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Tech News & New Tech（技术前沿）

One-dimensional crystals for low-temperature thermoelectric cooling
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Ta4SiTe4 whisker crystals (left lower) show very large thermoelectric power exceeding -400 μV K-1 at low temperature, while maintaining low electrical resistivity (right upper). This results in that thermoelectric power factor (right lower), an indication of cooling power, becomes a very large value far exceeding those of the practical materials (typically 40 μW cm-1 K-2 for the Bi2Te3-based material). The optimum temperature of the power factor can be widely controlled by molybdenum (Mo) or antimony (Sb) doping. Credit: Nagoya University 

Thermoelectric cooling is a solid-state refrigeration process where the heat in an electrically conductive material is transferred using the material's own conduction electrons without any need for the gaseous coolants, such as chlorofluorocarbons, that are used in conventional refrigeration. Coolers based on thermoelectric technology can be scaled down in size without changing their thermal-to-electrical energy conversion efficiency and this is a major advantage for localized cooling of tiny electronic devices. This effect is already used for temperature control in devices such as infrared sensors and laser diodes, and has also been used to provide low-temperature refrigeration for cryogenic electronic devices like superconducting sensors. 
However, the lack of materials with suitable thermoelectric efficiency for practical cooling applications at temperatures below 250 K (approximately −23°C) has driven researchers at Nagoya University to look at the effectiveness of new compounds for truly low-temperature applications.
"We studied the thermoelectric properties of whisker-like crystals composed of a compound of tantalum, silicon and tellurium," says corresponding author Yoshihiko Okamoto from Nagoya University's Department of Applied Physics. "These crystals produced very high thermoelectric powers over a wide temperature range, from the cryogenic level of 50 K (which is around −223°C) up to room temperature, but still maintained the low electrical resistivity that is needed for practical cooling applications." The samples that were grown for the experiments included pure Ta4SiTe4 and other crystals that were chemically doped with low levels of molybdenum and antimony.
Various material properties were measured for the samples, including thermoelectric power, electrical resistivity, and thermal conductivity, to compare the effects of the two dopants on their thermoelectric characteristics. "We measured a very high thermoelectric power factor at an optimum temperature of 130 K," adds Okamoto. "However, this optimum temperature could be controlled over a very broad range by varying the chemical doping, and indicates that these crystals are suitable for practical low-temperature use."
Addition of as little as 0.1 percent molybdenum doping caused the resistivity of the telluride-type crystals to decrease dramatically at low temperatures, while they also demonstrated high thermoelectric powers that were closely related to the strongly one-dimensional electronic structures of the materials. The power factors of the crystals at room temperature greatly exceeded the corresponding values of the conventional Bi2Te3-based alloys that are commonly used in thermoelectric applications, and these crystals thus represent a highly promising route towards the development of high-performance thermoelectric cooling solutions at very low temperatures. 
一维晶体用于低温热电冷却
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Ta4SiTe4晶须（左下）在低温下显示超过-400μVK-1的非常大的热电功率，同时保持低的电阻率（右上）。这导致冷却功率指示的热电功率因数（右下）变得远远超过实际材料（对于Bi 2 Te 3基材料通常为40μWcm-1K-2）的非常大的值。功率因数的最佳温度可以通过钼（Mo）或锑（Sb）掺杂来广泛控制。信用：名古屋大学

热电冷却是固态制冷过程，其中导电材料中的热量使用材料自身的传导电子转移，而不需要用于常规制冷的气体冷却剂，例如氯氟烃。基于热电技术的冷却器可以在不改变其热电转换效率的情况下缩小尺寸，这是微小电子设备的局部冷却的主要优点。这种效应已被用于诸如红外传感器和激光二极管的装置中的温度控制，并且还被用于为诸如超导传感器的低温电子装置提供低温制冷。

然而，在温度低于250 K（约-23°C）的情况下，缺乏具有适用于实际冷却应用的热电效率的材料已经使名古屋大学的研究人员了解了新型化合物对真正低温应用的有效性。

“我们研究了由钽，硅和碲化合物组成的晶须状晶体的热电性质，”来自名古屋大学应用物理系的相应作者冈本彦先生说。 “这些晶体在宽温度范围内产生了非常高的热电功率，从50 K（约-223°C）的低温到室温，却仍然保持了实际冷却应用所需的低电阻率。“用于实验生长的样品包括纯Ta4SiTe4和化学掺杂低含量钼和锑的其他晶体。

测量样品的各种材料性质，包括热电功率，电阻率和热导率，以比较两种掺杂剂对其热电特性的影响。 Okamoto补充说：“我们在130 K的最佳温度下测量了非常高的热电功率因数。“然而，通过改变化学掺杂，可以在非常宽的范围内控制最佳温度，并表明这些晶体适用于实际的低温使用。

添加少至0.1％的钼掺杂导致碲化物型晶体的电阻率在低温下显着降低，而它们也表现出与材料的强烈一维电子结构密切相关的高热电功率。晶体在室温下的功率因数大大超过了常用于热电应用中的常规Bi2Te3基合金的相应值，因此这些晶体代表了在非常低的温度下开发高性能热电冷却解决方案的非常有希望的途径。

Chemical potential effect found to depend on electronic structure of material
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Left: The band structure of FeSe, showing the location of the chemical potential at 100 K and 300 K, according to the theoretical calculations. Right: Experimental ARPES intensity maps at the chemical potential; the hole bands appear to shrink while the electron bands appear to increase in size, as a result of the temperature-induced increase of the chemical potential.  Credit: Diamond Light Source 

The chemical potential is a fundamental concept in condensed matter physics. While the relevant equations which define it can be found in any undergraduate physics textbook, its temperature dependence in systems which are good conductors is usually insignificant. As a result, despite intensive research interest in FeSe, an unconventional superconductor exhibiting several extraordinary properties, the temperature dependence of the chemical potential has been previously overlooked. 
In a recent paper published as an Editor's Suggestion in Physical Review B, collaboration between the I05 beamline team at Diamond Light Source and Royal Holloway University of London have shown that, based on the fine details of the electronic structure of the material, a substantial variation of the chemical potential effect is to be expected. They then tested this hypothesis using high-resolution angle-resolved photoemission spectroscopy measurements (ARPES) at the ARPES beamline (I05) at Diamond, finding an even larger effect experimentally than in their theoretical modelling. On the other hand, the shift of the chemical potential is the only observed effect, ruling out an alternatively scenario in which the electronic bands evolve continuously by themselves as a function of temperature. The results have important implications for the understanding of the intricate behaviour of FeSe, particularly at higher temperatures.
The chemical potential – always important, but sometimes overlooked
Electrons in solids obey two basic rules: first they cannot share the same state as another electron, and second they generally like to occupy the lowest available energy states. As a result, electrons 'fill up' all available states starting from the lowest energy states available, one electron per state, up to a level when all the electrons have been counted. Scientists refer to the level which separates the occupied from the unoccupied states as the 'chemical potential'. Things become a bit fuzzy at high temperature, because thermal energy fluctuations allows electrons to briefly occupy a state above the chemical potential according to a well-known probability distribution, but the concept of the chemical potential is still very useful, and pops up all over condensed matter physics (and chemistry too, as the name suggests). In fact the temperature dependence of the chemical potential is an important concept in semiconductor physics, playing a crucial role in determining the temperature dependence of the resistance of the sample, for instance. However in good metals, for example elemental copper, the chemical potential is still an important parameter, but any changes of the chemical potential varies as a function of temperature are usually insignificant.
The unique properties of FeSe
In this study, the researchers focused on an unexpectedly strong temperature dependence of the chemical potential in FeSe. Why FeSe? In brief: it may seem like a simple system with only two elements, with the samples being constructed from layers of square Fe-Se nets, but its fascinating properties have attracted interest from many experimental and theoretical groups worldwide. FeSe has become a test bed for theories which purport to explain the phenomenon of unconventional and high temperature superconductivity in the wider family of iron-based superconductors. While the superconductivity in normal FeSe kicks in only at 8 degrees above absolute zero (8 Kelvin, -265°C), this 'critical temperature' can be raised fourfold by squeezing it very tightly (at 8000 times atmospheric pressure), and is perhaps as high as 100 Kelvin (i.e. 100 degrees above absolute zero, -173°C) when it is grown as a single layer in a particular manner. Back in the normal samples of FeSe, it has also been shown that the superconductivity is strongly and unusually influenced by the fact that the square nets actually slightly distort into rectangles at 90 Kelvin (-183°C).
All of these intriguing physical properties provide an excellent motivation to study the electronic states inside the sample. The technique of choice is angle-resolved photoemission spectroscopy (ARPES); where an intense beam of light (photons) is focused onto a sample, which emits electrons according to the photoelectric effect, as was first understood by Einstein in 1905. By analysing the energy and momentum of the electrons kicked out of the sample in this way, scientists are able to map out the allowed energy and momentum relationship of electrons inside the material. In fact, high resolution measurements of the electronic structure of FeSe by ARPES at beamline I05 at Diamond have previously made several important experimental contributions to the understanding of this material, particularly with regards to the influence of the square-rectangle distortion of the FeSe layers, happening below 90 Kelvin (-183°C). However, in this study the researchers focused on measuring in the square phase only, from 100 Kelvin (-173°C) up to room temperature (300 Kelvin, 27°C).
Large temperature dependence of the chemical potential predicted and observed in FeSe
The first step for the researchers was to use the experimental data obtained at 100 Kelvin (-173°C) to construct an accurate theoretical model of the electronic states in the system. This was done using a 'tight-binding model', where one considers electrons sitting on particular Fe sites in the lattice, and then allowing them to 'hop' onto neighbouring sites. By adjusting the parameters of the model, it was possible to achieve a high level of accuracy, compared with the experimental results. They showed that this model predicted a large temperature dependence of the chemical potential.
The reason to expect a large temperature dependence of the chemical potential is that while FeSe is a metal in the sense that it can carry electric currents with a finite resistance (above the superconducting transition temperature), it is far from being a typical metal. In fact it is known that there are two sorts of charge carriers in the system, the 'electron-like' and 'hole-like' carriers. These names come about from the behaviour of electrons in solids: the electrons all interact with one another so they are far from displaying the behaviour of a free electron in a vacuum, but one can often use a description of electrons with a modified 'effective mass', with the terms 'electron-like' and 'hole-like' referring to whether that effective mass is positive (i.e. like a free electron) or negative effective mass (a hole).
In FeSe, the number of 'electrons' and 'holes' is constrained to be equal in order for the system to be neutrally charged overall. Actually one needs to be a bit more precise than this: "the chemical potential at any given temperature will adjust such that the thermally-averaged populations of electrons and holes remain equal" said Luke Rhodes, a joint PhD student between Diamond and Royal Holloway, and the lead author of the study. In FeSe there is a natural asymmetry between the electron and holes; while the electrons have plenty of available states above the chemical potential for electrons to jump up into with thermal fluctuations, there are hardly any available for the holes. As a result of this asymmetry, on top of the fact that the number of electrons and holes is rather small in FeSe, theoretical calculations indicated that raising the temperature would require a substantial adjustment of the chemical potential.
The researchers then turned to high resolution ARPES at the I05 beamline at Diamond in order to experimentally confirm this effect. Using high-quality samples grown at the University of Oxford, they measured the electronic structure of FeSe as a function of temperature from 100 to 300 Kelvin (-173°C to 27°C), which had not been previously studied. They directly observed a significant variation of the chemical potential, which was even larger than in the theoretical calculation.
Implications for modelling FeSe
In order to understand the various intriguing properties of FeSe, theorists often start with models of the electronic structure and then investigate what sort of tendencies and susceptibilities the model has towards different kinds of phase transitions. However, as found in this study, the details of the model really matter. "We have shown that it is important to start with an accurate theoretical model, and we've also shown that the chemical potential must always be carefully taken into account", said Luke Rhodes. The research team now intend to use their model to investigate the square-rectangular phase transition of FeSe at 90 Kelvin (-183°C), where they suspect the chemical potential may also be playing an important role. 

