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Tech News & New Tech（技术前沿）
ATLAS experiment takes its first glimpse of the Higgs boson in its favourite decay

Previously, the Higgs boson has been observed decaying to photons, tau-leptons, and W and Z bosons. However, these impressive achievements represent only 30 percent of Higgs boson decays. The Higgs boson's favoured decay to a pair of b-quarks (H→bb) was predicted to happen around 58 percent of the time, thus driving the short lifetime of the Higgs boson, and thus remained elusive. Observing this decay would fill in one of the big missing pieces of our knowledge of the Higgs sector and confirm that the Higgs mechanism is responsible for the masses of quarks; additionally, it might also provide hints of new physics beyond our current theories. All in all, it is a vital missing piece of the Higgs boson puzzle. 
But after over 1 million H→bb decays in the ATLAS Experiment alone, why haven't researchers seen it yet? This seems especially strange considering that less frequent Higgs boson decays have been observed. 

The answer lies in the abundance of b-quarks created in the ATLAS detector due to strong interactions. We create pairs of b-quarks 10 million times more frequently than we create a H→bb decay, which makes picking them out against that large background an extremely challenging task. We therefore look for H→bb decays when they are produced in association with another particle—in this case, a vector boson (W or Z). The more distinctive decays of vector bosons provide a way to reduce the large background. This leads to a much lower production rate – we expect to have created only 30,000 H→bb decays this way, but it provides an opportunity to spot this elusive decay.

Nevertheless, even in this condition, the background processes that mimic the H→bb signal are still large, complex and difficult to model. The ATLAS collaborators made a major effort to isolate the small H→bb signal from the large background. After selecting the collisions of interest, they were left with the expected number of around 300 H→bb events compared to 70,000 background events. Ultimately, they were hoping to see an excess of collision events over our background prediction (a bump) that appears at the mass of the Higgs boson.
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A comparison of the excess of collision data (black points) over the background processes (which have been subtracted from the data), which clearly shows the H→bb decays (filled red area) and the well understood diboson Z→bb decay (grey area) used to validate the result. (Image:) Credit: ATLAS Collaboration/CERN 

After analysing all the data ATLAS collected in 2015 and 2016, the researchers have finally achieved the level of precision to confirm evidence for H→bb with an observed significance of 3.6 σ when combining the Run 1 and Run 2 datasets. As shown in the figure, a bump is observed that is highly consistent with expectations, confirming many key aspects of the Higgs bosons behaviour. Next to the bump, there is a decay of a Z boson (mass of 91 GeV) to a b-quark pair, produced in a similar way as the Higgs boson, but more abundantly. It serves as a powerful validation of the analysis. 
Spotting H→bb is just the beginning. Studies of this new decay will open a whole new window onto the Higgs, and may also provide hints of new physics beyond our current theories. Stay tuned to this channel. 

ATLAS实验首次观察到希格斯玻色子最青睐的衰变

之前，研究人员已经观察到了希格斯玻色子衰变成光子、tau-轻子和W玻色子及Z玻色子的过程。然而，这些令人印象深刻的成就只占希格斯玻色子衰变的30％。希格斯玻色子青睐于衰变成一对b夸克（H→bb），预计这个衰变过程发生的几率大约占58％，从而使希格斯玻色子的生命很短暂，使其仍然令人难以捉摸。观察这个衰变过程将填补我们对希格斯相关知识的大面积缺失，并确认希格斯机制是对夸克群体负责的；此外，它还可能提供超出我们现有理论的新物理学提示。总而言之，这是希格斯玻色子难题的一个重要缺失部分。

但是，在ATLAS实验中有超过100万个H→bb的衰变，为什么之前研究人员没有看到呢？考虑到较少频率的对希格斯玻色子衰变进行观察，这似乎特别奇怪。

答案在于由于强烈的相互作用，在ATLAS检测器中产生了大量的b夸克。我们创造了很多对b夸克，这比创造一个H→bb衰变的频繁高出1000万倍，这使得在大背景下把b夸克挑选出来成为一件极具挑战性的任务。因此，我们在它们与另一个粒子（在这种情况下是矢量玻色子（W或Z））相关联时寻找H→bb衰变。矢量玻色子的更加独特的衰变提供了一种减少大背景的方法。这导致生产率低得多——我们预计这种方式只能产生3万H→bb的衰变，但这给我们提供了一个发现这种难以捉摸的衰变的机会。

然而，即使在这种情况下，模拟H→bb衰变信号的后台程序仍然很大并且非常复杂且难以建模。ATLAS的合作者做出了巨大的努力，从大背景中分离出小的H→bb信号。经过选择感兴趣的碰撞后，他们留下了约300个H→bb，正如预期的数量一样，同时留下了70,000个大背景物体。最终，他们希望通过出现在大量希格斯玻色子上的背景预测（碰撞）看到更多的碰撞事件。
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通过对后台进程（已经从数据中减去了）中的多余的碰撞数据（黑点）进行比较，清楚地显示出H→bb衰变（填充了红色的区域），并很好理解了双玻色子Z→bb衰变（灰色区域）用于验证结果。（图:)来自于：ATLAS协作者/ CERN

在分析了2015年和2016年ATLAS收集的所有数据后，研究人员结合Run 1和Run 2数据集观察到3.6σ的显着性，最终达到确定H→bb衰变的证据的精确水平。如图所示，研究人员观察到了与预期高度一致的凹凸形状，证实了希格斯玻色子行为的许多关键方面。在这些凹凸形状的旁边能够看到Z玻色子（大量91GeV）到b夸克的衰变，它们是以与希格斯玻色子相似的方式产生的，但是数量要更多一些。这是对这一分析的有力验证。

发现H→bb的衰变只是开始。对这种新衰变的研究将为希格斯提供一个全新的视窗，也可以提供超出现有理论的新物理学提示。请继续关注此频道。

Spontaneous system follows rules of equilibrium

Scientists have long known the ins and outs of equilibrium thermodynamics. Systems in equilibrium—a stable state of unchanging balance—are governed by a neat set of rules, making them predictable and easy to explore. 
"In equilibrium, there is a fantastic framework that is very well tested. There are almost no assumptions," said Northwestern Engineering's Erik Luijten. "The problem is that most systems in nature are not in equilibrium. For those, we don't have a useful framework with the same predictive capabilities."
Now an international team with members from opposite sides of the world has discovered evidence that a neat framework for non-equilibrium systems just might exist. Led by Luijten and Steve Granick of Korea's Institute for Basic Science (IBS), the team found a non-equilibrium system that quantitatively behaves like an equilibrium system. The finding could lead to a set of rules that makes it possible to predict the properties of non-equilibrium systems, which experience constant changes in energy and are required for all forms of life.
"Tolstoy said, 'All happy families are alike; each unhappy family is unhappy in its own way.' This is exactly what scientists have thought about equilibrium systems versus non-equilibrium systems. All equilibrium systems are similar, but each non-equilibrium system is non-equilibrium in its own way," said Granick, who directs the IBS Center for Soft and Living Matter. "We found that these seemingly unpredictable systems might be predictable after all."
Supported by the IBS, US Department of Energy, and the National Science Foundation, the research was published online in the Proceedings of the National Academy of Sciences. Luijten and Granick are the paper's co-corresponding authors. Ming Han, a PhD student in Luijten's laboratory, and Jing Yan, a former graduate student at the University of Illinois, served as co-first authors of the paper.
The research was spurred when Granick and Yan noticed something strange in the laboratory. As they watched a random mixture of soft-matter particles called Janus colloids, which Granick previously developed, they observed that the particles sometimes sorted themselves by type. Named after the Roman god with two faces, the micron-sized spheres have one hemisphere coated with a thin metal layer. They self-propel in the presence of an electric field, and when a rotating magnetic field is applied, they move in circles. In the presence of these fields, about 50 percent of the colloids orient their metal-coated hemisphere in the same direction. The remaining 50 percent face in the opposite direction.
"When the oppositely oriented particles move in circles, they bump into each other and are ejected out of their orbit," said Luijten, professor of materials science and engineering, engineering sciences and applied mathematics, and physics and astronomy. "The particles continue to be kicked out of their orbits until they are only surrounded by the same type. Right-facing particles are surrounded by other right-facing particles, and left-facing particles are surrounded by other left-facing particles."
Granick and his team recognized this behavior as phase separation, which is characteristic of substances in equilibrium. When phase separation occurs, a mixture of two or more liquids separates into layers. Most have witnessed phase separation when shaking an oil vinaigrette salad dressing. After the dressing settles, the layer of oil settles on top of the layer of vinegar.
"They noticed phase separation in a system that was out of equilibrium," Han said. "Sometimes they saw clear phase separation, but other times, they didn't see phase separation at all."
Long-time collaborators, Granick and Luijten pondered the mystery together. Luijten's team repeated the experiment in computational simulations and found that only when the particles rotated with small radii did they phase separate. They pinpointed that the length of the radius was key.
The laws of thermodynamics define relationships between temperature and energy for all equilibrium systems. By knowing the system's temperature, scientists can make predictions about its other properties. Luijten, Granick, and their teams found that in their non-equilibrium system the radius functioned similarly to temperature as a control parameter.
"We found that everything you control by temperature in equilibrium instead depends on radius in our system," Luijten said. "It's a general, fundamental statement that is a starting point for more exploration. It gives a bit of hope that we could develop general guidelines for non-equilibrium systems." 
自然系统遵循平衡原则

科学家早就知道平衡热力学的原理。均衡的系统——一个稳定不变的平衡状态，受到一整套有条理的规则约束着，从而使得它们是可预测并易于探索的。

西北工程大学的Erik Luijten说：“问题在于，自然界中的大多数系统本身并不是平衡的。对于这些系统，我们并没有具有相同预测能力的有用框架。”

现在，由世界各地的成员组成的国际团队已经发现一个有条理的非均衡系统的框架有可能存在。由韩国基础科学研究所（IBS）的Luijten和Steve Granick领导的团队发现了一个非平衡系统，定量地表现为平衡系统。这一发现可能导致一套规则的产生，从而有可能预测非平衡系统的特性，这种系统的能量是不断改变的，这对所有形式的生命都是必要的。

 “托尔斯泰曾说过‘所有幸福的家庭都是相似的，不幸的家庭各有各的不幸。’这正是科学家们对均衡系统与非平衡系统的看法，所有的均衡系统都是相似的，但是每个非均衡系统都是以自己的方式非均衡着。”指导韩国基础研究所的软物质生活的Granick说道，“我们发现这些看似不可预测的系统也许是可以预测的。”

在韩国基础科学研究所、美国能源部和美国国家科学基金会的支持下，该研究在线发表在《美国国家科学院院刊》上。 Luijten和Granick是论文的共同作者。Luijten实验室的博士生Ming Han，伊利诺伊大学的前研究生Jing Yan，共同担任了本文的第一作者。

当Granick和Yan在实验室里发现了一些奇怪的事情时，这项研究激起了他们的兴趣。当他们观察Granick先前开发的称为Janus胶体的软质颗粒的随机混合物时，他们观察到这些颗粒有时会按照类型自行进行分类。它们是以古罗马的两面神命名的，微米大小的球体上有一个半球，上面覆盖着一层薄薄的金属层。它们在存在电场的情况下自行推进，当施加旋转磁场时，它们以圆形移动。在这些领域中，约50％的胶体使其金属涂覆的半球定位于同一个方向。剩下的50％面向相反的方向。

 “当相反方向的粒子移动时，它们彼此碰撞并被弹出轨道，”工程科学与应用数学、物理和天文学、材料科学与工程教授Luijten说，“颗粒继续被弹出它们的轨道，直到它们被同类颗粒包围，面向右面的颗粒被其他面向右面的颗粒包围，面向左面的颗粒被其他面向左面的颗粒包围。

Granick和他的团队将这种行为称为相位分离，这是处于平衡状态的物质的特征。当发生相位分离时，两种或更多种液体的混合物分成多层。大多数人在摇动油醋沙拉酱时目睹了相位分离。调味料沉降后，一层油沉淀在醋层的顶部。

 “他们注意到失去平衡的系统里的相位分离，”Han说，“有时他们看到明显的相位分离，但其他时候，他们根本没有看到相位分离。”

长期合作的Granick和Luijten一起思考了这个谜团。 Luijten的团队在计算模拟中重复了实验，发现只有当粒子以小半径旋转时，它们才会相位分离。他们指出半径的长度是关键。

热力学定律定义了所有平衡系统的温度和能量之间的关系。通过了解系统的温度，科学家们就可以对该系统其它的特性做出预测。 Luijten，Granick和他们的团队发现，在非平衡系统中，半径与作为控制参数的温度的作用是相似的。

 “我们发现，相应的，在所有由温度控制的平衡中系统的半径就会起到决定性作用了。”Luijten说，“这是一个一般性的，基本的陈述，这是更多探索的起点，它给了我们一点希望，使我们可以为非平衡系统制定一般性的指导方针。”
Better than Star Wars: Chemistry discovery yields 3-D table-top objects crafted from light

