MCanxixun * Information

[image: image27.jpg]



Mcanxixun * Information



 




MCanxixun Information and News Service
Contents

2Tech News & New Tech（技术前沿）


2Photonic hypercrystals drastically enhance light emission in 2D materials


4光子晶体极大提高二维材料的光发射


5Metal-organic frameworks: Hot 'new' material found to exist in nature in rare minerals from Siberia


6金属有机框架：研究发现西伯利亚稀有矿物中存在热门“新”材料


8Metal Alloy（金属合金）


8Putting the pressure on platinum


9施压铂金


10Metal-organic frameworks with a piggyback structure for solar cells and LEDs


11背负结构的金属有机骨架化合物可用于太阳能电池和发光二极管


12Composite Materials（复合材料）


12Novel smart materials inspired by sea creatures


14受海洋生物启发的新型智能材料


15Practical Application（实际应用）


15Researchers combine simulation, experiment for nanoscale 3-D printing


16研究人员结合模拟技术和实验研究纳米3D打印


17Making a solar energy conversion breakthrough with help from a ferroelectrics pioneer


20铁电体促进太阳能转换新突破


22Organic & Polymer（有机高分子材料）


22Catalysis steps into the third dimension


23催化作用进入第三维度


23Smarter self-assembly opens new pathways for nanotechnology


25更智能的自组装为纳米技术开辟新途径


28E-Material（电子材料）


28See-through circuitry


28透明的电路


29Picoscale precision though ultrathin film piezoelectricity


36超薄膜压电实现微微尺度的精确度




Tech News & New Tech（技术前沿）
Photonic hypercrystals drastically enhance light emission in 2D materials
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Illustration of a photonic hypercrystal with a 2D material on top. Credit: Galfsky et al. ©2016 American Chemical Society

Researchers have developed a method for achieving an order-of-magnitude enhancement of the light emission from a class of two-dimensional (2D) materials called transition metal dichalcogenides (TMDs). The large light enhancement arises when the 2D material is placed on a photonic hypercrystal, which is an artificial optical material first proposed in 2014 by Evgenii E. Narimanov at Purdue University, who is one of the authors of the new study.
The research team is led by Vinod M. Menon, a physics professor at the City College of the City University of New York (CUNY), and Yi-Hsien Lee, a professor of materials science and engineering at National Tsing-Hua University in Hsinchu, Taiwan. Their work is published in a recent issue of Nano Letters.

In recent years, 2D materials such as 2D TMDs have attracted a great deal of attention because their atomic-scale thickness leads to exceptional electronic and optical properties, making them potential candidates for future optoelectronic devices.

2D TMDs are particularly appealing because they spontaneously emit light due to their direct band gaps, which enables electrons to directly emit photons. Currently, however, 2D TMDs don't produce enough light to make them useful as practical light-emitting devices.

In the new study, the researchers have shown that photonic hypercrystal substrates can transform low-light-emitting TMDs into much brighter sources of light.

The researchers designed a photonic hypercrystal by patterning a periodic lattice of holes, each about 100 nanometers in diameter, in a hyperbolic metamaterial. When 2D TMDs, such as WS2 or MoS2 flakes, are placed on top of the photonic hypercrystal, the light emitted by the TMDs is enhanced due to the large number of photonic states inside the hypercrystal.

For the WS2 flakes, this coupling makes the overall light intensity 56 times greater than it is on a reference substrate, and seven times greater than it is on a hyperbolic metamaterial alone (without the holes). The design also concentrates the emission so that it can be focused in a specific direction.
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Scanning electron microscope image of a photonic hypercrystal etched from a hyperbolic metamaterial. Credit: Galfsky et al. ©2016 American Chemical Society

"We were able to enhance the light emission from a 2D material by close to two orders of magnitude over the entire emission spectrum," Menon told Phys.org.

The researchers attribute this large light enhancement and concentration to the unique properties of photonic hypercrystals, which combine the optical properties of both photonic crystals and hyperbolic metamaterials.
Photonic crystals are composed of periodic layers that allow certain wavelengths of light to pass through while prohibiting others. In the design presented here, the periodic lattice of holes serves as the photonic crystal, and the period is optimized to allow high-momentum light to pass through.

On the other hand, hyperbolic metamaterials get their name from the hyperboloid shape of the dispersion in the metamaterial. Typical optical materials have closed dispersions that are either spherical or elliptical in shape, which limits the maximum momentum that the photon can have.

By combining the properties of both materials, photonic hypercrystals are strong light emitters like hyperbolic metamaterials, but the light is also modulated and controllably scattered as in photonic crystals. This combination allows for the unprecedented degree of control and enhancement of light propagation that the researchers achieved here.

The researchers expect that, in the future, this approach can be used to develop practical optoelectronic devices made of 2D TMD materials. Their next step will be to develop an electrically pumped light-emitting device based on 2D TMDs.

More information: Tal Galfsky et al. "Broadband Enhancement of Spontaneous Emission in Two-Dimensional Semiconductors Using Photonic Hypercrystals." Nano Letters. DOI: 10.1021/acs.nanolett.6b0155
光子晶体极大提高二维材料的光发射
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使用二维材料的光子晶体插图。来源：Galfsky et al。©2016美国化学学会
研究人员开发了一种方法，用于实现一类被称为过渡金属硫化物（TMDS）的二维材料的光发射的数量级的增强。当二维材料被放置在一个光子晶体上时，巨大的光增强出现，这种人工光学材料，由关于这项新研究的论文的作者之一Evgenii E. Narimanov2014年首次在普渡大学提出。
该研究团队由纽约城市大学（美国）城市学院物理学教授Vinod M. Menon和台湾新竹国立清华大学材料科学与工程系教授Yi Hsien Lee共同领导。他们的研究论文发表在最新一期的《纳米快报》（ Nano Letters）上。
近年来，二维材料，如2D TMD等，引起了人们极大的关注，因为它们原子尺度的厚度会导致异常的电子和光学性质，使它们成为未来的光电子器件的潜在替代材料。
2D TMD特别有吸引力的一点还在于，由于它们有直接禁带而能自发发光，可使电子直接发射光子。然而目前，2D TMD还不能产生足够的光，使它们和实用的电发光器件一样有用。
在新的研究中，研究人员已经证明，光子晶体基板可以将低发光的TMD变成更亮的光源。
研究人员设计了一种光子晶体，这些是通过在双曲超材料上模仿周期性晶格完成的，每个直径约100毫微米。当二维TMD，如WS2和MoS2片，被放在光子晶体的顶部时，由于晶体内的大量光子态，通过TMD发射的光就被增强了。
对WS2片，这种耦合使整体光照强度比在参考基板上的大56倍，比在一个单独的双曲超材料（无孔）上的大七倍。该设计还集中排放，使它可以集中在一个特定的方向。
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上图为扫描一个蚀刻在双曲超材料上的光子晶体的电子显微镜图像。
来源：Galfsky et al。©2016美国化学学会
“我们能够从在整个发射光谱上将光发射从二维材料增强到近两个数量级。” Menon told告诉Phys.org。
研究者认为，这种巨大的增强和集中，是由于光子晶体的独特性能，它结合了光子晶体材料和双曲线的光学性质。
光子晶体是由周期性层组成的，允许特定的光波长度通过，而禁止其他的。在这里提出的设计中，孔的周期性晶格起着光子晶体的作用，并且该周期被优化，允许高动量光通过。
另一方面，双曲线介质根据超材料的色散双曲面形状而得名。典型的光学材料有封闭的分散体，要么是球形，要么是椭圆形的形状，这限制了光子可以拥有的最大动量。
通过结合这两种材料的特性，光子晶体成为像双曲超材料的强光源，但光线也被调制，控制分散在光子晶体中。这种组合使得研究人员在这里实现前所未有的光传播的控制和增强程度。
研究人员认为，在未来，这种方法可以用来开发由二维TMD材料制成的实用的光电器件。他们的下一步是，利用二维TMD建立一个电泵发光器件。
更多信息详见：Tal Galfsky et al. "Broadband Enhancement of Spontaneous Emission in Two-Dimensional Semiconductors Using Photonic Hypercrystals." Nano Letters. DOI: 10.1021/acs.nanolett.6b0155
Metal-organic frameworks: Hot 'new' material found to exist in nature in rare minerals from Siberia

One of the hottest new materials is a class of porous solids known as metal-organic frameworks, or MOFs. These man-made materials were introduced in the 1990s, and researchers around the world are working on ways to use them as molecular sponges for applications such as hydrogen storage, carbon sequestration, or photovoltaics.
Now, a surprising discovery by scientists in Canada and Russia reveals that MOFs also exist in nature—albeit in the form of rare minerals found so far only in Siberian coal mines.

The finding, published in the journal Science Advances, "completely changes the normal view of these highly popular materials as solely artificial, 'designer' solids," says senior author Tomislav Friščić, an associate professor of chemistry at McGill University in Montreal. "This raises the possibility that there might be other, more abundant, MOF minerals out there."

The twisting path to the discovery began six years ago, when Friščić came across a mention of the minerals stepanovite and zhemchuzhnikovite in a Canadian mineralogy journal. The crystal structure of the minerals, found in Russia between the 1940s and 1960s, hadn't been fully determined. But the Russian mineralogists who discovered them had analyzed their chemical composition and the basic parameters of their structures, using a technique known as X-ray powder diffraction. To Friščić, those parameters hinted that the minerals could be structurally similar to a type of man-made MOF.
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An aggregate of synthetic zhemchuzhnikovite, prepared by Igor Huskić, McGill University. Credit: Igor Huskić, Friščić Research Group, McGill University

His curiosity piqued, Friščić began looking for samples of the rare minerals, reaching out to experts, museums and vendors in Russia and elsewhere. After a promising lead with a mining museum in Saint Petersburg failed to pan out, Igor Huskić, a graduate student in the Friščić research group at McGill turned his attention to synthesizing analogues of the minerals in the lab - and succeeded. But a major journal last year declined to publish the team's work, in part because the original description of the minerals had been reported in a somewhat obscure Russian mineralogical journal.

Then, the McGill chemists caught a break: with the help of a crystallographer colleague in Venezuela, they connected with two prominent Russian mineralogists: Sergey Krivovichev, a professor at Saint Petersburg State University, and Prof. Igor Pekov of Lomonosov Moscow State University.

Krivovichev and Pekov were able to obtain the original samples of the two rare minerals, which had been found decades earlier in a coal mine deep beneath the Siberian permafrost. The Russian experts were also able to determine the crystal structures of the minerals. These findings confirmed the McGill researchers' initial results from their lab synthesis.
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Fragment of the crystal structure of the natural zhemchuzhnikovite mineral. Credit: Luzia Germann, Dinnebier Research Group, MPI Stuttgart and Igor Huskić, Friščić Research Group, McGill University

Stepanovite and zhemchuzhnikovite have the elaborate, honeycomb-like structure of MOFs, characterized at the molecular level by large voids. The two minerals aren't, however, representative of the hottest varieties of MOFs—those that are being developed for use in hydrogen-fueled cars or to capture waste carbon dioxide. 
As a result, Friščić and his collaborators are now broadening their research to determine if other, more abundant minerals have porous structures that could make them suitable for uses such as hydrogen storage or even drug delivery.

In any event, the discovery of MOF structures in the two rare minerals already is "paradigm-changing" Friščić says. If scientists had been able to determine those structures in the 1960s, he notes, the development of MOF materials "might have been accelerated by 30 years."