发现化学势效应取决于材料的电子结构
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左：FeSe的带结构，根据理论计算显示化学势位于100K和300K的位置。右图：化学势的实验性ARPES强度图;由于温度引起的化学势的增加，空穴带看起来收缩，而电子带的尺寸似乎增加。信用：钻石光源

化学势是凝聚态物理学中的一个基本概念。虽然定义它的相关方程可以在任何本科物理教科书中找到，但它们在良好导体系统中的温度依赖性通常是微不足道的。因此，尽管对FeSe进行了深入的研究兴趣，FeSe是一种非常规的超导体，具有几种非凡的性能，但化学势的温度依赖性曾被忽视。

在最近发表的“物理评论编辑建议B”一文中，钻石光源I05光束线团队与伦敦皇家霍洛威大学的合作表明，根据材料电子结构的细节，实质性变化的化学势效应是预期的。然后，他们在Diamond的ARPES波束线（I05）上使用高分辨率角度分辨光电子能谱测量（ARPES）测试了这一假设，通过实验发现，在理论建模中发现了更大的效应。另一方面，化学势的转移是唯一观察到的效果，排除了其中电子带自身随温度而连续发展的替代场景。结果对于理解FeSe的复杂行为具有重要意义，特别是在较高的温度下。

化学潜力 - 总是重要的，但有时被忽视

固体中的电子符合两个基本规则：首先，它们不能与另一个电子共享相同的状态，其次它们通常喜欢占用最低的可用能量状态。结果是，电子从可用最低能量状态开始的所有可用状态，，每个状态一个电子，直到所有的电子被计数时达到一个水平。科学家指的是将被占领与被占用的国家分开的“化学势”。事情在高温下变得有点模糊，因为热能波动允许电子根据众所周知的概率分布简单占据高于化学势的状态，但化学势的概念仍然非常有用，并且全部弹出凝聚态物理学（和化学，顾名思义）。事实上，化学势的温度依赖性是半导体物理学中的重要概念，例如在确定样品电阻的温度依赖性方面发挥关键作用。然而，在良好的金属（例如元素铜）中，化学势仍然是重要的参数，但化学势的任何随着温度的变化而变化通常是微不足道的。

FeSe的独特性质

在这项研究中，研究人员集中在FeSe中化学势的意外强烈的温度依赖性。为什么是FeSe？简而言之，它似乎是一个简单的系统，只有两个元素，样本是由平方的Fe-Se网层组成，但其迷人的属性已经引起了全球许多实验和理论团体的兴趣。 FeSe已经成为理论的试验台，旨在解释更广泛的铁基超导体系中非常规和高温超导现象。虽然正常FeSe中的超导性仅在绝对零度（8开尔文，-265℃）以上8度处开始，但是通过非常紧密地挤压（在8000倍大气压），这个“临界温度”可以提高四倍，也许当其以特定方式生长为单层时，高达100开尔文（即绝对零度以上为零，-173℃）。回到FeSe的正常样品中，还显示出超导性受到强烈和异常的影响，因为平方网实际上稍微扭曲成了90开尔文（-183℃）的矩形。

所有这些有趣的物理性质提供了研究样品内电子状态的极好动力。选择的技术是角度分辨光电子能谱（ARPES）;其中强光束（光子）被聚焦到样品上，该样品根据光电效应发射电子，如爱因斯坦在1905年首先所理解的。通过分析以这种方式踢出样品的电子的能量和动量科学家们能够绘制材料内电子的允许能量和动量关系。事实上，Diamond在束线I05处的ARPES对FeSe的电子结构的高分辨率测量以前已经对该材料的理解做出了几个重要的实验贡献，特别是发生在低于90开尔文（-183℃）时，关于FeSe层的矩形失真的影响。然而，在这项研究中，研究人员仅关注从100开尔文（-173°C）到室温（300开尔文，27°C）的平方相测量。

FeSe中预测和观察到的化学势的温度依赖性较大

研究人员的第一步是使用以100开尔文（-173℃）获得的实验数据来构建系统中电子状态的准确理论模型。这是使用“紧结合模型”完成的，其中，人们认为电子位于格子中的特定Fe位点，然后允许它们“跳跃”到相邻站点。通过调整模型的参数，与实验结果相比，可以实现高水准的准确性。他们表明，该模型预测了化学势的温度依赖性较大。

期望化学势的温度依赖性很大的原因是FeSe是一种金属，因为它可以承载具有有限电阻（高于超导转变温度）的电流，这远远不是典型的金属可以做到的。事实上，已知系统中有两种电荷载体，即“电子样”和“孔状”载流子。这些名称来自固体中电子的行为：电子彼此相互作用，所以它们在真空中远远没有显示自由电子的行为，但是经常可以使用具有改进的有效质量的电子描述'，“电子样”和“孔状”一词是指有效质量是正的（即，像自由电子）还是负有效质量（一个孔）。

在FeSe中，“电子”和“空穴”的数量被限制为相等以使系统整体呈中性充电。实际上，需要比这更准确一点：“任何给定温度下的化学势都将调整，使得电子和空穴的热平均数保持相等”，钻石皇家霍洛威联合博士生Luke Rhodes说，他也是研究的主要作者。在FeSe中，电子和空穴之间存在自然的不对称性;而电子具有高于化学势的大量可用状态，电子可以用热波动跳入，几乎没有孔可用。由于这种不对称的结果，除了电子和空穴的数量在FeSe中相当小的事实之外，理论计算表明，提高温度将需要对化学势的显着调整。

研究人员随后转而在Diamond的I05光束线处进行高分辨率ARPES，以便实验证实这一效果。使用在牛津大学记录的高质量样品，他们测量了FeSe的电子结构，其温度为100至300开尔文（-173℃至27℃），之前尚未研究过。他们直接观察到化学势的显着变化，甚至大于理论计算。

对FeSe建模的启示

为了理解FeSe的各种有趣的特性，理论家们经常从电子结构的模型开始，然后研究模型对不同种类的相变的倾向和敏感度。然而，如本研究中发现的，模型的细节真的很重要。卢克•罗德斯说：“我们已经表明，从准确的理论模型入手是很重要的，我们还表明，化学势必经常被考虑在内。研究团队现在打算使用他们的模型来研究FeSe在90开尔文（-183℃）的正方形相变，他们怀疑化学势可能也起着重要的作用。
Researchers discover way to make solar cells more efficient

When it comes to improving the efficiency of solar cells, a group of University of Wyoming professors has discovered a way to do so by adding manganese atoms—an alternate metal—to the mix. Doing so, they found, dramatically increases solar cell energy conversion by an average 300 percent and, in some cases, up to 700 percent. 
This research finding could be used in the future to help Wyoming farmers and ranchers access electric power in remote areas important to the state to aid crops and livestock, to boosting the use of electric cars in big cities, such as Los Angeles, in an effort to reduce smog there.
Jinke Tang and Yuri Dahnovsky, both UW professors in the Department of Physics and Astronomy; TeYu Chien, an assistant professor of physics and astronomy; and Wenyong Wang, an associate professor of physics and astronomy, co-wrote a research paper, which was published in Applied Physics Letters last fall. The paper, titled "Giant Photocurrent Enhancement by Transition Metal Doping in Quantum Dot Sensitized Solar Cells," was recently spotlighted again, in April, by the Department of Energy's (DOE) Office of Basic Energy Sciences.
The research was funded by the DOE, Office of Basic Energy Sciences, as part of the Established Program to Stimulate Competitive Research (EPSCoR) Program.
"They usually highlight the research funded by them," Chien says. "They pick key achievements and highlight them."
The Office of Basic Energy Sciences supports fundamental research to understand, predict and, ultimately, control matter and energy at the electronic, atomic and molecular levels to provide the foundations for new energy technologies and to support DOE missions in energy, environment and national security.
"We added into the PbS quantum dot with 4 percent manganese atoms. Our expectations were a 4 percent increase in solar efficiency," Dahnovsky says. "We had a 700 percent increase. That's very unusual."
Dahnovsky says it's unusual because electrons "tunneling" between manganese and zinc atoms do so much easier than between lead and zinc atoms located at the interface between a quantum dot and a semiconductor.
The quest for high efficiency solar cells has led to the search for new materials, such as manganese, to replace traditional silicon used for sensitizers and photoconductor—oxide—electrodes.
This might lead to a technical revolution for some industrial applications, Dahnovsky and Chien both say.
Practical uses for increased solar cells include more efficient solar panels at a lower cost for houses and other structures; if combined with portable devices, such as iPhones, iPads and computers, solar cells could keep them powered much longer before needing to be recharged; and allow electric cars to travel farther before needing to stop at a recharge station, which might make buying an electric car a more viable alternative, Chien says.
Dahnovsky adds that the science also could assist Wyoming, which is spread out, remote and has areas that lack electricity. For example, he says a herd of cattle that moves from one place to another to graze may be located far from electricity.
"A farmer may need a water pump in a remote area to water his livestock," he says. "If there's no electricity, he may use solar cells to power the water pump."
Chien says farmers also could use solar-powered sensors that could measure light, humidity, oxygen and temperature in their crop soil. 
研究人员发现使太阳能电池更有效率的方法

在提高太阳能电池的效率方面，怀俄明大学的教授发现了一种方式，通过在混合物中添加锰原子 - 替代金属来实现。他们发现，太阳能电池能源转换平均提高了300％，有时甚至达到了700％。

这项研究结果可以用来帮助怀俄明农民和牧民在国家重要的边远地区进行电力援助作物和畜牧业，以加强洛杉矶等大城市电动汽车的使用。在那里减少烟雾。

唐•唐•尤里•达赫诺夫斯基，物理与天文学系的教授;物理与天文助理教授陈玉娴和物理与天文学副教授王文勇共同撰写了一篇研究论文，去年秋季发表在“应用物理学报”上。 4月份，能源部（DOE）基础能源科学办公室再次重申了题为“量子点敏化太阳能电池中过渡金属掺杂的巨大光电流增强”的论文。

该研究由能源部基础能源科学办公室资助，作为“激励竞争研究（EPSCoR）计划”的一部分。

“他们通常强调他们资助的研究，”Chien说。 “他们选择关键成就，并进行了强调。”

基础能源科学办公室支持基础研究，以了解，预测和最终控制电子，原子和分子层面的物质和能源，为新能源技术奠定基础，并支持能源部在能源，环境和国家安全方面的使命。

Dahnovsky说：“我们将PbS量子点添加到4％的锰原子，我们的预期是太阳能效率提高了4％。” “我们增加了700％，这是非常不寻常的。

Dahnovsky说，这是不寻常的，因为锰和锌原子之间的电子“隧穿”比位于量子点和半导体之间的界面处的铅和锌原子之间更容易。

寻求高效率的太阳能电池已经导致寻找诸如锰的新材料来替代用于敏化剂和光电导体氧化物电极的传统硅。

这可能导致一些工业应用的技术革命，达赫诺夫斯基和钱安都说。

增加太阳能电池的实际用途包括更高效的太阳能电池板，房屋和其他结构的成本较低;如果与便携式设备（如iPhone，iPad和计算机）结合使用，太阳能电池在需要充电之前可能会保持更长的时间; Chien说，电动汽车在需要停在充电站前可以让电动车旅行得更远一些，这可能会让电动汽车变得更加可行。

达欣诺夫斯基补充说，科学也可以帮助怀俄明，这是分散的，遥远的，有缺电的地区。例如，他说，一群牛从一个地方移动到另一个地方放牧就可能会远离电力。

他说：“农民可能需要一个偏远地区的水泵给他的牲畜喂水。” “如果没有电，他可以用太阳能电池为水泵供电。”