A scientist's dream of 3-D projections like those he saw years ago in a Star Wars movie has led to new technology for making animated 3-D table-top objects by structuring light. 
The new technology uses photoswitch molecules to bring to life 3-D light structures that are viewable from 360 degrees, says chemist Alexander Lippert, Southern Methodist University, Dallas, who led the research.
The economical method for shaping light into an infinite number of volumetric objects would be useful in a variety of fields, from biomedical imaging, education and engineering, to TV, movies, video games and more.
"Our idea was to use chemistry and special photoswitch molecules to make a 3-D display that delivers a 360-degree view," Lippert said. "It's not a hologram, it's really three-dimensionally structured light."
Key to the technology is a molecule that switches between non-fluorescent and fluorescent in reaction to the presence or absence of ultraviolet light.
The new technology is not a hologram, and differs from 3-D movies or 3-D computer design. Those are flat displays that use binocular disparity or linear perspective to make objects appear three-dimensional when in fact they only have height and width and lack a true volume profile.
"When you see a 3-D movie, for example, it's tricking your brain to see 3-D by presenting two different images to each eye," Lippert said. "Our display is not tricking your brain—we've used chemistry to structure light in three actual dimensions, so no tricks, just a real three-dimensional light structure. We call it a 3-D digital light photoactivatable dye display, or 3-D Light Pad for short, and it's much more like what we see in real life."
At the heart of the SMU 3-D Light Pad technology is a "photoswitch" molecule, which can switch from colorless to fluorescent when shined with a beam of ultraviolet light.
The researchers discovered a chemical innovation for tuning the photoswitch molecule's rate of thermal fading—its on-off switch—by adding to it the chemical amine base triethylamine.
Now the sky is the limit for the new SMU 3-D Light Pad technology, given the many possible uses, said Lippert, an expert in fluorescence and chemiluminescence—using chemistry to explore the interaction between light and matter.
For example, conference calls could feel more like face-to-face meetings with volumetric 3-D images projected onto chairs. Construction and manufacturing projects could benefit from rendering them first in 3-D to observe and discuss real-time spatial information. For the military, uses could include tactical 3-D replications of battlefields on land, in the air, under water or even in space.
Volumetric 3-D could also benefit the medical field.
"With real 3-D results of an MRI, radiologists could more readily recognize abnormalities such as cancer," Lippert said. "I think it would have a significant impact on human health because an actual 3-D image can deliver more information."
Unlike 3-D printing, volumetric 3-D structured light is easily animated and altered to accommodate a change in design. Also, multiple people can simultaneously view various sides of volumetric display, conceivably making amusement parks, advertising, 3-D movies and 3-D games more lifelike, visually compelling and entertaining.
Lippert and his team report on the new technology and the discovery that made it possible in the article "A volumetric three-dimensional digital light photoactivatable dye display," published in the journal Nature Communications. 
Co-authors are Shreya K. Patel, lead author, and Jian Cao, both students in the SMU Department of Chemistry.
Genesis of an idea—cinematic inspiration
The idea to shape light into volumetric animated 3-D objects came from Lippert's childhood fascination with the movie "Star Wars." Specifically he was inspired when R2-D2 projects a hologram of Princess Leia. Lippert's interest continued with the holodeck in "Star Trek: The Next Generation."

"As a kid I kept trying to think of a way to invent this," Lippert said. "Then once I got a background in chemistry molecules that interact with light, and an understanding of photoswitches, it finally dawned on me that I could take two beams of light and use chemistry to manipulate the emission of light."
Key to the new technology was discovering how to turn the chemical photoswitch off and on instantly, and generating light emissions from the intersection of two different light beams in a solution of the photoactivatable dye, he said.
SMU graduate student in chemistry Jian Cao hypothesized the activated photoswitch would turn off quickly by adding the base. He was right.
"The chemical innovation was our discovery that by adding one drop of triethylamine, we could tune the rate of thermal fading so that it instantly goes from a pink solution to a clear solution," Lippert said. "Without a base, the activation with UV light takes minutes to hours to fade back and turn off, which is a problem if you're trying to make an image. We wanted the rate of reaction with UV light to be very fast, making it switch on. We also wanted the off-rate to be very fast so the image doesn't bleed."
SMU 3-D Light Pad
In choosing among various photoswitch dyes, the researchers settled on N-phenyl spirolactam rhodamines. That particular class of rhodamine dyes was first described in the late 1970s and made use of by Stanford University's Nobel prize-winning W.E. Moerner.
The dye absorbs light within the visible region, making it appropriate to fluoresce light. Shining it with UV radiation, specifically, triggers a photochemical reaction and forces it to open up and become fluorescent.
Turning off the UV light beam shuts down fluorescence, diminishes light scattering, and makes the reaction reversible—ideal for creating an animated 3-D image that turns on and off.
"Adding triethylamine to switch it off and on quickly was a key chemical discovery that we made," Lippert said.
To produce a viewable image they still needed a setup to structure the light.
Structuring light in a table-top display
The researchers started with a custom-built, table-top, quartz glass imaging chamber 50 millimeters by 50 millimeters by 50 millimeters to house the photoswitch and to capture light.
Inside they deployed a liquid solvent, dichloromethane, as the matrix in which to dissolve the N-phenyl spirolactam rhodamine, the solid, white crystalline photoswitch dye.
Next they projected patterns into the chamber to structure light in two dimensions. They used an off-the-shelf Digital Light Processing (DLP) projector purchased at Best Buy for beaming visible light.
The DLP projector, which reflects visible light via an array of microscopically tiny mirrors on a semiconductor chip, projected a beam of green light in the shape of a square. For UV light, the researchers shined a series of UV light bars from a specially made 385-nanometer Light-Emitting Diode projector from the opposite side.
Where the light intersected and mixed in the chamber, there was displayed a pattern of two-dimensional squares stacked across the chamber. Optimized filter sets eliminated blue background light and allowed only red light to pass.
To get a static 3-D image, they patterned the light in both directions, with a triangle from the UV and a green triangle from the visible, yielding a pyramid at the intersection, Lippert said.
From there, one of the first animated 3-D images the researchers created was the SMU mascot, Peruna, a racing mustang.

"For Peruna—real-time 3-D animation—SMU undergraduate student Shreya Patel found a way to beam a UV light bar and keep it steady, then project with the green light a movie of the mustang running," Lippert said.
So long Renaissance
Today's 3-D images date to the Italian Renaissance and its leading architect and engineer.
"Brunelleschi during his work on the Baptistery of St. John was the first to use the mathematical representation of linear perspective that we now call 3-D. This is how artists used visual tricks to make a 2-D picture look 3-D," Lippert said. "Parallel lines converge at a vanishing point and give a strong sense of 3-D. It's a useful trick but it's striking we're still using a 500-year-old technique to display 3-D information."
The SMU 3-D Light Pad technology, patented in 2016, has a number of advantages over contemporary attempts by others to create a volumetric display but that haven't emerged as commercially viable.
Some of those have been bulky or difficult to align, while others use expensive rare earth metals, or rely on high-powered lasers that are both expensive and somewhat dangerous.
The SMU 3-D Light Pad uses lower light powers, which are not only cheaper but safer. The matrix for the display is also economical, and there are no moving parts to fabricate, maintain or break down.
Lippert and his team fabricated the SMU 3-D Light Pad for under $5,000 through a grant from the SMU University Research Council.
"For a really modest investment we've done something that can compete with more expensive $100,000 systems," Lippert said. "We think we can optimize this and get it down to a couple thousand dollars or even lower."
Next Gen: SMU 3-D Light Pad 2.0
The resolution quality of a 2-D digital photograph is stated in pixels. The more pixels, the sharper and higher-quality the image. Similarly, 3-D objects are measured in voxels—a pixel but with volume. The current 3-D Light Pad can generate more than 183,000 voxels, and simply scaling the volume size should increase the number of voxels into the millions—equal to the number of mirrors in the DLP micromirror arrays.
For their display, the SMU researchers wanted the highest resolution possible, measured in terms of the minimum spacing between any two of the bars. They achieved 200 microns, which compares favorably to 100 microns for a standard TV display or 200 microns for a projector.
The goal now is to move away from a liquid vat of solvent for the display to a solid cube table display. Optical polymer, for example, would weigh about the same as a TV set. Lippert also toys with the idea of an aerosol display.
The researchers hope to expand from a monochrome red image to true color, based on mixing red, green and blue light. They are working to optimize the optics, graphics engine, lenses, projector technology and photoswitch molecules.
"I think it's a very fascinating area. Everything we see—all the color we see—arises from the interaction of light with matter," Lippert said. "The molecules in an object are absorbing a wavelength of light and we see all the rest that's reflected. So when we see blue, it's because the object is absorbing all the red light. What's more, it is actually photoswitch molecules in our eyes that start the process of translating different wavelengths of light into the conscious experience of color. That's the fundamental chemistry and it builds our entire visual world. Being immersed in chemistry every day—that's the filter I'm seeing everything through."
The SMU discovery and new technology, Lippert said, speak to the power of encouraging young children.
"They're not going to solve all the world's problems when they're seven years old," he said. "But ideas get seeded and if they get nurtured as children grow up they can achieve things we never thought possible." 

比《星球大战》更精彩：化学家发明了由光制作的3-D桌面物体

一个科学家对三维投影（就像几年前在电影《星球大战》中所看到的一样）的梦想，已经带来了通过构建光源制作3D动画桌面物体的新技术。

达拉斯南卫理公会大学的化学家亚历山大•利佩珀（Alexander Lippert），作为该研究的主导者表示，这项新技术使用光电开关分子将360度可观看的三维光结构带入生活。

将光成形为无限数量的体积物体的经济方法在在各种领域都是有用的，从生物医学成像，教育和工程到电视，电影，视频游戏等多个领域。

 “我们的想法是使用化学和特殊的光开关分子来制作3D显示屏，使其提供360度视图” Lippert说，“这不是全息图，它真的是三维结构化的光。”

该技术的关键是在非荧光和荧光之间切换的分子在紫外线存在与否的情况下的反应。

与3D电影或3D电脑的设计不同，这项新技术展现的不是全息图。那些是平面显示器，使用双眼视差或线性透视来使目标物体看起来是三维的，实际上它们只具有高度和宽度，并没有真实的体积轮廓。

 “比如，当人们看到3-D电影中的画面的时候，其实是通过向每只眼睛呈现两种不同的图像来欺骗人的大脑，让其认为看到的影像是3D的效果的，”Lippert说，“我们所展示出来的画面不是在欺骗你的大脑——我们是使用化学知识在三个实际的尺寸上构造光，所以不带有欺骗性，确实是一个真正的三维光结构，我们称之为3-D数字光可激活染料显示器，或简称为3 -D Light Pad，它所呈现的更像我们现实生活中所看到的那样。”

SMU 3-D Light Pad技术的核心是“光电开关”分子，当用紫外线照射时，它可以从无色转换成荧光的。

研究人员发现了一种化学创新，这种创新用于调节光开关分子的热消退速率——通过增加化学胺基三乙胺来调节开关的开关速率。

 “鉴于这一技术可能会有很多用途，现在天空是新的SMU 3-D Light Pad技术受限的原因。”研究荧光和化学发光（利用化学来探索光和物质的相互作用）的专家Lippert说。

例如，电话会议可能会更像是面对面的会议，因为会有体积3D图像投影到椅子上。建筑和制造项目可能会受益其中，因为可以先将其用3D效果呈现出来，以观察和讨论实时空间信息。对于军队来说，可能会用于包括在陆地，空中，水下，甚至空间的战场上的三维重复战术上。

体积3D技术也会给医药领域带来益处。

 “凭借MRI的真正3D结果，放射科医师可以更容易地识别出患者身体的异常，如癌症。” Lippert说，“我认为这会对人类健康产生重大影响，因为实际的三维图像可以提供更多信息。”

与3-D打印不同，体积3-D结构化光线可以轻松的产生动画并进行修改，以适应设计的变化。此外，多人可以同时观看体积显示的各个面。可以想象，这会使娱乐公园，广告，三维电影和三维游戏更逼真，视觉上引人入胜，更具娱乐性。

Lippert及其团队报告了这项新技术，这一发现使他们在《自然通讯》杂志上发表文章《立体三维数字光激活染料显示》成为可能。

共同作者是首席作家Shreya K. Patel和Jian Cao，他们是SMU化学系的两名学生。

创意的起源——来自电影的灵感

将光线形成体积动画3-D物体的想法来自于Lippert童年对电影《星球大战》的迷恋。具体来说是当R2-D2投影了Leia公主的全息图时，他受到了启发。 Lippert在看到《星际迷航：下一代》中的全息图时，他的兴趣再次被激发。

 “当我还是个孩子的时候，我一直试图想办法发明这项技术，” Lippert说，“后来我拥有了与光相互作用的化学分子的学习背景，有了对光电开关的理解，我终于明白了，我可以用两束光，并运用化学原理来操纵光的发射。”

他说，新技术的关键在于发现如何瞬间控制化学光电开关的开关状态，并在光激活染料的溶液中从两种不同的光束的交叉点产生光。

SMU化学研究生Jian Cao假设激活的光电开关将通过添加基地实现快速关闭。他这么做是对的。

 “这项化学创新是我们发现通过添加一滴三乙胺可以实现对热褪色速率的调节，使其立即从粉红色溶液变成清澈的溶液。”Lippert说，“在没有任何基础的情况下，用紫外光激活需要几分钟到几个小时才能褪色并关闭，如果想要制作图像，这会是一个问题。我们希望紫外光的反应速度非常快，使之开启，我们希望离线速度也可以非常快，以便使图像看起来不会像是在流血。

SMU 3-D光垫

在对各种光电开关染料进行选择之后，研究人员决定使用N-苯基产生罗丹明类化合物。这种特殊类型的罗丹明染料在20世纪70年代末被首次描述，并被斯坦福大学的诺贝尔奖获得者W.E. Moerner使用过。

这种染料吸收可见光区域内的光，使其适合发出荧光。用紫外线辐射照射，特别是触发光化学反应进而迫使它打开并变成荧光。

关闭紫外光束就会使荧光关闭，减弱了光的散射，就能使反应可逆——这是实现动画3-D图像打开和关闭的理想效果。

Lippert说：“添加三乙胺可以快速切换开关状态，这是我们的一个关键的化学发现。

为了产生可见的图像，他们仍然需要一个设置来构造光。

在桌面显示器中构建光

首先，研究人员定制了一个台式石英玻璃成像室（50毫米×50毫米×50毫米），以便能够容纳照明开关并捕获光。

在其内部，放置了液体溶剂二氯甲烷作为溶解N-苯基螺内酰胺罗丹明（固体，白色结晶的光敏发色体）的基质。

接下来，他们将模式投射到室内以在两个维度上构成光。他们使用了在百思买（Best Buy）购买的现成的数字光处理（DLP）投影仪，用于投射可见光。

通过半导体芯片上的一组显微镜小镜反射可见光的DLP投影仪投射出一个正方形的绿光束。对于紫外光，研究人员从特制的385纳米发光二极管投影仪的另一侧发现了一系列紫外线灯条。

