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Tech News & New Tech（技术前沿）
New Laser Achieves Wavelength Long Sought by Developers
Researchers at the University of Bath, United Kingdom have created a new kind of laser capable of pulsed and continuous mid-infrared (IR) emission between 3.1 and 3.2 microns, a spectral range that has long presented a major challenge for laser developers.
The achievement could aid in the development of new uses for mid-IR lasers, which are currently used in applications such as spectroscopy, environmental sensing and detecting explosives.
The new laser, detailed in The Optical Society's high impact journal Optica, combines aspects of both gas and fiber lasers. Fiber lasers are useful because they tend to be stable and easy to use, produce high quality beams, can emit at high powers, and are easy to cool.
Placing a suitable gas inside of a hollow optical fiber allowed the researchers to create a fiber gas laser with mid-IR emission. Lasers are central to thousands of consumer, industrial and scientific products; the uses for each type of laser depend on factors such as power, beam quality and wavelength.
"Beyond about 2.8 microns, conventional fiber lasers start to fall off in terms of power, and the other main technology for the mid IR, quantum cascade lasers, doesn't pick up until beyond 3.5 microns," said William Wadsworth, who co-led the research team with Jonathan Knight, also at the University of Bath. "This has left a gap that has presented a great deal of difficulty."
Key to the laser's success was the team's development of silica hollow-core fibers that perform exceptionally well in the mid-IR. Hollow-core fibers are a new class of fibers that use internal glass structures to confine light inside hollow cores, whereas traditional optical fibers confine light in a solid core of glass.
"You can think of the structures in our fibers as very long and thin bubbles of glass," explained Wadsworth. "By surrounding the region of space in the middle of the fiber with the bubbles, light that is reflected by the bubbles will be trapped inside of the hollow core."
Because light traveling inside a hollow-core fiber remains mostly in the empty core, these fibers overcome the tendency of silica-based glass to absorb light at wavelengths past 2.8 microns. Silica is the preferred material for optical fibers because it inexpensive, easy to manufacture and extremely strong.
The researchers recognized that their new hollow core fibers could enable a new type of fiber laser. Lasers require an electrical current or another laser to excite a material's electrons, which then emit photons as they return to their normal state. The researchers used acetylene gas because it emits in the mid-IR and can be excited, or pumped, using lasers designed for the telecommunications industry. The hollow-core fibers provided a way to trap the light and the gas in the same place so that they can interact for a very long distance -- 10 or 11 meters in this case.
The University of Bath researchers as well as other research groups have previously shown that gas inside a fiber can interact with light to produce mid-IR emission. In the new work, the researchers added a feedback fiber, the last component needed to consider the device a true laser. The feedback fiber takes a small amount of light produced in the fiber containing the acetylene gas and uses that light to seed another cycle of light amplification, thus reducing the pump power required to produce a laser beam.
One important advantage of the new design is its use of mature telecommunications diode lasers, which are practical, inexpensive, and available in high powers. The researchers plan to use a higher power pump laser to increase the fiber gas laser's power.
Future expansion
"We developed a way to use light to pump molecules and generate light that is not that common to see in a laser system," said Fei Yu, a member of the research team. "This new way to construct a gas laser could be expanded to make more and more laser types that would have been impossible without our hollow-core fiber."
The researchers say that a number of other gases should work with their fiber gas laser, allowing emission up to 5 microns. "This laser is just one use of our hollow-core fiber," said Muhammad Rosdi Abu Hassan, a doctoral student and first author of the paper. "We see it stimulating other applications of the hollow fiber and new ways of interacting different types of laser beams with gases at various wavelengths, including wavelengths that you wouldn't expect to work."
Source: University of Bath
新型激光实现了开发商追求的波长
英国巴斯大学的研究人员已经创造出了一种新的激光，其能够进行脉冲并且具有3.1-3.2微米之间的连续的中红外（IR）的激光发射，这个光谱范围长期以来对于激光开发商来说都是一个重大的挑战。

该成就可能对于中红外激光器新用途的开发有所帮助，该产品目前用于光谱学、环境感测和检测爆炸物等应用。

新的激光在光学学会具有高影响力的期刊《光学》中进行了详细，其与气候和光纤激光器的各个方面相结合。光纤激光器非常有用是因为它们往往非常稳定，易于使用，会产生高品质的光束，能够以高功率进行发射，并且非常容易冷却。