农民也可以使用太阳能传感器，测量其作物土壤中的光，湿度，氧气和温度。
Metal Alloy（金属合金）

High pressure key to lighter, stronger metal alloys, scientists find

High pressure could be the key to making advanced metal mixtures that are lighter, stronger and more heat-resistant than conventional alloys, a new study by Stanford researchers suggests. 
Humans have been blending metals together to create alloys with unique properties for thousands of years. But traditional alloys typically consist of one or two dominant metals with a pinch of other metals or elements thrown in. Classic examples include adding tin to copper to make bronze, or carbon to iron to create steel.
In contrast, "high-entropy" alloys consist of multiple metals mixed in approximately equal amounts. The result is stronger and lighter alloys that are more resistant to heat, corrosion and radiation, and that might even possess unique mechanical, magnetic or electrical properties.
Despite significant interest from material scientists, high-entropy alloys have yet to make the leap from the lab to actual products. One major reason is that scientists haven't yet figured out how to precisely control the arrangement, or packing structure, of the constituent atoms. How an alloy's atoms are arranged can significantly influence its properties, helping determine, for example, whether it is stiff or ductile, strong or brittle.
"Some of the most useful alloys are made up of metal atoms arranged in a combination of packing structures," said study first author Cameron Tracy, a postdoctoral researcher at Stanford's School of Earth, Energy & Environmental Sciences and the Center for International Security and Cooperation (CISAC).
A new structure
To date, scientists have only been able to re- create two types of packing structures with most high-entropy alloys, called body-centered cubic and face-centered cubic. A third, common packing structure has largely eluded scientists' efforts—until now.
In the new study, published online in the journal Nature Communications, Tracy and his colleagues report that they have successfully created a high-entropy alloy, made of common and readily available metals, with a so-called hexagonal close-packed (HCP) structure.
"A small number of high-entropy alloys with the HCP structure have been made in the last few years, but they contain a lot of exotic elements such as alkali metals and rare earth metals," Tracy said. "What we managed to do is to make an HCP high-entropy alloy from common metals that are typically used in engineering applications."
The trick, it appears, is high pressure. Tracy and his colleagues used an instrument called a diamond-anvil cell to subject tiny samples of a high-entropy alloy to pressures as high as 55 gigapascals - roughly the pressure one would encounter in the Earth's mantle. "The only time you would ever naturally see that pressure on the Earth's surface is during a really big meteorite impact," Tracy said.
High pressure appears to trigger a transformation in the high-entropy alloy the team used, which consisted of manganese, cobalt, iron, nickel and chromium. "Imagine the atoms as a layer of ping pong balls on a table, and then adding more layers on top. That can form a face-centered cubic packing structure. But if you shift some of the layers slightly relative to the first one, you would get a hexagonal close-packed structure," Tracy said.
Scientists have speculated that the reason high-entropy alloys don't undergo this shift naturally is because interacting magnetic forces between the metal atoms prevent it from happening. But high pressure seems to disrupt the magnetic interactions.
"When you pressurize a material, you push all of the atoms closer together. Oftentimes, when you compress something, it becomes less magnetic," Tracy said. "That's what appears to be happening here: compressing the high-entropy alloy makes it non-magnetic or close to non-magnetic, and an HCP phase is suddenly possible."
Stable configuration
Interestingly, the alloy retains an HCP structure even after the pressure is removed. "Most of the time, when you take the pressure away, the atoms snap back to their previous configuration. But that's not happening here, and that's really surprising," said study coauthor Wendy Mao, an associate professor of geological sciences at Stanford's School of Earth, Energy & Environmental Sciences.
The team also discovered that by slowly cranking up the pressure, they could increase the amount of hexagonal close-pack structure in their alloy. "This suggests it's possible to tailor the material to give us exactly the mechanical properties that we want for a particular application," Tracy said.
For example, combustion engines and power plants run more efficiently at high temperatures but conventional alloys tend to not perform well in extreme conditions because their atoms start moving around and become more disordered.
"High-entropy alloys, however, already possess a high degree of disorder due to their highly intermingled natures," Tracy said. "As a result, they have mechanical properties that are great at low temperatures and stay great at high temperatures."
In the future, materials scientists may be able to fine-tune the properties of high-entropy alloys even further by mixing different metals and elements together. "There's a huge part of the periodic table and so many permutations to be explored," Mao said. 
科学家发现，高压对制造更轻、更强的合金十分关键

斯坦福研究人员的一项新的研究结果表明，高压可能是制造出比传统合金更轻、更强、更耐热的先进金属混合物的关键。

 几千年来，人类一直把金属混合在一起，创造出具有独特性能的合金。但是传统的合金通常由一种或两种主要金属组成，而其他金属或元素则与它们混在一起。典型的例子包括在铜中加入锡来制造青铜，或碳化来制造钢铁。 

相比之下，“高熵”合金由大约等量的多种金属混合组成。可以制造出更强更轻的合金，这些合金更耐高温、腐蚀和辐射，甚至可能具有独特的机械、磁性或电气性质。

 尽管材料科学家有很大的兴趣，但是高熵合金还没有从实验室研究成果应用到实际产品。一个主要的原因是科学家还没有弄清楚如何精确地控制组成原子的排列和结构。一种合金的原子是如何排列的，可以显著地影响它的性质，例如，它有助于确定金属是刚性的还是韧性的，是塑性的还是脆性的。 

“一些最有用的合金是由金属原子构成的，并组合在填料结构中”，这项研究的第一作者卡梅隆·特雷西说，他是斯坦福大学地球、能源与环境科学学院的博士后研究员，也是国际安全与合作中心(CISAC)的研究员。

一个新的结构

 迄今为止，科学家们只能用大多数的高熵合金够重新创造出两种类型的填料结构，称为以体为中心的立方体和以面为中心的立方体。第三种常见的填料结构难倒了科学家们——直到现在。

 在《自然通讯》杂志网络版上发表的一项新研究中，特雷西和他的同事们报告说，他们成功地制造了一种高熵合金，这种合金由普通的，容易获得的金属制成，具有所谓的六边形密闭(HCP)结构。

 “在过去的几年里，有少量的高熵合金和HCP结构已经制造出来，但它们含有大量的外来元素，如碱金属和稀土金属。”特雷西说。“我们努力用普通金属制造出通常用于工程应用的HCP高熵合金。” 这个技巧似乎是高压。特蕾西和他的同事们使用一种名为“金刚石对顶砧”的仪器来研究高熵合金的微小样本，其压力高达550亿吨——大致相当于地幔中所遇到的压力。特蕾西说:“这是你唯一一次在自然条件下看到大陨石撞击过程中产生的地球表面的压力。”

 高压似乎触发了由锰、钴、铁、镍和铬组成的高熵合金的转变。“把原子想象成一层平铺在桌子上的乒乓球，然后再在多摞几层。这可以形成以面为中心的立方结构。但是如果你把一些层稍微移到第一层，你就会得到一个六边形的密集结构”，特雷西说。 科学家们推测，高熵合金不会自然发生这种变化，原因是金属原子之间相互作用的磁力阻止了它的发生。但是高压似乎干扰了磁场的相互作用。

“ 当你给材料加压时，你会把所有的原子推得更近。通常情况下，当你压缩某样东西时，它就会变得不那么有磁性”特雷西说，“正在发生的似乎是:压缩高熵合金使其变为非磁性或接近非磁性，在HCP阶段突然成为可能。”

 稳定的结构 

有趣的是，即使在压力消除后，合金仍然保持着HCP结构。大多数时候，当去除压力后，原子会重新回到原来的状态。但这并没有发生，真的很令人惊讶，”研究论文的合著者，斯坦福大学地球、能源与环境科学学院的地质学副教授Wendy Mao说。

 研究小组还发现，通过慢慢地加大压力，他们可以增加其合金中六边形的封闭结构。特雷西说:“这表明，我们有可能对材料进行调整，以精确地给出我们想要的特定应用程序的机械性能。” 例如，内燃机和发电装置在高温下运行得更有效率，但传统的合金在极端条件下往往表现不佳，因为它们的原子开始移动，变得更无序。 

“但是，高熵合金由于它们的混合特性，已经具有高度的混乱性，”特雷西说。“所以，它们的力学性能在低温下很好，而且在高温下能够保持良好。”

 在未来，材料科学家也许能够通过将不同的金属和元素混合在一起，进一步优化高熵合金的特性。Mao说:“周期表中有很大一部分是需要探索的。”
Composite Materials（复合材料）

Researchers seek atomistic insights into ferroelectric materials

At first glance, biomedical imaging devices, cell phones, and radio telescopes may not seem to have much in common, but they are all examples of technologies that can benefit from certain types of relaxor ferroelectrics—ceramics that change their shape under the application of an electric field. 
Electromechanical properties within these materials are strongest at specific combinations of temperature and applied electric fields. Two former postdoctoral researchers at the US Department of Energy's Oak Ridge National Laboratory (ORNL) are returning to their neutron sciences roots at the ORNL Spallation Neutron Source (SNS) to study this phenomenon.
Colleagues and frequent collaborators Abhijit Pramanick from the City University of Hong Kong and Mads Ry Jørgensen from Aarhus University in Denmark first met during the National School on Neutron and X-Ray Scattering (NXS) in 2008. Their latest project involves applying electric fields and varying temperatures to single-crystal samples using the TOPAZ instrument, SNS beam line 12, to examine how the material's atoms are displaced under those conditions. They say a better understanding of the material's behaviors should aid in the development of new relaxor ferroelectric designs with improved properties—and possibly ones that are more ecofriendly, too.
"Interestingly, when you expose this material to certain temperatures under certain electric fields, you get a big increase in electromechanical responses," Pramanick said. "But we don't really understand why it happens under such conditions. We are trying to understand the atomistic mechanism." 
Jørgensen, who also manages the DanMAX beam line at the MAX IV Laboratory in Sweden, explained that the fine details of how these materials work remains a popular subject of ongoing research because scientists have been studying these mechanisms for more than 50 years without conclusive results.

For answers, the team turned to neutrons. Neutrons provide a nondestructive probe researchers can use to interact with materials to collect data about the materials' atomic structures and behaviors.
"What's really interesting is the combination of high temperatures and electric fields. When you are trying to implement that for very small crystals like the ones we're using here, that's a very difficult experiment to do," Pramanick said.
"Normally, studying these crystals would be like standing on one side of a building but needing to walk around the entire perimeter to get a full view," Jørgensen said, "but TOPAZ provides a comprehensive view of all four sides at once, which allows us to probe the diffraction pattern in 3-D without rotating the sample."
The researchers are also investigating the significance of lead in ferroelectric materials. An essential component of relaxor ferroelectrics, lead also poses environmental risks, from contributing to air pollution to negatively affecting fragile ecosystems.
"We need to learn what makes lead so important," Pramanick said. "If we can understand the atomistic mechanisms better, we can design new materials that are more environmentally friendly but still achieve similar properties."
Both researchers are thrilled to pursue these goals at SNS. "It's always good to come back," Pramanick said. "We love seeing how the facility continues to grow." 
Materials exposed to neutron radiation tend to experience significant damage, leading to the containment challenges involved in immobilizing nuclear waste or nuclear plant confinements. At the nanoscale, these incident neutrons collide with a material's atoms that, in turn, then collide with each other somewhat akin to billiards. The resulting disordered atomic network and its physical properties resemble those seen in some glassy materials, which has led many in the field to use them in nuclear research. 
But the similarities between the materials may not be as useful as previously thought, according to new results reported this week in The Journal of Chemical Physics.
The disordered atomic networks of glassy substances result from vitrification, the transformation of a substance into glass by its melting and (typically) rapid subsequent cooling. During this cooling, or quenching, atoms don't have time to settle in an organized way, and instead form a disordered atomic network. This led a group of researchers from the University of California, Los Angeles (UCLA) and Oak Ridge National Laboratory to explore the question: Do irradiation and vitrification have the same impact on the atomic structure of materials?
To find an answer they explored quartz, a simple yet ubiquitous material in nature used for myriad engineering applications.
Traditional experiments don't allow researchers to "see" atoms directly, especially within disordered materials. So, for their study, the group relied on atomistic simulations using the molecular dynamics technique.
"The molecular dynamics technique is based on numerically solving Newton's laws of motion for a group of interacting atoms," said Mathieu Bauchy, an assistant professor in the Civil and Environmental Engineering department at UCLA. "All atoms apply a force on each other that can be used to calculate the acceleration of each atom over time."
Based on this technique, they were able to simulate the irradiation-induced disordering of quartz by sequentially colliding the atoms of the network with fictitious incident neutrons.
"We also simulated quartz's vitrification by heating and quickly quenching the atoms," Bauchy said. "Finally, we compared the resulting atomic structure of these two disordered materials."
They discovered surprising differences.
"Quite unexpectedly, we found that the disordering induced by irradiation differs in nature from that induced by vitrification," Bauchy said. "This is quite surprising because glasses and heavily irradiated materials typically exhibit the same density, so that glasses are often used as models to simulate the effect of the exposure to radiations on materials."
In contrast, the researchers' results suggest that irradiated materials are more disordered than glasses. "The atomic structure of irradiated materials is actually closer to that of a liquid than to that of a glass," Bauchy said.
The group's findings potentially have serious implications for the selection of materials for nuclear applications.
"First, we suggest that present models might be underestimating the extent of the damage exhibited by materials subjected to irradiation, which raises obvious safety concerns," said N.M. Anoop Krishnan, a postdoctoral researcher also at UCLA. "Second, the different natures of irradiation- and vitrification-induced disordering suggest that glasses can also be affected by irradiation."
This is a significant discovery because glasses, which are believed to "self-heal" under irradiation, are commonly used to immobilize nuclear waste via vitrification.
"These waste forms are expected to remain stable for millions of years once deposited into geological depositories, so our lack of understanding of the effect of irradiation represents a real concern," Krishnan said.
Next, the group plans to explore the effect of irradiation on common aggregates found in the concrete of nuclear power plants and on nuclear waste immobilization glasses. "Ultimately, our goal is to develop novel models to predict the long-term effect of irradiation on the structure and properties of materials," Bauchy said. 
研究人员寻求铁电材料的原子性