光在室内相交和混合的地方，显示出了一个横跨房间的二维正方形图案。优化的滤波器组消除了蓝色背景光，只允许红光通过。

Lippert说，为了获得一个静态的3-D图像，他们在两个方向上对光线进行了图案化，一个是来自紫外线的三角形，另一个是来自可见光的绿色三角形，在它们的交点处形成了一个金字塔。

在那里，研究人员创建了首例3D动画图像之一——SMU吉祥物Peruna——一种赛马。

 “对于Peruna 这个实时3D动画，SMU本科生Shreya Patel发现了一种方式来射出一个紫外线灯条并使其保持稳定，然后用绿灯投射一个奔跑的野马的影像。”Lippert说。

追溯到久远的文艺复兴使时期

如今的3D图像可以追溯到意大利文艺复兴时期及其领军的建筑师和工程师。

 “Brunelleschi在圣约翰洗礼堂的工作中率先使用线性透视的数学表示法，就是我们现在所说的3D，这就是艺术家如何使用视觉技巧来制作2-D图片使其看起来是3D效果的，”Lippert说，“平行线在一个消失点上融合，给人一种强烈的3D感。这一技术非常有用，但令人吃惊的是，我们仍然在使用500年前的技术来显示3D信息。

SMU 3-D Light Pad技术在2016年获得了专利，它与其他人尝试创建的体积显示器相比具有许多优势，但在商业方面尚未成为可行的。

这些显示器，其中一些是笨重的或难以校对的，而另一些则需要使用昂贵的稀土金属，或依赖于昂贵且有些危险的大功率激光。

SMU 3-D Light Pad使用较低的光功率，这不仅更便宜而且更安全。用来显示图像的矩阵也是经济实用的，并且没有可移动的部件来制造、维护或分解。

Lippert及其团队在SMU大学研究委员会的资助下，用不到5000美元制造出了SMU 3-D Light Pad。

 “对于一个相当适中的投资来说，我们做出了可以与更昂贵的耗费10万美元的系统竞争的东西。”Lippert说，“我们认为我们可以继续进行优化，并将其降低到几千美元甚至更低。”

下一代：SMU 3-D Light Pad 2.0

2-D数字照片的分辨率质量以像素表示的。像素越高，图像清晰度越高。类似地，3-D物体是以体素（是一种涉及到体积的像素）来衡量的。当前的3-D Light Pad体素超过183,000，简单地通过缩放体积大小就能将体素的数量增加到数百万，相当于DLP微镜阵列中的镜像数

对于显示屏，SMU研究人员想要尽量使其达到最高分辨率，根据任意两个条之间的最小间距来衡量。他们实现了200微米的分辨率，相比之下，标准电视显示屏的分辨率是100微米，而投影机的显示屏则为200微米。

当前的目标是将液晶显示屏的溶剂的液体容器转移到固体立方体显示屏上。例如，光学聚合物差不多与电视机的重量相同。 Lippert还曾有过设计气溶胶显示器的想法。

研究人员想要通过对红色，绿色和蓝色光进行混合使图像从单一的红色扩展到其真正的色彩。他们正在努力优化光学，图形引擎，镜头，投影技术和光电开关分子。

 “我认为这是一个非常迷人的领域，我们看到的一切——我们看到的所有颜色——源自光与物质的相互作用，”Lippert说，“物体中的分子吸收了光的波长，然后我们看到所有其余光的反射，所以当我们看到蓝色的时候，是因为物体吸收了所有的红光，更重要的是，实际上是我们眼中的光开关分子开始将不同波长的光转化为色彩的自觉体验。这就是基础化学，它构建了我们整个视觉世界。每天沉浸在化学中——这是我看向一切的过滤器。

Lippert说道，SMU的这一发现和这一新技术直接给予年轻孩子们力量和勇气！

 “他们七岁时不可能解决世界上所有的问题，”他说，“但思想会在心里播种，如果孩子们长大后能够将其培育出来，就能实现我们从未想过的事情。”
Scientists see molecules 'breathe' in remarkable detail

In a milestone for studying a class of chemical reactions relevant to novel solar cells and memory storage devices, an international team of researchers working at the Department of Energy's SLAC National Accelerator Laboratory used an X-ray laser to watch "molecular breathing" – waves of subtle in-and-out motions of atoms – in real time and unprecedented detail. 
These ripples of motion, seen with SLAC's Linac Coherent Light Source (LCLS), allowed the team to study how energy is exchanged between light and electrons and leads to tension and eventually motion of atoms in an iron-based molecule that's a model for transforming light to electric energy and switchable tiny molecular magnets.
In a paper published in Nature Communications, the research team said these high fidelity, real-time measurements of ultrafast energy redistribution can provide key information to understand the function of many chemical, physical and biological light-induced phenomena.
"It's a significant leap in experiment sensitivity that now allows us to see more of what's happening," says Diling Zhu, staff scientist at SLAC. "We're zooming into the details of molecules as we achieve better and better resolution in both space and time."
The molecule they studied consists of a central iron atom attached to three double-ringed structures known as bipyridines.
To see it "breathe," the scientists first hit the molecule with laser light and immediately followed up with an X-ray laser pulse to examine any changes that took place.
The laser light excited an electron in the central iron atom, which was transferred to one of the attached bipyridine structures. When the electron returned to the iron atom 100 femtoseconds, or quadrillionths of a second, later, it flipped the magnetism of the iron. This caused the molecule to expand, setting off a breath-like oscillation through the entire structure.
Previous measurements in experiments with optical lasers had indirectly revealed these motions, and it was suspected that bending of the bipyridine attachments contributed to the molecular motion.
But this experiment using more direct signals from X-rays showed that this explanation was incorrect. With each X-ray pulse lasting just 50 femtoseconds, the team could observe the electronic excitation by light and the following breathing process at much shorter intervals than ever before and obtain a more complete picture in real time.
Researchers hope that gained insights from molecular breathing will help them improve technologies such as dye-sensitized solar cells and memory storage.
Sensitized solar cells are a promising future alternative for cheap but efficient devices, but their light absorbing dyes often contain expensive rare metals like ruthenium. Scientists would like to use cheaper iron-based compounds instead, but magnetic switching that induces the molecular breathing stops the flow of electrical current across a solar cell.
"We see two competing processes in the molecule and their relation to molecular structure. With this information, we may find ways to change the molecular structure in order to favor the usable process for potential technical applications," says Henrik Lemke, formerly a staff scientist at SLAC and now at SwissFEL's Paul Scherrer Institute in Switzerland. Lemke is lead author of the study, which also included researchers from Sweden, Denmark, Italy, and France, as well as from SLAC.
"For other applications, the switch is actually desirable, so we could create a molecular memory system," Lemke adds. "In memory storage devices, a reversible process could enable us to write and store data with the material."
The experiment marks a significant step forward in the capability to visualize molecular dynamics at LCLS's X-ray Pump Probe instrument, which was first commissioned in 2010. To generate sharper images of the molecular motion, scientists at LCLS have developed new methods for delivering samples into the path of the X-ray laser beam, as well as special data analysis techniques to account for various fluctuations that can blur the experiment.
The improvements also mean researchers are now able to collect higher quality data in less time. Scientists at LCLS can now acquire information that may have taken weeks to collect before in just a few minutes. 

科学家们对分子的‘呼吸’进行了详细的观察

在研究一类与新型太阳能电池和存储器件相关的化学反应的里程碑中，来自能源部的国家加速器实验室斯坦福直线加速器中心的一个国际研究团队使用X射线激光器观察“分子呼吸”，原子的微弱进出运动的实时和前所未有的细节。

用斯坦福直线加速器中心的直线性连续加速器光源（LCLS）看到的这些运动波纹允许团队研究光与电子之间的能量如何交换，并导致铁基分子中原子的紧张和最终运动，这是把光转换成电能和可切换的微小分子磁体的模型。

在《自然通讯》杂志上发表的一篇论文中，研究小组说，这些高保真度、实时测量的超快能量的再分配可以为了解许多化学、物理和生物光诱发现象的功能提供关键信息。

斯坦福直线加速器中心的工作人员朱迪灵说:“这是实验灵敏度方面的意义重大的飞跃，这可以让我们更加清楚的看到什么事情正在发生。”“随着我们在空间和时间上获得越来越高的分辨率，我们正在放大分子的细节。”

他们研究的分子由一个中央铁原子组成，这个铁原子隶属于三个被称为双吡啶类的双环结构。

为了看到它“呼吸”，科学家们首先用激光照射分子，然后用X射线激光脉冲来检查发生的所有变化。

激光照亮了中央铁原子中的一个电子，它被转移到一个附加的双吡啶结构上。当电子返回到铁原子100飞秒，或者说十分之一秒的时候，它会改变铁的磁性。这导致分子膨胀，在整个结构中形成了类似于呼吸的振荡。

先前对光学激光实验的测量结果间接地揭示了这些运动，并且认为双吡啶附件的弯曲可能导致了分子运动。

但是这个实验用X光的更多直接信号表明这个解释是错误的。每个X射线脉冲只持续50飞秒，研究小组通过光和以下的呼吸过程观察到电子兴奋的时间比以往任何时候都短，并且能让研究小组获得更完整的实时图像。

研究人员希望从分子呼吸中获得的见解能帮助他们改进诸如染料敏化太阳能电池和记忆储存技术。

敏感的太阳能电池对于便宜且有效的设备来说是一个很有前景的选择，但是它们的光吸收染料通常含有昂贵的稀有金属，如钌。科学家们希望使用更便宜的以铁为基础的化合物，但是，这种能诱导分子呼吸的磁性开关可能会阻止太阳能电池的电流。

“我们在分子中看到了两个相互竞争的过程和它们与分子结构的关系。有了这些信息，我们可能会找到改变分子结构的方法，以便为潜在的技术应用提供有效的过程，”前斯坦福直线加速器中心的，现在在瑞士的SwissFEL保罗•谢尔研究所的工作人员亨里克•莱姆基说。莱姆基是这项研究的主要作者，该研究还包括来自瑞典、丹麦、意大利和法国的研究人员，以及斯坦福直线加速器中心的研究人员。

“对于其他的应用，这个开关实际上是令人满意的，所以我们可以创建一个分子记忆系统，”莱姆基补充说。“在内存存储设备中，可逆过程可以让我们用这些材料来编写和存储数据。”

该实验标志着在直线性连续加速器光源的X射线泵探测仪器的可视化分子动力学方面向前迈出了重要的一步，该仪器于2010年首次服役。为了生成更清晰的分子运动图像，直线性连续加速器光源的科学家们已经开发出了新的方法来将样本传送到X射线激光束的路径中，以及用特殊的数据分析技术来解释各种可能模糊实验的波动。

这些改进也意味着研究人员现在能够在更短的时间内收集高质量的数据。直线性连续加速器光源的科学家们现在可以获得一些信息，收集这些信息虽然只需要几分钟的时间，但是整个收集过程可能需要消耗数周时间。
Metal Alloy（金属合金）

Researchers demonstrate 'shape memory' effect in gold particles

Researchers from the Technion-Israel Institute of Technology and Germany have demonstrated for the first time the phenomena of shape memory and self-healing in gold microparticles. Achieved through defects-mediated diffusion in the particle, the discovery could one day lead to the development of micro- and nano-robots capable of self-repair; mechanically stable and damage-tolerant components and devices; and targeted drug delivery. 
The study, published in the journal Advanced Science, was conducted by doctoral student Oleg Kovalenko and Dr. Leonid Klinger, led by Prof. Eugen Rabkin of the Technion Department of Materials Science and Engineering, together with Dr. Christian Brandl of Karlsruhe Institute of Technology, Germany (KIT).
Shape-memory materials are characterized by the ability to repair the damage caused to them (such as plastic deformation) and to recover their original shape. These materials can exist in two stable crystalline forms, or phases: austenite, which is the more symmetrical primary form stable at elevated temperatures; and martensite, which is a phase characterized by lower symmetry, but also by greater strength. A well-known example of transition between the two phases is the quenching of steel.
The transformation of the austenite phase to the martensite can be activated by applying mechanical load to the material, or by cooling it down. The low-symmetry structure of the martensite allows the material to absorb considerable plastic strain by re-orienting the distorted crystals of martensite according to the direction of the stress applied to it. Even after plastic deformation, the martensite crystals "remember" their parent austenite phase and are capable of restoring it in its original configuration. This will happen if the material is heated up, causing the reverse martensite-austenite phase transformation and transforming the thermal energy into mechanical energy that will restore the material to its original shape.
Until now, this shape memory effect has only been observed in very few metal alloys such as Nitinol (Ni-Ti). These alloys are characterized by polymorphism – multiplicity of possible stable crystalline phases. This is the first time the phenomenon of shape memory has been demonstrated in sub-micrometer particles of gold. The researchers indented the gold particles with a sharp diamond tip controlled by an atomic force microscope (AFM). Annealing of the indented particles at a temperature of 600°C (about 65% of the absolute melting temperature of gold) resulted in full healing of the damage and recovery of the particles' original shape prior to deformation.