More information: "Minerals with metal-organic framework structures," Igor Huskić, Igor V. Pekov, Sergey V. Krivovichev, Tomislav Friščić. Sciences Advances, Aug. 5, 2016. DOI: 10.1126/sciadv.1600621
金属有机框架：研究发现西伯利亚稀有矿物中存在热门“新”材料
最热门的新材料之一，是一种被称为金属有机框架材料或MOF的多孔固体。在20世纪90年代，这些人造材料出现了。世界各地的研究人员正在努力将他们用作应用的分子海绵，例如储氢、碳固存或者光伏。
现在，加拿大和俄罗斯的科学家们的意外发现揭示了，自然界中也存在MOF——尽管迄今为止只在西伯利亚煤矿中发现，并以稀有矿产的形式存在。
这一发现发表在学术期刊《科学进展》（Science Advances）上，“完全改变了将这些高度流行的材料视为完全人工的“设计师”固体的一贯看法，“ 资深作者、蒙特利尔的麦克吉尔大学化学系副教授Tomislav Friščić说道，”这就提出了一种可能性，就是也许还有其他的、更丰富的MOF矿物的存在。”
该发现的曲折路径始于六年前，也就是当我的朋友Friščić在加拿大的矿物学杂志上偶尔看到提及矿物质绿草酸钠矿和草酸铝钠石时。20世纪40年代和20世纪60年代之间在俄罗斯发现的矿物质的晶体结构，还没有得到充分的确定。但他发现它们的俄罗斯矿物学家已经使用一种被称为X射线粉末衍射的技术，分析了它们的化学组成和结构的基本参数。对于Friščić来说，这些参数暗示，矿物质可能与一种人造的的MOF结构相似。
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上图为合成草酸铝钠石的聚集，由麦克吉尔大学的Igor Huskić编写。来源：麦克吉尔大学，Friščić研究团队，Igor Huskić供图
由于Friščić的好奇心被挑起，他开始寻找稀有矿物的样本，联系了俄罗斯和其他地方的专家、博物馆和供应商。在圣彼得堡矿业博物馆有前途的领导失败后，麦克吉尔大学的Friščić研究小组研究生Igor Huskić，把注意力转向了合成实验室中的矿物类似物—并且成功了。但去年的一主要期刊拒绝发表该团队的成果，部分原因是因为矿物质的原始描述已经在一个有点晦涩的俄罗斯矿物学杂志上报道过。
然后，麦克吉尔的化学家获得了突破：在委内瑞拉晶体学的同事的帮助下，他们与两名突出的俄罗斯矿物学家取得了联系：圣彼得堡州立大学的教授Sergey Krivovichev以及罗蒙诺索夫莫斯科大学教授的Igor Pekov。
Krivovichev和Pekov都能够获得两种稀有矿产的原始样本，这些样本发现于几十年前的西伯利亚冻土下的煤矿中。俄罗斯专家也能够确定矿物的晶体结构。这些发现证实了麦克吉尔研究人员在他们的实验室合成的初步结果。
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对天然草酸铝钠石矿物晶体结构片段。来源：麦克吉尔大学，Friščić研究组，MPI Stuttgart和Igor Huskić及丁莱伯尔研究组，Luzia Germann供图
绿草酸钠矿和草酸铝钠石有MOF的详细的、蜂窝状的结构，具有巨大的空隙特性的分子水平。这两种矿物，然而，并不是MOFs最热门的变体的代表—而是那些正在开发使用的氢燃料汽车或捕获二氧化碳废气的热门品种代表。
结果，Friščić和他的合作者正在扩大他们的研究，以确定是否有其他更丰富的矿物质具有多孔结构，可以使它们适合于使用，如氢存储或甚至是药物运输。
在任何情况下，在两种稀有矿物质中MOF结构的发现已经是“范式转换”，Friščić说道。如果科学家们能够在上世纪60年代确定这些结构，他指出，MOF材料的发展 ”也许已经加速30年。”
参考期刊："Minerals with metal-organic framework structures," Igor Huskić, Igor V. Pekov, Sergey V. Krivovichev, Tomislav Friščić. Sciences Advances, Aug. 5, 2016. DOI: 10.1126/sciadv.1600621
Metal Alloy（金属合金）
Putting the pressure on platinum
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Electron microscopic image(left) and schematic image(right) of LaPt5As crystal. Credit: Hokkaido University

Hokkaido University researchers have synthesised a uniquely structured platinum-based superconducting material.
Superconductors are materials that, when cooled below a certain temperature, conduct free-flowing electricity without it being impeded by resistance. They are used in magnetic resonance imaging (MRI) machines, magnetic levitation trains and particle accelerators like the Large Hadron Collider. Researchers are constantly on the lookout for materials that can become superconducting at higher-than-currently-possible temperatures and lower costs.

A team of researchers from Japan's Hokkaido University along with colleagues at the Kyushu Institute of Technology, NEC Corporation, Keio University and the National Institute for Materials Science have developed a novel superconducting material based on platinum, which was, until recently, thought to be unsuitable as a superconducting material.

The material was developed by mixing lanthanum (La), platinum (Pt) and arsenic (As) powders in a ratio of 1:5:1 and compressing them into pellets. These were then heated to 500°C for ten hours. The resultant material was ground and re-pelletized, then heated at 1000°C for an hour at various pressures. The team found that the final product (LaPt5As ) was non-superconducting at a pressure of five gigapascals (GPa) (equivalent to 50,000 bars of pressure), but became superconducting at 10 GPa, only to return to a non-superconductive state at 15 GPa.

The researchers examined the crystal structure of the superconducting LaPt5As. They revealed that platinum atoms formed multiple layers which piled up as high as 6 nm, the highest among metal superconductor. They also found that lanthanum and arsenic atoms separated platinum layers from each other in a way, they speculate, which weakens the interaction between platinum electrons, allowing them to flow more freely and resulting in the superconducting property.

Future research that determines the detailed crystal structure of the non-superconducting phases of LaPt5As will aid in the understanding of the mechanism that causes the material to become superconducting at 10 GPa, the researchers say.

High-pressure synthesis (over 10 GPa) is not a commonly used method in the field of materials science, write the researchers in their study published in the Journal of the American Chemical Society. This research shows there is room for further exploration of unknown phases induced by high pressure in a variety of materials, they say.

More information: Masaya Fujioka et al. Discovery of the Pt-Based Superconductor LaPtAs, Journal of the American Chemical Society (2016). DOI: 10.1021/jacs.6b04976
施压铂金
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LaPt5As晶体的电子显微镜图像（左）和原理图的图像（右）。来源：北海道大学
北海道大学的研究人员已经利用铂金，合成了一种具有独特结构的超导材料。
超导体这种材料在一定温度下冷却时，可以自由导电，而不受阻力阻碍。它们被用于核磁共振成像机器（MRI）、磁悬浮列车和大型强子对撞机一类的粒子加速器。研究人员一直在寻找可以在高于目前可能的温度和较低的成本下超导的材料。
一队来自日本北海道大学的研究人员，以及在九州工业大学、NEC公司、庆应义塾大学和国家材料科学研究所的同事，已开发出一种新型的、以铂金为基础的超导材料。直到最近，这种材料才被认为不适合作为超导材料。
该材料是由混合镧（La）、铂（Pt）以及砷（As）的粉末，以1：5：1的比例压缩成小球而成。然后将这些小球加热到500°C十个小时。得到的材料被研磨、重新造球，然后以1000°C在不同压力下加热一小时。研究团队发现，最终产品（LaPt5As）是在五千兆帕斯卡（GPa）（相当于50000条的压力）的压力下不超导，但在10 GPa下超导，只在15 GPa时返回非超导状态。
研究人员研究了超导LaPt5As晶体结构。他们发现，铂原子形成的多个层，堆积高达6纳米，在金属超导体中最高。他们还发现，镧、砷原子和铂层以某种方式相互分离，他们推测，这削弱了铂电子之间的相互作用，使他们更自由地流动，从而导致超导性能。
研究人员说，决定LaPt5As非超导阶段详细晶体结构的未来研究，将有助于对机制的理解，这种机制会使得材料在10GPa下成为超导。
研究人员在发表于《美国化学学会杂志》(the Journal of the American Chemical Society)上的研究论文中写道，高压合成（超过10 GPa）不是一个材料科学领域中常用的方法。他们说，这项研究表明，对各种材料中的高压诱导的未知阶段，仍然有进一步探索的空间。
参考期刊：Masaya Fujioka et al. Discovery of the Pt-Based Superconductor LaPtAs, Journal of the American Chemical Society (2016). DOI: 10.1021/jacs.6b04976

Metal-organic frameworks with a piggyback structure for solar cells and LEDs
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Photon upconversion: Energy transfer between the molecules is based on electron exchange (Dexter electron transfer). Credit: Michael Oldenburg

The upconversion of photons allows for a more efficient use of light: Two photons are converted into a single photon having higher energy. Researchers at KIT now showed for the first time that the inner interfaces between surface-mounted metal-organic frameworks (SURMOFs) are suited perfectly for this purpose – they turned green light blue. The result, which is now being published in the Advanced Materials journal, opens up new opportunities for optoelectronic applications such as solar cells or LEDs.
Metal-organic frameworks (MOFs) are highly ordered molecular systems that consist of metallic clusters and organic ligands. At the Institute of Functional Interfaces (IFG) of KIT, researchers developed MOFs that grow epitaxially on the surfaces of substrates. These SURMOFs (surface-mounted metal-organic frameworks) can be produced from various materials and be customized using different pore sizes and chemical functionalities so that they are suited for a broad range of applications, e.g. for sensors, catalysts, diaphragms, in medical device technology or as intelligent storage elements.

Another field of application is optoelectronics, i.e. components that are capable of converting light into electrical energy or vice versa. Many of these components work on the basis of semiconductors. "The SURMOFs combine the advantages of organic and anorganic semiconductors," Professor Christof Wöll, Director of IFG, explains. "They feature chemical diversity and crystallinity, allowing us to create ordered heterostructures." In many optoelectronic components, a so-called heterojunction – this is an interfacing layer between two different semiconductor materials – controls the energy transfer between the various excited states. Researches of the KIT Institute of Microstructure Technology (IMT) now created a new piggyback SURMOF in which a second SURMOF grew epitaxially, i.e. layer by layer, on a first one. At this heterojunction, it was possible to achieve photon upconversion, transforming two low-energy photons into a single photon with higher energy, by virtually fusing them together. "This process turns green light blue. Blue light has a shorter wavelength and yields more energy. This is very important for photovoltaics applications," explains Professor Bryce Richards, Director of IMT. The scientists are presenting their work in Advanced Materials, one of the leading journals for materials science.

The photon upconversion process shown by the Karlsruhe researchers is based on the so-called triplet-triplet annihilation. Two molecules are involved: a sensitizer molecule that absorbs photons and creates triplet excited states, and an emitter molecule that takes over the triplet excited states and, by using triplet-triplet annihilation, sends out a photon that yields a higher energy than the photons that were originally absorbed. "The challenge was to create this process as efficiently as possible," explains Dr. Ian Howard, leader of a junior research group at IMT. "We matched the sensitizer and emitter layers in a way to obtain a low conversion threshold and a higher light efficiency at the same time."

Since the triplet transfer is based on the exchange of electrons, the photon upconversion process revealed by the researchers includes an electron transfer across the interface between the two SURMOFs. This suggests the assumption that SURMOF-SURMOF heterojunctions are suitable for many optoelectronic applications such as LEDs and solar cells. One of the limitations for the efficiency of today's solar cells is due to the fact that they can only use photons with a certain minimum energy for electric power generation. By using upconversion, photovoltaic systems could become much more efficient.

More information: Michael Oldenburg et al. Photon Upconversion at Crystalline Organic-Organic Heterojunctions, Advanced Materials (2016). DOI: 10.1002/adma.201601718
背负结构的金属有机骨架化合物可用于太阳能电池和发光二极管
[image: image12.jpg]



光子转换：分子间的能量传递是在电子交换的基础上进行的（右侧电子传递）。图片来源：迈克尔•奥尔登堡（Michael Oldenburg）
光子的转换，使得对光的使用可以以一种更高效的方式进行：两个光子转变为携带更高能量的单个光子。卡尔斯鲁厄理工学院（KIT）的研究人员现在首次展示了表面封装的金属有机骨架（SURMOFs）之间的内表面，非常适合用于实现这个目标——它们将绿光变成蓝光。这一结果，目前首次发表在《高级材料》（Advanced Materials）杂志上，为光电应用开辟了新的机会，如太阳能电池或发光二极管（LEDs）。
金属有机骨架配合物（MOFs）是高度有序的分子系统，包括金属团簇和有机配位体。在卡尔斯鲁厄理工学院（KIT）的功能性表面研究所（IFG），研究人员开发了金属有机骨架配合物（MOFs），它可以在基材表面上外延生长。这些表面封装的金属有机骨架（SURMOFs）可以用各种材料生产， 并可以定制出不同的孔径和化学官能度，以便它们投入范围广泛的应用，例如用于传感器、催化剂、光圈，用于医疗设备技术，或作为智能存储元件。
另外一个应用领域是光电子学，例如，能够将光转换为电子能量，或做出相反转换的元件。很多这些元件，都是基于半导体工作的。“表面封装的电子有机骨架（SURMOFs）结合了有机和无机半导体的优势，”功能性表面研究所（IFG）的克里斯托弗•沃尔（Christof Wöll）教授解释道，“它们以化学多样性和结晶度为特征，为我们提供了创造有序异质结构的机会。”在很多光电子元件中，一个所谓异质结——这是一个两个不同半导体材料之间的接口层——控制着各种激发态之间的能量转换。卡尔斯鲁厄理工学院（KIT）的微结构技术研究所（IMT）现在创造了一个新的背负式表面封装的电子有机骨架（SURMOFs），其中，第二个表面封装的电子有机骨架（SURMOFs）外延生长，也就是在第一个骨架上逐层生长。在这个异质结中，有可能实现光子转换，即通过将两个光子几乎融合在一起，将两个低能量的光子，转变为一个高能量的光子。“这个过程将绿光变为蓝光。蓝光的波长更短，产生更多能量。这对于太阳能光伏应用很重要，” 微结构技术研究所（IMT）主任布莱斯•理查德（Bryce Richards）教授解释道。科学家们在材料科学一流期刊《高级材料》（Advanced Materials）杂志上展示了他们的研究工作。
卡尔斯鲁厄（Karlsruhe）研究人员展示的光子转换过程，是在所谓三重态激子淬灭的基础上进行的。这涉及了两个分子：一个吸收光子并生成三重激态的敏化剂分子，以及一个接收三重激态并利用三重态激子淬灭释放出一个更高能量光子的发射体分子。“挑战在于尽可能高效地生成这个过程，”微结构技术研究所（IMT）的一个初级研究小组组长伊恩•霍华德（Ian Howard）博士解释道，“我们以一种同时获得低变阈和更高光效的方式，将敏化剂层和发射体层相匹配。”
由于三重态能量转移在电子交换的基础上进行，研究人员所揭露的光子转换过程，包括了一次横跨两个表面封装的电子有机骨架（SURMOFs）表面的电子转换。这表明，两个表面封装的电子有机骨架（SURMOFs）之间的异质结，适合于很多光电子应用，比如发光二极管（LEDs）和太阳能电池。目前限制很多太阳能电池效率的一个问题，是它们只能利用特定能量以上的光子来发电。通过利用光子转换，光伏系统可以变得更高效。
参考文献：Michael Oldenburg et al. Photon Upconversion at Crystalline Organic-Organic Heterojunctions, Advanced Materials (2016). DOI: 10.1002/adma.201601718
Composite Materials（复合材料）
Novel smart materials inspired by sea creatures

A suite of new materials developed in the lab of UConn researcher Luyi Sun can change their appearance and quickly revert to their original state, just like the squid and jellyfish that inspired them.
The research was published recently in Nature Communications.