乍看之下，生物医学成像设备、手机和射电望远镜似乎并没有多少共同之处，但它们都是一些技术的例子，这项技术可以从特定类型的豫弛铁电器中获益，豫弛铁电器即一种可以在电场的应用下改变形状的陶瓷制品。

 这些材料中的机电性能在温度和应用电场的特定组合中是最强的。美国能源部橡树岭国家实验室(ORNL)的两位前博士后研究人员正在散裂中子源(SNS)国家实验室中，回归中子科学根源来研究这一现象。 

2008年，同事兼密切合作者——来自香港城市大学的Abhijit Pramanick和麦斯Jørgensen来自丹麦奥胡斯大学的Mads Ry Jørgensen在中子和X射线散射国立学校(NXS)第一次见面。他们的最新研究项目涉及将电场和不同的温度应用到单晶样品中，使用TOPAZ仪器，SNS光束12，来检验这些物质的原子在这些条件下是如何转移的。他们说，更好地理解材料的行为应该有助于开发新的，具有更好性能的豫驰铁电体设计，而且可能还会更环保。 “有趣的是，当你把这种材料暴露在某些电场下的特定温度下，机电反应会显著增加。”Pramanick说，“但我们并没有真正理解为什么会在这样的条件下发生。我们正试图了解这一现象的原子机制。”

 在瑞典马克斯第四实验室管理DanMAX光束线的Jørgensen解释说,这些材料如何工作的细节在当前仍然是一个十分热门的研究课题,因为科学家们五十多年来一直在研究这些机制，没有决定性的结果。

 为了得到答案，团队转向中子。中子提供了一个非破坏性的探测器，研究人员可以用它来与材料相互作用，以收集有关材料的原子结构和行为的数据。

“真正有趣的是高温和电场的结合。”试图制造出那些我们在这里使用的非常小的晶体是非常困难的，”Pramanick说。 “通常情况下,研究这些晶体就像站在建筑的一侧，但需要走一圈来获得周边全视图,“Jørgensen说,“但TOPZA提供了一个全面的视图,让我们在不用旋转样本的条件下探测3 d探测器衍射模式。”

 研究人员还在研究铁电材料中铅的重要性。铅是豫弛铁电器的重要组成部分，铅也会造成环境污染问题，从空气污染到破坏脆弱的生态系统。

 “我们需要了解为什么铅如此重要。”Pramanick说:“如果我们能更好地理解原子系统，我们就能设计出更环保的新材料，但仍能取得类似的性能。” 两位SNS研究人员都对实现这些目标感到兴奋。“回来总是好的，”帕兰尼克说。“我们喜欢看到设施继续更新发展。”

 暴露在中子辐射下的材料往往会遭受重大破坏，从而导致遏制核废物或限制核电站面临挑战。在纳米尺度上，这些入射的中子与物质的原子依次碰撞，然后相互碰撞，就像台球一样。由此产生的无序原子网络及其物理性质类似于在一些玻璃材料中所看到的，这使得许多领域的人在核研究中使用它们。

 但是，根据本周《化学物理杂志》上的新研究结果，这些材料之间的相似之处可能并不像之前所认为的那样有用。

 玻璃状物质的无序原子网络是由玻璃化作用产生的，物质在熔化过程中转化成玻璃，然后(通常)迅速冷却。在这种冷却或淬火过程中，原子没有时间以有组织的方式进行处理，而是形成一个无序的原子网络。加州大学洛杉矶分校(UCLA)和橡树岭国家实验室(Oak Ridge National Laboratory)的一组研究人员研究了这个问题:辐射和玻璃化对材料的原子结构有同样的影响吗?

 为了找到答案，他们探索了石英，这是一种简单而且广泛应用于工程的材料。

传统的实验不能使研究人员直接“看”到原子，尤其是在无序的物质中。因此，在他们的研究中，该小组使用分子动力学技术来进行原子模拟。

 “分子动力学技术是基于对一组相互作用原子的牛顿运动定律的数值求解。”加州大学洛杉矶分校土木与环境工程系的助理教授马蒂厄·鲍希说，“所有原子相互作用，可以用来计算每个原子随时间的加速度。”

 基于此技术，他们可以通过与虚构的入射中子相碰撞，模拟出石英的辐射导致的无序排列。 

“我们还通过加热和快速地淬灭原子来模拟石英的玻璃化，”Bauchy说。“最后，我们比较了这两种无序物质的原子结构。”

 他们发现了惊人的差异。

 “出乎意料的是，我们发现，辐射引起的无序性与玻璃化导致的性质不同，”Bauchy说。“这是相当令人惊讶的，因为玻璃和大量辐射的材料通常表现出相同的密度，所以玻璃通常被用作模拟暴露在材料上的辐射效果的模型。”

 相反，研究人员的研究结果表明，辐射的物质比玻璃更无序。“辐照材料的原子结构实际上更接近于液体，而不是玻璃。”Bauchy说。

 该组织的发现可能对核应用材料的选择产生严重影响。 

“首先，我们认为目前的模型可能低估了受到辐射的材料所表现出的损害程度，这引起了明显的对安全的担忧，”加州大学洛杉矶分校的博士后研究人员、N.M. Anoop Krishnan说。“其次，辐射的不同性质和玻璃化诱导下的无序表明玻璃也会受到辐射的影响。”

 这是一个重大发现，因为人们认为玻璃是在辐射下“自我修复”的，通常用来通过玻璃化来固定核废料。 

克里希南说:“这些废料预计将在沉积到地质沉积后的数百万年里保持稳定，因此我们不了解辐射造成影响是一个真正的问题。”

接下来，该小组计划探索在核电厂混凝土和核废料固定玻璃上发现的辐射总量的影响。“最终，我们的目标是开发新的模型来预测辐射对材料结构和性能的长期影响，”Bauchy说。

Collecting real-time data for material microstructural evolution during radiation exposure

It may be surprising to learn that much remains unknown about radiation's effects on materials. To find answers, Massachusetts Institute of Technology (MIT) researchers are developing techniques to explore the microstructural evolution and degradation of materials exposed to radiation. 
Today, most irradiated materials testing involves designing a material, exposing it to radiation, and destructively testing the material to determine how its performance characteristics change. Of particular interest are changes in mechanical and thermal transport properties with which researchers try to determine the lifetime for safe use of the material in engineering systems within radiation environments.
One drawback with this testing method, affectionately known as "cook and look," is that it's slow. MIT researchers report a more dynamic option this week in Applied Physics Letters, to continuously monitor the properties of materials being exposed to radiation during the exposure. This provides real-time information about a material's microstructural evolution.
"At MIT's Mesoscale Nuclear Materials Lab, we've been developing improvements to a technique called 'transient grating spectroscopy' (TGS), which is sensitive to both thermal transport and elastic properties of materials," said Cody Dennett, the paper's lead author and a doctoral candidate in nuclear science and engineering. "To use this type of method to monitor dynamic materials changes, we first needed to show—via developing and testing new optical configurations—that it's possible to measure material properties in a time-resolved manner."
TGS relies on inducing and subsequently monitoring periodic excitations on material surfaces using a laser.
"By pulsing the surface of a sample with a periodic laser intensity pattern, we can induce a material excitation with a fixed wavelength," Dennett said. "These excitations manifest themselves in different ways in different systems, but the type of responses we observed for pure metallic materials are primarily standing surface acoustic waves." The approach is generally referred to as a transient grating technique.
To help visualize this, Dennett offered the imagery of flicking a drumhead, but in this case, on a solid surface where the laser does the "flicking." The "drum's" response depends on the condition of its structure and can therefore reveal changes in structure.
"These excitations' oscillation and decay are directly related to the material's thermal and elastic properties," Dennett said. "We can monitor these excitations by using the material excitations themselves as a diffraction grating for a probing laser. Specifically, we monitor the first-order diffraction of the probing laser because its intensity and oscillation directly reflect the amplitude and oscillation of the material excitation."
The signal the researchers are trying to detect is very small so it must be amplified by spatially overlapping a reference laser beam that doesn't contain the signal of interest, which is a process called heterodyne amplification.
"Most complete measurements are made by collecting multiple measurements at different heterodyne phases (a measure of the path length difference) between the signal and reference oscillator to remove any systematic noise," he said. "So we've added an additional probing laser path—in the same compact optical configuration—that allows us to collect measurements at multiple heterodyne phases concurrently."
This allows the researchers to make complete measurements in a manner constrained only by the system repetition, detection rate and desired signal-to-noise ratio of the overall final measurement according to Dennett.
"Previously, complete measurements of this type required actuation between measurements at different heterodyne phases," he said. "With this method in hand, we're able to show that time-resolved measurements of elastic properties on dynamic materials are possible on short timescales."
The group's experimental method is called Dual Heterodyne Phase Collection Transient Grating Spectroscopy (DH-TGS). It's a significant advance because it can be used for dynamically monitoring the evolution of material systems.
"Our technique is sensitive to elastic and thermal transport properties, which may be indicative of microstructural changes within the material systems being monitored," Dennett said.
It's also both nondestructive and noncontact, meaning that as long as optical access to a sample with sufficient surface quality is established, it can be used to monitor real-time property changes as a result of any "external forcing" such as temperature, voltage or irradiation.
Because DH-TGS is a nondestructive material diagnostic, Dennett said there are many systems one might envision studying as microstructural evolution is taking place. "We're interested in the radiation damage case in particular, but other applications might include studying low-temperature phase change materials, or real-time monitoring of oxide layer formation on steel alloys," he said.
"[W]e're trying to enable real-time, nondestructive monitoring of dynamic materials systems," said Dennett. "But another goal of ours is to disseminate the abilities of this type of methodology more widely. We have particular applications in mind for our next steps, but the relative ease of implementation should make it interesting to a wide range of materials scientists."
Their next experimental iteration involves constructing a target chamber for an ion beam accelerator so they can watch materials evolve in real time during exposure.
"The work we presented in Applied Physics Letters was the last piece in the puzzle standing between us and realizing the overarching motivation for the project," Dennett said. 
在辐射暴露期间收集材料微结构演化的实时数据

人们可能会感到惊讶——关于辐射对物质的影响，我们还有很多不知道的。为了找到答案，麻省理工学院(MIT)的研究人员正在开发一些技术，来探索暴露在辐射下的物质的微结构进化和降解。

 今天，大多数辐射材料测试包括设计一种材料，将其暴露在辐射中，并对材料进行破坏性测试，以确定其性能特征的变化。特别有趣的是机械和热运输特性的变化，研究人员试图确定在辐射环境下，工程系统中使用的安全材料的寿命。

 这种测试方法的一个缺点是慢，被人们亲切地称为“烹饪”。麻省理工学院的研究人员在本周的《应用物理快报》上报告了一个更动态的方案，来持续监测暴露在辐射过程中的物质的特性。这提供了关于材料微观结构进化的实时信息。 

“在麻省理工学院的中尺度核材料实验室，我们一直在改进一种叫做‘瞬态光栅光谱学’的技术，它对材料的热传输和弹性性能都很敏感，”论文的主要作者、核科学和工程学博士研究生科迪·丹尼特(Cody Dennett)说。“为了使用这种方法来监测动态材料的变化，我们首先需要通过开发和测试新的光学配置证明，可以用一个时间分辨的方式来测量材料的特性。”

 TGS依赖于诱导，然后用激光监测材料表面的周期性兴奋。

 “通过用周期激光强度模式将样品的表面脉冲，我们可以用固定波长引起材料的激发，”丹尼特说。这些激发态以不同的方式表现在不同的系统中，但是我们观察到的纯金属材料的反应类型主要是表面声波。这种方法通常被称为瞬变光栅技术。 为了使其更加形象，丹尼特提供了一种图像，在这个例子中，在一个固体表面上，激光都在“闪烁”。“鼓”的反应取决于其结构的状况，因此可以揭示结构的变化。