According to Prof. Rabkin, the discovery of the shape memory effect in these particles is surprising for two reasons: "First, the particles' original shape was not perfect in terms of energy and thermodynamic equilibrium. Second, gold in its solid state is not characterized by polymorphism."
To understand the process in depth, the researchers investigated the atomic motion during indentation and heating, using atomistic molecular dynamic computer simulations. They demonstrated that the plastic deformation during the indentation process is mediated by nucleation and glide of dislocation half-loops (the dislocations are linear, one-dimensional defects in the crystal through which it undergoes plastic deformation). The loops which egress at the free surfaces form terraces and ledges on the flat facets of the particle, and these serve as "guide rails" directing the diffusion of gold atoms back to the indented site during high-temperature anneal. Thus the particle recovers its original shape.
Like coffee that returns to the cup all by itself
Both plastic deformation and capillary-driven diffusion are classical examples of thermodynamically irreversible processes. It is remarkable that a combination of two irreversible processes can lead to damage recovery and reversible restoration of a particle shape. To understand how surprising this process is, think of spilled coffee jumping back from the floor into the cup, or a car that recovers its original shape after being totaled in an accident.
Prof. Rabkin says that the discovered self-healing and shape memory effect in metallic nano- and microparticles could be utilized for the design of mechanically stable and damage-tolerant components and devices at the sub-micrometer length scale.
For example, one of the main reasons for the failure of mobile electronic devices (such as tablets and smartphones) is the mechanical wear of electrical contacts. Designing a contact geometry based on the discovered shape memory effect can solve this problem once and for all: electric current flowing through the damaged electrical contact will heat up the contact area, and heat will be utilized to repair the mechanical damage of the contact. Another possible use is the controlled drug delivery to the specific areas of the patient's body. For this application, the particles capable of recovering their shape at lower temperatures should be designed. A drug can be injected into the cavity on the particle surface produced by indentation, and released after heating. 

研究人员展示了黄金颗粒的“形状记忆”效应

来自以色列理工学院和德国的研究人员首次展示了黄金微粒子形状记忆和自我愈合现象。通过缺陷介导粒子实现扩散，在将来的某一天这一发现会促进能够进行自我修复的微型和纳米机器人的发展; 机械稳定和耐损伤的部件和装置; 和靶向药物递送。

这项研究发表在《高级科学》杂志上，该研究由博士生奥列格•科瓦连科和莱奥尼德•克林格牵头领导，而这两位博士生则是由材料科学与工程技术部门的尤金•拉伯金教授和德国卡尔斯鲁厄理工学院的克里斯蒂安•布兰德尔博士领导的。

形状记忆材料的特点是修复损伤造成的破坏(如塑性变形)，让他们恢复原来的形状。这些材料可以以两种稳定的晶体形式存在，一种是奥氏体，即在高温下比较对称的初级形式，另一种则是马氏体，一种具有较低对称性的相位，但也有更高的强度。这两个阶段之间的一个众所周知的转变就是钢铁的淬火过程。

奥氏体向马氏体的转变可以通过对材料施加机械载荷，或者通过冷却来激活。马氏体的低对称性结构使材料能够通过重新定位马氏体的变形晶体根据应力的方向来吸收相当大的塑性应变。即使在塑性变形之后，马氏体晶体“记住”它们的双亲奥氏体相，并且能够在其原始结构中恢复它。如果材料被加热，这种情况就会发生，并且导致相反的马氏体-奥氏体相变，热能转化为机械能，材料就可以被还原成原先的形状。

直到现在，我们只在很少的金属合金(如镍钛)中观察到了这种形状记忆效应。这些合金的特征是多态性-可能稳定的晶体相的多样性。这是第一次在亚微米粒子中发现形状记忆现象。研究人员用原子显微镜（AFM）控制的尖锐的金刚石尖端缩进了金颗粒。缩进粒子在600°C的退火温度下(大约65%的绝对黄金熔化温度)导致了损伤的完全愈合和颗粒恢复到变形前的初始形状。

根据拉伯金教授的说法，这些粒子形状记忆效应的发现是令人惊讶的，有两个原因:“首先，粒子的原始形状在能量和热力学平衡方面并不完美。其次，黄金在其固体状态下并不是以多态性为特征的。”

为了深入了解这一过程，研究人员利用原子分子动态计算机模拟研究了缩进和加热过程中的原子运动。结果表明，在缩进过程中，塑性变形是由脱位半环的成核和滑移调节造成的，这种变形是线性的，单维的缺陷，在晶体中是由塑性变形引起的。自由表面上形成的环路在粒子的平面上形成梯田和坡道，它们作为“导轨”，在高温退火时将金原子的扩散引导回到缩进的位置。这样，粒子就恢复了原来的形状。

像咖啡一样，它自己回到杯子里

塑性变形和毛细管驱动扩散都是热力学不可逆过程的经典例子。值得注意的是，两个不可逆过程的组合会导致损伤恢复和粒子形状的可逆恢复。为了理解这个过程是多么令人惊讶，想想溢出的咖啡从地板上跳到杯子里，或者一辆车在事故中完全恢复了原来的形状。

拉伯金教授说，在金属纳米和微粒子中发现的自愈合和形状记忆效应可以用在亚微米长度范围内的机械稳定和阻尼元件和器件的设计中。

例如，移动电子设备(如平板电脑和智能手机)失效的主要原因之一是电子触点的机械磨损。设计一种基于可被发现的形状记忆效应的接触几何，可以一次性解决这个问题:电流通过受损的电子接触会加热接触区域，热量将被用来修复接触的机械损伤。另一种可行的方法是控制药物传递到病人身体的特定区域。对于这个应用，我们应该设计出能够在低温下恢复其形状的粒子。我们可以注射一种药物到缩进产生的颗粒表面上，而这种药物在加热后可以释放出来。

Composite Materials（复合材料）

Breakthrough achieved in improving the ionic conductivity of fuel cell materials

Ceramic fuel cell technology has a tremendous potential for clean energy production. 
The researchers at Aalto University developed synthesis and processing routes for development of ceramic nanocomposite materials, which resulted in a breakthrough in improving the ionic conductivity of the fuel cell electrolyte materials.
A record high ionic conductivity of 0.55 S/cm at 550oC has been achieved at Aalto University. Fuel cells fabricated using these nanocomposite materials produced an outstanding performance of 1.06 W/cm2.
Ceramic fuel cell technology has a tremendous potential for sustainable clean energy production. With the help of these superionic nanocomposite materials, the operating temperature of the fuel cells can be significantly reduced. This low temperature operation helps in improving the long-term stability of the devices.
'With the help of these superionic materials, the losses due to ionic transport in the electrolyte layer are dramatically reduced, which makes it possible to produce fuel cells performing over 1W/cm2. We envision to reach a fuel cell performance of 2.5 W/cm2 by depositing these potential materials with modern printing method', Docent, Dr. Muhammad Imran Asghar says.
This work is a part of an EU-Indigo project funded by the Academy of Finland. The partners in the project include Aalto University, University of Oslo, University of Aveiro, Indian Institute of Technology – Delhi, CGRI – CSIR Kolkata and VESTEL Turkey.
The synthesized superionic materials were characterized with various microscopic (SEM, TEM), spectroscopic techniques (XRD, Raman, FTIR) and other analyses (BET analysis, DSC, TGA) techniques. The high performance fuel cells were characterized using electrochemical impedance spectroscopy and voltage/current-density measurements.
Details regarding the results can be found in the articles published in International Journal of Hydrogen Energy and Frontiers of Chemical Science and Engineering.  

在燃料电池材料的离子导电性方面取得的突破性进展

陶瓷燃料电池技术具有巨大的清洁能源生产潜力。

阿尔托大学的研究人员开发了陶瓷纳米复合材料的合成和加工路线，从而在提高燃料电池电解质材料的离子导电性方面取得了突破性进展。

在阿尔托大学，有人已经在550oC下记录到了高达0.55 S / cm的高离子电导率。 使用这些纳米复合材料制造的燃料电池有1.06W / cm2的出色性能。

陶瓷燃料电池技术具有巨大的可持续清洁能源生产潜力。在这些超离子纳米复合材料的帮助下，燃料电池的工作温度可以显著降低。低温操作有助于提高设备的长期稳定性。

在这些超离子材料的帮助下，电解液层离子传输所造成的损失急剧减少，这使得生产超过1W / cm2的燃料电池成为可能。穆罕默德•伊姆兰•阿斯加尔博士说:“我们设想将这些潜在的材料用现代的打印方法存储起来，从而达到2.5 W / cm2的燃料电池性能。”

这项工作是芬兰科学院资助的一个项目的一部分。该项目的合作伙伴包括阿尔托大学、奥斯陆大学、大学阿威罗、印度技术学院–德里、加尔各答和土耳其Vestel CGRI–CSIR等。

通过各种显微镜（SEM，TEM），光谱技术（XRD，Raman，FTIR）和其他分析（BET分析，DSC，TGA）技术对合成的超离子材料进行了表征。 使用电化学阻抗谱和电压/电流密度测量来表征高性能燃料电池。

有关研究结果的具体细节可以在《国际氢能源杂志》和《化学科学与工程前沿》的文章中找到。
Practical Application（实际应用）
Alien ice on Earth: Scientists discover how dense, extraterrestrial ice can form in just billionths of a second

Stanford researchers have for the first time captured the freezing of water, molecule-by-molecule, into a strange, dense form called ice VII ("ice seven"), found naturally in otherworldly environments, such as when icy planetary bodies collide. 
In addition to helping scientists better understand those remote worlds, the findings - published online July 11 in Physical Review Letters - could reveal how water and other substances undergo transitions from liquids to solids. Learning to manipulate those transitions might open the way someday to engineering materials with exotic new properties.
"These experiments with water are the first of their kind, allowing us to witness a fundamental disorder-to-order transition in one of the most abundant molecules in the universe," said study lead author Arianna Gleason, a postdoctoral fellow at Los Alamos National Laboratory and a visiting scientist in the Extreme Environments Laboratory of Stanford's School of Earth, Energy & Environmental Sciences.
Scientists have long studied how materials undergo phase changes between gas, liquid and solid states. Phase changes can happen rapidly, however, and on the tiny scale of mere atoms. Previous research has struggled to capture the moment-to-moment action of phase transitions, and instead worked backward from stable solids in piecing together the molecular steps taken by predecessor liquids.
"There have been a tremendous number of studies on ice because everyone wants to understand its behavior," said study senior author Wendy Mao, an associate professor of geological sciences and a Stanford Institute for Materials and Energy Sciences (SIMES) principal investigator. "What our new study demonstrates, and which hasn't been done before, is the ability to see the ice structure form in real time."
Catching ice in the act
Those timescales became achievable thanks to the Linac Coherent Light Source, the world's most powerful X-ray laser located at the nearby SLAC National Accelerator Laboratory. There, the science team beamed an intense, green-colored laser at a small target containing a sample of liquid water. The laser instantly vaporized layers of diamond on one side of the target, generating a rocket-like force that compressed the water to pressures exceeding 50,000 times that of Earth's atmosphere at sea level.
As the water compacted, a separate beam from an instrument called the X-ray Free Electron Laser arrived in a series of bright pulses only a femtosecond, or a quadrillionth of a second, long. Akin to camera flashes, this strobing X-ray laser snapped a set of images revealing the progression of molecular changes, flip book-style, while the pressurized water crystallized into ice VII. The phase change took just 6 billionths of a second, or nanoseconds. Surprisingly, during this process, the water molecules bonded into rod shapes, and not spheres as theory predicted.
The platform developed for this study - combining high pressure with snapshot images - could help researchers probe the myriad ways water freezes, depending on pressure and temperature. Under the conditions on our planet's surface, water crystallizes in only one way, dubbed ice Ih ("ice one-H") or simply "hexagonal ice," whether in glaciers or ice cube trays in the freezer.
Delving into extraterrestrial ice types, including ice VII, will help scientists model such remote environments as comet impacts, the internal structures of potentially life-supporting, water-filled moons like Jupiter's Europa, and the dynamics of jumbo, rocky, oceanic exoplanets called super-Earths.
"Any icy satellite or planetary interior is intimately connected to the object's surface," Gleason said. "Learning about these icy interiors will help us understand how the worlds in our solar system formed and how at least one of them, so far as we know, came to have all the necessary characteristics for life." 

地球上的外星冰:科学家们发现，在十亿分之一秒的时间里，冰层可以形成多么密集的地壳

斯坦福大学的研究人员首次捕捉到水的冰冻，即分子紧靠分子，形成的一种称为“冰七”(ice VII)的奇怪而致密的结构，而这种结构在如冰冷的行星碰撞等其它的世界环境中发现过。

7月11日发表在《物理评论快报》上的这项发现除了可以帮助科学家更好地了解这些遥远的外世界，还可以揭示水和其他物质是如何从液体过渡到固体的。学习操作这些过渡可能会为将来的工程材料的创意性新特性打开大门。

这项研究的第一作者、洛斯阿拉莫斯国家实验室的博士后、斯坦福极端环境实验室的地球、能源与环境科学学院的访问科学家阿里安娜•格里森博士说：“这些用水的实验是首例，使我们能够看到宇宙中最丰富的分子之间的绝对无序到有序地转变。

科学家们对材料在气体、液体和固体状态之间的相变进行了长期的研究。然而在极小的原子尺度上，相位变化可以发生得很快。以前的研究一直围绕在努力捕捉阶段转变的时时刻刻的动作上，而不是从稳定的固体中将前人的液体分子步骤拼凑在一起。

“因为每个人都想了解它的行为，所以有很大数量的研究是在冰上进行，”研究高级作者、地质科学副教授、斯坦福材料和能源科学研究所(SIMES)首席研究员温迪•毛说。“我们的新研究表明，我们现在有了能够实时看到冰结构形式的能力，而这是以前从未做过的。”

在行动中捕捉冰

得益于直线性连续加速器光源，这些时间尺度变得可以实现，而这种位于附近的斯坦福直线性加速器中心的国家加速器实验室光源是世界上最强大的X射线激光器。在那里，科学团队向一个含有液态水的样本小目标发射了一束强烈的绿色激光。激光在目标一侧立即蒸发了金刚石层，产生了将水压缩到海平面以上地球大气压力50,000倍以上的火箭状力。