The materials, which are stretchable, thin, and slightly squishy, have potential applications in smart windows, display optics, and encryption technology.

"There are several marine animals that can very smartly and actively alter their skin's structure and color," says Sun, associate professor of chemical and biomolecular engineering who is affiliated with UConn's Institute of Materials Science. "In this work, we follow two examples, squid and jellyfish respectively, to create different mechanical responsive devices."

In the first case, the jellyfish's skin is very flat and transparent most of the time, but by wrinkling its skin, it can cause a deformation that creates an opaque appearance.

Songshan Zeng, a Ph.D. student in Sun's lab and first author on the Nature Communications article, says that change is likely a defensive mechanism.

In the second example, the squid can instantaneously change its skin color by contracting the tiny muscles that encircle its pigment cells. When the muscles contract, the pigment cells expand to expose more color. When the muscles relax, the pigment cells contract and the change is reversed.
Sun's research group and collaborator Dianyun Zhang, assistant professor of mechanical engineering, decided to mimic these qualities, to see if they could develop materials that would achieve these same quick, reversible changes in appearance.

They began with a thin, rigid film, and then attached a thicker layer of soft, stretchable elastomer. When the layers are joined and stretched, the rigid layer develops cracks and folds. As this layer is stretched, the cracks and folds grow in size in proportion to the force exerted. As a result, the surface becomes rough and scatters the light that passes through, thereby changing the material's transparency.

Zeng describes the process, "When we stretch it, we are able to change the transparency, the surface becomes rough and will scatter light that passes through, and the UConn logo underneath the sample disappears."
Three variants on the material were created based on similar principles. By altering the qualities of both the flexible and the rigid layers – by adding pigment, luminescent, or reflective materials – different outcomes were achieved.
In one case, after dye was added to the elastomer layer, the material showed strong fluorescence as it was stretched. Stretching and releasing the material allowed open cracks to form or disappear, switching the fluorescence on or off. "The cracks are like opening and closing windows to control the penetration of UV light that is able to pass through," Sun explains. "A larger open crack will allow more UV light through and allow the fluorescence of the dye underneath the film to be observed." Once the stretch force is no longer applied, the cracks will close and the fluorescence disappears.

In another experiment, the material changed color. Dye was added to both the rigid thin film and the stretchy elastomer, one inlaid with green and the other with orange luminescent dyes as well as a reflective layer. Under UV light in the relaxed state, the sample showed green luminescence. When it was stretched, orange luminescence developed as the cracks occurred. "The color intensity is actually proportional to the size of the cracks or strain applied," says Zeng.

In the next experiment, the researchers manipulated the reflective layer to reveal or conceal a pattern. On the reflective layer they applied highly reflective patterned titanium oxide along with elastomer/carbon black. When relaxed, the material is not luminescent, but when it is stretched, a message is revealed as the fluorescence reaches the reflective coating.

After initial development, the material was put to the test to study its durability. To verify the integrity of the material, Zeng tested it through more than 50,000 stretch/release cycles. The mechanical responsive optical properties were not lost, despite the extensive testing.
"The robustness of the material was well demonstrated!" says Sun.

Sun says the researchers are working with partners to commercialize the material.

Zeng says there are many applications for this type of material. One possibility is to use it for smart windows. "To get privacy for windows, all you would need to do is just stretch the material a little bit to obtain opacity," he says, adding that it could also be used as display optics for toys, or even in encryption technology.

"We are very excited for all these applications," he adds.
Sun is now experimenting with modifying the new material. "The current material needs UV light to activate it," he says, "but we are now modifying it to show color change under daylight."

Sun's group also has more bio-inspired materials with different applications in the works, with results to be published later this summer.

More information: Songshan Zeng et al. Bio-inspired sensitive and reversible mechanochromisms via strain-dependent cracks and folds, Nature Communications (2016). DOI: 10.1038/ncomms11802
受海洋生物启发的新型智能材料
康涅狄格大学实验室研究员孙陆逸(Luyi Sun，音译)开发的新材料可以改变其外观，迅速恢复到原来的状态。该材料是受乌贼和水母的启发而研发的。 
有关这项研究的论文发表在近期的《自然通信》上。
这种可伸缩的、薄的、稍软的材料，有望应用于智能窗户、光学显示器和加密技术上。
“很多海洋动物都可以非常灵巧地改变皮肤结构和颜色，”康涅狄格大学材料科学研究所的化学和生物分子工程副教授孙陆逸说，“在这项研究工作中，我们参考了两个例子，分别是鱿鱼和水母，来创造不同的机械反应设备。”
在研究水母时发现，水母的皮肤在大部分时间里是非常平坦和透明的，但它可通过把皮肤变皱，引起变形，来形成一个不透明的外观。
孙陆逸实验室的博士生曾松山（Songshan Zeng，音译）说，变化可能是一个防御机制。曾松山同时也是刊载于《自然通信》上的文章的第一作者。
在鱿鱼的例子中发现，鱿鱼可以通过收缩围绕色素细胞周围的小肌肉，瞬间改变皮肤颜色。当肌肉收缩时，色素细胞膨胀，暴露更多的颜色。当肌肉放松时，色素细胞收缩，变化则相反。
孙陆逸的研究小组和联合作者、机械工程学助理教授张典云（Dianyun Zhang，音译），决定模仿这些特质，看看它们是否能用于开发的材料，获得同样的快速、可逆的外观变化。
他们开始时使用了一种薄而坚硬的薄膜，然后附上一层较厚的、柔软可伸缩的弹性体。当弹性体层接合和拉伸时，硬性层形成裂缝和褶皱。随着这一层被拉伸，裂缝和褶皱的大小和外力成比例增加。结果，该表面变得粗糙，开始散射通过的光线，从而改变了材料的透明度。
曾松山描述了这一过程，“当我们使其展开时，就可以改变其透明度，表面变得粗糙，并开始散射通过的光线，样本下的康涅狄格标志消失。”
基于相似原理，我们建立了该材料的三个变体。通过改变柔性和刚性层的质量——通过添加色素、发光或反射材料——实现了不同的结果。
在其中一种情况下，当添加染料到弹性体层后，随着拉伸，材料会表现出强烈的荧光。拉伸和释放材料使得开放的裂缝能够形成或消失，打开或关闭荧光。“裂缝就像打开、关闭窗口来控制可穿过的紫外线渗透，”孙陆逸解释说，“一个较大的开口裂纹会允许更多的紫外线通过，并允许膜下面的染料荧光被观察到。“一旦拉伸力不再适用，裂纹将关闭，荧光将消失。
在另一个实验中，材料改变了颜色。染料被添加到两个刚性薄膜和有弹性的弹性体中，一个镶嵌着绿色，其他则镶嵌橙色发光染料以及一个反射层。在舒展状态的光照条件下，样品呈绿色发光。当它被拉长，随着裂缝发生，发出橙色光。”颜色强度实际上是与裂缝或拉力的大小成比例的。“曾松山说。
在下一个实验中，研究人员操纵反射层来揭示或隐藏一个模式。在反射层上，他们使用了高反射图案的钛氧化物以及弹性体/炭黑。当放松时，材料不发光，但当它被拉伸时，随着荧光达到反射层，就揭示了一个消息。
经过初步研发后，我们对材料进行了检测，以研究其耐久性。为了验证材料的完整性，曾松山测试了超过50000个拉伸/释放周期。尽管进行了很广泛的测试，但其机械反应的光学性能没有丢失。
“材料的稳健性得到了很好的证明！”孙陆逸说。
孙陆逸说，研究人员正与合作伙伴一起将该材料商业化。
曾松山说，这种类型的材料有许多应用。一种可能性是用于智能窗口。”要获得窗口的隐私，所有你需要做的，只是稍微拉伸材料就能获得不透明度。“他说，并补充道，该材料也可以被用作玩具显示器或加密技术。
“我们为所有这些应用感到激动。”他补充说。
孙陆逸正在试验并修改新材料。”目前的材料需要紫外线来激活，“他说，”但我们现在正在修改它，以在日光下展现其颜色变化。“
孙陆逸的团队在这项研究中还研发出了许多仿生材料，有许多应用，结果将在今年夏天公布。
参考期刊：Songshan Zeng et al. Bio-inspired sensitive and reversible mechanochromisms via strain-dependent cracks and folds, Nature Communications (2016). DOI: 10.1038/ncomms11802
Practical Application（实际应用）
Researchers combine simulation, experiment for nanoscale 3-D printing 
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A 32-face 3-D truncated icosahedron mesh was created to test the simulation’s ability to precisely construct complex geometries. The SEM image of the final experimental product (left) was highly consistent with the structure predicted by the virtual SEM image (center) and the simulated design model (right). Credit: Oak Ridge National Laboratory

Designing a 3-D printed structure is hard enough when the product is inches or feet in size. Imagine shrinking it smaller than a drop of water, smaller even than a human hair, until it is dwarfed by a common bacterium.
This impossibly small structure can be made a reality with focused electron beam induced deposition, or FEBID, to essentially 3-D print at the nanoscale. FEBID uses an electron beam from a scanning electron microscope to condense gaseous precursor molecules into a solid deposit on a surface.

Previously, this method was laborious, prone to errors and impractical for creating complex structures larger than a few nanometers. Now, a team at the Department of Energy's Oak Ridge National Laboratory, in collaboration with the University of Tennessee and the Graz University of Technology, has developed a powerful simulation-guided drafting process to improve FEBID and introduce new possibilities in nanomanufacturing.

Team leader Jason Fowlkes, a research staff member at ORNL's Center for Nanophase Materials Sciences, a DOE Office of Science User Facility, said the new system integrates design and construction into one streamlined process that creates complex 3-D nanostructures.

Harald Plank, study co-author in Graz, Austria, said the ability to accurately design custom nanostructures "opens up a host of novel applications in 3-D plasmonics, free-standing nano-sensors and nano-mechanical elements on the lower nanoscale which are almost impossible to fabricate by other techniques."
The process uses a 3-D simulation to guide the electron beam and replicate complex lattices and meshes between 10 nanometers and one micron in size. The model tracks electron scattering paths and the release of secondary electrons to predict the pattern of deposition on the surface of the material and visualize the final structure of an experiment.

The innovative aspect of this work, according to Fowlkes, is the convergence of experiments and simulation. The simulation guides the experimental construction, while the completed experiments, in turn, provide feedback on the accuracy and strength of the simulation. Designs are fed into the simulation and drafting program, and any inconsistencies between the two caused by secondary electron activity can be caught before the experiment.
"In its simplest form, once we know the emission profile of those secondary electrons we don't want, we can design around them," Fowlkes said.

While slower than other nanofabrication methods available in the clean room at CNMS, the FEBID process is the only one that can produce high-fidelity 3-D nanostructures, Fowlkes said. With no way to "see" the nanostructures during construction, researchers previously relied on trial and error, manually adjusting the build parameters to produce the desired shapes.

Fowlkes said the team will now focus on fully purifying the structures of carbon contamination. The purification process, called in situ purification, removes the impurities during construction, using water or oxygen and a laser to liberate the residual carbon from the precursor and flush it out of the structure. The simulation can even incorporate the stresses of the carbon removal process and can anticipate the transformation in the final product.

"We can design structures in a way where the actual writing pattern might look distorted, but that's taking into account the fact that it's going to retract and contract during purification and then it will look like the proper structure," Fowlkes said.