“这些激发态的振荡和衰减直接关系到材料的热性和弹性特性，”丹尼特说。“我们可以通过使用物质激发本身作为探测激光的衍射光栅来监测这些激发态。”具体地说，我们监测探测激光的一阶衍射，因为它的强度和振荡直接反映了材料激发的振幅和振荡。

 研究人员试图探测到的信号非常小，因此必须通过在空间中重叠参考激光束方式来放大，这是一种不包含所研究信号的参考激光束，此过程称为外差放大。

 他说:“最完整的测量是通过在信号和参考振荡器之间的不同外差相(测量路径长度差的测量)中收集多次测量，从而消除各个系统的噪音。”“因此，我们增加了一种额外的探测激光路径——有着同样的紧凑型光学配置——可以同时进行多重外差的测量。” 

这使得研究人员能够以系统重复、检出率和期望的信噪比的方式来进行完整的测量，根据丹尼特的数据。 

他说:“以前，在不同的外差相的测量中，对这种类型的完全测量是必需的。”“有了这种方法，我们就能证明在短时间内，动态材料上弹性性能的时间分辨测量是可行的。”

 该小组的实验方法称为双外差相收集瞬态光栅光谱学(DH-TGS)。这是一个重要的进步，因为它可以用来动态监测物质系统的进化。

 他说:“我们的技术对弹性和热运输性能十分敏感，这可能显示出在监测的材料系统内部的微观结构变化。”

 它同时具有非破坏性和非接触性，这意味着只要对具有足够表面质量的样品进行光学访问，就可以用来监测由于“外力” (如温度、电压或辐照)所造成的的实时的性能变化。

 因为DH-TGS是非破坏性的物质诊断，丹尼特说，当微观结构进化的时候,有很多系统可以预见。他说:“我们对辐射损伤尤其感兴趣，但其他的应用程序可能包括研究低温相变材料，或者是在钢铁合金上实时监测氧化层的形成。”

 “我们正在努力实现动态材料系统的实时、非破坏性监测。”丹尼特说，“但我们的另一个目标是更广泛地传播使用这种方法的能力。我们对下一个步骤会有特别的应用，大量的材料科学家应该会对这种相对容易的实施方式感兴趣。 

他们的下一个实验周期包括为离子束加速器建造一个目标室，这样他们就可以在暴露时实时观察材料的变化。 

丹尼特说:“我们在《应用物理快报》中所展示的工作是我们认识这个项目的总体动机的最后一步。”
Practical Application（实际应用）

Researchers find first compelling evidence of new property known as 'ferroelasticity' in perovskites

Crystalline materials known as perovskites could become the next superstars of solar cells. Over the past few years, researchers have demonstrated that a special class of perovskites—those consisting of a hybrid of organic and inorganic components—convert sunlight into electricity with an efficiency above 20 percent and are easier to fabricate and more impervious to defects than the standard solar cell made of crystalline silicon. As fabricated today, however, these organic/inorganic perovskites (OIPs) deteriorate well before the typical 30-year lifetime for silicon cells, which prevents their widespread use in harnessing solar power. 
Now a team led by Andrea Centrone at the National Institute of Standards and Technology (NIST) and Jinsong Huang and Alexei Gruverman of the University of Nebraska has found the first solid evidence for a property of OIPs that may provide a new way to improve their long-term stability as solar cells.
The unexpected feature that the team found is known as ferroelasticity—a spontaneous rearrangement of the internal structure of OIPs in which each crystal subdivides into a series of tiny regions, or domains, that have the same atomic arrangement but which are oriented in different directions. This rearrangement creates a spontaneous strain in each domain that exists even in the absence of any external stress (force).
"The role of the ferroelastic domains on the material stability must be understood," said Centrone.
At high temperatures, OIP crystals do not subdivide and have the same cubic arrangement of atoms throughout. At room temperature, however, the OIP crystal structure changes from cubic to tetragonal, in which one axis of the cube elongates. That's where the ferroelastic property of the material comes into play.

"To transform from a cubic to a tetragonal arrangement, one axis of the cube must elongate. In the process, each crystal subdivides into smaller domains in which the elongated axis can point in a different direction, leading to spontaneous internal strain," explained team member Evgheni Strelcov of NIST and the University of Maryland.
At present, it remains unknown whether ferroelasticity is a property that improves or hinders the performance and stability of perovskite solar cells, noted Centrone. But the very fact that OIPs have this internal structure, breaking up single crystals into domains, is important to investigate, he added. Boundaries between crystals—so-called inter-grain boundaries—are known to be weak points, where structural defects concentrate. Similarly, the boundaries between the newly discovered ferroelastic domains inside a single crystal—intra-grain boundaries—might also affect the stability of OIPs and their performance as solar cells.
The researchers discovered that by bending the crystals, they could reliably move, create or eliminate the ferroelastic grain boundaries—the borders between subdivided crystal regions having different orientations—thus enlarging or reducing the size of each domain. The bending also changed the relative fraction of domains pointing in different orientations. The researchers recently described their work in Science Advances.
In their study, the team found no evidence that the OIPs were ferroelectric; in other words, that they formed domains where the separation of the center of positive and negative electric charges is aligned in different directions in the absence of an external electric field. This finding is significant, because some researchers had speculated that ferroelectricity might be the underlying property that makes OIPs promising candidates for solar cells.
The researchers created single whole crystals large enough to reveal ferroelastic domains, which appeared as striations with an optical microscope. They also studied OIPs consisting of polycrystalline thin films, which were examined using nanoscale techniques.
The researchers used two nanoscale methods employing atomic force microscope (AFM) probes to measure ferroelasticity in OIP thin films. At the University of Nebraska, Gruverman and his collaborators used piezoresponse force microscopy (PFM), which mapped the electrically induced mechanical response of an OIP sample in repose and under mechanical stress by gently bending the sample.

In the other method, laser pulses spanning from the visible to the infrared ranges struck a perovskite thin film, causing the material to heat up and expand. The tiny expansion was captured and amplified by the AFM probe using photothermal induced resonance (PTIR), a technique that combines the resolution of an AFM with the precise compositional information provided by infrared spectroscopy. PTIR imaging revealed the presence of microscopic striations that persisted even when the samples were subjected to heating or applied voltage. Experiments showed that the striations were not correlated with the local chemical composition or optical properties, but were due to differences in thermal expansion coefficient of the ferroelastic domains. 
研究人员在钙钛矿中发现了被称为“铁弹性”的新特性的首个令人信服的证据 

称为钙钛矿的结晶材料可能成为太阳能电池的下一个超级巨星。在过去几年中，研究人员已经证明，特殊类型的钙钛矿——由有机和无机组分组成的组合——可以将阳光转化为电力，效率高于20％，并且比晶体硅制成的标准太阳能电池更容易制造而且更不受缺点的影响。然而，作为今天的材料，这些有机/无机钙钛矿（OIP）的寿命不及硅电池典型的30年寿命，在这阻止了其在太阳能发电中的广泛应用。

现在由国家标准与技术研究院(NIST)的Andrea Centrone和内布拉斯加州大学的黄劲松和Alexei Gruverman组成的研究小组发现了OIPs特性的第一个确凿证据，这可能提供了一种提高太阳能电池长期稳定性的新方法。

团队发现的出乎意料的特性被称为铁弹性——是一种自发重组的内部结构，每一个晶体都划分为一系列微小的区域或域，它们具有相同的原子排列，但以不同的方向为导向。这种重新安排在每个领域都产生了自发的张力，即使在没有任何外部压力(力)的情况下也是如此。

Centrone说:“铁弹性领域在物质稳定方面的作用必须被理解。”

在高温下，OIP晶体不会分裂，并且在整个过程中都有相同的立方排列。然而，在室温下，晶体立方体中

的一个轴拉长，OIP晶体结构从立方变到正方。这就是材料的铁弹性特性发挥作用的地方。

“从一个立方到一个正方的排列，立方体的一个轴必须伸长。在这个过程中，每一个晶体都被划分成更小的区域，在这个范围内，细长的轴可以指向不同的方向，导致自发的内部压力。”来自NIST和马里兰大学的团队成员Evgheni Strelcov解释道。

Centrone指出，目前仍不清楚铁弹性是否是一种改善或阻碍波洛斯基太阳能电池性能和稳定性的特性。但是，他补充说，这种内部结构，将单个晶体分解成多个领域，是非常重要的。晶界之间的界限，即所谓的“间粒边界”，被称为“弱点”，即结构缺陷的集中点。同样地，在单晶晶内边界之间新发现的铁弹性之间的边界可能也会影响OIPs的稳定性以及其作为太阳能电池的性能。

研究人员发现，通过弯曲晶体，他们可以准确地移动、创造或消除铁弹性颗粒边界——在细分的晶体区域之间有不同的方向——从而扩大或缩小每个域的大小。弯曲还改变了指向不同方向的域的相对分数。研究人员最近描述了他们在科学方面的进展。

场的情况下正电荷和负电荷的中心分离在不同方向上排列的一个区域。这一发现意义重大，因为一些研究在他们的研究中，研究小组没有发现任何证据表明OIPs是铁电性的;换句话说，它们形成了在没有外部电人员推测，铁电可能是潜在的特性，使OIPs有望成为太阳能电池原料的候选对象。

研究人员创造出了一个大到足以揭示铁弹性领域的完整晶体，在光学显微镜下显现为光条纹。他们还用纳米技术研究了由多晶体薄膜组成的OIPs。

研究人员使用原子力显微镜(AFM)探针来测量OIP薄膜中的铁弹性。在内布拉斯加州大学，Gruverman和他的合作者使用了压电力显微镜(PFM)，它通过对样品的温和弯曲，将OIP样品的电诱导机械响应映射在静止和机械应力下。

在另一种方法中，从可见光到红外范围的激光脉冲冲击了一个钙钛矿薄膜，使材料加热并膨胀。这一微小的膨胀被AFM探测器利用光热诱导共振(PTIR)捕获和放大，这种技术结合了AFM的分辨率和红外光谱所提供的精确的合成信息。PTIR成像显示，即使在样品受到加热或施加电压的情况下，微小的光条纹仍然存在。

实验表明，这些光条纹与当地的化学成分或光学性质无关，而是由于铁弹性域热膨胀系数的差异导致的。

Special X-ray technique allows scientists to see 3-D deformations

While doctors use X-rays to see the broken bones inside our bodies, scientists have developed a new X-ray technique to see inside continuously packed nanoparticles, also known as grains, to examine deformations and dislocations that affect their properties. 
In a new study published last Friday in Science, researchers at the U.S. Department of Energy's (DOE) Argonne National Laboratory used an X-ray scattering technique called Bragg coherent diffraction imaging to reconstruct in 3-D the size and shape of grain defects. These defects create imperfections in the lattice of atoms inside a grain that can give rise to interesting material properties and effects.
"This technique provides very high sensitivity to atomic displacements, as well as the ability to study materials under a number of different realistic conditions, such as high temperatures," said Argonne physicist Wonsuk Cha, an author of the paper.
"If you want to map the inside of the grain, to see the network of dislocations, this is an exciting technique," added Argonne materials scientist Andrew Ulvestad, another author.
For the past ten years, scientists had looked at the defect structure of separated nanoparticles. But scientists didn't have a way of looking at the distortions in the crystal lattice in grains that formed continuous films of material, like those found in some solar cells or certain catalytic materials.
In Bragg coherent diffraction imaging, scientists shine X-rays at a sample, which scatter off the atoms in the material's structure. By observing the scattering patterns, scientists can reconstruct the material's composition in 3-D. With small isolated nanoparticles, this information is relatively easy to gather, but for thin films there are additional complications. "It's like trying to figure out where Paul McCartney is in the iconic photo of Abbey Road versus trying to figure out where the sixth violinist in a large orchestra is," Ulvestad said.
The research focused on a specific area between particles known as the "grain boundary," a region that causes most of the interesting material phenomena. "The grain boundary can be thought of like a fault line in a tectonic plate," Ulvestad said. "It governs a lot of underlying activity."
Ulvestad specifically mentioned thin-film solar cells, a promising photovoltaic technology, as a notable example of a type of technologically exciting material that could benefit from the study. "These are usually pretty complicated materials whose behavior is largely determined by the atoms that are on the 'front lines,' near the grain boundaries," he said.
The dislocations near grain boundaries are controlled by the defect structure in the material, and Ulvestad hopes that as scientists gain the ability to control the synthesis and positioning of defects, they will ultimately also be able to control the behavior of materials near the grain boundary.
By using the especially penetrative high-energy X-rays produced by Argonne's Advanced Photon Source, the researchers were able to watch the deformation of the crystal lattice in real time.
An article based on the study, "Bragg coherent diffractive imaging of single-grain defect dynamics in polycrystalline films," appeared online in Science on May 19. 