随着水的压实，一种被称为X射线自由电子激光的仪器在飞秒，或一秒的四分之一秒内射入了另一束光束。类似于相机闪光灯，这张频闪的X射线激光拍下了一组照片，揭示了分子变化的进展，翻转的书本风格，而加压的水则结晶为冰七。相变只需要6亿分之一秒，也就是纳秒。令人惊讶的是，在这个过程中，水分子结合成杆形状，而不是像理论预测的那样。

这项研究的平台是将高压与快照图像结合在一起，这可以帮助研究人员根据压力和温度来探测水结冰的各种方式。在我们星球表面的条件下，水只有一种方式结晶，被称为冰Ih（“冰1 - H”)或简单的“六边形冰”，无论是冰川还是冰柜中的冰块。

研究包括冰VII在内的外星冰类型将有助于科学家建模诸如彗星影响、潜在维持生命的内部结构、像木星的欧罗巴这样充满水的卫星以及巨型、岩石、海洋外行星的动力学这样的偏远环境，我们将这称为超级地球。

“任何冰卫星或行星内部都与物体表面紧密相连，”格雷斯顿说。“了解这些冰凉的内部结构将有助于我们了解太阳系形成的世界，据我们所知，至少已经有一个星球已经具备了生命的所有必要特征。”
New algorithms extract biological structure from limited data
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Experimental setup for a single-particle diffraction experiment. Credit: Peter Zwart, Berkeley Lab
Understanding the 3D molecular structure of important nanoobjects like proteins and viruses is crucial in biology and medicine. With recent advances in X-ray technology, scientists can now collect diffraction images from individual particles, ultimately allowing researchers to visualize molecules at room temperature. 
However, determining 3D structure from these single-particle diffraction experiments is a significant hurdle. For instance, current data acquisition rates are very limiting, typically resulting in fewer than 10 useful snapshots per minute, limiting the amount of features that can be resolved. Additionally, the images are often highly corrupted with noise and other experimental artefacts, making it difficult to properly interpret the data.
To meet these challenges, a team of researchers from the Lawrence Berkeley National Laboratory (Berkeley Lab) has developed a new algorithmic framework called multi-tiered iterative phasing (M-TIP) that utilizes advanced mathematical techniques to determine 3D molecular structure from very sparse sets of noisy, single-particle data. This approach essentially allows researchers to extract more information from experiments with limited data. Applied mathematicians Jeffrey Donatelli and James Sethian, and physical bioscientist Peter Zwart introduced this framework by expanding on an algorithm that they originally developed to solve the reconstruction from a related X-ray scattering experiment, called fluctuation X-ray scattering. A paper describing the M-TIP framework was published June 26 in the Proceedings of the National Academy of Sciences.
"This approach has the potential to revolutionize the field," says Zwart. "Given that it is hard to get a lot of good data, approaches that reduce the amount of data needed to successfully image 3D nanoobjects are likely to receive a warm welcome."
Donatelli, Sethian and Zwart are all part of CAMERA (The Center for Advanced Mathematics for Energy Research Applications), whose mission is to create the state-of-the-art mathematics required to handle data from many of DOE's most advanced scientific facilities. CAMERA is jointly funded by the Advanced Scientific Computing Research and Basic Energy Sciences programs in DOE's Office of Science.
Single Particle Diffraction
The recent advent of X-ray free-electron lasers (XFELs) has enabled several new experimental techniques for studying biomolecules that were infeasible with traditional light sources. One such technique is single-particle diffraction, which collects a large number of X-ray diffraction snapshots with only a single particle in the beam. By leveraging the extreme power of XFELs, researchers can collect measurable signals even from the tiniest particles.
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An example of a clean single-particle diffraction image (left) and the same diffraction image after noise contamination (right). Credit: Peter Zwart, Berkeley Lab

One big advantage offered by this single-particle diffraction technique is the ability to study how different copies of a molecule vary or change in shape. Since each image comes from a single particle, these variations can be captured in the experiment, in contrast to traditional imaging methods like crystallography or small-angle X-ray scattering, where researchers can only measure an average over all different states of the molecular sample.
However, determining the 3D structure from single-particle diffraction data is challenging. To begin, when each particle is imaged, its orientation is unknown and needs to be recovered in order to properly combine the data into a 3D diffraction volume. This problem is compounded if the molecule can take on different shapes, which requires additional classification of the images. Furthermore, phase information is not recorded in diffraction images and must be recovered in order to complete the reconstruction. Finally, even with powerful XFELs, the number of scattered photons is very small, resulting in extremely noisy images, which can be further contaminated by systematic background and detector readout issues.
Previous approaches are based on solving the reconstruction problem in separate steps, where each individual problem is addressed separately. Unfortunately, a drawback to these serial approaches is that they do not easily leverage prior known features about what the molecule looks like. In addition, any error committed in one step is propagated to the next, resulting in a further increase in error. This "error snowball" ultimately degrades the quality of the reconstruction obtained in the final step.
Best of Both Worlds
Instead of solving the computational problems in separate steps, the team's M-TIP algorithm solves all parts of the problem concurrently. This approach leverages prior information about the structure to greatly reduce the degrees of freedom of the problem in all steps, and consequently reduce the required information needed to achieve a 3D reconstruction.
"Standard black-box optimization techniques can incorporate prior knowledge into the reconstruction but throw away all of the structure of the problem, whereas solving it in completely separate serial substeps exploits the structure of the problem but throws away almost all prior information about what the solution might look like," Donatelli said. "M-TIP leverages the best of both worlds by exploiting the structure of the problem to break up the computation into several manageable chunks and then iteratively refining over all of these chunks to arrive at a solution which is consistent with both the data and any structural constraints."
Using this technique, the team was able to determine 3D structure from extremely low image counts from simulated data, as low as 6 to 24 images for noise-free data and 192 images from highly contaminated data.

Breaking New Ground
This work is part of a new collaboration initiative between SLAC National Accelerator Laboratory, CAMERA, the National Energy Research Scientific Computing Center (NERSC) and Los Alamos National Laboratory as part of DOE's Exascale Computing Project (ECP). The goal of the project is to develop the computational tools necessary to perform real-time data analysis from experiments being conducted at SLAC's Linac Coherent Light Source (LCLS). With upgrades to the beamline, LCLS-II plans to generate several terabytes of data per second, which, for example, will allow scientists to greatly expand upon current single-particle experiments. Analyzing all of this data in real-time will require new algorithms and large computing machines. The M-TIP algorithm will serve as part of this process.
"These are some of the most challenging problems in computational data science," says Sethian. "To tackle them, we need to exploit a range of technologies, including emerging exascale computing architectures, sophisticated high speed networks, and the most advanced mathematical algorithms available. Bringing CAMERA scientists together with exascale application projects has opened the door to building tools to approach some pressing problems in biology and materials sciences."
The researchers note that these are just the first steps. In order for the method to be ready to be deployed, other hurdles have to be overcome.
"Experimental science is messy," says Zwart. "There are additional experimental effects that have to be taken into consideration in order for us to get the best possible results."
"Fortunately, M-TIP is a very modular technique," adds Donatelli, "so, it is well suited to modeling many of these additional effects without needing to change the core algorithmic framework."
The team is currently working on studying these effects as part of the Single Particle Initiative, a large, multi-institutional collaboration dedicated to addressing theoretical and practical issues in X-FEL-based single molecule imaging, ultimately leading to providing the scientific community with the tools needed to break new ground in biology, medicine and energy sciences. 

新算法从有限的数据中得出生物结构
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单粒子衍射实验的实验设置。信用：Peter Zwart，伯克利实验室

了解重要纳米物质如蛋白质和病毒的3D分子结构在生物学和医学中至关重要。随着X射线技术的进步，科学家现在可以收集各种颗粒的衍射图像，最终使研究人员使分子在室温里可视化。

然而，从这些单粒子衍射实验确定3D结构是一个重要的障碍。例如，当前的数据采集速率非常有限，通常每分钟产生少于10个有用的快照，限制了可以解决的功能量。另外，图像经常被噪声和其他实验的伪像高度损坏，使得难以正确解释数据。

为了应对这些挑战，劳伦斯伯克利国家实验室（Berkeley Lab）的一组研究人员开发了一种新的算法框架，称为多层次迭代定相（M-TIP），利用先进的数学技术从非常稀疏的集合中确定三维分子结构嘈杂的单粒子数据。这种方法基本上允许研究人员从有限数据的实验中提取更多的信息。应用数学家Jeffrey Donatelli和James Sethian和物理生物学家Peter Zwart通过扩展其最初开发的一种算法来介绍这一框架，以从相关的X射线散射实验（称为波动X射线散射）解决重建。描述M-TIP框架的文件于6月26日在美国国家科学院诉讼会上发表。

Zwart说：“这种方法有可能彻底改变这一领域。” “鉴于很难获得很多好的数据，减少成功映像3D纳米对象所需数据量的方法可能会受到热烈的欢迎。”

Donatelli，Sethian和Zwart都是CAMERA（能源研究应用高级数学中心）的一部分，其任务是创建处理美国能源部许多最先进科学设施数据所需的最先进的数学。 CAMERA由美国能源部科学办公室的高级科学计算研究和基础能源科学项目共同资助。

单粒子衍射

X射线自由电子激光器（XFEL）的最近出现使得几种新的实验技术用于研究与传统光源不可行的生物分子。一种这样的技术是单粒子衍射，其在束中仅使用单个粒子收集大量X射线衍射快照。通过利用XFEL的极限能力，研究人员可以从最小的颗粒中收集可测量的信号。
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干净的单颗粒衍射图像（左）和噪声污染后的相同衍射图像（右）的示例。图片来源：Peter Zwart，伯克利实验室

这种单粒子衍射技术提供的一个重要优点是研究分子的不同拷贝如何变化或变化的能力。由于每个图像都来自单个粒子，因此与传统成像方法（如晶体学或小角度X射线散射）相反，实验中可以捕获这些变化，研究人员只能测量分子样品的所有不同状态下的平均值。

然而，从单粒子衍射数据确定3D结构是具有挑战性的。首先，当每个粒子成像时，其取向是未知的，并且需要恢复，以便将数据适当地组合成3D衍射体积。如果分子可以采取不同的形状，这需要额外的图像分类，这个问题就会变得复杂。此外，相位信息不记录在衍射图像中，并且必须恢复以完成重建。最后，即使使用强大的XFEL，散射光子的数量也非常少，导致了非常嘈杂的图像，这可能会进一步受到系统背景和检测器读出问题的污染。

以前的方法是基于在单独的步骤中解决重建问题，其中每个单独的问题被单独解决。不幸的是，这些串行方法的缺点是它们不容易利用关于分子看起来像的已知的特征。此外，在一个步骤中提交的任何错误都会传播到下一个，导致错误进一步增加。这种“错误雪球”最终会降低最后一步中获得的重建质量。

两全其美

不同于在单独步骤中解决计算问题，团队的M-TIP算法同时解决了问题的所有部分。这种方法利用关于结构的先前信息以在所有步骤中大大降低问题的自由度，并且因此减少了实现3D重建所需的信息。

“标准的黑盒优化技术可以将先前的知识纳入重建，但会抛弃问题的所有结构，而在完全独立的连续子步骤中解决这个问题就可以利用这个问题的结构，而丢掉几乎所有关于可能看起来像的解决方案的所有信息，“多纳泰利说。 “M-TIP通过利用问题的结构，将计算分解成几个可管理的块，然后迭代地对所有这些块进行细化，以获得与数据和任何结构约束一致的解决方案。”

使用这种技术，该团队能够从模拟数据的极低图像计数中确定3D结构，低至6到24个无噪声数据的图像和来自高度污染的数据的192个图像。

打破新的局面

这项工作是SLAC国家加速器实验室，CAMERA，国家能源研究科学计算中心（NERSC）和洛斯阿拉莫斯国家实验室之间的新协作计划的一部分，作为DOE的Exascale计算项目（ECP）的一部分。该项目的目标是开发从SLAC临线相干光源（LCLS）进行的实验中执行实时数据分析所需的计算工具。通过升级到beamline，LCLS-II计划每秒产生几TB数据，例如，这将使科学家能够大大扩展当前的单粒子实验。实时分析所有这些数据将需要新的算法和大型计算机。 M-TIP算法将作为此过程的一部分。

“这些是计算数据科学中最棘手的一些问题，”塞思说。 “为了解决这些问题，我们需要利用一系列技术，包括新兴的exascale计算架构，复杂的高速网络和最先进的数学算法，“将CAMERA科学家与exascale应用项目结合在一起，为建立工具以开展生物材料科学领域的一些紧迫问题打开了大门。”

研究人员指出，这些只是第一步。为了方法准备好部署，必须克服其他障碍。

“实验科学是凌乱的，”Zwart说。 “为了让我们得到最好的结果，其他的实验效果也必须加以考虑。”

“幸运的是，M-TIP是一种非常模块化的技术，”Donatelli补充说，“因此，它非常适合对许多这些附加效果进行建模，而不需要改变核心算法框架。

该团队正在研究这些影响，作为单粒子计划的一部分，这是一项大型多机构合作，基于EXCEL的单分子成像的实际问题，最终导致科学界为生物学，医学和能源科学开创新的工具所需的工具。

Thinking thin brings new layering and thermal abilities to the semiconductor industry
What would a simple technique to remove thin layers from otherwise thick, rigid semiconductor crystals mean for the semiconductor industry? This concept has been actively explored for years, as integrated circuits made on thin layers hold promise for developments including improved thermal characteristics, lightweight stackability and a high degree of flexibility compared to conventionally thick substrates. 
In a significant advance, a research group from IBM successfully applied their new "controlled spalling" layer transfer technique to gallium nitride (GaN) crystals, a prevalent semiconductor material, and created a pathway for producing many layers from a single substrate.
As they report in the Journal of Applied Physics, controlled spalling can be used to produce thin layers from thick GaN crystals without causing crystalline damage. The technique also makes it possible to measure basic physical properties of the material system, like strain-induced optical effects and fracture toughness, which are otherwise difficult to measure.
Single-crystal GaN wafers are extremely expensive, where just one 2-inch wafer can cost thousands of dollars, so having more layers means getting more value out of each wafer. Thinner layers also provide performance advantages for power electronics, since it offers lower electrical resistance and heat is easier to remove.
"Our approach to thin film removal is intriguing because it's based on fracture," said Stephen W. Bedell, research staff member at IBM Research and one of the paper's authors. "First, we first deposit a nickel layer onto the surface of the material we want to remove. This nickel layer is under tensile strength—think drumhead. Then we simply roll a layer of tape onto the nickel, hold the substrate down so it can't move, and then peel the tape off. When we do this, the stressed nickel layer creates a crack in the underlying material that goes down into the substrate and then travels parallel to the surface."
Their method boils down to simply peeling off the tape, nickel layer and a thin layer of the substrate material stuck to the nickel.
"A good analogy of how remarkable this process is can be made with a pane of glass," Bedell said. "We're breaking the glass in the long direction, so instead of a bunch of broken glass shards, we're left with two full sheets of glass. We can control how much of the surface is removed by adjusting the thickness of the nickel layer. Because the entire process is done at room temperature, we can even do this on finished circuits and devices, rendering them flexible."
The group's work is noteworthy for multiple reasons. For starters, it's by far the simplest method of transferring thin layers from thick substrates. And it may well be the only layer transfer method that's materially agnostic.