在中空的光纤内部放入合适的气体能够令研究人员创造出具有中红外发射的光纤气体激光器。激光对于成千上万的消费者、工业及科学产品都非常重要；每种类型的激光器的用途取决于各种因素，例如电源、光束质量以及波长。

 “除了大约2.8微米，传统的光纤激光器开始在功率方面有所减少，并且中红外量子级联激光器的其他主要技术可能只能截留3.5微米以上的激光，”与乔纳森•耐特共同领导该研究小组的同样来自巴斯大学的威廉•沃兹沃思表示。“这留下了一个呈现出大量困难的空隙”。

该激光成功的关键在于该研究小组有关能够在中红外方面表现效果特别好的硅胶空心纤维的开发。空心纤维是一类新的使用内部玻璃结构限制中空芯内的光的纤维，而传统的光学纤维是在实心的玻璃内限制光的。

 “你可以将我们纤维中的结构想象成很长很薄的玻璃泡沫，”沃兹沃思解释称。“由于该纤维中间的空隙区围绕着泡沫，因为由泡沫反射的光将被截留在中空芯的内部。”

由于在空心纤维内部穿行的光大部仍然停留在空芯内部，因此这些纤维克服了二氧化硅基玻璃吸收波长超过2.8微米的光的倾向。二氧化硅是光纤的优选材料，因为它价格低廉，易于制造，并且非常坚固。

研究人员认为，他们新的空心纤维能够产生一种新型的光纤激光器。激光器需要一个电流或是另一个激光来激发材料的电子，这些电子在之后返回它们的正常状态时会发射出光子。研究人员使用的是乙炔气，因为它在中红外中能够发射出，并且通过使用专门用于电信业的激光器它们能够被激活或被泵送。中空芯提供了一种方式在同一个空间中限制住光及该气体，因此它们能够在很长一段距离中相互作用——在这种情况下可以达到10或11米。

巴斯大学的研究人员及其他研究小组在之前已经表明，纤维中的气体能够与光相互作用产生中红外排放物。在新的工作中，研究人员增加了一个反馈光纤，这是将该设备想象成一个真正的激光所需的最后一个组件。反馈纤维截取少量的在含有乙炔气体的纤维中产生的光，并且利用该光散播另一个光放大循环，从而减少产生激光束所需的泵功率。

该新设计的一个重要优点是它利用了成熟的电信二极管激光器，该激光器非常实用，价格低廉，并且可用于高功率。研究人员计划使用高功率的泵浦激光器来增加纤维气体激光器的功率。

未来的扩展

 “我们开发出一种利用光来泵送分子以及产生通常在激光系统中不常见的光，”该研究小组的一名成员于飞表示。“这个构造气体激光器的新方式可能进行扩大以产生更多在没有我们的中空纤维的情况下无法实现的激光类型。”

该研究人员表示，应该将其他一些气体与他们的光纤气体激光器联合使用，令排放物达到5微米。“这种激光只是我们的中空纤维的一种使用方式，”该论文的第一作者兼博士生穆罕默德•罗斯蒂•阿布•哈桑表示。“我们见证了它刺激了该中空纤维的其他应用以及新的令不同类型的激光束与气体在各种波长下相互作用的方式，包括你认为不会起作用的波长。”