More information: Jason D. Fowlkes et al. Simulation-Guided 3D NanomanufacturingFocused Electron Beam Induced Deposition, ACS Nano (2016). DOI: 10.1021/acsnano.6b02108
研究人员结合模拟技术和实验研究纳米3D打印
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上图是为了检测用模拟技术构建复杂几何体的精确度，而建立的32面3D截断二十面网格。最终实验产物的扫描电镜图像（左）与虚拟扫描电镜图像（中）和模拟设计模型（右）高度一致。图片来源：橡树岭国家实验室
当产品只有英寸或英尺大小时，设计3D打印结构是相当困难的。想象一下把它缩小成比一滴水还小，直径比一根头发还要小，直到与普通细菌一般大小。
这个异常小的结构可以用于使用聚焦电子束诱导沉积（或FEBID）实现本质上的纳米级3D打印。FEBID使用来自扫描电子显微镜的电子束，将气态前体分子凝结成固体沉积在物体表面。
以前，这种方法是十分费力的，在建立大于几纳米的复杂结构上容易出错，并且也不切实际。如今，美国能源部橡树岭国家实验室的一个小组通过与田纳西大学和格拉茨科技大学之间的合作，开发了一个功能强大的以模拟为向导的草拟过程来提高FEBID并介绍了纳米制造新的可能。
美国能源部用户设施科学办公室橡树岭国家实验室纳米材料科学中心的研究人员、小组组长Jason Fowlkes说到，新的系统将设计和建造整合成一个建立复杂3D纳米结构的精简过程。
奥地利格拉茨大学的研究合著者Harald Plank说，精确设计定制纳米结构的能力“开启了3D等离子体的许多新应用，独立纳米传感器以及低纳米级上的纳米机械元件，这些元件几乎是不可能通过其他技术进行制造的”。
这个过程使用3D模拟技术引导电子束并复制复杂晶格和网格，把大小控制在10纳米到一微米之间。这个模型监测电子散射路径以及二次电子的释放，以预测材料表面的沉积模式，并可视化实验的最终结构。
根据Fowlkes，这项工作的创新方面在于实验和模拟的收敛性。模拟引导实验的建立，而完成的实验，反过来，提供了模拟的准确与有点方面的反馈。设计可以进入模拟和草拟项目，并且由二次电子活动引起的任何这两者之间的不一致都能在实验之前知道。
Fowlkes说：“以其最简单的形式，一旦我们知道这些次级电子发射谱不是我们想要的，我们可以在它们的周围进行设计。”
虽然这个方法比CNMS无尘室的其他可用纳米材料制备方法要慢，FEBID过程是唯一一个能够产生高保真3D纳米结构的方法。由于在建立过程中没办法“看到”纳米结构，研究人员们以前都是依靠不断试验和不断地错误，手动调节构建参数，以得到想要的形状。
Fowlkes说，团队目前将会全力集中于纯化碳污染的结构。这个被称之为原位纯化的纯化过程将构建过程中的杂质移除，使用水或者氧气以及激光释放前体中的残余碳，并将其从结构中冲洗出来。模拟实验甚至可以结合除碳过程的应力，并可以预测在最终产品中的变化。
Fowlkes说：“我们可以以一种实际写作模式可能会扭曲的方式设计结构，但是也考虑到一个事实，在纯化过程中会发生撤销和收缩，然后才会看起来像正确的结构。”
参考文献：
Jason D. Fowlkes et al. Simulation-Guided 3D NanomanufacturingFocused Electron Beam Induced Deposition, ACS Nano (2016). DOI: 10.1021/acsnano.6b02108
Making a solar energy conversion breakthrough with help from a ferroelectrics pioneer  
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Artist's concept of optically-generated non-thermalized electrons and their collection in a ferroelectric crystal. An intense screening fieldresults in impact ionization, enabling an unexpectedly high conversion efficiency. Credit: Ella Marushchenko

Designers of solar cells may soon be setting their sights higher, as a discovery by a team of researchers has revealed a class of materials that could be better at converting sunlight into energy than those currently being used in solar arrays. Their research shows how a material can be used to extract power from a small portion of the sunlight spectrum with a conversion efficiency that is above its theoretical maximum—a value called the Shockley-Queisser limit. This finding, which could lead to more power-efficient solar cells, was seeded in a near-half-century old discovery by Russian physicist Vladimir M. Fridkin, a visiting professor of physics at Drexel, who is also known as one of the innovators behind the photocopier.
The team, which includes scientists from Drexel University, the Shubnikov Institute of Crystallography of the Russian Academy of Sciences, the University of Pennsylvania and the U. S. Naval Research Laboratory recently published its findings in the journal Nature Photonics. Their article "Power conversion efficiency exceeding the Shockley-Queisser limit in a ferroelectric insulator," explains how they were able to use a barium titanate crystal to convert sunlight into electric power much more efficiently than the Shockley-Queisser limit would dictate for a material that absorbs almost no light in the visible spectrum—only ultraviolet.

A phenomenon that is the foundation for the new findings was observed by Fridkin, who is one of the principal co-authors of the paper, some 47 years ago, when he discovered a physical mechanism for converting light into electrical power—one that differs from the method currently employed in solar cells. The mechanism relies on collecting "hot" electrons, those that carry additional energy in a photovoltaic material when excited by sunlight, before they lose their energy. And though it has received relatively little attention until recently, the so-called "bulk photovoltaic effect," might now be the key to revolutionizing our use of solar energy.

The Limits of Solar Energy

Solar energy conversion has been limited thus far due to solar cell design and electrochemical characteristics inherent to the materials used to make them.

"In a conventional solar cell—made with a semiconductor—absorption of sunlight occurs at an interface between two regions, one containing an excess of negative-charge carriers, called electrons, and the other containing an excess of positive-charge carriers, called holes," said Alessia Polemi, a research professor in Drexel's College of Engineering and one of the co-authors of the paper.

In order to generate electron-hole pairs at the interface, which is necessary to have an electric current, the sunlight's photons must excite the electrons to a level of energy that enables them to vacate the valence band and move into the conduction band—the difference in energy levels between these two bands is referred to as the "band gap." This means that in photovoltaic materials, not all of the available solar spectrum can be converted into electrical power. And for sunlight photon energies that are higher than the band gap, the excited electrons will lose it excess energy as heat, rather than converting it to electric current. This process further reduces the amount of power can be extracted from a solar cell.
"The light-induced carriers generate a voltage, and their flow constitutes a current. Practical solar cells produce power, which is the product of current and voltage," Polemi said. "This voltage, and therefore the power that can be obtained, is also limited by the band gap."

But, as Fridkin discovered in 1969—and the team validates with this research—this limitation is not universal, which means solar cells can be improved.

New Life For an Old Theory

When Fridkin and his colleagues at the Institute of Crystallography in Moscow observed an unusually high photovoltage while studying the ferroelectric antimony sulfide iodide—a material that did not have any junction separating the carriers—he posited that crystal symmetry could be the origin for its remarkable photovoltaic properties. He later explained how this "bulk photovoltaic effect," which is very weak, involves the transport of photo-generated hot electrons in a particular direction without collisions, which cause cooling of the electrons.

This is significant because the limit on solar power conversion from the Shockley-Queisser theory is based on the assumption that all of this excess energy is lost—wasted as heat. But the team's discovery shows that not all of the excess energy of hot electrons is lost, and that the energy can, in fact, be extracted as power before thermalizing.

"The main result—exceeding [the energy gap-specific] Shockley-Queisser [power efficiency limit] using a small fraction of the solar spectrum—is caused by two mechanisms," Fridkin said. "The first is the bulk photovoltaic effect involving hot carriers and second is the strong screening field, which leads to impact ionization and multiplication of these carriers, increasing the quantum yield."

Impact ionization, which leads to carrier multiplication, can be likened to an array of dominoes in which each domino represents a bound electron. When a photon interacts with an electron, it excites the electron, which, when subject to the strong field, accelerates and 'ionizes' or liberates other bound electrons in its path, each of which, in turn, also accelerates and triggers the release of others. This process continues successively—like setting off multiple domino cascades with a single tipped tile—amounting to a much greater current.

This second mechanism, the screening field, is an electric field is present in all ferroelectric materials. But with the nanoscale electrode used to collect the current in a solar cell, the field is enhanced, and this has the beneficial effect of promoting impact ionization and carrier multiplication. Following the domino analogy, the field drives the cascade effect, ensuring that it continues from one domino to the next.

"This result is very promising for high efficiency solar cells based on application of ferroelectrics having an energy gap in the higher intensity region of the solar spectrum," Fridkin said.

Building Toward a Breakthrough

"Who would have expected that an electrical insulator could be used to improve solar energy conversion?" said Jonathan E. Spanier, a professor of materials science, physics and electrical engineering at Drexel and one of the principal authors of the study. "Barium titanate absorbs less than a tenth of the spectrum of the sun. But our device converts incident power 50 percent more efficiently than the theoretical limit for a conventional solar cell constructed using this material or a material of the same energy gap."

This breakthrough builds on research conducted several years ago by Andrew M. Rappe, Blanchard Professor of Chemistry and of Materials Science & Engineering at the University of Pennsylvania, one of the principal authors, and Steve M. Young, also a co-author on the new report. Rappe and Young showed how bulk photovoltaic currents could be calculated—which led Spanier and collaborators to investigate if higher power conversion efficiency could be attained in ferroelectrics.

"There are many exciting reports utilizing nanoscale materials or phenomena for improving solar energy conversion," Spanier said. "Professor Fridkin appreciated decades ago that the bulk photovoltaic effect enables free electrons that are generated by light and have excess energy to travel in a particular direction before they cool or 'thermalize'—and lose their excess energy to vibrations of the crystal lattice."

Rappe was also responsible for connecting Spanier to Fridkin in 2015, a collaboration that set in motion the research now detailed in Nature Photonics—a validation of Fridkin's decades-old vision.

"Vladimir is internationally renowned for his pioneering contributions to the field of electroxerography, having built the first working photocopier in the world," Rappe said. "He then became a leader in ferroelectricity and piezoelectricity, and preeminent in understanding light interactions with ferroelectrics. Fridkin explained how, in crystals that lack inversion symmetry, photo-excited electrons acquire asymmetry in their momenta. This, in turn, causes them to move in one direction instead of the opposite direction. It is amazing that the same person who discovered these bulk photovoltaic effects nearly 50 years ago is now helping to harness them for practical use in nanomaterials."

More information: Power conversion efficiency exceeding the Shockley–Queisser limit in a ferroelectric insulator, Nature Photonics, DOI: 10.1038/nphoton.2016.143
铁电体促进太阳能转换新突破
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上图为“光产生的非热化电子”的精妙概念，以及它们在一枚铁电晶体中的存在。一项有关碰撞电离的严格筛选的野外实验结果，促成了意料之外的高转化效率。图片来源：Ella Marushchenko
随着研究团队的一项发现，揭露了一种比目前在太阳能电池板中使用的材料更擅长将太阳光转化为能量的材料, 太阳能电池的设计者的眼光可能很快就要提高。这项研究表明，一种材料如何以一种高于理论最高值的转化效率——一个被称为“肖克利-奎塞尔极限”的值，从一小部分太阳光谱中提取能量。这项发现，可以促成更节能的太阳能电池。此发现在半个世纪前俄罗斯物理学家弗拉基米尔•M•弗里德金（Vladimir M. Fridkin）的一项研究中就有所萌芽，彼时他是德雷克塞尔的一名客座教授，他也以复印机的发明者而闻名。
来自德雷克塞尔大学、俄罗斯科学院舒布尼科夫结晶学研究所、宾夕法尼亚大学、美国海军研究实验室的科学家研究团队，最近在《自然光子学》（Nature Photonics）杂志上发表了他们的研究成果。他们的文章“能量转换效率在一个强诱电体中超过肖克利-奎塞尔极限”，解释了他们如何能够利用钛酸钡晶体，以远远高于肖克利-奎塞尔极限的转换效率将太阳光转换为电力，将决定一种几乎不吸收可见光谱中光的材料——只有紫外光。
约47年前，论文的主要合著者之一弗里德金（Fridkin）发现了一种用于将光转变为电力的物理机制，这与目前在太阳能电池中运用的方法不同，而这一现象正是此次新发现的基础。这种机制依靠收集“热”电子，也就是那些当吸收太阳光的能量时，在光伏材料中携带多余能量，且还未失去能量的电子。尽管目前还未得到广泛的关注，这种所谓的“体光生伏特效应”，目前可能是我们革新对太阳能使用的关键。
太阳能的局限性
迄今，太阳能转换受限于太阳能电池的设计和其制造材料固有的电化学性能。
“在一个转换太阳能电池中——用半导体制成——对太阳光的吸收发生在两个区域之间的表面上，一个包含过量的负电荷载子，称为电子，另一个包含过量的正电荷载子，称为空穴，”论文的合著者之一，德雷克塞尔工程学院的研究教授阿莱西亚•波莱米（Alessia Polemi）这样说。
为了在表面上生成电子-空穴配对，而这需要一股电流，太阳光的光子必须激发电子的能量水平，使得电子能够腾出价带，进入导带——这两条带之间能量水平的差异被称为“带隙”。这意味着在光伏材料中，不是所有可用的太阳能都可以转换成电能。对于能量高于带隙的太阳光光子，被激发的电子将失去其能量，而无法将其转换为电流。这个过程进一步降低了可以从太阳能电池中提取的功率值。
“光致载流子产生一个电压，它们的流动形成电流。实用的太阳能电池之所以可以发电，就是这种电流和电压的产物。” 波莱米（Polemi）说，“这种电压，乃至它可以达到的功率，也为带隙所限制。”
但是，正如弗里德金（Fridkin）在1969年发现，而又得到此研究团队验证的那样，这一局限并非永远适用，这意味着太阳能电池可以改善。
旧理论的新生
当弗里德金（Fridkin）和他的同事们在莫斯科的晶体学研究所研究铁电硫化锑，即一种没有任何结分离载体的材料时，他们观察到异常高的电压。他后来解释了这种“体光生伏特效应”，它非常弱，涉及到在一个特定方向上、无碰撞的光产生的热电子的传输，这导致电子冷却。
这一发现很重要，因为在肖克利-奎塞尔（Shockley Queisser）的理论中，太阳能转换之受限，是基于这样的假设，即所有这些多余的能量都作为热量浪费掉了。但该团队的发现表明，并不是所有热电子的多余能量都会丢失。事实上，这部分能量可以在热化之前，被提取为动力。
“主要的成果，是利用太阳光谱的一小部分，超过肖克利-奎塞尔（Shockley Queisser）极限（功率效率极限）。这是通过两种机制造成的，”弗里德金（Fridkin）说，“首先是体光生伏特效应，涉及到热载流子；其次是强筛选场，这导致碰撞电离和这些载流子的倍增，增加了量子产率。”
碰撞电离导致载流子倍增，可以比喻为一排多米诺骨牌，每张多米诺骨牌代表一个束缚电子。当一个光子与电子相互作用，它就激发了电子，当电子受到强磁场，即加速和“电离”或释放在其路径上的其他束缚电子，每一个电子又接着加速和触发了其他电子的释放。这个过程继续下去，就像一张被推倒的多米诺骨牌会触发一串一样，积累起一股更大的电流。
第二个机制，即筛选场，是一个存在于所有铁电材料中的电场。但是，随着纳米级电极被用于收集太阳能电池中的电流，电场增强，这有利于促进碰撞电离和载流子倍增。如同多米诺骨牌，这个电厂驱动着级联效应，确保它不断从一张多米诺推到下一张。
“这一结果，对于在太阳光谱的高强度区域，利用能隙铁电的高效率太阳能电池上，前景很好。”弗里德金（Fridkin）说。
迈向突破
“谁会想到，一个电绝缘体可以用来改善太阳能转换？”德雷克塞尔（Drexel）的材料科学、物理学和电子工程教授，此项研究的主要作者之一乔纳森•E•斯帕尼尔（Jonathan E. Spanier）说，“钛酸钡只能吸收不到十分之一的太阳光谱。但是，我们的设备，较之使用这种材料或相同能隙材料制作的传统太阳能电池，入射功率提升了50个百分点。”
这一突破，建立在几年前安德烈•M•拉佩（Andrew M. Rappe）、宾夕法尼亚大学化学教授兼材料科学与工程教授布兰查德（Blanchard）和本研究合著者之一史蒂夫•M•杨（Steve M. Young）所做一项研究的基础上。拉佩（Rappe）和杨（Young）演示了如何计算体光生伏特电流——这启发斯帕尼尔（Spanier）和同事探讨了铁电体是否可以实现高功率转换效率。
“有很多关于利用纳米材料或现象，改善太阳能转换的精彩报道，” 斯帕尼尔（Spanier）说，“几十年前，弗里德金（Fridkin）教授意识到，体光生伏特效应能促成由光生成，并携带多余能量，以便在冷却或“热化”——即失去可使晶格振动的多余能量——之前，在特定方向上移动的自由电子。”
2015年，拉佩（Rappe）主动联手斯帕尼尔（Spanier）和弗里德金（Fridkin）开展合作，从而开启了这项研究。如今，研究细节发表在《自然光子学》（Nature Photonics）杂志上，这也是对弗里德金（Fridkin）数十年前猜想的证实。
“弗拉基米尔（Vladimir）因其在电神经学领域的开拓性贡献而闻名世界，造出了世界上第一台可使用的复印机，” 拉佩（Rappe）说，“而后他成为了铁电和压电的领军人物，对于理解光的相互作用和铁电体，贡献卓越。弗里德金（Fridkin）解释了，缺乏反演对称性的晶体中，光激发的电子获得不对称的空间。这反过来使得它们在一个方向上移动，而不是在相反的方向上。令人惊讶的是，正是50年前发现了体光生伏特效应的人，正在推动其在纳米材料中的实际应用。”
参考文献：Power conversion efficiency exceeding the Shockley–Queisser limit in a ferroelectric insulator, Nature Photonics, DOI: 10.1038/nphoton.2016.143
Organic & Polymer（有机高分子材料）
Catalysis steps into the third dimension