特殊的x射线技术让科学家看到三维变形

当医生们用x射线来观察我们身体内部的骨折时，科学家们已经开发出一种新的x射线技术来观察不断填充的纳米粒，也就是所谓的晶粒，来检查影响其性质的变形和错位。

在上周五发表在《科学》上的一项新研究中，美国能源部(DOE)阿贡国家实验室的研究人员使用了一种名为布拉格相干衍射成像的x射线散射技术，以三维的方式重建了晶粒缺陷的大小和形状。这些缺陷在晶内的原子晶格中造成了不完美，从而产生有趣的物质属性和效果。

论文的作者，阿贡研究员物理学家Wonsuk Cha说，“这项技术对原子位移以及在多种不同的现实条件下研究材料的能力非常敏感，比如高温。”

“如果你想要表示出晶粒的内部排列，看看错位的网络分布，那么这就是一种令人兴奋的技术。”另一位作者，阿贡材料科学家Andrew Ulvestad补充道。

在过去的十年里，科学家们研究了分离纳米颗粒的缺陷结构。但是科学家们没有办法观察晶体晶格中的扭曲现象，这些颗粒形成了连续的材料，就像在某些太阳能电池或某些催化材料中发现的那样。

在布拉格相干衍射成像中，科学家将x射线照射在样品上，这样就可以将原子的结构散射出来。通过观察散射模式，科学家们可以在三维中重建材料的合成。对于小的孤立的纳米粒子来说，这些信息相对容易收集，但是对于薄膜来说，则还有其他的问题。Ulvestad说:“这就像试图找出Paul McCartney在艾比路的标志性照片上的位置，而不是找出一个大型管弦乐队中第六名小提琴手的位置一样。”

这项研究关注的是被称为“颗粒边界”的粒子之间的特定区域，这一区域引起了许多有趣的物理现象。

Ulvestad说:“颗粒边界可以被认为是一个构造板块的断层线。它管理着许多潜在的活动。”

Ulvestad特别提到了薄膜太阳能电池，这是一种很有前景的光电技术，作为可以从这项研究中受益的技术上令人兴奋的材料的一个显著例子。他说:“这些材料通常是相当复杂的，其行为主要取决于晶界附近的‘前线’上的原子。”

在颗粒边界附近的混乱是由材料的缺陷结构控制的，Ulvestad希望随着科学家获得控制缺陷的综合定位能力，他们最终也能够控制颗粒边界附近的材料的行为。

通过使用阿贡先进光子源所产生的特别穿透性高能x射线，研究人员能够实时观察晶体晶格的变形。

5月19日，基于研究基础的文章《布拉格相干衍射成像在多晶膜上的单颗粒缺陷动态成像》在《科学》杂志上发表了。
Organic & Polymer（有机高分子材料）

New theory describes liquid droplet behavior on solid surfaces
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Time progresses from the left image to the right image, where the far-right column of images represents drops exhibiting maximum spreading. (a) release height of the droplet z=10 mm, (b) z=100 mm, (c) z=700 mm. Credit: Assistant Professor Yukihiro Yonemoto 

Japanese researchers have succeeded in deriving a theoretical formula that quantitatively predicts the wetting and spreading behavior of droplets that collide with the flat surface of a solid material. Although the behavior of droplets colliding with a solid surface looks simple superficially, it is actually quite complicated due to interrelated factors such as surface roughness, fluid motion, and wettability (ease of liquid adherence) of the solid surface by the liquid. In the past, researchers from all over the world have attempted to make quantitative predictions about the extent of wetted areas through experimentation, theory and numerical analysis, but prediction, particularly during slow collisions, have not yet been realized. 
Droplet collisions on solid surfaces are key to many industrial applications, like ink jet printers, fuel injectors and spray cooling. The maximum wetting and spreading area of droplets after collision is one of the most important parameters influencing the quality and efficiency of such equipment.
The maximum wetting and spreading area of a droplet also varies depending on the nature of the droplet, the speed at which the droplet strikes, and the nature of the solid upon which it strikes. For example, when a droplet collides with glass or Teflon, the maximum wetting and spreading area will be different. The ease with which a liquid adheres to a surface depends on the surface wettability. The wettability of droplets adhering to a solid surface is characterized by the tangential dynamic balance equation (the Young equation) at the contact line.
In previous theoretical studies on the maximum wetting and spreading area of collision droplets, only the balance equation of the contact line in the tangential direction was considered. There were no relational expressions to predict the maximum wetting and spreading area of a droplet under a wide range of impinging velocity conditions. Typically, two methods are used to make calculations, one when collision speeds are high and another when speeds are low. However, the conventional method used for high-speed collisions generates large errors at low speeds, and the conventional method used for low-speed collisions returns large errors at high speeds.
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Kumamoto University researcher's new theoretical model considers the normal component of liquid surface tension in addition to the tangential component. Credit: Assistant Professor Yukihiro Yonemoto 

To reduce calculation errors, a collaboration between Kumamoto University and Kyoto University researchers focused on normal surface tension on the contact line, and the energy balance of droplets colliding with solid surfaces. While doing so, they considered the disadvantages of using conventional methods for evaluating the viscous dissipation of energy caused by fluid motion inside a droplet at the time of collision, and derived a new theoretical formula.
This formula quantitatively predicts the maximum wetting and spreading area when droplets collide with various types of solids, such as silicone rubber or super-hydrophobic substrates. Furthermore, the researchers confirmed that it can be applied not only to milli-size but also to micro-size droplets.
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Plot showing the effectiveness of a new theoretical model for predicting the area of spread of a water droplet on a solid surface in comparison with previous conventional models. Credit: Assistant Professor Yukihiro Yonemoto 

"Recently, nanoscale circuit fabrication technology for semiconductor substrates using inkjet technology has attracted much attention," said Assistant Professor Yukihiro Yonemoto of Kumamoto University, who leads the study. "Observations of nanoscale phenomena, however, require expensive experimental equipment, and prediction by numerical analysis requires specialized technology. By using a simple method to predict the maximum wetting spreading area of a droplet after collision, we can expect to realize more efficient circuit designs, among other things." Droplets that strike the surface of a flat solid material will not only stretch and spread, but will also split into finer droplets (splash phenomenon) if the energy at the time of a collision is large. Researchers at Kumamoto University and Kyoto University are currently working on a theory that considers these phenomena to further extend the results of their research.
This finding was posted online in the open access journal Scientific Reports on 24th May 2017. 
新理论描述固体表面液体液滴的行为
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时间从左图像向右图像进展，其中最右边的图像列表示显示最大扩展的液滴。 （a）液滴的释放高度z = 10mm，（b）z = 100mm，（c）z = 700mm。引用：助理教授Yukihro Yonemoto

日本的研究人员已经成功地推导出了一个理论公式，它可以定量地预测与固体物质的平面表面发生碰撞的液滴的润湿和扩散行为。虽然液滴与固体表面的碰撞表面看起来很简单，但由于表面粗糙度、流体运动和液体表面的润湿性(液体粘附性)等相关因素，它实际上是相当复杂的。在过去，来自世界各地的研究人员都试图通过实验、理论和数值分析来对湿润区域的程度进行定量预测，但是预测，特别是在低速碰撞中的预测，还没有实现。

固体表面的液滴碰撞是许多工业应用的关键，如喷墨打印机、喷油器和喷雾冷却。碰撞后最大的润湿和扩散面积是影响此类设备质量和效率的最重要参数之一。

液滴的最大湿润和扩散面积也因水滴的性质、液滴的速度、以及它所撞击的固体的性质而变化。例如，当决于表面的润湿性。在接触线上的切线动态平衡方程(最新方程)的特征是附着在固体表面的微滴的润湿性。

液滴与玻璃或聚四氟乙烯发生碰撞时，最大的润湿和扩散区域将是不同的。液体附着于表面的容易程度取在先前的理论研究中，碰撞液滴的最大润湿和扩散面积，仅考虑了切线方向上接触线的平衡方程。在广泛的冲击速度条件下，没有关系表达式来预测液滴的最大润湿和扩散面积。通常有两种方法用于计算，一种是在碰撞速度高时，另一种是在低速时。然而，用于高速碰撞的常规方法在低速时会产生较大的误差，低速碰撞时采用的传统方法在高速碰撞时也会产生较大的误差。

熊本大学研究员的新理论模型除了切向分量外，还考虑了液面张力的正常分量。
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引自：助理教授Yukihro Yonemoto

为了减少计算误差，熊本大学和京都大学的研究人员共同研究了接触线表面的表面张力，以及液滴与固体表面碰撞的能量平衡。在此过程中，他们考虑了用传统的方法来评估在碰撞时流体运动中所产生的能量的粘性耗散，并推导出了一个新的理论公式。

和扩散面积。此外，研究人员还证实，这种方法不仅适用于毫米级别，也适用于微米级别的液滴。

该公式定量地预测了当液滴与各种类型的固体颗粒发生碰撞时，如硅橡胶或超疏水性基质，其最大的润湿与以往的传统模型相比，图中显示了一种用于预测一个液滴在固体表面扩散范围的新理论模型的有效性。
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引自:助理教授Yukihiro Yonemoto

该研究的负责人，熊本大学的助理教授Yukihiro Yonemoto说，“最近，使用喷墨技术的纳米级电路制造技术已经引起了广泛的关注。”然而，对纳米尺度现象的观察需要昂贵的实验设备，通过数值分析的预测需要专门的技术。通过使用一种简单的方法来预测一个液滴在碰撞后的最大润湿扩散面积，我们可以实现更有效的电路设计。如果在碰撞时产生的能量很大，那么撞击固体材料表面的液滴不仅会拉伸和扩散，而且还会分裂成更细的液滴(飞溅现象)。熊本大学和京都大学的研究人员目前正在研究一种理论，认为这些现象可以进一步扩展他们的研究成果。

这一发现是在2017年5月24日的开放获取期刊《科学报告》上发布的。
Physicists discover mechanism behind granular capillary effect

Dipping a tube into a container filled with water will make the water rise in the tube. This phenomenon is called liquid capillarity. It is responsible for many natural and technical processes, for example the water absorption of trees, ink rising in a fountain pen, and sponges absorbing dishwater. But what happens if the tube is dipped into a container filled not with water but with sand? The answer is – nothing. However, if the tube is shaken up and down, the sand will also begin to rise. Scientists have now discovered the mechanism behind this effect, the so-called granular capillary effect. 
Dr Eric J. R. Parteli from the University of Cologne's Department of Geosciences, Professor Fengxian Fan from the University of Shanghai for Science and Technology, and Professor Thorsten Pöschel from Friedrich-Alexander University Erlangen-Nürnberg have now published the results of their study 'Origin of Granular Capillarity Revealed by Particle-Based Simulations' in Physical Review Letters.
Liquid capillarity results from the interplay of different molecular forces: the attraction between the liquid molecules keeps it together while the attraction between molecules and tube drives the liquid upward. This explanation precludes the occurrence of capillarity for sand because sand grains are so much bigger than their constituent molecules that inter-molecular forces can be safely neglected compared to gravity and grain inertia. However, surprisingly, granular capillarity has been observed in laboratory experiments in which the granular material was subjected to a tiny vertical vibration of a few grain diameters in amplitude and a frequency of just a few Hertz. The origin of this granular capillary effect was a long-standing mystery the international team of scientists succeed in unveiling.
They investigated the problem using a particle-based numerical simulation method called Discrete Element Method. In this method, the trajectory of every single grain is calculated by numerically solving Newton's equations of translational and rotational motion due to the forces that act on each grain. By means of such a numerical experiment, it is thus possible to track the trajectory and velocity of all grains, including those grains that are deep within the granular bulk, which are difficult to assess in the laboratory.
The research team observed in their simulations that what makes the sand column ascend in the tube is a convective motion of the sand grains within the recipient that is inherent to granular materials under vertical vibrations. This convective flux causes lateral mass transport within the vibrating granular packing, which leads to an upward pressure on the base of the granular column in the tube, which is why the column ascends. The scientists found that how fast and far the column rises depends on the tube size. Remarkably, the simulations showed that the height of the granular meniscus (the capillary height that the granular column reaches after a long time) is proportional to the inverse of the tube size. This is exactly the same behaviour as for liquid capillarity, although the driving forces in the two systems are so much different.
The physicists showed in their study that the same capillary effect can be produced by shaking the tube instead of the container, which opens up promising applications in the handling and transportation sectors. For example, particles could be pumped up from very large containers just by using granular capillarity. They are now studying the process in more depth to understand the effect of system and particle geometry. 
物理学家发现了颗粒毛细管效应背后的机制