资料来源：巴斯大学
Graphene Slides Smoothly Across Gold
​Graphene, a modified form of carbon, offers versatile potential for use in coating machine components and in the field of electronic switches. An international team of researchers led by physicists at the University of Basel has been studying the lubricity of this material on the nanometer scale. Since it produces almost no friction at all, it could drastically reduce energy loss in machines when used as a coating, as the researchers report in the journal Science.
In the future, graphene could be used as an extremely thin coating, resulting in almost zero energy loss between mechanical parts. This is based on the exceptionally high lubricity – or so-called superlubricity – of modified carbon in the form of graphene. Applying this property to mechanical and electromechanical devices would not only improve energy efficiency but also considerably extend the service life of the equipment.
An international community of physicists from the University of Basel and the Empa have studied the above-average lubricity of graphene using a two-pronged approach combining experimentation and computation. To do this, they anchored two-dimensional strips of carbon atoms – so-called graphene nanoribbons – to a sharp tip and dragged them across a gold surface. Computer-based calculations were used to investigate the interactions between the surfaces as they moved across one another. Using this approach, the research team led by Prof. Ernst Meyer at the University of Basel is hoping to fathom out the causes of superlubricity; until now, little research has been carried out in this area.
By studying the graphene ribbons, the researchers hope to learn about more than just the slip behavior. Measuring the mechanical properties of the carbon-based material also makes sense because it offers excellent potential for a whole range of applications in the field of coatings and micromechanical switches. In future, even electronic switches could be replaced by nanomechanical switches, which would use less energy for switching on and off than conventional transistors.
The experiments revealed almost perfect, frictionless movement. It is possible to move graphene ribbons with a length of 5 to 50 nanometers using extremely small forces (2 to 200 piconewtons). There is a high degree of consistency between the experimental observations and the computer simulation.
A discrepancy between the model and reality appears only at greater distances (five nanometers or more) between the measuring tip and the gold surface. This is probably because the edges of the graphene nanoribbons are saturated with hydrogen, which was not accounted for in the simulations.
“Our results help us to better understand the manipulation of chemicals at the nano level and pave the way for creating frictionless coatings,” write the researchers.
石墨烯在穿过金时滑动顺畅
石墨烯，一种碳的修饰形式，在涂层机器部件以及电子开关领域提供了多用途的使用潜力。由巴塞尔大学的物理学家领导的一个国际研究小组一直在纳米尺度范围内研究该材料的润滑性。正如研究人员在《科学》杂志上所作的报告，由于它几乎不会产生摩擦，因此它在被用作涂层时会极大地降低机器的能量损耗。

在未来，石墨有可能被用作非常薄的涂层，从而在机械零件之间产生几乎为零的能量损失。这是基于修饰的碳以石墨烯的形式所具有的异常高的润滑性——或所谓的超级润滑。在机械和机电设备中运用这一属性不仅能够提高能源效率，而且会大大延长设备的使用寿命。

由巴塞尔大学和Empa（瑞士材料实验所）的物理学家组成的一个国际社团已经通过结合了实验和计算的一个双管齐下的方法研究了石墨烯高于平均水平的润滑性。为了做到这一点，他们将碳原子的二维条——所谓的石墨纳米带——固定在一个尖端，并且在金的表面手动它们。基于计算机的计算被用于研究在它们在彼此之上移动时表面之间产生的相互作用。使用这个方法，由巴塞尔大学的恩斯特•迈尔教授领导的研究小组希望参透超润滑的原因；到目前为止，很少有研究对这个领域进行了探讨。

通过研究石墨烯带，研究人员希望了解的并不仅仅只是滑移现象。测量碳基材料的机械性能也具有一定的意义，因为这为涂料和微型机械开关领域中的全范围应用提供了优异的潜能。在未来，甚至是电子开关都有可能被纳米机械开关所取代，机械开关相对于传统晶体管在打开和关闭过程中将使用较少的能量。

该实验揭示了近乎完美的无摩擦运动。有可能使用非常小的力（2-200微牛顿力）就能够移动长度为5至50纳米的石墨烯带。该结果在实验观察和计算机模拟中达到了高度的一致性。

模型与现实之间的差异仅仅在于测量尖端与金表面之间的更大距离（5纳米或更大）。这有可能是因为石墨烯纳米带的边缘被氢浸透了，模拟中并未考虑这个现象。

 “我们的研究结果有助于我们更好地了解化学物质在纳米水平下的操控以及为创建无摩擦涂层铺平了道路，”研究人员写道。

Self-Destructing Bullets Designed to Limit Civilian Casualties
Researchers from the U.S. Army Armament Research, Development, and Engineering Center filed a patent for a new bullet prototype called the “Limited Range Projectile” that lays the groundwork for the future of combat.
It’s intended to be a replacement for the .50 caliber bullet, according to Engadget.  This kind of ammunition fits in rifles or machine guns to take out long-distance targets, but there’s a risk in harming bystanders since the bullet is very difficult to stop.
This alternative would be a .50 caliber slug infused with a pyrotechnic and reactive material. The pyrotechnic component would ignite the reactive section upon launch transforming the bullet into an “aerodynamically unstable object,” explains the patent. The combustion period would indicate how far the bullet can travel before it’s rendered inert.
The project currently has no funding. Check out the patent design below.  
自毁子弹旨在限制平民伤亡
来自美国陆军武器研究、开发和工程中心的研究人员为一种称为“有限程子弹”的新型子弹原型申请了专利，该子弹原型为未来的战争奠定了一个基础。