Nonsurfactant polymers template produces a highly porous, three-dimensional inorganic crystal to enhance catalysis and separation.
High-performance porous materials needed for the selective catalysis and the separation of large compounds have been developed by researchers at King Abdullah University of Science and Technology (KAUST), Saudi Arabia.

Zeolite is one such porous material that combines aluminum, silicon and oxygen into a crystalline network of molecular-sized cavities and channels. Its pores typically measure less than one nanometer because their synthesis uses small cations as templates. The tiny size and network configuration result in extensive surface areas as well as size and shape selectivity, which is a boon for catalysis and separation. On the other hand, this size also is limiting, as there is slow diffusion and low catalytic activity in cases where bulky molecules are involved.

These size-related problems may be circumvented by hierarchical zeolites, which have micropores and larger pores wider than a few nanometers. While micropores provide catalytic activity and selectivity, the mesopores allow bulky molecules to rapidly diffuse through zeolites.

To date, the production of hierarchical zeolites has relied on surfactants as templates. These molecules, which simultaneously bear water-loving and water-repelling functional groups at their extremities, form layers alternating with zeolite sheets to give two-dimensional (2-D) structures.

"From an application perspective, it's better to have three-dimensional (3-D) structures than 2-D sheets," said Yu Han from KAUST Advanced Membranes & Porous Materials Center (AMPMC).

Han's team has now developed a method that produces these 3-D hierarchical zeolites using nonsurfactant polymers as templates. The zeolites have highly crystalline structures with open and interconnected mesopores. In addition, the polymers also generate unique composites in which mesoporous zeolites are able to coat zeolite seeds.

According to Han, sheets arise from strong intermolecular interactions between surfactant molecules. The team chose nonsurfactant polymers because "we hypothesized that a 3-D structure would be produced if we minimized these interactions," he said. The polymers play a dual role: they assist mesopore production, while their many positively charged ammonium functional groups direct the zeolite crystallization.

The researchers compared the catalytic performance of the hierarchical zeolites to that of bulk analogues for two reactions. When methanol was converted into aromatic hydrocarbons, in which the buildup of coke by-product deactivates catalysts, the zeolites outperformed their analogues. They maintained their activity longer and showed a higher conversion capacity and rate constant. Moreover, in the catalytic cracking of canola oil, which involves bulky reactants, they gave the highest conversion yields.

"We are now exploring the full potential of these hierarchical zeolites for catalysis and separation applications with colleagues from KAUST Catalysis Center and the University's AMPMC," Han said.

More information: Qiwei Tian et al. Beyond Creation of Mesoporosity: The Advantages of Polymer-Based Dual-Function Templates for Fabricating Hierarchical Zeolites, Advanced Functional Materials (2016). DOI: 10.1002/adfm.201504888
催化作用进入第三维度
非表面活性剂聚合物模板会产生高度多孔的，三维无机晶体来加强催化与分离。
选择性催化和大化合物分离所需的高性能多孔材料，已经由沙特阿拉伯的阿卜杜拉国王科技大学（KAUST）的研究人员开发出来了。
沸石就是这样一种多孔材料，它将铝、硅以及氧气结合成分子大小的腔道的晶体网络。它的孔隙通常测量来还不到1纳米，因为它们的合成使用的是很小的阳离子为模板的。微小的尺寸和网络的配置致使了宽广的表面积以及大小和形状的选择性，这对催化和分离都有好处。另一方面，这种大小也同样被限制，因为在大体积分子参与的情况下，会发生缓慢扩散和低催化活性。
这些与大小相关的问题能，够通过具有比几纳米稍宽的微孔和大孔的多级孔道沸石而规避掉。虽然微孔会提供的催化活性和选择性，大孔还是可以允许大分子通过分子筛迅速扩散。
到目前为止，多级孔道沸石的生产，依赖于表面活性剂作为模板。这些同时极端承受亲水型和憎水型基团的分子，形成分子筛片交替层，以得到二维（2D）结构。
阿卜杜拉国王科技大学（KAUST）先进膜和多孔材料中心（AMPMC）的Yu Han说：“从应用的角度看，三维（3D）结构比二维（2D）结构要好。”
Han的小组已经开发出一种能够使用非表面活性剂的聚合物为模板来产生这些3D多级孔道沸石的方法。沸石具有拥有开放和互联孔道的高晶体结构。此外，该聚合物还产生一种独特的复合材料，其中介孔分子筛能够裹住沸石晶体。
根据Han所说，结构起因于表面活性剂分子之间的强分子间的相互作用。他说，小组选择非表面活性剂是因为“我们假设如果我们减少相互作用，就可以产生3D结构”。该聚合物有双重作用：它们帮助孔道生产，同时它们中许多带正电荷的胺官能团引导沸石晶体的产生。
研究人员比较了多级孔道沸石和散装类似物两种反应的催化性能。当甲醇转化为芳烃，其中由于焦炭副产品的积累而使催化剂失活，沸石的性能要优于其他类似物。沸石将会保持更久的活性，并表现出更高的转换能力和速率常数。此外，菜籽油裂化形成的包含大量反映的催化剂中，它们具有最高的转化率。
Han说：“通过与KAUST催化中心和学校的AMPMC之间的合作，我们正在研究这些多级孔道沸石的催化和分离应用之类的应用潜力。”
参考文献：Qiwei Tian et al. Beyond Creation of Mesoporosity: The Advantages of Polymer-Based Dual-Function Templates for Fabricating Hierarchical Zeolites, Advanced Functional Materials (2016). DOI: 10.1002/adfm.201504888

Smarter self-assembly opens new pathways for nanotechnology

To continue advancing, next-generation electronic devices must fully exploit the nanoscale, where materials span just billionths of a meter. But balancing complexity, precision, and manufacturing scalability on such fantastically small scales is inevitably difficult. Fortunately, some nanomaterials can be coaxed into snapping themselves into desired formations-a process called self-assembly.
Scientists at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have just developed a way to direct the self-assembly of multiple molecular patterns within a single material, producing new nanoscale architectures. The results were published in the journal Nature Communications.

"This is a significant conceptual leap in self-assembly," said Brookhaven Lab physicist Aaron Stein, lead author on the study. "In the past, we were limited to a single emergent pattern, but this technique breaks that barrier with relative ease. This is significant for basic research, certainly, but it could also change the way we design and manufacture electronics."

Microchips, for example, use meticulously patterned templates to produce the nanoscale structures that process and store information. Through self-assembly, however, these structures can spontaneously form without that exhaustive preliminary patterning. And now, self-assembly can generate multiple distinct patterns-greatly increasing the complexity of nanostructures that can be formed in a single step.

"This technique fits quite easily into existing microchip fabrication workflows," said study coauthor Kevin Yager, also a Brookhaven physicist. "It's exciting to make a fundamental discovery that could one day find its way into our computers."

The experimental work was conducted entirely at Brookhaven Lab's Center for Functional Nanomaterials (CFN), a DOE Office of Science User Facility, leveraging in-house expertise and instrumentation.
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Electron beam lithography is used to adjust the spacing and thickness of line patterns etched onto a template (lower layer). These patterns drive a self-assembling block copolymer (top layer) to locally form different types of patterns, depending on the underlying template. Thus, a single material can be coaxed into forming distinct nanopatterns for example, lines or dots ‹ in close proximity. These mixed-configuration materials could lead to new applications in microelectronics. Credit: Brookhaven National Laboratory

Cooking up organized complexity

The collaboration used block copolymers-chains of two distinct molecules linked together-because of their intrinsic ability to self-assemble.

"As powerful as self-assembly is, we suspected that guiding the process would enhance it to create truly 'responsive' self-assembly," said study coauthor Greg Doerk of Brookhaven. "That's exactly where we pushed it."

To guide self-assembly, scientists create precise but simple substrate templates. Using a method called electron beam lithography-Stein's specialty-they etch patterns thousands of times thinner than a human hair on the template surface. They then add a solution containing a set of block copolymers onto the template, spin the substrate to create a thin coating, and "bake" it all in an oven to kick the molecules into formation. Thermal energy drives interaction between the block copolymers and the template, setting the final configuration-in this instance, parallel lines or dots in a grid.
"In conventional self-assembly, the final nanostructures follow the template's guiding lines, but are of a single pattern type," Stein said. "But that all just changed."
Lines and dots, living together

The collaboration had previously discovered that mixing together different block copolymers allowed multiple, co-existing line and dot nanostructures to form.

"We had discovered an exciting phenomenon, but couldn't select which morphology would emerge," Yager said. But then the team found that tweaking the substrate changed the structures that emerged. By simply adjusting the spacing and thickness of the lithographic line patterns-easy to fabricate using modern tools-the self-assembling blocks can be locally converted into ultra-thin lines, or high-density arrays of nano-dots.

"We realized that combining our self-assembling materials with nanofabricated guides gave us that elusive control. And, of course, these new geometries are achieved on an incredibly small scale," said Yager.

"In essence," said Stein, "we've created 'smart' templates for nanomaterial self-assembly. How far we can push the technique remains to be seen, but it opens some very promising pathways."

Gwen Wright, another CFN coauthor, added, "Many nano-fabrication labs should be able to do this tomorrow with their in-house tools-the trick was discovering it was even possible."

The scientists plan to increase the sophistication of the process, using more complex materials in order to move toward more device-like architectures.

"The ongoing and open collaboration within the CFN made this possible," said Charles Black, director of the CFN. "We had experts in self-assembly, electron beam lithography, and even electron microscopy to characterize the materials, all under one roof, all pushing the limits of nanoscience."