"We've already demonstrated the transfer of silicon, germanium, gallium arsenide, gallium nitride/sapphire, and even amorphous materials like glass, and it can be applied at nearly any time in the fabrication flow, from starting materials to partially or fully finished circuits," Bedell said.
Turning a parlor trick into a reliable process, working to ensure that this approach would be a consistent technique for crack-free transfer, led to surprises along the way.
"The basic mechanism of substrate spalling fracture started out as a materials science problem," he said. "It was known that metallic film deposition would often lead to cracking of the underlying substrate, which is considered a bad thing. But we found that this was a metastable phenomenon, meaning that we could deposit a thick enough layer to crack the substrate, but thin enough so that it didn't crack on its own—it just needed a crack to get started."
Their next discovery was how to make the crack initiation consistent and reliable. While there are many ways to generate a crack—laser, chemical etching, thermal, mechanical, etc.—it turns out that the simplest way, according to Bedell, is to terminate the thickness of the nickel layer very abruptly near the edge of the substrate.
"This creates a large stress discontinuity at the edge of the nickel film so that once the tape is applied, a small pull on the tape consistently initiates the crack in that region," he said.
Though it may not be obvious, gallium nitride is a vital material to our everyday lives. It's the underlying material used to fabricate blue, and now white, LEDs (for which the 2014 Nobel Prize in physics was awarded) as well as for high-power, high-voltage electronics. It may also prove useful for inherent biocompatibility, which when combined with control spalling may permit ultrathin bioelectronics or implantable sensors.
"Controlled spalling has already been used to create extremely lightweight, high-efficiency GaAs-based solar cells for aerospace applications and flexible state-of-the-art circuits," Bedell said.
The group is now working with research partners to fabricate high-voltage GaN devices using this approach. "We've also had great interaction with many of the GaN technology leaders through the Department of Energy's ARPA-E SWITCHES program and hope to use controlled spalling to enable novel devices through future partnerships," Bedell said. 
薄性思维为半导体行业带来了新的层次和热能

从其他厚的刚性半导体晶体去除薄层的简单技术对半导体工业意味着什么？这一概念多年来一直在积极探索，因为薄层上的集成电路与传统的厚基板相比，具有改进的热特性，轻巧的堆叠性和高度的灵活性等发展前景。

来自IBM的研究小组成功地将新的“受控剥落”层转移技术应用于氮化镓（GaN）晶体（一种普遍的半导体材料），并创建了从单个衬底制造多层的途径。

正如他们在“应用物理学杂志”上报道的那样，受控的剥落可用于从厚的GaN晶体生产薄层，而不会导致晶体损坏。该技术还可以测量材料体系的基本物理性能，如应变诱发的光学效应和断裂韧性，否则难以测量。

单晶GaN晶圆是非常昂贵的，其中只有一个2英寸晶片可以花费数千美元，因此具有更多层意味着从每个晶片获得更多的价值。更薄的层还为电力电子提供了性能优势，因为它提供较低的电阻，并且热量更容易去除。

IBM研究人员和文章作者之一Stephen W. Bedell说：“我们的薄膜去除方法很有趣，因为它是基于断裂的。 “首先，我们首先将镍层沉积在我们要去除的材料的表面上，这个镍层处于抗拉强度考虑的鼓头下，然后我们简单地将一层胶带卷到镍上，将基底保持下来不要移动，然后剥下胶带，当我们这样做时，应力的镍层会在下面的材料上产生一个裂缝，这个裂缝会进入基板，然后平行于表面行进。

它们的方法归结为简单地剥离带，镍层和粘附在镍上的衬底材料的薄层。

“一个很好的比喻，这个过程可以用一杯玻璃来表现出色。”Bedell说。 “我们在很长的时间里打破了玻璃，所以不用一堆破碎的玻璃碎片，我们剩下两块全玻璃，我们可以通过调整镍的厚度来控制表面的去除量。因为整个过程都是在室温下完成的，所以我们甚至可以在完成的电路和设备上做到这一点，使它们变得灵活。”

由于多种原因，该小组的工作需要多加留意。对于初学者来说，这是迄今为止从厚基底转移薄层的最简单的方法。而且它可能是唯一的层次转移方法，这是非常不可知的。

“我们已经展示了硅，锗，砷化镓，氮化镓/蓝宝石，甚至像玻璃这样的无定形材料的转移，并且可以在制造流程的几乎任何时候应用，从起始材料到部分或完全的电路，”Bedell说。

把客厅把戏变成一个可靠的过程，努力确保这种方法是一个一致的无裂纹传输技术，这产生了一路的惊喜。

他说：“基材剥落骨折的基本原理就是材料科学问题。 “众所周知，金属膜沉积通常会导致下面的基底的破裂，这被认为是一件坏事，但是我们发现这是一个亚稳态，这意味着我们可以沉积足够厚的层来破坏基底，但因为太薄，以至于它没有破解自己 - 它只需要一个裂缝开始。

他们的下一个发现是如何使裂纹始终一致和可靠。尽管有许多方法可以产生裂纹激光，化学蚀刻，热学，机械等，但根据Bedell的说法，最简单的方法是将镍层的厚度非常突然地靠近边缘基质。

“这在镍膜的边缘产生大的应力不连续性，因此一旦施加了磁带，磁带上的小拉力就会持续在该区域产生裂纹。”他说。

虽然可能并不明显，但是氮化镓是我们日常生活中的重要材料。它是用于制造蓝色和现在的白色LED（其中获得了2014年诺贝尔物理学奖）以及大功率高压电子设备的基础材料。对于固有的生物相容性也是有用的，当与控制剥落相结合时可能允许超薄生物电子学或可植入传感器。

Bedell说：“受控的剥落已经被用于创建极其轻便，高效率的基于GaAs的太阳能电池，用于航空航天应用和灵活的最先进的电路。”

该集团正在与研究伙伴合作，使用这种方法制造高电压GaN器件。“我们还通过能源部的ARPA-E SWITCHES计划与许多GaN技术领导者进行了很好的互动，并希望通过未来的合作伙伴关系，利用可控的剥落来实现新型设备。”Bedell说。
Organic & Polymer（有机高分子材料）

From solid to liquid and back again

You can easily walk across the sand on a beach. But step into a ball pit, and chances are you'll fall right through. 
Sand and ball pits are both granular materials, or materials that are made of collections of much smaller particles or grains. Depending on their density and how much force they experience, granular materials sometimes behave like liquids—something you fall right through—and sometimes "jam" into solids, making them something you can stand on.
"In some cases, these little particles have figured out how to actually form solid-like structures," said Robert P. Behringer, James B. Duke Professor of Physics. "So why don't they always just go squirting sideways and relax all the stress?"
Physicists do not yet understand exactly when and how jamming occurs, but Behringer's team at Duke is on the case. The group squishes, stretches, hits, and pulls at granular materials to get a better picture of how and why they behave like they do. The team recently presented a whopping 10 papers at the 2017 Powders and Grains Conference, which occurred from July 3-7, 2017 in Montpellier, France.
Many of these studies use one of the lab's favorite techniques, which is to create granular materials from small transparent discs that are about half an inch to an inch in diameter. These discs are made of a material which, thanks to the special way it interacts with light, changes color when squished. This effect allows the team to watch how the stress within the material changes as various forces are applied.

In one experiment, graduate student Yue Zhang used a high-speed camera to catch the stress patterns as a ball on a string is yanked out from a pile of these discs. In the video, the ball first appears to be stuck under the pile, and then suddenly gives way after enough force is applied—not unlike what you might experience pulling a tent stake out of the ground, or opening the lid on a pesky pickle jar.
"The amusing thing is that you start trying to pull, you add more force, you add more force, and then at some point you pull so hard that you hit yourself in the head," Behringer said.
The team was surprised to find that the stress patterns created by the ball, which Behringer says look "like hair all standing on end," are almost identical to the stress of impact, only in reverse.
"What you see is even though you are just gradually gradually pulling harder and harder, the final dynamics are in some sense the same dynamics that you get on impact," Behringer said.
In another experiment, the team examined what happens in granular materials under shear strain, which is similar to the force your fingers exert on one another when you rub them together.

Graduate student Yiqiu Zhao placed hundreds of these discs onto a circular platform made of a series of flat, concentric rings, each of which is controlled by a separate motor. As the rings turn at different speeds, the particles rub against one another, creating a shear stress.
"We have about twenty stepper motors here, so that we can rotate all the rings to apply a shear not only from the outside boundary, but also from everywhere inside the bulk of the material," Zhao said. This ensures that each particle in the circle experiences a similar amount of shear.
"One of the key intents of this new experiment was to find a way that we could shear until the cows come home," Behringer said. "And if it takes a hundred times more shear than I could get with older experiments, well we'll get it."
As the rings turn, videos of the material show forces snaking out from the inner circle like lightning bolts. They found that by applying enough shear, it is possible to make the material like a solid at much lower densities than had been seen before.
"You can actually turn a granular fluid into a granular solid by shearing it," Behringer said. "So it is like you don't put your ice in the refrigerator, you put it in one of these trays and you shear the tray and it turns into ice." 

从固体到液体然后再回来

您可以轻松地穿过沙滩。但是进入一个球坑，你可能会遇到波折。

沙粒和球窝都是粒状材料，或是由较小颗粒或颗粒的集合制成的材料。根据他们的密度和他们经历的力量，粒状物料有时候像液体一样 - 通过有限的“堵塞”到固体中，使它们成为耐性很好的东西。

“在某些情况下，这些小颗粒已经弄清楚如何实际形成固体样结构，”物理学教授詹姆斯•杜克博士（Robert B. Behringer）说。 “那么他们为什么不总是轻轻地向侧面倾斜，缓解所有的压力？”

物理学家还没有明白何时何地发生干扰，但是Behringer在杜克的团队就是这样。该团队挤压，拉伸，击打和拉动颗粒材料，以更好地了解他们的行为和他们的行为。该团队最近在2017年粉末和谷物会议上发表了10篇论文，发表于2017年7月3日至7日，在法国蒙彼利埃。

许多这些研究使用实验室最喜欢的技术之一，即从直径约为半英寸至一英寸的小型透明光盘制造颗粒材料。这些光盘由一种材料制成，由于与光线相互作用的特殊方式，当被挤压时会改变颜色。这种效果使得团队能够观察材料中的应力如何随着各种力的应用而发生变化。

在一个实验中，研究生张使用高速摄像机来捕捉压力模式，因为一串琴弦从一堆光盘中甩出。在视频中，球首先在桩下似乎被卡在，然后在施加足够的力量后突然放弃 - 与您可能会从帐篷中拉出帐篷的地方不同，或者打开一个麻烦的泡菜罐的盖子。

贝克林格说：“有趣的是，当你你开始试图拉动时，你需要增加更多的力量，当你增加更多的力量，在某种程度上会更难拉，会打到自己的头上，”Behringer说。

该队惊奇地发现，Behringer所说的“像头发全部站立在一起”的球形成的压力模式几乎与冲击的压力相同，只是相反。

Behringer说：“你所看到的是即使你逐渐拉动，却也是越来越难，最终的动力在某种意义上也与影响力相同。”

在另一个实验中，团队检查了剪切应变下颗粒状物质发生的情况，这与您的手指一起摩擦时彼此的力相似。

研究生赵秋秋将数百张这些碟片放在一个圆形平台上，由一系列平的同心圆环组成，每一个都由单独的电机控制。当环以不同的速度转动时，颗粒彼此摩擦，产生剪切应力。

“我们这里有大约二十台步进电机，所以我们可以旋转所有的环，不仅从外部边界施加剪力，而且还可以从材料的大部分地方施加剪力。”这确保圆中的每个颗粒经历类似的剪切量。

Behringer说：“这个新实验的一个关键意图是找到一种可以剪切的方式，直到奶牛回家。 “而且如果比老式实验中的剪切要多一百倍，那么我们就会得到它。”

随着戒指的转动，材料的视频显示力量从内圈像闪电一样从内圈中流出。他们发现通过施加足够的剪切力，可以使材料像以前看到的那样密度低得多的固体。

Behringer说：“实际上你可以通过剪切将粒状流体转变成粒状固体。 “所以就像你不要把冰放在冰箱里，而是把它放在其中一个托盘中，然后你剪切托盘，它会变成冰。”
Strange silk: Why rappelling spiders don't spin out of control

The last time you watched a spider drop from the ceiling on a line of silk, it likely descended gracefully on its dragline instead of spiraling uncontrollably, because spider silk has an unusual ability to resist twisting forces. 
In a new paper appearing this week in Applied Physics Letters, researchers from China and the U.K. showed that unlike human hair, metal wires or synthetic fibers, spider silk partially yields when twisted. This property quickly dissipates the energy that would otherwise send an excited spider spinning on the end of its silk.
"Spider silk is very different from other, more conventional materials," said Dabiao Liu of Huazhong University of Science and Technology. "We find that the dragline from the web hardly twists, so we want to know why."
A greater understanding of how spider silk resists spinning could lead to biomimetic fibers that mimic these properties for multiple potential uses such as in violin strings, helicopter rescue ladders and parachute cords. "If we understood how spider silk achieves this, then maybe we could incorporate the properties into our own synthetic ropes," said David Dunstan of Queen Mary University of London.
Spiders use dragline silk for the outer rim and spokes of their webs, and as a lifeline when dropping to the ground. The material has intrigued scientists because of its incredible strength, stretchiness and ability to conduct heat, but little research has focused on its torsional properties—how it responds to twisting.
Researchers used a torsion pendulum, the same tool used by Henry Cavendish to weigh the Earth in the 1790s, to investigate dragline silk from two species of golden silk orb weavers. They collected strands of silk from captive spiders and suspended the strands inside a cylinder using two washers at the end to mimic a spider. The cylinder isolated the silk from environmental disturbances and kept the strand at a constant humidity, because water can cause the fibers to contract. A rotating turntable twisted the silk while a high-speed camera recorded the silk's back and forth oscillations over hundreds of cycles.
Unlike synthetic fibers and metals, spider silk deforms slightly when twisted, which releases more than 75 percent of its potential energy, and the oscillations rapidly slow. After twisting, the silk partially snaps back.
The team suspects that this unusual behavior is linked to the silk's complex physical structure, consisting of a core of multiple fibrils inside a skin. Each fibril has segments of amino acids in organized sheets and others in unstructured looping chains. They propose that torsion causes the sheets to stretch like elastic, and warp the hydrogen bonds linking the chains, which deform like plastic. The sheets can recover their original shape, but the chains remain partially deformed. The pendulum exhibits this change with reduced magnitude of the silk's oscillations, as well as a shifting of the equilibrium point of the oscillation.

