分子结构以帮助其释放热量的新技术正朝着这个方向迈出前进的一步。

由密歇根大学材料科学与机械工程研究小组开发的一项新研究成果在《科学进展》上发表，这个过程并不昂贵，而且可扩展。

该概念可能适用于各种其他种类的塑料。在初步测试中，它制成了一种像玻璃一样导热的聚合物，导热性仍远低于金属或陶瓷，但是散热性比不用处理的同一种聚合物好六倍。

U-M材料科学与工程教授Jinsang Kim说：“塑料在很多地方都取代了金属和陶瓷，但是它们的导热能力很差，甚至没有人考虑过将它们用于需要散热的应用中。我们正在努力改变这一点，将热能工程应用于塑料，这是前所未有的。”

这个过程与以前的方法有很大的不同，以前的方法着重于向塑料中添加金属或陶瓷填料。这已经取得了有限的成功；必须添加大量的填充物，这是昂贵的，并且会以不期望的方式改变塑料的性能。相反，这项新技术使用的过程是建造材料本身的结构。

塑料是由长链的分子制成的，它们像一碗紧紧缠绕在一起的意大利面一样。当热量穿过材料时，它必须沿着这些链条并在其之间传播——这是一个艰巨的迂回的旅程，阻碍了它的进步。

该团队还包括U-M机械工程副教授Kevin Pipe，机械工程研究生陈立和材料科学与工程研究生Apoorv Shanker，他们利用化学工艺来扩大和拉直分子链。这使热能更直接的穿过材料。为了达到这个目的，他们开始使用一种典型的聚合物或塑料。他们首先将聚合物溶解在水中，然后向溶液中加入电解液以提高其pH值，使其呈碱性。

聚合物链中称为单体的各个环节承担负电荷，导致它们互相排斥。当它们分开时，它们会解开链条上紧密的线圈。最后，将水和聚合物溶液喷涂到平板上，使用一种叫做旋转铸造的普通工业过程，将其重新形成固体塑料膜。

塑料内的未开卷的分子链使得热量更容易穿过它。该研究小组还发现，这种方法具有次要优势——它能够使聚合物链变硬，并帮助它们更紧密地包装在一起，从而使它们更具导热性。

 “聚合物分子通过振动传导热量，而更硬的分子链可以更容易地振动，”Shanker说，“与松散卷曲的麻绳相比，这更像是一个紧绷的吉他琴弦，吉他琴弦会在拨弦时发出振动声，而琴弦不会，聚合物分子链的行为方式与之类似。”

Pipe说，这项工作可能会产生重要的后果，因为在聚合物的大量应用中温度是十分重要的。

 “研究人员长期以来一直在研究如何改变聚合物的分子结构来设计其机械，光学或电子性能，但很少有研究检测了分子设计方法以设计其热性能，”Pipe说。“虽然材料中的热流通常是一个复杂的过程，但聚合物热导率的小幅改善也可能对技术产生很大的影响。”

该研究小组正在研究合成复合材料，将新技术与其他几种散热方案相结合，以进一步提高导热性。他们还在努力将这一概念应用于其他类型的聚合物，而不是在本研究中使用的这些。商业产品的产生可能需要几年的时间。

 “我们正在考虑使用有机溶剂将这种技术应用于非水溶性聚合物，”Li说。“但是我们认为，使用电解质来热聚合聚合物的概念是一种通用的想法，适用于许多其他材料。”

该研究的标题是“静电工程非晶态聚合物的高导热性。”
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