将一个管子放入装满水的容器中，会使水管中的水上升。这种现象被称为液体毛细现象。它存在于许多自然和技术的过程中，例如树木的吸水，钢笔的墨水，和海绵吸收的洗碗水。但是如果把管子浸入一个盛满沙子而不是水的容器里会发生什么呢?答案是——什么也不会发生。然而，如果管子被上下震动，沙子也会开始上升。科学家们现在已经发现了这种效应背后的机制，即所谓的颗粒状毛细管效应。

科隆大学地质学系的博士Eric J. R. Parteli教授，上海科学技术大学的范奉贤教授以及弗里德里希—亚历山大大学的ThorstenPöschel教授已经发表了他们的研究成果，在物理评论报告中通过基于粒子的模型揭示了毛细管度间的相互吸引使液体向上流动。这一解释排除了毛细现象的发生，因为砂粒比它们的组成分子要大得多，液体的毛细现象是由不同的分子力相互作用产生的:液体分子之间的吸引力使其保持在一起，而分子和管之所以相对于重力和颗粒惰性，分子间的相互作用可以被忽略。然而，令人吃惊的是，在实验室实验中已经观察到颗粒状毛细现象，颗粒状物质在振幅的微小垂直振动和频率仅为几赫兹的情况下被观察到。这种颗粒状毛细管效应的起源长期以来都是一个谜团，国际科学家小组的成功揭开了它的面纱。

他们使用一种被称为离散元法的基于粒子的数值模拟方法来研究这个问题。在这种方法中，每一粒粒子的轨迹都是通过数值求解牛顿的平动和旋转运动方程来计算的。通过这样的数值实验，可以跟踪所有颗粒的轨迹和速度，包括那些在颗粒状粒子中深埋的微粒，这在实验室中很难得到评估。

研究小组在他们的模拟中观察到，在管道中提升沙柱的是在接受器内的砂粒的对流运动，在垂直振动下是颗粒状材料的固有特性。这种对流通量导致振动颗粒填料内的横向质量运输，从而导致管道内颗粒柱底部的向上压力，这就是为什么沙柱上升的原因。科学家们发现，沙柱上升的快慢取决于管的大小。值得注意的是，模拟结果表明，颗粒状半月面的高度(细粒柱在长时间后的高度)与管径的逆比例成正比。这和液体毛细管的行为是完全一样的，尽管两种系统的驱动力非常不同。

物理学家们在他们的研究中发现，通过摇动管子而不是容器来产生同样的毛细管效应，这将在处理和运输领域打开前景广阔的应用。例如，仅仅通过毛细管道，颗粒就可以从非常大的容器中被抽上来。他们现在正在更深入地研究这个过程，以了解系统和粒子几何的影响。

Atomic structure of irradiated materials is more akin to liquid than glass

Materials exposed to neutron radiation tend to experience significant damage, leading to the containment challenges involved in immobilizing nuclear waste or nuclear plant confinements. At the nanoscale, these incident neutrons collide with a material's atoms that, in turn, then collide with each other somewhat akin to billiards. The resulting disordered atomic network and its physical properties resemble those seen in some glassy materials, which has led many in the field to use them in nuclear research. 
But the similarities between the materials may not be as useful as previously thought, according to new results reported this week in The Journal of Chemical Physics.
The disordered atomic networks of glassy substances result from vitrification, the transformation of a substance into glass by its melting and (typically) rapid subsequent cooling. During this cooling, or quenching, atoms don't have time to settle in an organized way, and instead form a disordered atomic network. This led a group of researchers from the University of California, Los Angeles (UCLA) and Oak Ridge National Laboratory to explore the question: Do irradiation and vitrification have the same impact on the atomic structure of materials?
To find an answer they explored quartz, a simple yet ubiquitous material in nature used for myriad engineering applications.
Traditional experiments don't allow researchers to "see" atoms directly, especially within disordered materials. So, for their study, the group relied on atomistic simulations using the molecular dynamics technique.
"The molecular dynamics technique is based on numerically solving Newton's laws of motion for a group of interacting atoms," said Mathieu Bauchy, an assistant professor in the Civil and Environmental Engineering department at UCLA. "All atoms apply a force on each other that can be used to calculate the acceleration of each atom over time."
Based on this technique, they were able to simulate the irradiation-induced disordering of quartz by sequentially colliding the atoms of the network with fictitious incident neutrons.
"We also simulated quartz's vitrification by heating and quickly quenching the atoms," Bauchy said. "Finally, we compared the resulting atomic structure of these two disordered materials."
They discovered surprising differences.
"Quite unexpectedly, we found that the disordering induced by irradiation differs in nature from that induced by vitrification," Bauchy said. "This is quite surprising because glasses and heavily irradiated materials typically exhibit the same density, so that glasses are often used as models to simulate the effect of the exposure to radiations on materials."
In contrast, the researchers' results suggest that irradiated materials are more disordered than glasses. "The atomic structure of irradiated materials is actually closer to that of a liquid than to that of a glass," Bauchy said.
The group's findings potentially have serious implications for the selection of materials for nuclear applications.
"First, we suggest that present models might be underestimating the extent of the damage exhibited by materials subjected to irradiation, which raises obvious safety concerns," said N.M. Anoop Krishnan, a postdoctoral researcher also at UCLA. "Second, the different natures of irradiation- and vitrification-induced disordering suggest that glasses can also be affected by irradiation."
This is a significant discovery because glasses, which are believed to "self-heal" under irradiation, are commonly used to immobilize nuclear waste via vitrification.
"These waste forms are expected to remain stable for millions of years once deposited into geological depositories, so our lack of understanding of the effect of irradiation represents a real concern," Krishnan said.
Next, the group plans to explore the effect of irradiation on common aggregates found in the concrete of nuclear power plants and on nuclear waste immobilization glasses. "Ultimately, our goal is to develop novel models to predict the long-term effect of irradiation on the structure and properties of materials," Bauchy said. 

辐照材料的原子结构更接近于液体而不是玻璃
暴露在中子辐射下的材料往往会遭受重大的破坏，从而导致核废物或核电站的核泄漏所涉及的安全问题。在纳米尺度下，这些入射中子与物质的原子相撞，而这些原子反过来又会相互碰撞，就像台球一样。由此产生的无序的原子网及其物理性质类似于一些玻璃材料中所看到的，这使得许多领域的人在核研究中使用它们。

但是根据本周《化学物理期刊》上的新研究结果，这些材料之间的相似性可能并不像以前认为的那么有用。

玻璃状物质的无序原子网络是由玻璃化造成的，通过熔化和(通常是)迅速冷却的过程，将一种物质转化为玻璃。在这种冷却或淬火过程中，原子没有时间以有序的方式进行沉淀，而是形成了无序的原子网络。这导致了来自加州大学洛杉矶分校(UCLA)和橡树岭国家实验室的一组研究人员探索这个问题:辐射和玻璃化对材料的原子结构有同样的影响吗?

为了找到答案，他们探索了石英，这是一种用于无数的工程应用的简单却无处不在的材料。

传统的实验不允许研究人员直接“观察到”原子，尤其是在无序的材料中。因此，在他们的研究中，该小组依靠分子动力学技术进行原子化模拟。

加州大学洛杉矶分校土木和环境工程部门的助理教授Mathieu Bauchy说:“分子动力学技术是基于对一组相互作用的原子的牛顿运动定律的。所有的原子都对彼此施加一个力，可以用来计算随时间的推移每个原子的加速度。”

基于这一技术，他们能够模拟出由虚拟的入射中子连续碰撞出网络中的原子，从而模拟出由辐射引起的对石英的无序排列。

Bauchy说:“我们还通过加热和快速淬火原子来模拟石英的玻璃化。最后，我们比较了这两种无序材料的原子结构。”

他们发现了惊人的差异。

Bauchy说:“出乎意料的是，我们发现辐射导致的无序性与由玻璃化引起的差异是不同的。这是相当令人吃惊的，因为玻璃和重辐射的材料通常具有相同的密度，所以玻璃经常被用作模型来模拟暴露在材料上的辐射的影响。”

与此相反，研究人员的研究结果表明，辐射物质比玻璃更无序。Bauchy说:“辐射材料的原子结构实际上更接近液体，而不是玻璃。”

该组织的发现可能会对核应用材料的选择产生严重的影响。

 “首先，我们认为目前的模型可能低估了受到辐射的材料所造成的损害程度，这就引起了明显的安全问题，”加州大学洛杉矶分校的博士后研究员N.M.Anoop Krishnan说，“其次，辐射的不同性质——以及由玻璃引起的无序排列表明，玻璃也会受到辐射的影响。”

这是一个重要的发现，因为人们认为在辐射下可以“自我修复”的玻璃通常被用来通过玻璃化来固定核废料。

Krishnan说:“一旦沉积到地质沉积物中，这些废物的形式预计将在数百万年的时间里保持稳定，所以我们对辐射的影响缺乏理解是一个真正值得担忧的问题。”

接下来，该小组计划探索辐射对核电厂混凝土和核废料固定玻璃中的常见聚集物的影响。Bauchy说:“最终，我们的目标是开发新的模型，预测辐射对材料的结构和性能的长期影响。”
E-Material（电子材料）

Research makes topological insulators magnetic well above room temperatures

In the world of electronics, where the quest is always for smaller and faster units with infinite battery life, topological insulators (TI) have tantalizing potential. 
In a paper to be published in Science Advances in June, Jing Shi, a professor of physics and astronomy at the University of California, Riverside, and colleagues at Massachusetts Institute of Technology (MIT) and Arizona State University report they have created a TI film just 25 atoms thick that adheres to an insulating magnetic film, creating a "heterostructure." This heterostructure makes TI surfaces magnetic at room temperatures and higher, to above 400 Kelvin or more than 720 degrees Fahrenheit.
The surfaces of TI are only a few atoms thick and need little power to conduct electricity. If TI surfaces are made magnetic, current only flows along the edges of the devices, requiring even less energy. Thanks to this so-called quantum anomalous Hall effect, or QAHE, a TI device could be tiny and its batteries long lasting, Shi said.
Engineers love QAHE because it makes devices very robust, that is, hearty enough to stand up against defects or errors, so that a faulty application, for instance, doesn't crash an entire operating system.
Topological insulators are the only materials right now that can achieve the coveted QAHE, but only after they are magnetized, and therein lies the problem: TI surfaces aren't naturally magnetic.
Scientists have been able to achieve magnetism in TI by doping, i.e. introducing magnetic impurities to the material, which also made it less stable, Shi said. The doping allowed TI surfaces to demonstrate QAHE, but only at extremely low temperatures—a few hundredths of a degree in Kelvin above absolute zero, or about 459 degrees below zero Fahrenheit—not exactly conducive to wide popular use.
Many scientists blamed the doping for making QAHE occur only at very low temperatures, Shi said, which prompted researchers to start looking for another technique to make TI surfaces magnetic.
Enter UCR's SHINES (Spins and Heat in Nanoscale Electronic Systems) lab, a Department of Energy-funded energy frontier research center at UCR that Shi leads and is focused on developing films, composites and other ways to harvest or use energy more efficiently from nano (think really small, as in molecular or atom-sized) technology.
In 2015, Shi's lab first created heterostructures of magnetic films and one-atom-thick graphene materials by using a technique called laser molecular beam epitaxy. The same atomically flat magnetic insulator films are critical for both graphene and topological insulators.
"The materials have to be in intimate contact for TI to acquire magnetism," Shi said. "If the surface is rough, there won't be good contact. We're good at making this magnetic film atomically flat, so no extra atoms are sticking out."
UCR's lab then sent the materials to its collaborators at MIT, who used molecular beam epitaxy to build 25 atomic TI layers on top of the magnetic sheets, creating the heterostructures, which were then sent back to UCR for device fabrication and measurements.
More research is needed to make TI show the quantum anomalous Hall effect (QAHE) at high temperatures, and then make the materials available for miniaturization in electronics, Shi said, but the SHINES lab finding show that by taking the heterostructures approach, TI surfaces can be made magnetic—and robust—at normal temperatures.
Making smaller, faster devices operate at the same or higher levels of efficiency as their larger, slower predecessors "doesn't happen naturally," Shi said. "Engineers work hard to make all the devices work the same way and it takes a lot of engineering to get there." 
研究使拓扑绝缘体在室温下具有良好的磁性