The group will continue to investigate how spider silk reacts to twisting in this way and is also looking into how it maintains its stiffness during torsion, what effect humidity has and to what degree air helps dissipate the energy. "There is a lot of further work needed," Dunstan said. "This spider silk is displaying a property that we simply don't know how to recreate ourselves, and that is fascinating."
奇怪的蜘蛛丝:为什么爬行蜘蛛结网不会失去控制

最后一次你看到一只蜘蛛从天花板上顺着蜘蛛丝往下落，它可能会优雅地下降到其拉线上，而不是无法控制的盘旋，因为蜘蛛丝有一种不寻常的能力抵抗扭曲力。 

来自中国和英国的研究人员在本周发表的一篇论文中指出，与人类头发、金属线或合成纤维不同的是，蜘蛛丝在扭曲的时候会产生部分弯曲。这一特性迅速地消耗掉了原本可以让一只兴奋的蜘蛛在它的丝上旋转的能量。

华中科技大学的刘大彪说:“蜘蛛丝与其他传统材料非常不同。”“我们发现来自蜘蛛网的丝几乎没有扭曲，所以我们想知道为什么。”

更深入地了解蜘蛛丝抵抗旋转的方式可能会衍生出仿生纤维，如在小提琴弦、直升机救援梯和降落伞绳等多种潜在用途上模仿这些特性。“如果我们理解蜘蛛丝是如何做到这一点的，那么也许我们可以将这些属性融入到我们自己的合成绳索中，”伦敦玛丽皇后大学的大卫邓斯坦说。

蜘蛛在外缘和蜘蛛网上使用拉索丝，当掉到地上时，它就成了救生索。这种材料对科学家产生了巨大的影响，因为它具有不可思议的力量、弹性和传导热量的能力，但很少有研究关注它的扭转性能——它是如何应对扭转的。

研究人员使用了一个扭转摆，这是亨利•卡文迪什在18世纪90年代用来称量地球的工具，目的是研究两种金蛛织造的蛛丝。他们从被俘的蜘蛛身上收集蜘蛛丝，然后用两个垫圈在一个圆筒内悬挂这些丝，以模拟蜘蛛。圆柱体将丝从环境扰动中分离出来，并保持在恒定的湿度中，因为水可以使纤维收缩。旋转的转盘扭曲了丝绸，高速相机记录了丝绸超过数百次的来回振荡。

与合成纤维和金属不同的是，蜘蛛丝在扭曲时稍微变形，释放出超过75%的潜在能量，并且振荡迅速减慢。扭转后，丝绸部分地向后拉。

研究小组怀疑这种不寻常的行为与蛛丝复杂的自身结构有关，这种结构由一层皮肤内多纤维的核心组成的。每个原纤维在组织的片材中具有氨基酸的片段，而在非结构化的环链中具有其它部分。他们认为扭曲会使薄片拥有弹性一样地拉伸，并扭曲连接链条的氢键，而这些链条就像塑料一样变形。薄片可以恢复原来的形状，但是环链仍然部分变形。钟摆展示了这样的变化，即丝绸振荡的幅度减小，以及振动平衡点的变化。

该小组将继续研究蜘蛛丝应对扭转的这种方式，同时也在研究如何在扭转过程中保持其硬度、湿度会造成什么影响，以及空气对能量有多大的帮助。邓斯坦说:“我们还有很多工作需要做。“这只蜘蛛丝正在展示着如何再造自己，这是一种我们根本不知道的领域，所以这非常令人着迷。”
Scientists make 'squarest' ice crystals ever

You won't find ice cubes like this in your freezer. 
An international team of scientists has set a new record for creating ice crystals that have a near-perfect cubic arrangement of water molecules—a form of ice that may exist in the coldest high-altitude clouds but is extremely hard to make on Earth.
The ability to make and study cubic ice in the laboratory could improve computer models of how clouds interact with sunlight and the atmosphere—two keys to understanding climate change, said Barbara Wyslouzil, project leader and professor of chemical and biomolecular engineering at The Ohio State University.
It could also enhance our understanding of water - one of the most important molecules for life on our planet.
Seen under a microscope, normal water ice—everything from frozen ponds, to snow, to the ice we make at home—is made of crystals with hexagonal symmetry, Wyslouzil explained. But with only a slight change in how the water molecules are arranged in ice, the crystals can take on a cubic form.
So far, researchers have used the presence of cold cubic ice clouds high above the earth's surface to explain interesting halos observed around the sun, as well as the presence of triangular ice crystals in the atmosphere. Scientists have struggled for decades to make cubic ice in the laboratory, but because the cubic form is unstable, the closest anyone has come is to make hybrid crystals that are around 70 percent cubic, 30 percent hexagonal.

In a paper published in the Journal of Physical Chemistry Letters, Wyslouzil, graduate research associate Andrew Amaya and their collaborators describe how they were able to create frozen water droplets that were nearly 80 percent cubic.
"While 80 percent might not sound 'near perfect,' most researchers no longer believe that 100 percent pure cubic ice is attainable in the lab or in nature," she said. "So the question is, how cubic can we make it with current technology? Previous experiments and computer simulations observed ice that is about 75 percent cubic, but we've exceeded that."
To make the highly cubic ice, the researchers drew nitrogen and water vapor through nozzles at supersonic speeds. When the gas expanded, it cooled and formed droplets a hundred thousand times smaller than the average raindrop. These droplets were highly supercooled, meaning that they were liquid well below the usual freezing temperature of 32 degrees Fahrenheit (0 degrees Celsius). In fact, the droplets remained liquid until about -55 degrees Fahrenheit (around -48 degrees Celsius) and then froze in about one millionth of a second.
To measure the cubicity of the ice formed in the nozzle, researchers performed X-ray diffraction experiments at the Linac Coherent Light Source (LCLS) at the SLAC National Accelerator Laboratory in Menlo Park, CA. There, they hit the droplets with the high-intensity X-ray laser from LCLS and recorded the diffraction pattern on an X-ray camera. They saw concentric rings at wavelengths and intensities that indicated the crystals were around 80 percent cubic.
The extremely low temperatures and rapid freezing were crucial to forming cubic ice, Wyslouzil said: "Since liquid water drops in high-altitude clouds are typically supercooled, there is a good chance for cubic ice to form there."
Exactly why it was possible to make crystals with around 80 percent cubicity is currently unknown. But, then again, exactly how water freezes on the molecular level is also unknown.
"When water freezes slowly, we can think of ice as being built from water molecules the way you build a brick wall, one brick on top of the other," said Claudiu Stan, a research associate at the Stanford PULSE Institute at SLAC and partner in the project. "But freezing in high-altitude clouds happens too fast for that to be the case—instead, freezing might be thought as starting from a disordered pile of bricks that hastily rearranges itself to form a brick wall, possibly containing defects or having an unusual arrangement. This kind of crystal-making process is so fast and complex that we need sophisticated equipment just to begin to see what is happening. Our research is motivated by the idea that in the future we can develop experiments that will let us see crystals as they form." 

科学家曾经做过“平方”的冰晶

你不会在你的冰柜里找到这样的冰块。

一个国际科学家团队创造了一个创造冰晶的新纪录，冰晶具有近乎完美的立方排列的水分子 - 这种形式的冰可能存在于最冷的高空云中，但在地球上极难制造。

俄亥俄州立大学化学与生物分子工程项目负责人兼教授Barbara Wyslouzil表示，在实验室中制作和研究立方冰的能力可以改善云的如何与阳光和大气相互作用的计算机模型 - 理解气候变化的两个关键。

它也可以增强我们对水的理解 - 水是我们星球上最重要的生命分子之一。

在显微镜下看到，正常的水冰 - 从冷冻的池塘，雪到我们在家制作的冰块，都是由具有六方对称性的晶体制成的，Wyslouzil解释说。但是，水分子如何排列在冰中只有轻微的变化，晶体可以呈立方体形式。

到目前为止，研究人员已经使用高于地球表面的冷立方冰云的存在来解释在太阳周围观察到有趣的光晕，以及在大气中存在三角形冰晶。科学家已经在实验室里挣扎了几十年的立方体冰，但是由于立方体形状是不稳定的，所以最接近的是制造大约70％立方体，30％六边形的杂化晶体。

在“物理化学杂志”杂志发表的一篇论文中，Wyslouzil，研究生研究员Andrew Amaya及其合作者描述了他们是如何创造出近80％的冷冻水滴的。

她说：“虽然80％可能听起来不太接近完美，但大多数研究人员不再相信在实验室或自然界中可以获得100％纯立方冰。” “所以问题是，我们可以用现在的技术如何使用立方体？以前的实验和计算机模拟观察到冰是大约75％的立方体，但是我们已经超过了这个。

为了制造高立方冰，研究人员通过喷嘴以超音速绘制氮和水蒸汽。当气体膨胀时，它冷却并形成比平均雨滴小十几万的液滴。这些液滴高度过冷，这意味着它们的液体远低于通常的32华氏温度（0摄氏度）的冷冻温度。事实上，液滴直到华氏-55华氏度左右（约-48摄氏度）保持液态，然后在大约百万分之一秒内冻结。

为了测量在喷嘴中形成的冰的立方度，研究人员在加利福尼亚州门洛帕克的SLAC国家加速器实验室的线性相关光源（LCLS）上进行了X射线衍射实验。在那里，他们用LCLS的高强度X射线激光器撞击液滴，并在X射线摄像机上记录衍射图案。它们在波长和强度下看到同心环，表明晶体为约80％立方体。

Wyslouzil说：“由于极低的温度和快速的冷冻对于形成立方冰是至关重要的，”由于高海拔云层的液态水通常是过冷的，所以在这里形成立方冰是很有可能的。“

目前尚不清楚为什么制造约80立方厘米的晶体是有可能的。但是，再一次，水分在水平上冻结的确切性也是未知数。

斯坦福大学斯坦福大学PulSE研究所研究员兼合作伙伴Claudiu Stan表示：“如果水冻结缓慢，我们可以将冰块从水分子构建出来，就像建造一座砖墙一样，一块砖在另一块砖上。”在项目中。“但是在高空云中冻结的事情太快了，因为冻结可能被认为是从无序的砖块开始的，这些砖块仓促地重新排列成砖墙，可能包含缺陷或有不寻常的安排这种晶体制作过程非常快速和复杂，我们需要先进的设备才能开始看到发生的情况，我们的研究动机来自于将来我们可以开发实验，让我们看到晶体形成。”
Simulating splash at the microscopic level

Spray cooling is one of the most promising methods for cooling high heat flow electronics. Two-phase spray cooling, in particular, has been shown to cool heat fluxes that are orders of magnitude higher than traditional cooling methods like fans and heat sinks. The complex physics of two-phase spray cooling, in which droplets are atomized with a secondary pressurized gas phase, demands deeper understanding. 
To tackle this, researchers from the United States and the United Kingdom investigated the basic physics of droplet impingement both experimentally and computationally. They used a computational approach called the lattice-Botzmann method (LBM) to simulate the impact of a single microdroplet on a dry surface.
Their findings, reported this week in the journal Physics of Fluids, could benefit many other applications in addition to spray-cooling, including inkjet printing, paint coating, plasma spraying and microfabrication.
For practical reasons, most research so far has been based on studying millimeter-size droplets and the hydrodynamic impacts on dry solid surfaces. However, droplet sizes in spray cooling are three orders of magnitude smaller, which means that the physics of liquid dispersion and the dynamics of the impact could be vastly different.
To find out, the researchers turned to LBM algorithms, which are used for the computational modeling of fluid flow in complex geometries and multiphase flows. It also incorporates a mesoscopic approach that covers the gap between the microscopic molecular dynamics and the macroscopic fluid mechanics.
"As a result of the LBM, we were able to distinguish the appropriate scales of the problem and therefore successfully normalize the dynamics of the spreading phase, which has complicated physics at the microscopic level," said Mahsa Ebrahim, postdoctoral fellow at the University of Villanova in Pennsylvania and a co-author of the paper. "In the literature, there are many correlations and analytical models for high-impact droplet dynamics. However, most of them failed in the lower impact regimes because of the distinct physics at the microscopic level."
For single-phase spray cooling, a liquid is sprayed in ambient air without significant air pressure or forces acting on the droplet surface. The researchers were able to develop a correlation for the system that can reasonably predict the instantaneous droplet diameter after the low-impact regimes.
In two-phase spray cooling, the atomizing gas forms smaller droplets, which impact the surface under an atomizing gas flow, called a stagnation jet. It had previously been hypothesized that the jet would affect the spreading in all impact conditions. However, through LBM, the research team showed that there are no significant effects for certain cases, which gave way to an entirely new way to characterize such systems. The jet had no such effects for capillary number ratios below 0.35, and thus defined a new dimensionless metric (Ca*) as the ratio of jet-to-droplet capillary numbers.
"Based on the droplet and jet capillary numbers as a metric to measure whether the normal and shear forces of [the] stagnation jet will affect the droplet spreading phase," Ebrahim said, "we found that the droplet spreading dynamics will be influenced by the stagnation jet only for capillary numbers greater than 0.35."
From this, the researchers determined that the physics for microdroplets differ from their macro counterparts, a vital distinction to understand, as atomized droplet sprays find ever more applications.
在微观层面模拟飞溅