More information: A. Stein et al, Selective directed self-assembly of coexisting morphologies using block copolymer blends, Nature Communications (2016). DOI: 10.1038/ncomms12366
更智能的自组装为纳米技术开辟新途径
为了更进一步的现金，下一代电子设备必须要充分利用材料跨度仅在十亿分之一米的纳米材料。但是平衡这种超小尺寸的复杂性，可扩展性和制造精度必然是非常困难的。幸运的是，一些纳米材料能够被诱导，形成需要的结构-一个被称之为自组装的过程。
美国能源部（DOE）布鲁克海文国家实验室的科学家已经开发出一种方法，能直接将多分子模式进行自组装进一个单一的物质，产生新的纳米结构。该结果发表在《自然通讯》（Nature Communications.）杂志上。
“在自组装上，这是一个重大的飞跃。”该研究的第一作者，布鲁克海文国家实验室的物理学家Aaron Stein说，“在过去，我们被限制在一个单一的突发模式，但是这种技术相对容易地突破了这种障碍。当然这对基础研究来说是非常重要的，但是它也可以同样改变我们设计和制造电子产品的方式。”
例如微芯片，使用异常细致的图案化模板以产生处理和存储信息的纳米结构。然而，这些结构在没有详细的初步图案的情况下可以通过自组装自发形成。现在，自组装可以产生多个不同的模式-大大的增加了在一个步骤中就能形成的纳米结构的复杂性。
“这相机是可以很容易就融入现有的芯片制造总做流程中。”该研究的合著者，同样也是布鲁克海文国家实验室的物理学家的Kevin Yager说，“完成一项基础的有一天能找到自己的方式进入我们电脑的发现是非常令人兴奋的。”
实验工作是完全是在布鲁克海文国家实验室功能纳米材料实验室中心（CFN）---美国能源部科学办公室用户设施---内利用内部的专业知识和仪器进行的。
[image: image18.jpg]



电子束光刻技术是用来调整蚀刻在一个模板（低层）的线图案的间距和厚度。这些模式驱动自组装嵌段共聚物（顶层），以在附近形成不同类型的取决于低层模板模式。这样，一个单一的材料可能被诱导紧挨着形成不同的图形，例如线或点。这些混合配置的材料可能会带来微电子技术的新应用。图片来源：布鲁克海文国家实验室
策划组织复杂性
协同使用不分子的嵌段共聚物链连接在一起-因为它们拥有自组装内在能力。
“由于自组装的强大，我们怀疑指导过程将提高到创造真正的‘反应灵敏的’自组装。”布鲁克海文国家实验室的研究合著者Greg Doerk说，“这正是我们想推行自组装的目的。”
为了指导自组装，科学家们制造了精确而简单的基底模板。使用一种被称为电子束光刻---Stein的专长---的方法，他们在模板表面上蚀刻比人类头发还要薄数千倍的图案。然后，他们增加了一个解决方案，其中包含了模板上的一组嵌段共聚物，旋转基板以创建一个薄的涂层，然后全部放入烤箱中去“烤”，以使分子成型。热能会驱动嵌段共聚物和模板之间的相互作用，设置最终配置---在这个实例中，在一个网格中平行线或点。
“在传统的自组装中，做种的纳米结构遵循了模板的引导线条，但是都是一个单一的模式类型。”Stein说，“但是这一切都改变了。”
线点共存
之前的合作已经发现混合在一起的不同的嵌段共聚物允许过个，共存的线点纳米结构的形成。
“我们已经发现一个令人兴奋的现象，但还不能选择将会出现的形态。”Yager说。但是小组后来发现减弱基板会改变出现的结构。通过简单的调节光刻线模板的间距和厚度---使用现代工具很容易制作---自组装嵌段共聚物可以在附近转换成超薄线，或者高密度阵列的纳米点。
Yager说：“我们意识到，把我们的自组装材料与纳米制造结合会给我们增加控制的难度。当然，这些新的几何结构在难以置信的小规模上得意实现。”
“本质上，”Stein说，“我们已经为纳米材料自组装建立了‘智能’模板。我们在这一技术上能走多远还有待观察，但是这打开了一些非常有前景的路径。”
另一个AFN合著者Gwen Wright补充说：“很多纳米制造实验室有一天应该能够运用它们的内部工具来实现这一点---诀窍是发现它是很有可能的。”
科学家们计划使用更复杂的材料增加这个过程的复杂性，以走向更设备化的架构。
“CFN的继续发展与开放使这个成为可能。”CFN主任Charles Black说，“我们有表征该材料的自组装方面，电子束光刻方面，甚至是电子显微镜方面的专家，所有专家都在一起，所有专家都在推动对纳米科学的限制。”
更多信息：A.Stein等人，使用嵌段共聚物的选择性定向自组装的共存形态，《自然通讯》杂志（2016）DOI：1038/ncomms12366为了得到更好地显示屏：新分子有望更便宜，更高效的OLED显示器
哈佛大学的研究人员已经设计出了1000多个新的蓝光有机发光二极管（OLED）发光分子，能够极大地提高电视，手机平板电脑以及更多电子设备的性能。
OLED显示器使用是当有电流通过时会发光的有机分子。不同于普通的液晶显示器（LCDs），OLED显示器不需要背光，这意味着作为塑料片，显示器可以很薄，也可以是很灵活的。单个像素可以打开或完全关闭，极大地提高了屏幕的颜色对比度和能源消耗。在高端消费设备中，OLEDs已经取代了LCDs，但是稳定和高效的蓝色材料使得OLCDs在例如电视这样的大型显示器中竞争力并不太大。
哈佛大学研究人员的跨学科小组通过与麻省理工和三星的合作，研发了一个被称为‘分子航天飞机’的大型计算机检测技术，这种技术包含理论和实验化学，机器学习和化学信息学，以快速地鉴定和行业标准相同或优于行业标准性能的OLED分子。
“人们曾经认为，有机发光分子家族被限制分子空间的一个很小的区域。”领导这一实验的化学和化学生物学教授Alán Aspuru-Guzik说，“但是通过使用最先进的机器学习开发一个复杂的分子生成器，并借鉴之前实验的经验，我们发现了大量的高性能的蓝色OLED材料。”
该研究发表在最新一期的《自然材料》（Nature Materials）杂志中。
制造相对便宜的OLEDs最大的挑战便是蓝光的发射。
像LCDs一样，OLEDs依靠绿色、红色和蓝色子像素在屏幕上产生每一种颜色。但是却一直很难找到有效发射蓝光的有机分子。为了提高效率，为了提高分子通过磷光，OLED生产者用像铱一样昂贵的过渡金属元素创造了有机分子。这个解决方案很昂贵，但是还是没有实现稳定的蓝光。
Aspuru-Guzik和他的团队试图完全用有机分子取代这些优集系统。
该团队的开始是通过建立160多万个候选分子库。之后，为了缩小领域，以 计算机科学助理教授Ryan Adams为首的来自哈佛大学工程与应用科学学院（SEAS）的一组研究人员已经开发了新的机器学习算法来预测哪些分子有可能会有令人满意的结果，并优先考虑那些将要进行测试的分子。这有效地减少了至少十倍的研究计算成本。
“这是化学和机器学习之间的自然合作。”亚当实验室的博士后，同时也是研究的合著者David Duvenaud说，“由于我们的化学设计过程的早期阶段开始于数以百万计的候选分子，人们没有办法评估以及优先处理所有的分子。因此，我们使用神经式网络来快速优先处理所有已经评估过的候选分子。”
“机器学习工具确实慢慢趋向成熟，并开始在很多科学领域中都看到它的应用。”Adams说，“这种合作是一个很好的机会，推动了计算机科学先进技术，同时还开发出了许多拥有实际用途的完全新的材料。看到这些设计从机器学习预测到你能够实实在在掌握在手中的设备是非常非常有意义的。”
“我们能够在某种程度上真正预测这些分子模型。”Aspuru-Guzik 实验室的博士后以及文章的第一作者Rafael Gómez-Bombarelli说，“我们可以从简单的量子化学计算中预测分子的颜色和亮度，每个分子的计算要花上大约12小时。我们正在绘制化学空间，并通过进行虚拟实验找到分子能做什么的一些待开发领域。”
“分子就像是运动员一样。”Aspuru-Guzik说，“找到一个跑步的人很容易，找到一个会有用的人很容易，找到一个会骑自行车的人很容易，但是却很难找到同时会这三种运动的人。我们的分子必须要成为铁人。它们必须是蓝色的，稳定的，而且还要是明亮的。”
但是找到这些超级分子需要的不仅仅是计算能力---也需要人们的直觉，化学与化学生物学系的高级软件工程师Tim Hirzel说道。
为了帮助缩小理论建模和实验实践之间的差距，Hirzel和团队一起为合作者建立了一个web应用程序以探索超百万次的量子化学模拟结果。
每个月，Gómez-Bombarelli和合著者Jorge Aguilera-Iparraguirre，同样也是Aspuru-Guzik实验室的博士后，都会选择最有前景的分子，并用他们的软件来建立“棒球卡”，里面包含了每个分子的重要信息。
这个过程确定了2500个值得仔细观察的分子。该团队的来自三星和麻省理工学院的实验合作者之后投票决定哪个分子最具有应用的前景。团队在在线交友App流行起来之后，将投票工具取了一个叫做“分子Tinder”的绰号。
Hirzel说：“我们以一种很刻意的方式推进了科学的社会方面。”
Gómez-Bombarelli说：“电脑模型做了很多，但是天才的火花仍来自与人类。”
“这一努力的成功源于其多学科性质。”Aspuru-Guzik说，“我们在麻省理工和三星的合作者提供了有关分子结构要求得关键反馈。”
“由哈佛大学团队首创的高通过量筛选技术大大降低了合成，实验表征和优化的必要性。”麻省理工学院电气工程和计算机科学教授以及文章的合著者Marc Baldo说，“这表明了行业是如何更快更有效地推进OLED技术。”
在这个加速设计周期之后，团队留下了数百的与先进的无金属OLEDs性能一样或者稍差一点的分子。
这种类型分子筛查的应用远远不止OLEDs。
“这项研究是一个轨道中的中间站，这些轨道朝向越来越先进的能够用于液流电池，太阳能电池，有机激光器以及更多设备的有机分子。”Aspuru-Guzik说，“加速分子设计的未来真的真的很有意思。”
参考文献：A. Stein et al, Selective directed self-assembly of coexisting morphologies using block copolymer blends, Nature Communications (2016). DOI: 10.1038/ncomms12366
E-Material（电子材料）
See-through circuitry

As indium prices increase, researchers have developed a method to use the cheaper alternative, aluminum-doped zinc oxide, efficiently for transparent electronics.
High-performance electronic circuits made entirely from transparent materials could have countless applications, from head-up displays on car windscreens to transparent TV sets and smart windows in homes and offices. Researchers at KAUST have found a way to make transparent transistors and other essential components of electronic circuitry using inexpensive and readily available materials and a simple fabrication technique1.

Indium tin oxide (ITO) is the current material of choice for electronics because it combines optical transparency with electrical conductivity. Its use ranges from touch-sensitive smartphone screens to light-harvesting solar panels. Indium is in short supply, however, and as demand increases for ITO-containing devices, so does the price of indium.

One promising low-cost ITO alternative is a transparent material known as aluminum-doped zinc oxide (AZO).

"The elements that make up this material are more abundant than indium, making AZO a commercially sensible option," said Professor Husam Alshareef from the KAUST Physical Science and Engineering Division who also led the research. "However, electronic devices made using AZO have traditionally shown inferior performance to devices made using ITO."

To overcome this limitation, Alshareef and his research team used a high-precision technology called atomic layer deposition, a process in which the circuitry is built up a single layer of atoms at a time. Volatile vapors of aluminum and zinc in the form of trimethyl aluminum and diethyl zinc were alternately introduced onto the transparent substrate, where they adhere to the surface in a single layer before reacting in situ to form AZO.

"Using atomic layer deposition to grow all active layers simplifies the circuit fabrication process and significantly improves circuit performance by controlling layer growth at the atomic scale," Alshareef explained.

For many electronic devices, the key component is the thin film transistor. When combined in great numbers, these devices allow computers to do calculations, drive displays and act as active sensors. Alshareef used a transparent material called hafnium oxide that was sandwiched between layers of zinc oxide to form the highly-stable transistors used to fabricate the transparent circuits.

"Our transistor properties are the best reported so far for fully transparent transistors using AZO contacts," said Ph.D. student Zhenwei Wang, who carried out much of the experimental work.

Another advantage of Alshareef's approach is that atomic layer deposition only requires a temperature of 160 degrees Celsius to form each layer, which is low enough for the transparent circuitry to be formed on flexible plastic substrates as well as on rigid glass.