在电子世界里，对那些体积更小、速度更快、电池寿命不长的装置来说，拓扑绝缘体(TI)具有十分诱人的潜力。

 在6月发表在《科学》杂志上的一篇论文提出,在加州大学河滨分校的物理学和天文学教授Jing shi和他在麻省理工学院(MIT)和亚利桑那州立大学同事们报告称，他们已经创建了一种只有25个原子厚的粘附在绝缘磁膜上的TI膜,创造出一个“异质结构。这种异质结构使得TI表面在室温和更高的温度，达到超过400开尔文或720华氏度的温度下保持磁性。

 TI的表面只有几个原子厚，需要很少的能量来导电。如果TI表面是磁性的，电流只在设备的边缘流动，就会需要更少的能量。他说，由于这种所谓的“量子反常霍尔效应”(简称“QAHE”)，TI设备即使很小，电池也会持续很长时间。 

工程师喜欢“QAHE”，因为它使设备变得非常稳定，也就是说，它稳定到能够解决缺陷或错误，例如，一个错误的应用程序不会使整个操作系统崩溃。

 拓扑绝缘体是目前唯一可以实现让人梦寐以求的“QAHE”的材料，但它们被磁化之后，出现了一个问题:TI表面并不是天生具有磁性的。

 Shi说，科学家们已经能够通过掺杂，即引入磁性杂质来达到磁性，但这会降低它的稳定性。掺杂使TI表面表现出“QAHE”，但只有极低的温度——在绝对零度以上的绝对零度以下的百分之几的温度，或者低于零华氏零下459度的温度——这并不利于广泛的使用。

 Shi说，许多科学家抱怨用掺杂来实现QAHE只有在非常低的温度下才可行，这促使研究人员开始寻找另一种技术来制造TI表面的磁性。 在加州的照射(旋转和热在纳米电子系统)实验室,加州大学河滨分校的能源前沿研究中心的一个部门,Shi,专注于发展膜技术,复合材料和其他能够从纳米材料（很小，大小如同分子或原子）来获取或更有效地使用能源的技术。

 在2015年，Shi的实验室首次利用激光分子束外延技术创造出了磁性薄膜和单原子厚石墨烯材料的异质结构。原子平面磁绝缘子膜对石墨烯和拓扑绝缘体都很重要。

 “这些材料必须与TI密切接触，才能获得磁性，”Shi说。“如果表面粗糙，接触得就不会很好。”我们擅长把这个磁性薄膜原子化，所以没有多余的原子露出来。

 UCR的实验室随后向其在麻省理工学院的合作者发送了这些材料，他们使用了分子束的外延，在磁层上建造25层原子层，形成了异质结构，然后被送回UCR进行设备制造和测量。

 他说，还需要进行更多的研究，以使TI在高温下显示出量子反常的霍尔效应(QAHE)，然后使其在电子元件中可以微型化，但SHINES实验室的研究发现，通过采用异质结构方法，TI表面可以在正常温度下具有磁性和稳定性。

制造与之前的那些大的，慢的的设备有着相同或更高水平的运作方式的，但却更小，更快的设备，“不会轻而易举。”Shi说，“工程师们努力使所有的设备都以同样的方式工作，这需要大量的技术才能做到。”

No liquid helium, but still extremely cool

NIST scientists have devised a novel hybrid system for cooling superconducting nanowire single-photon detectors (SNSPD) – essential tools for many kinds of cutting-edge research – that is far smaller than those previously demonstrated and that eliminates the need for conventional cryogens- such as liquid helium. 
SNSPDs are utilized in ultra-secure quantum communications, defect analysis of small-scale integrated circuits, laser-based light detection and ranging (LIDAR), and biological research, among many other applications. Dimensions of an individual detector are not much larger than the width of a human hair. Because they are based on superconducting materials, they operate at extremely low temperatures only a few kelvins above absolute zero.
Historically, that level of cooling has typically been achieved with liquid-helium systems that are costly, complicated, large, and demand considerable expertise to operate and maintain safely. In recent years, there has been growing worldwide interest in finding alternatives. The NIST work is a milestone in that effort.
"SNSPDs could be deployed much more widely if a compact, low-power cooling system was available," says NIST physicist Sae Woo Nam, who developed the new method with NIST colleagues Vincent Kotsubo, Joel Ullom, and others.
"When we began our work, no such system existed," Nam says. "The closest thing to it was a device about the size of a water heater that draws 1.5 kilowatts of power. That's unnecessarily high. Although we need to cool the SNSPDs to very low temperatures, the size and nature of the devices are such that the amount of heat to be removed is quite small – in the neighborhood of a few hundred microwatts."
The team's prototype cooler, drive, control electronics and instrumentation is 0.31m high and 0.61 m long. When all the engineering work is completed, the scientists believe that it will easily fit in a standard electronics rack. Its power demand is about 250 watts.
"This work is also in line with one of NIST's goals—the development of 'invisible' cryogenic systems," says Kotsubo, the lead designer of the system. "That is, they are not only physically small and require low power, but they are practically 'black box' devices – users just have to turn it on and it works. That will help overcome a common psychological barrier that cryogenics is technically hard and dangerous."
The NIST team's current prototype device, described in IEEE Transactions on Applied Superconductivity, goes a long way toward that objective. It relies on a hybrid cooling system comprising a Joule-Thomson cryocooler (JT) and a pulse-tube refrigerator (PTR). Both share some common elements with the cooling system in a home refrigerator: A gas is alternately compressed and then allowed to expand, shedding thermal energy to an exchanger that removes heat from the system. The system is completely closed. "We recirculate the gas continuously, compressing it and recompressing it," Kotsubo says.
The PTR can reach temperatures as low as 10 K. It is used to precool the JT, which can reach below 2 K. SNSPDs have required operating temperatures in the 1 K – 2 K range.
"We're shrinking things down to a scale where there aren't any engineering rules of thumb to help guide you in the design, or decide what materials to use," Nam says. "Only a handful of people have done any work in this area. Everything is custom-made except the compressors. We're trying to come up with a design that can actually be manufactured."
The initial planning was supported by the National Security Agency, which has an ongoing interest in small-scale, portable telecommunications apparatus. "They wanted a paper study," Nam says, "and Vince did it. It looked like we could actually build something, so NSA funded the beginning part of building the prototype."
The project – which is still in the early stages—now receives funding under a cooperative research and development agreement (CRADA) with a Michigan company called Quantum Opus, which expects eventually to commercialize the technology. The firm is supported by a Small Business Innovation Research grant from the Defense Advanced Research Projects Agency (DARPA). 
The founder of Quantum Opus, physicist Aaron Miller, believes that "this will be the smallest, lowest-power continuously-operating cryogenic system capable of reaching less than 2 kelvins. Ideally it could move experiments that usually would be tied to a high-voltage wall plug and water cooling system into more mobile environments such as aircraft and telecommunication data closets. As with many DARPA projects, the applications are not fully known yet. But hopefully the existence of this system will get people interested in new applications previously thought impossible."
"I'm excited about the long-term goal of making cryogenics invisible to the end user," Nam says. "That way people can focus on the problems they're trying to solve instead of spending great deal of time on complicated cooling systems.
"This is part of a larger effort in which organizations could save millions of dollars by going cryogen-free. With the right investment in strategic areas like this, simplifying the measurement infrastructure can have a huge impact." 
没有液氦，但还是很酷

NIST科学家设计了一种新型混合系统，用于冷却超导纳米线单光子探测器（SNSPD） - 多种前沿研究的必要工具 - 远远小于以前演示的，并且消除了对常规冷冻剂的需求，例如液氦。

在许多其他应用中，SNSPD被用于超安全量子通信。小规模集成电路的缺陷分析，基于激光的光检测和测距（LIDAR）以及生物研究。单个检测器的尺寸不比人类头发的宽度大多少。因为它们是基于超导材料，它们在非常低的温度下操作，只有几个高于绝对零度的开尔文。

历史上，这种冷却水平通常是通过液 - 氦系统实现的，这些系统昂贵，复杂，大而且需要相当多的专业知识来运行和维护安全。近年来，世界范围内越来越多地寻找替代品。 NIST工作是这一努力的里程碑。

NIST物理学家Sae Woo Nam表示：“如果能够提供紧凑，低功耗的冷却系统，SNSPD可以更广泛地部署。”NIST物理学家Sae Woo Nam与NIST的同事Vincent Kotsubo，Joel Ullom等开发了新的方法。

“当我们开始工作时，没有这样的制度存在，”南说。“最接近的事情就是关于一个1.5千瓦功率的热水器的尺寸的设备，这是不必要的，虽然我们需要将SNSPDs冷却到非常低的温度，但设备的尺寸和性质就是这样的：要去除的热量相当小 - 在几百微瓦左右。

该团队的原型冷却器，驱动器，控制电子和仪器仪表高0.31米，长度为0.61米。当所有的工程工作完成后，科学家们相信它很容易适合标准的电子机架。其功率需求约为250瓦。

该系统的首席设计师Kotsubo说：“这项工作也符合NIST的目标之一 - 开发”隐形“低温系统。 “那就是说，他们不仅身体很小，而且要求低功耗，而是实际上是”黑匣子“的设备 - 用户只需要打开它，它就可以起作用，这将有助于克服低温技术在技术上困难的常见的有危险的障碍。”

NIST团队当前的原型设备，在IEEE Transactions on Applied Superconductivity中描述，完成此目标要走很长的路。它依赖于包含焦耳 - 汤姆森低温冷却器（JT）和脉冲管式冰箱（PTR）的混合冷却系统。两者在家用冰箱中与冷却系统共享一些共同要素：气体被交替地压缩，然后允许膨胀，将热能释放到从系统中除去热量的交换器。系统完全关闭。Kotsubo说：“我们不断再循环气体，压缩并再压缩气体。

PTR可以达到低至10K的温度。它用于预冷JT，可达到2K以下.SNSPD需要1K-2K范围的工作温度。

“我们正在将事情缩小到没有任何工程经验法则的规模，以帮助您指导设计，或决定使用什么材料。”Nam说。“只有少数人在这方面做了任何工作，除了压缩机之外，一切都是定制的，我们试图想出一个实际可以制造的设计。”

最初的规划得到国家安全局的支持，国家安全局对小型便携式电信设备持续关注。 “他们想要一份文件研究，南说，“文斯做了这件事，看起来我们可以建立一些东西，所以国家安全局资助了建立原型。

该项目仍处于早期阶段 - 现在通过与密歇根州的一家名为Quantum Opus公司的合作研发协议（CRADA）获得资金，该公司打算最终将该技术商业化。该公司得到了国防高级研究计划署（DARPA）的小企业创新研究基金资助。

Quantum Opus的创始人物理学家Aaron Miller认为“这将是能够达到小于2个凯尔芬的最小，功耗最低的连续运行的低温系统，理想情况下可能会将通常与高电压墙式插头和水冷却系统进入更多的移动环境，如飞机和电信数据库，与许多DARPA项目一样，应用尚未完全知晓，但希望这个系统的存在将使人们对以前认为不可能的新应用产生兴趣。”

南非说：“我对使最终用户不可见的低温原子的长期目标感到非常兴奋。“这样，人们可以专注于他们想要解决的问题，而不是花费大量的时间在复杂的冷却系统上。”

“这是更大的努力的一部分，组织可以通过无卤素方式节省数百万美元，通过对这样的战略领域的正确投资，简化测量基础设施可能产生巨大的影响。
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