据Engadget表示，该子弹旨在成为.50口径子弹的替代品。这种弹药装配在步枪或机枪中以解决远距离目标，但是由于该子弹很难停止，因此具有伤害旁观者的风险。

这种替代将是一个塞入了一个烟火和活性物质的0.50口径的子弹。烟火成分会在一经推出时点燃反应部分，从而将子弹变成一个“在空气动力学上不稳定的对象，”该专利解释称。燃烧时间将表明在其呈现惰性之前子弹能够飞多远。

该项目目前还没有获得资金。请在下方查看该专利设计。

The Key to Mass-producing Nanomaterials
Nanoparticles can be found in everything from drug delivery formulations to pollution controls on cars to HD TV sets. With special properties derived from their tiny size and subsequently increased surface area, they're critical to industry and scientific research.
They're also expensive and tricky to make.
Now, researchers at USC have created a new way to manufacture nanoparticles that will transform the process from a painstaking, batch-by-batch drudgery into a large-scale, automated assembly line.
The method, developed by a team led by Noah Malmstadt of the USC Viterbi School of Engineering and Richard Brutchey of the USC Dornsife College of Letters, Arts and Sciences, was published in Nature Communications on Feb. 23.
Consider, for example, gold nanoparticles. They have been shown to be able to easily penetrate cell membranes without causing any damage - an unusual feat, given that most penetrations of cell membranes by foreign objects can damage or kill the cell. Their ability to slip through the cell's membrane makes gold nanoparticles ideal delivery devices for medications to healthy cells, or fatal doses of radiation to cancer cells.
However, a single milligram of gold nanoparticles currently costs about $80 (depending on the size of the nanoparticles). That places the price of gold nanoparticles at $80,000 per gram - while a gram of pure, raw gold goes for about $50.
"It's not the gold that's making it expensive," said Malmstadt. "We can make them, but it's not like we can cheaply make a 50 gallon drum full of them."
Right now, the process of manufacturing a nanoparticle typically involves a technician in a chemistry lab mixing up a batch of chemicals by hand in traditional lab flasks and beakers.
Brutchey and Malmstadt's new technique instead relies on microfluidics - technology that manipulates tiny droplets of fluid in narrow channels.
"In order to go large scale, we have to go small," said Brutchey. Really small.
The team 3-D printed tubes about 250 micrometers in diameter - which they believe to be the smallest, fully enclosed 3-D printed tubes anywhere. For reference, your average-sized speck of dust is 50 micrometers wide.
They then built a parallel network of four of these tubes, side-by-side, and ran a combination of two non-mixing fluids (like oil and water) through them. As the two fluids fought to get out through the openings, they squeezed off tiny droplets. Each of these droplets acted as a micro-scale chemical reactor in which materials were mixed and nanoparticles were generated. Each microfluidic tube can create millions of identical droplets that perform the same reaction.
This sort of system has been envisioned in the past, but its hasn't been able to be scaled up because the parallel structure meant that if one tube got jammed, it would cause a ripple effect of changing pressures along its neighbors, knocking out the entire system. Think of it like losing a single Christmas light in one of the old-style strands - lose one, and you lose them all.
Brutchey and Malmstadt bypassed this problem by altering the geometry of the tubes themselves, shaping the junction between the tubes such that the particles come out a uniform size and the system is immune to pressure changes.
大规模生产纳米材料的关键

从药物传递制剂到汽车上的污染控制再到高清电视机的一切事物中都能够发现纳米粒子。通过从它们微小尺寸及随后增加的表面积区域衍生出的特殊性质，它们对于工业的科研非常关键。