喷雾冷却是冷却高热流电子设备的最有前景的方法之一。特别是两相喷雾冷却已被证明可以冷却比传统的冷却方法（如风扇和散热片）高数个数量级的热通量。液滴用二次加压气相雾化的两相喷雾冷却的复杂物理学需要更深入的了解。

为了解决这个问题，美国和英国的研究人员在实验和计算上都对液滴冲击的基本物理学进行了调查。他们使用一种称为晶格 - 博兹曼方法（LBM）的计算方法来模拟单个微滴对干燥表面的影响。

本周，他们的研究结果在“物理流体”杂志上报道，除了喷雾冷却，包括喷墨印刷，涂料涂料，等离子体喷涂和微细加工外，还对许多其他的应用有益。

出于实际的原因，迄今为止的大多数研究是基于研究毫米级的液滴和对干固体表面的流体动力学影响。然而，喷雾冷却中的液滴尺寸比三个数量级更小，这意味着液体分散的物理学和影响的动力学可能大不相同。

研究人员发现，LBM算法用于复杂几何和多相流中流体流动的计算建模。它还结合了介观方法，涵盖了微观分子动力学与宏观流体力学之间的差距。

“由于LBM的结果，我们能够区分适当的问题尺度，从而成功地规范了在微观层面上具有复杂物理学的扩展阶段的动态，”大学博士后研究员Mahsa Ebrahim说，宾夕法尼亚州的维拉诺瓦和文章的合着者。 “在文献中，高冲击液滴动力学有许多相关性和分析模型，但是由于微观水平上的物理特性，其中大部分因素影响较小。

对于单相喷雾冷却，将液体喷洒在环境空气中，而没有显着的空气压力或作用在液滴表面上的力。研究人员能够开发相关系统，可以合理预测低冲击后的瞬时液滴直径。

在两相喷雾冷却中，雾化气体形成较小的液滴，其在雾化气流下冲击表面，称为停滞射流。以前曾经假设喷气式飞机会影响所有冲击条件下的扩散。然而，通过LBM，研究团队表明，对某些情况没有显著影响，这让一种全新的方式来表征这种系统。喷射器对于低于0.35的毛细管数比没有这样的影响，因此定义了新的无量纲量（Ca *）作为喷射 - 液滴毛细管数的比率。

Ebrahim说：“基于液滴和喷射毛细管数量作为衡量液滴扩散阶段的正常和剪切力是否会影响液滴扩散阶段的指标，”我们发现液滴扩散动力学将受到停滞喷射仅用于大于0.35的毛细管数。

从这一点上，研究人员确定微液滴的物理原理与宏观相异，这是一个至关重要的区别，因为雾化的液滴喷雾剂会发现更多的应用。
E-Material（电子材料）
Determining the parameters for transmission electron microscopy

While the phones in our pockets may be perfect for taking photos of our pets, taking good images of catalysts and other materials is far more complex, especially when you bring in scanning transmission electron microscopy (STEM). The STEM imaging method is a way to observe catalysts while they're working, or under catalytic conditions. The challenge is that background scattering from reaction gases, chemical reactions that produce gases, involved lowers the image quality, obscuring vital details about the structure and chemical composition. Dr. Yuanyuan Zhu and Dr. Nigel D. Browning, Pacific Northwest National Laboratory, demonstrated how to effectively image catalysts within the STEM method. 
Catalysts are vital to reactions involved in everything from the plastic casing around your phone to the fuel in your car. Creating faster, more efficient catalysts to reduce costs and wastes requires clear and detailed observations of catalysts when reaction gases are introduced to STEM imaging. The new method provides a roadmap for scientists to reduce background diffraction from reaction gases.
Transmission electron microscopy is a projection technique in which a beam of electrons is transmitted through a sample and forms an image. The resulting image can then be focused onto an imaging device and analyzed.
Scanning transmission electron microscopy, referred to as STEM, scans the electron beam across the sample, rather than the beam remaining static. The image shows the electron scattering at each point, providing the mass of each atom. The higher mass of an atom, the brighter it appears in the image. This is known as the Z contrast. Using Z contrast, scientists can determine which individual atoms are reacting in a catalyst.
"The idea is that you can actually see how a catalyst would function by viewing it on the atomic scale," says Browning, catalysis scientist.
The issue is that when reaction gases are added to the catalyst, the newly introduced gas distorts the image, obscuring the reactions that are occurring. Currently, there is little information on how to properly adjust the reaction gas pressure in the imaging chamber to produce clear and detailed observations.
Zhu and Browning created an in situenvironment in the imaging chamber, meaning that the materials are located within the chamber. They then pumped different reaction gases into the chamber at different pressures to measure the amount of background scattering that occurred in each image. The result was a detailed blueprint of how to subtract the diffraction of the gases to create clear and detailed images that are ready for interpretation.
"This is a method that can be very widely applied to catalysis observations," says Browning. "We've gone through a detailed characterization of how to do that so that anyone else who wants to do these types of experiments can do the same thing and get very detailed [images]."
The next step for Zhu and Browning is to investigate the gas pressure diffraction on different catalysts. 

确定透射电镜的参数

虽然我们口袋里的手机可以完美地为我们的宠物拍照，但是用好的催化剂和其他材料的图片要复杂得多，特别是当你携带扫描透射电子显微镜(STEM)的时候。这种方法是在催化条件下观察催化剂的一种方法。挑战在于反应气体的背景散射，产生气体的化学反应，涉及降低图像质量，模糊了关于结构和化学成分的重要细节。朱元元博士和西北太平洋西北国家实验室的奈杰尔•布朗宁博士演示了如何有效地在茎法中成像催化剂。

从手机的塑料外壳到汽车的燃料，催化剂对各种各样的反应至关重要。当反应气体被引入到阀杆成像时，可以创造更快、更有效的催化剂来降低成本和浪费需要对催化剂进行清晰和详细的观察。新方法为科学家提供了一份减少反应气体背景衍射的路线图。

透射电子显微镜是一种投影技术，在这种技术中，一束电子通过一个样本传送并形成一个图像。由此产生的图像可以聚焦到成像设备上并进行分析。

扫描透射电子显微镜，称为茎，扫描电子束穿过样品，而不是光束保持静止。图像显示每个点的电子散射，提供每个原子的质量。原子质量越高，图像中越亮。这就是所谓的Z对比。利用Z对比，科学家可以确定哪种原子在催化剂中反应。

他说:“我们的想法是，通过在原子尺度上观察催化剂的作用，可以看到催化剂是如何作用的。”

问题是，当反应气体被添加到催化剂中，新引入的气体会扭曲图像，掩盖正在发生的反应。目前，对于如何正确调整成像室的反应气体压力，以产生清晰和详细的观测资料，还 没有什么信息。

朱和布朗宁在成像室中创造了一个位置环境，这意味着材料位于腔内。然后，他们在不同的压力下将不同的反应气体注入腔内，以测量每个图像中发生的背景散射量。其结果是一幅详细的蓝图，即如何减少气体的衍射，以创造出清晰而详细的图像，以便进行解释。

“这是一种可以广泛应用于催化观察的方法，”Browning说。“我们已经详细描述了如何做到这一点，这样，任何想做这些类型实验的人都可以做同样的事情，并得到非常详细的图像。”

朱和布朗宁的下一步是研究不同催化剂的气体压力衍射。

Graphene on silicon carbide can store energy

Source:

Linköping Universitet
By introducing defects into the perfect surface of graphene on silicon carbide, researchers at Linköping University in Sweden have increased the capacity of the material to store electrical charge. This result, which has been published in the scientific journal Electrochimica Acta, increases our knowledge of how this ultrathin material can be used.

The thinnest material ever produced, graphene, consists of a single layer of carbon atoms. They form a chicken-wire structure one atom thick, with unique properties. It is around 200 times stronger than steel, and highly flexible. It is transparent, but gases and liquids cannot pass through it. In addition, it is an excellent conductor of electricity. There are many ideas about how this nanomaterial can be used, and research into future applications is intense.

"Graphene is fascinating, but extremely difficult to study," says Mikhail Vagin, principal research engineer at the Department of Science and Technology and the Department of Physics, Chemistry and Biology at Linköping University.

One of the factors contributing to the difficulty in understanding the properties of graphene is that it is what is known as an "anisotropic" material. This means that its properties when measured on the plane surface of the carbon atom layer differ from those measured at the edges. Furthermore, attempts to understand the behaviour of graphene at the atomic level are complicated by the fact that it can be produced in several ways. The properties of graphene in small flakes, which have many edges, differ in several ways from those of graphene produced as sheets with an area around 1 cm2.

The researchers who carried out the study used graphene created on a crystal of silicon carbide by a method developed at Linköping University. When silicon carbide is heated to 2000 °C, silicon atoms on the surface moves to the vapor phase and only the carbon atoms remain. The graphene does not react easily with its surroundings due to the high quality of the graphene layer and its innate inertness, while applications often rely on controlled interaction between the material and the surroundings, like gas molecules. An on-going discussion among researchers in the field is whether it is possible to activate the graphene on the flat surface or whether it is necessary to have edges. The LiU researchers investigated what happens when defects in the surface are introduced in a controlled manner, and in this way attempted to understand in more detail how the properties of graphene are related to its structure.

"An electrochemical process known as 'anodising' breaks down the graphene layer such that more edges are created. We measured the properties of anodised graphene and discovered that the capacity of the material to store electricity was quite high," says Mikhail Vagin.

More work is necessary before the new knowledge can be used, and to produce the same effect at a larger scale. The scientists plan to follow up the research in several ways.

"Graphene on silicon carbide can be made in larger areas than other types of graphene. If we can change the properties of the material in a controlled manner, it may be possible to tailor the surface for other functions. It may be possible, for example, to create a sensor that has its own built-in battery," says Mikael Syväjärvi, principal research engineer at the Department of Physics, Chemistry and Biology and co-author of the article. He is one of the founders of a company, Graphensic AB, that works with commercial applications of graphene on silicon carbide.
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碳化硅上的石墨烯可以储存能量

资源：

林雪平大学

通过在碳化硅的石墨烯的完美表面上引入缺陷，瑞典林雪平大学的研究人员增加了存储电荷的材料的容量。这一结果发表在“科学杂志”电子杂志“Electrochimica Acta”中，增加了我们对如何使用这种超薄材料的了解。

由石墨烯生产的最薄的材料由单层碳原子组成。它们形成一个原子厚度的鸡丝结构，具有独特的性质。比钢高出约200倍，灵活性高。它是透明的，但气体和液体不能渗透它。此外，它是一个很好的导电体。关于如何使用这种纳米材料有很多想法，对未来应用的研究很激烈。

林雪平大学物理系，化学与生物学系科学与技术系首席研究工程师米哈伊尔•瓦金（Mikhail Vagin）说：“石墨烯是令人着迷的，但是学习难度很大。

导致难以理解石墨烯性质的因素之一就是所谓的“各向异性”材料。这意味着当在碳原子层的平面上测量时其性质不同于在边缘测量的那些。此外，通过以几种方式生产石墨烯在原子级的行为的尝试是复杂的。具有许多边缘的小薄片中的石墨烯的性质在几个方面与产生的面积约1cm 2的片状石墨烯的性质不同。

进行研究的研究人员使用了在科林普林大学开发的方法在碳化硅晶体上制造的石墨烯。当碳化硅被加热到2000℃时，表面上的硅原子移动到气相，并且只剩下碳原子。由于石墨烯层的高质量及其先天惰性，石墨烯与其周围环境不容易反应，而应用通常依赖于材料和周围环境之间的受控相互作用，如气体分子。现场研究人员正在进行的讨论是，是否可能激活平面上的石墨烯或是否需要边缘。 LiU研究人员调查了以受控方式引入表面缺陷时会发生什么，并以这种方式试图更详细地了解石墨烯的性质如何与其结构相关。

Mikhail Vagin说：“被称为”阳极氧化“的电化学过程会破坏石墨烯层，从而产生更多的边缘。我们测量了阳极氧化石墨烯的性质，发现材料储存电能的能力相当高。

在新知识可以使用之前，需要做更多的工作，并在更大规模上产生同样的效果。科学家计划以几种方式跟进研究。

“碳化硅上的石墨烯可以在比其他类型的石墨烯更大的区域中制造，如果我们可以以受控的方式改变材料的性质，则可以为表面定制其它功能，例如 ，创建一个具有自己的内置电池的传感器，“物理，化学和生物学系的首席研究工程师，文章的合著者MikaelSyväjärvi说。 他是Graphensic AB公司的创始人之一，协调石墨烯在碳化硅上的商业应用。
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