Provided by: King Abdullah University of Science and Technology
透明的电路
随着铟价的升高，研究人员现在已经研发出一种方法，能有效使用更便宜的代替品（含铝氧化锌）来制造透明的电子产品。
由透明材料制成的高性能电子电路可以有无数的应用程序，从汽车挡风玻璃到透明的平视显示器电视和家庭和办公室的智能窗户。阿卜杜拉国王科技大学研究人员已经发现一种途径通过使用廉价的和容易获得的材料和一种简单的制造技术1来制造透明的晶体管和其它电子线路的基本部件。
铟锡氧化物(ITO)是当前电子产品的首选材料，因为它结合了光学透明度与导电性。它的使用范围从智能手机触摸屏到聚光太阳能电池板。因此铟供不应求，然而，随着对于含铟设备需求的增加，铟的价格也是也将提升。
另一个很有前景的低成本铟锡氧化物透明材料被称为含铝氧化锌(AZO)。
“元素构成比铟这种材料更丰富，使AZO成为商业上一个明智的选择，”指导这项研究的阿卜杜拉国王科技大学物理科学与工程教授Husam Alshareef说。“然而，相对于 ITO来说，电子设备使用含铝氧化锌(AZO)具有传统上低性上的低劣。”
为了克服这个限制，Alshareef和他的研究小组使用了一种叫做原子层沉积的高精度技术，这项技术就是在一定时间内电路建立成单层原子的过程。含有铝和锌的三甲基铝和二乙基锌以挥发气体的形式交替引到透明基板上，他们在原位反应形成含铝氧化锌(AZO)之前在基板上黏附成单层的表面。
“使用原子层沉积使所有活动层形成，简化了电路制造过程，通过控制在基层表面在原子水平上形成，极大地提高了电路性能”Alshareef解释道。
对许多电子设备，薄膜晶体管是关键组件。在大量结合时，这些设备可以让电脑进行计算，驱动显示器形成活跃传感器。Alshareef 使用一种叫做氧化铪的用透明材料夹在氧化锌层面之间以形成一种高稳定晶体管用于制造透明的电路。
“根据使用含铝氧化锌（AZO）联成的完全透明晶体管的报道显示，目前为止，我们的晶体管特性是最好的”实验中承担了很多工作的博士生王振威说。
Alshareef方法的另一个优点是，形成每一层原子层沉积只需要160摄氏度的温度，这是对于透明电路形成柔韧的塑料基板以及刚性玻璃来说是相当低的温度。
来源：阿卜杜拉国王科技大学
Picoscale precision though ultrathin film piezoelectricity
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Fig. 1. Schematic illustration of local characterization of in-plane piezoelectricity and vertical piezoelectricity. In-plane piezoelectricity (piezo) (d11, d22) of ultrathin materials is the planar electromechanical couple behavior, where the applied stress and produced piezoelectric potential are located at the in-plane of exposed lattice plane. Vertical piezoelectricity (d33) focus on electromechanical interaction occurred in the vertical axis, which is perpendicular to the surface of materials. The high-precision deformation actuator can be implemented using accurate positioning of the materials surface by vertical inverse piezoelectricity. Credit: X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films. Sci. Adv. 2, e1600209 (2016). Copyright © 2016 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. Distributed under a Creative Commons Attribution NonCommercial License 4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
Piezoelectricity (aka the piezoelectric effect) occurs within certain materials – crystals (notably quartz), some ceramics, bone, DNA, and a number of proteins – when the application of mechanical stress or vibration generates electric charge or alternating current (AC) voltage, respectively. (Conversely, piezoelectric materials can vibrate when AC voltage is applied to them.) The piezoelectric effect has a significant range of uses, including sound production and detection, generation of high voltages and electronic frequencies, atomic resolution imaging technologies (e.g., scanning tunneling and atomic force microscopy), and actuators for highly accurate positioning of nanoscale objects – the last being crucial for fundamental research and industrial applications. That being said, subatomic scale positioning still presents a number of challenge. Recently, however, researchers at Nanyang Technological University, Singapore, Chinese Academy of Sciences, Suzhou, and Duke University, Durham demonstrated vertical piezoelectricity at the atomic scale (three to five space lattices) using ultrathin cadmium sulfide (CdS) films. The researchers determined a vertical piezoelectric coefficient (d33) three times that of bulk CdS using in situ scanning Kelvin force microscopy and single and dual ac resonance tracking piezoelectric force microscopy, leading them to conclude that their findings have a number of critical roles in the design of next-generation sensors and microelectromechanical devices.
Prof. Zheng Liu discussed the paper that he, Dr. Ting Zhang and their colleagues published in Science Advances, describing a series of challenges they faced starting with using chemical vapor deposition to synthesize 2~3 nm cadmium sulfide (CdS) thin films. "The vertical piezoelectricity, or d33, is the key parameter in piezoelectric materials for the fabrication of actuators used to position objects with extreme accuracy – down to the atomic scale in a broad range of cutting-edge equipment such as atomic force microscopy and scanning tunneling microscopy," Liu tells Phys.org. "Moreover, high-performance ultrathin piezoelectric materials are crucial for the constructing ultra-high resolution and flexible electromechanically coupled devices."

Prior to this study, Liu points out, only a few studies reported the synthesis of atomic thin piezoelectric materials by a wet chemical method, examples of which include CdS and cadmium selenide (CdSe) nanoplatelets. "It's a significant challenge to produce high-quality and atom-thin piezoelectric materials," he adds. "In this research, the main challenge in synthesizing ultrathin piezoelectric CdS films via chemical vapor deposition" (or CVD) "lays in the selection of precursors and how to optimize the reaction parameters, such as growing temperature and time."

The scientists were then faced with demonstrating d33 vertical piezoelectricity at the atomic scale using ultrathin cadmium sulfide thin films. "When the thickness of materials reaches the nanoscale level," Liu explains, "it's very difficult to verify the piezoelectric effect and determine its values because of the coupling effect from the substrate – and surface geometries may affect the measurements at atomic limits as well." For example, he illustrates, sample surface roughness reaches tens of picometers, which is the same scale with the vertical electromechanical response for materials.
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Fig. 3. Spectroscopic characterization of CdS thin film. (A) Energy (E) band structure in the vicinity of the Γ-point of the Brillouin zone, showing the photon emission process. (B and C) PL spectrum of CdS thin film from points i and ii marked in (C) with plus signs, showing strong band edge emission (506 nm) of CdS ultrathin film and defect-related emission (595 nm). (C) Optical image of CdS thin film with a rounded microparticle at its center. a.u., arbitrary units. (D and E) PL mapping at an emission of 514 nm with a different scale bar, demonstrating high uniformity and homogeneity of CdS thin films at the outside area. (F) PL mapping at the 595-nm emission, indicating that the defect-related emission only occurs at the thicker CdS microparticle. Credit: X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films. Sci. Adv. 2, e1600209 (2016). Copyright © 2016 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. Distributed under a Creative Commons Attribution NonCommercial License 4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
Lastly – and reminiscent of the challenge in demonstrating d33 vertical piezoelectricity at the atomic scale using CdS thin films – the researchers had to determine the CdS film vertical piezoelectric coefficient with in situ scanning Kelvin force microscopy (SKFM) and single and dual AC resonance tracking piezoelectric force microscopy (DART-PFM). "The quality of ultrathin piezoelectric CdS is the key to obtaining a reliable vertical piezoelectric coefficient." Liu notes. "Some characterization tools like Raman and photoluminescence spectroscopies can help us to identify the CdS sample and confirm its high quality. Also, because of the geometrical vibrations of the CdS samples, the atomic force microscopy characterization should be carefully carried out in order to make sure our conclusions are solid." This required the researchers to examine many SKFM and DART-PFM samples using to reach a solid conclusion about vertical piezoelectric behavior in CdS ultrathin films.
Liu comments that addressing these challenges required innovative techniques. "For the first time, we successfully synthesized high-quality atomic thin CdS films using CVD, and we demonstrated vertical piezoelectricity of these films at the atomic scale of 3~5 space lattices" (a space, or crystal, lattice being a periodically repeating two- or three-dimensional array of points or particles) "and observed the vertical piezoelectric domains. More importantly," Liu continues, "our work shows an enhanced vertical piezoelectricity in CdS ultrathin films at a level three times larger than the CdS bulk counterpart, as well as higher than most of traditional piezoelectric materials." These results imply non-trivial piezoelectric behavior at atomic limits for a certain class of materials – which has not yet been well explored – and inspires the search for two-dimensional free-standing layered piezoelectric materials that are only one atom thick.

Liu points out that their findings shed light on the design of next-generation sensors, actuators and microelectromechanical devices, in that piezoelectric materials are the most important component for such devices. Specifically, he says that their findings provide the opportunity for next-generation sensors and microelectromechanical devices in three ways:

· Flexibility: Ultrathin piezoelectric material materials are naturally like two-dimensional materials in being flexible, allowing them to be conformably used for more complicated electromechanical devices.

· Miniaturization: Ultrathin piezoelectric material materials are a perfect candidate for the fabrication of reduced size, highly integrated devices, especially for mobile phone and wearable devices.

· Inspiration: The study's results will inspire the development of other ultrathin piezoelectric materials, especially two-dimensional piezoelectric materials.
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Fig. 4. Noncontact SKFM and standard contact PFM investigation for CdS thin film. (A and B) Schematic illustration of SKFM (A) and PFM (B) measurements. (C) Band diagram of tip and sample when they are electrically separated (top graph) and electrically contacted (bottom graph). d, distance; VL, vacuum levels; q, electronic charge; Vc, contact potential difference. (D) Optical image of CdS thin films. (E and F) Topography (E) and phase (F) images observed by SKFM mode for the single CdS thin film marked in (D). (G to I) Corresponding potential mappings with tip voltages of 3, 6, and 9 V, respectively. Insets show histograms of the surface potential distributions. The CdS ultrathin film has a higher positive voltage (~0.9 V) than the substrate, demonstrating that a large amount of charges are accumulated at a CdS thin film after contact PFM scanning. (J) Amplitude images observed by contact PFM technology with tip voltages from 1 to 6 V, showing remarkable inverse piezoelectricity. (K) Average amplitude variations versus applied voltages calculated from (J). Error bars indicate 1 SD. Scale bars, 2 μm (E to J). The linearly fitted line shows that the measured piezoelectric coefficient deff is ~16.4 pm·V−1, whereas the vertical piezoelectric coefficient d33 is ~32.8 pm·V−1. Credit: X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films. Sci. Adv. 2, e1600209 (2016). Copyright © 2016 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. Distributed under a Creative Commons Attribution NonCommercial License 4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
Liu illustrates these points by listing potential examples of such devices – for example, atomically thin piezoelectric devices – and their applications. "For instance, using CdS ultrathin films, the most accurate probe or stage ever fabricated may be achievable, allowing researchers and engineers to manipulate atoms or position tips in atomic force, scanning electron and transmission electron microscopy. In other words, CdS ultrathin films will extend our capability to see and manipulate our world in an extreme way." Of more importance, he adds, such ultrathin piezoelectric devices can be integrated into equipment like autocollimators and Michelson interferometers used in, for example, cold atom studies, the verification of the gravitational inverse square law at short range, and even the detection of gravitational waves.

The study also reports the in situ measurement of the ultrathin CdS film vertical piezoelectric coefficient d33, determining the film coefficient to be approximately three times larger than that of bulk CdS. "This value is pretty big for atomically thin materials," Liu explains. "It means that we can get a large voltage change when small pressure or deformation is applied. This makes the material a great candidate constructing sensitive and ultrathin mechanical sensors."
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Fig. 6. Simulation of vertical piezoelectricity and subatomic deformation actuator. (A) Three-dimensional image of potential drop on CdS film. (B) Scanning electron microscopy image of a conductive tip for PFM characterization. (C and D) Bottom and side views of stress distribution on CdS film. (E to G) Simulation for subatomic deformation actuator. Different potentials were applied to surface deformation curves (E), mappings (G), and vertical deformation (F) of CdS thin films. Credit: X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films. Sci. Adv. 2, e1600209 (2016). Copyright © 2016 The Authors, some rights reserved; exclusive licensee American Association for the Advancement of Science. Distributed under a Creative Commons Attribution NonCommercial License 4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
The researchers concluded that contact piezoresponse force microscopy (PFM) – which uses a conductive tip to apply a highly localized electric field that allows imaging and manipulation of piezoelectric ferroelectric materials – could significantly change the surface potential of a CdS ultrathin film by applying stress to its surface. "Typically, applying mechanical stress to a piezoelectric material will generate electric charge that accumulates at the surface of the material, which is how we identify the piezoelectric materials," Liu tells Phys.org. "We therefore believe that this results from piezoelectric polarizations giving rise to a large piezoelectric potential, in turn leading to a remarkable spatial separation of electrons and holes." In this case, electrons generated by the piezoelectric effect will be trapped into the silicon dioxide (SiO2) dielectric layers, while the holes will be trapped inside the crystal boundary of the CdS films.

The scientists state that their work may pave a way to the synthesis of ultrathin lattice scale nanomaterials using CVD method, which is a low-cost method for producing high quality samples. In addition, Liu notes, the materials provided by their study will enable the high-integrated and multi-functional devices by simply coating or transferring the film to the device. "For actuator applications, our work will promote next generation actuators with extreme resolution for their potential use in characterization tools such as ultra-high resolution microscopy; for atom manipulation and fabrication; or potentially for the detection of ultra-low deformation in, for example, cold atom studies, verification of the gravitational inverse square law at short range, and even the detection of gravitational waves."

Moving forward, Liu says, the scientists will determine the relationship between the vertical piezoelectric coefficient d33 and the thickness of CdS at atomic scales. "Well also synthesize other piezoelectric, ferroelectric and layered piezoelectric/ferroelectric ultrathin materials, and explore their electromechanical properties." Based on this material and micro/nano-manufacture technology, the researchers hope to design and fabricate next-generation actuators for accurate positioning of minute objects, such as nanoparticles at subatomic scales, using their novel materials.

In addition, the large vertical piezoelectric coefficient d33 makes this material promising to construction of ultrathin and sensitive pressure sensors for detecting miniscule forces. If the low detection limit of sensor reaches to nanoscale levels, the device could monitor single biological cell migration.

"Our study will inspire material scientists to hunt for other non-trivial ultrathin or layered piezoelectric or ferroelectric materials," Liu tells Phys.org. "Engineers can employ our CdS ultrathin films to design and fabricate novel microelectromechanical systems," or MEMS, "and nanoelectromechanical systems," or NEMS, "with high-integration and multi-functionalities, and may benefit when developing cutting-edge scientific instruments. Furthermore," he concludes, "novel and flexible consumer electronic devices can be developed based on our study."