并且制造它们的成本非常昂贵，并且非常困难。

现在，USC（南加州大学）的研究人员已经创造出一种新的方法用于生产纳米颗粒，从一个艰苦的逐批生产的苦工转变为一个大规模的自动化流水线工作。

这个由USC维特比工程学院的诺亚•马尔姆斯塔德及USC栋赛夫字母、艺术与科学学院的理查德•布鲁克基领导的研究小组所开发的方法于2月23日发表于《自然通信》。

例如，考虑到金纳米颗粒。它们已经显示出能够在不对细胞造成任何损害的情况下轻易穿透细胞膜——鉴于大部由异物穿透细胞膜的行为都会损坏或杀死细胞，这是一个不寻常的技艺。它们滑过细胞膜的能力令金纳米颗粒对于健康细胞或是针对癌细胞的致命辐射药剂是理想的递送装置。

然而，单毫克金的纳米颗粒的目前成本约为80美元（取决于纳米颗粒的大小）。这令金的纳米颗粒的价格达到了每克80000美元——而一克纯的生金大约为50美元。

 “并不是金令该价格昂贵，” 马尔姆斯塔德表示。“我们能够制造它们，但是其制造工艺并不像我们制造50加仑桶的它们那样廉价。”

目前，一种制造纳米颗粒的程序通常涉及了一位在化学实验室运用传统的实验室瓶和烧杯手工混合一批化学品的技术员。

布鲁克基和马尔姆斯塔德的新技术相反依赖于微流体——在狭窄通道中操纵微小液滴的技术。

“为了进行大规模生产，我们必须研究细节，”布鲁克基称。真的非常小的细节。

该小组3-D打印了直径约为250微米的管——他们认为该管是世界上最小的全封闭式的3-D打印的管。作为参考，一般尘埃的斑点尺寸为50微米宽。

之后他们建立了四个种管的并联网络，并排排放，并且在它们中流动着两个非混合流体的组合物（例如石油和水）。由于这两种流体会争相通过开口，它们会挤压成微小液滴。每个这种液滴充当了一个微观化学反应器，在该反应器中材料得到了混合，并且产生了纳米粒子。每个微管能够创造出数百万个执行相同反应的相同液滴。

这种系统在过去也有过设想，但是并未能够被放大，因为并行结构意味着如果一个管被卡住，就有可能沿着其邻管产生压力变化的连锁反应，摧毁整个系统。可以想像成是失去旧式链中的一个圣诞灯熄灭——熄灭了一个，你就失去了所有亮灯。