More information: X. Wang et al, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films, Science Advances 01 Jul 2016, Vol. 2, no. 7, e1600209, doi:10.1126/sciadv.1600209
超薄膜压电实现微微尺度的精确度
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图1. 示意图展示了平面压电和垂直压电的局部特性。平面压电(压电式喷墨) (d11, d22)的超薄材料是平面机电结合的表现，这是外加应力和产生压电电势位于暴露点阵平面内的位置。垂直压电(d33)专门作用于发生在纵轴的垂直于表面的材料的机电交互。高精度变形致动器工作通过使用精确定位实现垂直逆压电材料的表面。图片来源: X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu，“硫化镉超薄薄膜压电的垂直压电驱动的亚原子变形”，Sci. Adv. 2, e1600209 (2016)。版权©2016 The Authors，版权保留；美国科学促进协会独家许可。创作共用署名非商业性许可颁布4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
压电(又称压电效应)出现在某些材料中，如晶体(尤其是石英)，一些陶瓷、骨头、DNA和蛋白质，当分别应用于机械应力或振动产生电荷或交流电(AC)电压时就会出现压电。(相反，当施加交流电压时压电材料可以震动)压电效应有重要的用途，包括良好的生产和检测，高电压频率形成和电子,原子分辨率成像技术(如扫描隧道和原子力显微镜)，纳米级高精度定位对象的制动器，最后是基础研究和工业应用的关键。也就是说，亚原子刻度定位仍然存在许多挑战。然而，最近研究人员在南洋理工大学、新加坡、中国科学院、苏州、杜克大学、达拉谟演示了原子尺度的垂直压电(三到五空间点阵)使用超薄硫化镉(cd)薄膜。研究者确定垂直压电系数(d33)的是用在原位扫描开尔文力显微镜和单、双交流谐振跟踪压电式力显微镜上的硫化镉的容量的三倍，结果他们认为他们的发现对于设计下一代传感器和微机电设备有很关键的影响。
刘正（音）教授讨论了他和张婷（音）博士以及他们的同事发表在《科学进步》（Science Advances）上的研究论文，其中描述了他们使用化学气相沉积合成2 ~ 3纳米的硫化镉薄膜时面临的一系列挑战。“垂直压电或d33是用压电材料制造制动器关键参数，这样的制动器可以进行极度精准定位——精确到广泛的尖端设备范围内的原子尺度，如原子力显微镜和扫描隧道显微镜，”刘教授告诉Phys.org。“此外，高性能超薄压电材料是构建超高分辨率和精确的机电耦合设备至关重要的因素。”
在这项研究之前，刘教授就指出，只有很少的研究报道了用湿化学法进行原子薄压电材料的合成，其中的例子包括硫化镉和硒化镉纳米片和硫化锌外壳。“这对生产高质量和原子级薄压电材料是一个重大挑战，“他补充道。”在这个研究中，在先驱选择中确定通过化学气相沉积“(CVD)“合成超薄压电硫化镉薄膜躺以及如何优化反应参数，如温度和时间增长等是主要挑战。”
之后，科学家们面临着，利用的超薄硫化镉薄膜在原子尺度上证明d33垂直压电。刘教授解释说，“当材料的厚度达到纳米级别时，因为基底耦合效应，就很难验证压电效应并确定它的价值——而表面几何图形同样会影响原子水平的测量。” 他说，例如，样品表面粗糙度达到几十皮米，这和材料的垂直机电响应的尺度是一样的。”
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图3所示为硫化镉薄膜的光谱特性。(A)能量(E) 布里渊区点附近的能带结构，显示光子发射的过程。(B和C) i和ii的硫化镉薄膜的PL谱点形成(C)+，显示出强大的硫化镉超薄薄膜和相关缺陷发射(595nm) 的带缘发射(506nm)。(C)光学图像的硫化镉薄膜的微观粒子在其中心。a.u.，专用单位。(D和E)PL映射在一个514nm的不同精度基准尺的发射中，证明硫化镉薄膜外区域的高均匀性和同质性。(F)PL映射在595 nm的发射中，表明相关缺陷发射只发生在厚的硫化镉微粒中。归功于：X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu,“硫化镉超薄薄膜压电的垂直压电驱动的亚原子变形’, Sci. Adv. 2, e1600209 (2016)。版权©2016作者，版权保留；美国科学促进协会独家许可。创作共用署名非商业性许可颁布4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.

最后是发人深省的挑战——使用硫化镉薄膜在原子水平上证明d33垂直压。研究人员必须通过使用原位扫描开尔文力显微镜(SKFM)和单、双交流谐振跟踪压电力显微镜(DART-PFM)确定硫化镉薄膜垂直压电系数。“超薄压电硫化镉的质量，是获得一个可靠的纵向压电系数的关键。”刘教授。“一些工具，如拉曼特性以及光致发光光谱，可以帮助我们识别硫化镉样品并确认其高质量。同样，因为硫化镉样品的几何振动，在进行原子力显微镜描述时应认真执行，以确保我们的结论是可靠的。”这需要研究者检查许多开尔文力显微镜 和单、双交流谐振跟踪压电力显微镜图例的使用从而获得一个可靠的关于硫化镉超薄薄膜上纵向压电行为的结论。
刘教授评论，应对这些挑战需要创新技术。“第一次，我们使用化学蒸气沉积法成功地合成了高质量的硫化镉原子薄，我们在3 ~ 5个空间阵点的原子水平上演示了薄膜的纵向压电”(空间，或结晶，晶格存在于周期性重复两维或三维阵列的点或粒子中)“并观察垂直压电领域。更重要的是，”刘教授继续说道，“我们的研究显示了硫化镉超薄膜的垂直压电增强到比硫化镉体积大三倍，同样高于大多数传统的压电材料。”这些结果意味着在某个别材料的原子水平上存在有意义的压电行为——这些材料还没有很好地得到开发——这激励人们去寻找仅仅是一个原子厚度的二维的独立分层压电材料。
刘教授指出，他们的研究结果揭示了，在新一代传感器、传动装置和微机电的设计中，压电材料是最重要的组件。具体地说，他表示，他们的发现从三个方面为下一代传感器和微机电设备提供了机会：
•灵活性：超薄压电材料材料很自然地像二维材料一样的灵活，使它们适用于更复杂的机电设备。
•小型化：在制作尺寸缩小的高集成设备，特别是手机和可穿戴设备方面，超薄压电材料制作的材料是一个完美的选择。
•灵感：这项研究的结果将激励其他超薄压电材料的发展，尤其是二维压电材料。
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图4示：非接触开尔文力显微镜和接触压电响应压力显微镜的硫化镉薄膜。(A和B)示意图说明开尔文力显微镜(A)和接触压电响应压力显微镜(B)的测量。(C)当断电(如顶部的图所示)和通电(如底部的图所示)带谱的图例和提示。d、距离；VL、真空水平；q，电子电荷,Vc、接触电位差。(D)硫化镉薄膜的光学图像。(E和F)地形(E)和相位(F)图像遵循开尔文力显微镜单层硫化镉薄膜模式 (D)。(G— I)在顶端电压分别为3V，6V，9V时的类似潜在的映射。插图是展示表面电位分布的直方图。硫化镉超薄薄膜比基质具有较高的正电压 (~ 0.9 V)，证明在接触压电响应压力显微镜扫描后大量的电量是积累在硫化镉薄膜中。(J)振幅图像观察到在1~6V的电压下接触压电响应压力显微镜技术，显示出值得注意的逆压电。(K)根据(J) 计算出平均振幅的变化与相对应的外加电压。误差为1 SD。基准尺寸，2μm(E~ J)。线性拟合线表明，测量压电系数deff为~16.4 pm•V−1，,而垂直的压电系数d33为~32.8 pm•V−1。供图：X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu，“硫化镉超薄薄膜垂直压电驱动的亚原子变形”（Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films），Sci. Adv. 2, e1600209 (2016)。版权 © 2016作者，版权保留；美国科学促进协会独家许可。创作共用署名非商业性许可颁布4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209.
刘教授阐明了观点：通过一系列设备潜在的例子——例如，自动薄压电设备——以及他们的应用程序。“例如，使用硫化镉超薄薄膜，最准确的调查或筹划甚至是制造都有可能实现的，也可以让研究人员和工程师能够操纵原子或掌握运用原子力定位的技巧，以及观测电子和透射电子显微镜。换句话说硫化镉超薄薄膜将以一种极端的方式扩展我们的能力和操纵我们的世界。“更重要的是，他补充说，这种超薄压电设备可以集成到设备如用于自准直望远镜和迈克尔逊干涉仪，例如，冷原子研究，在比较短的距离里的引力平方反比定律的验证，甚至是引力波的探测。
研究还报道，硫化镉超薄薄膜d33压电系数的原位测量，确定膜系数是大约是硫化镉超薄薄膜体积的三倍。“这个值对于自动薄材料是相当大的，”刘教授说。“这意味着我们可以得到一个大的电压变化当施加较小的压力或变形时。这使得材料拥有一个极好的敏感的构造和超薄机械传感器可供选择。”
[image: image26.jpg]Cantilever tip

Cantilever tip
Cantilever tip

dS sample; 0 2x10°

Reduced stress

E . N F E 150
oot St e e 08 o e
. N -5V c 120
[ PP RERCHUNCN SYOG A =
£ - v )
5 o0 #2555 e wndeasnlly e 0oty 5
2 -3V g w
£ 00 9% o Boadd el Kz 2% oty =
8 -2V S
© o0 290 01 D e K> DB e [
e Ll | O ——

-5 o 5§ 5 1t 1 30 25 20 15 10 05 00
Distance (nm) Suface  Sample height (nm) Botlom

¢ v 2V -3V -av -5V
0 pm I 160 pm
20 40 60 80 100 120 140




图6所示。模拟垂直压电和亚原子变形致动器。(A)潜在下降硫化镉超薄薄膜的三维图像。(B) 接触压电响应压力显微镜顶端描述的传导的扫描电镜图像。(C和D)硫化镉薄膜上的应力分布的底部和侧面视图。(E G)模拟亚原子变形致动器。不同的潜力应用于表面变形曲线(E)、映射(G)，和垂直变形(F)的硫化镉薄膜。供图：X. Wang, X. He, H. Zhu, L. Sun, W. Fu, X. Wang, L. C. Hoong, H. Wang, Q. Zeng, W. Zhao, J. Wei, Z. Jin, Z. Shen, J. Liu, T. Zhang, Z. Liu，“硫化镉超薄薄膜垂直压电驱动的亚原子变形”（Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films），Sci. Adv. 2, e1600209 (2016)。版权 © 2016作者，版权保留；美国科学促进协会独家许可。创作共用署名非商业性许可颁布4.0 (CC BY-NC). DOI:10.1126/sciadv.1600209。
研究人员得出结论，接触压电响应压力显微镜——使用顶端导电提供了较高的电场有利于成像和压材料操作电，使成像和操纵压电铁电材料，这样通过对硫化镉超薄薄膜的表面施加压力可以显著改变其表面的电势。“通常情况下，在压电材料表面施加应用机械应力将使电荷积累在材料表面，这就是我们鉴别压电材料的方法，”刘教授告诉Phys.org。“因此，我们相信压电极化会引起压电电位这个结果，进而导致显著的空间电子和空穴的分离。”在这种情况下，电子产生的压电效应将被困到二氧化硅(二氧化硅)介电层，而空洞将被困在硫化镉超薄薄膜的晶界中。
科学家们指出，他们的研究可能为使用化学蒸汽沉淀法合成超薄晶格尺度纳米材料提供了一个好方法，这是一种低成本的方法，但生产出高质量的样品。此外，刘教授指出，他们的研究提供的材料将可以通过简单的涂层或转移的薄膜设备研制出高集成化和多功能设备。“至于致动器应用程序，我们的工作将促进下一代致动器的发展，例如在描述工具例如超高分辨率显微镜中使用极限分辨率；原子操纵和制造；或者潜在超低变形的检测，例如，冷原子研究，在比较短的距离里的引力平方反比定律的验证，甚至引力波的探测。”
再往前发展，刘教授说，科学家们将研究垂直d33压电系数与硫化镉在原子水平上的厚度之间的厚度。“合成其他压电、铁电体和压电层/铁电超薄材料，并探索他们的机电特性。”基于这种材料和微/ 纳米制造技术，研究者希望使用他们的新材料能够设计和制造新一代致动器可以精确定位对象，如在亚原子水平的纳米颗粒。
此外，大型垂直压电系数d33使得这种材料有利于制造测微小的力量的超薄敏感压力传感器检。如果传感器的最低检出限度达到纳米级水平，设备可以监测单个生物细胞的迁移。
“我们的研究将激发材料科学家寻找其他有意义的超薄层状压电或铁电材料，”刘教授告诉Phys.org网站。“工程师可以使用我们的硫化镉超薄薄膜，设计并制作新型微机电系统，或者微电子机械系统，以及纳米机电系统，这些系统将具有高集成化和多功能性的特点，并且有益于开发尖端科学仪器。此外，”他总结道，“我们的研究能促进开发新型的灵活消费电子设备。”
参考文献：X. Wang et al, Subatomic deformation driven by vertical piezoelectricity from CdS ultrathin films, Science Advances 01 Jul 2016, Vol. 2, no. 7, e1600209, doi:10.1126/sciadv.1600209
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