布鲁克基和马尔姆斯塔德通过改变管本身的几何形状解决了这个问题，在管之间形成交接处，令颗粒以均匀的尺寸产生并且该系统不会随压力的变化而发生变化。
Metal Alloy（金属合金）
Nebraska Researcher Find Gold - And Other Metals
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The photo at left shows the gold biosensor developed by Rebecca Lai, associate professor of chemistry at the University of Nebraska-Lincoln. The center diagram illustrates how gold ions connect two strands of adenine and hinder electron transmission. The right diagram shows the effect on current signaling the presence of gold. Source: Rebecca Lai/University of Nebraska-Lincoln
Instead of a pan and a pick ax, prospectors of the future might seek gold with a hand-held biosensor that uses a component of DNA to detect traces of the element in water.
The gold sensor is the latest in a series of metal-detecting biosensors under development by Rebecca Lai, an associate professor of chemistry at the University of Nebraska-Lincoln. Other sensors at various stages of development detect mercury, silver or platinum. Similar technology could be used to find cadmium, lead, arsenic, or other metals and metalloids.
A primary purpose for the sensors would be to detect water contaminants, Lai said. She cited the August 2015 blowout of a gold mine near Silverton, Colorado, which spilled chemicals into nearby rivers, as well as the ongoing problems with lead-tainted water supplies in Flint, Michigan.
Fabricated on paper strips about the size of a litmus strip, Lai's sensors are designed to be inexpensive, portable and reusable. Instead of sending water samples away for time-consuming tests, people might someday use the biosensors to routinely monitor household water supplies for lead, mercury, arsenic or other dangerous contaminants.
But Lai also is among scientists searching for new and better ways to find gold. Not only aesthetically appealing and financially valuable, the precious metal is in growing demand for pharmaceutical and scientific purposes, including anti-cancer agents and drugs fighting tuberculosis and rheumatoid arthritis.
"Geochemical exploration for gold is becoming increasingly important to the mining industry," Lai said. "There is a need for developing sensitive, selective and cost-effective analytical methods capable of identifying and quantifying gold in complex biological and environmental samples."
Scientists have employed several strategies to find gold, such as fluorescence-based sensors, nanomaterials and even a whole cell biosensor that uses transgenic E. coli. Lai was a co-author of a 2013 study that explored the use of E. coli as a gold biosensor.
DNA, the carrier of genetic information in nearly all living organisms, might seem an unlikely method to detect gold and other metals. Lai's research, however, exploits long-observed interactions between metal ions and the four basic building blocks of DNA: adenine, cytosine, guanine and thymine.
Different metal ions have affinities with the different DNA bases. The gold sensor, for example, is based on gold ions' interactions with adenine. A mercury sensor is based upon mercury ions' interaction with thymine. A silver sensor would be based upon silver ions' interaction with cytosine.
NUtech Ventures, UNL's affiliate for technology commercialization, is pursuing patent protection and seeking licensing partners for Lai's metal ion sensors. She applied for a patent for the sensors in 2014.
"Although these interactions have been well-studied, they have not been exploited for use in electrochemical metal ion sensing," Lai and doctoral student Yao Wu said in a recent Analytical Chemistry article describing the gold sensor.
Lai and Wu say their article is the first report of how oligoadenines -- short adenine chains -- can be used in the design and fabrication of this class of electrochemical biosensors, which would be able to measure concentrations of a target metal in a water sample as well as its presence.
The DNA-based sensor detects Au(III), a gold ion that originates from the dissolution of metallic gold. The mercury and silver sensors also detect dissolved mercury and silver ions.
"The detected Au(III) has to come from metallic gold, so if gold is found in a water supply, a gold deposit is somewhere nearby," Lai explained.
The DNA-based biosensors need more refinement before they can be made commercially available, she said.
Lai's sensor works by measuring electric current passing from an electrode to a tracer molecule, methylene blue in this case. In the absence of Au(III), the observed current is high because the oligoadenine probes are highly flexible and the electron transfer between the electrode and the tracer molecule is efficient.
But upon binding to Au(III) in the sample, the flexibility of the oligoadenine DNA probes is hindered, resulting in a large reduction in the current from the tracer molecule. The extent of the change in current is used to determine the concentration of AU(III) in the sample.
To allow the sensor to be reused multiple times, the Au(III) is later removed from the sensor with an application of another ligand.
Lai's research focus is on electrochemical ion sensors. Her research has been supported with grants from the National Institutes of Health and the National Science Foundation.
Lai and Wu say their article is the first report of how oligoadenines -- short adenine chains -- can be used in the design and fabrication of this class of electrochemical biosensors, which would be able to measure concentrations of a target metal in a water sample as well as its presence.
The DNA-based sensor detects Au(III), a gold ion that originates from the dissolution of metallic gold. The mercury and silver sensors also detect dissolved mercury and silver ions.
"The detected Au(III) has to come from metallic gold, so if gold is found in a water supply, a gold deposit is somewhere nearby," Lai explained.
The DNA-based biosensors need more refinement before they can be made commercially available, she said.
Lai's sensor works by measuring electric current passing from an electrode to a tracer molecule, methylene blue in this case. In the absence of Au(III), the observed current is high because the oligoadenine probes are highly flexible and the electron transfer between the electrode and the tracer molecule is efficient.
But upon binding to Au(III) in the sample, the flexibility of the oligoadenine DNA probes is hindered, resulting in a large reduction in the current from the tracer molecule. The extent of the change in current is used to determine the concentration of AU(III) in the sample.
To allow the sensor to be reused multiple times, the Au(III) is later removed from the sensor with an application of another ligand.
Lai's research focus is on electrochemical ion sensors. Her research has been supported with grants from the National Institutes of Health and the National Science Foundation.
Source: Univ. of Nebraska – Lincoln
内布拉斯加州的研究员发现了金-和其他金属
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左边的图片显示的是由内布拉斯加-林肯大学的化学副教授丽贝卡•莱开发的黄金生物传感器。中间的图表说明了金离子是如何与两股腺嘌呤连接的以及是如何阻碍电子传输的。右图显示出黄金的存在对电流信号产生的影响。资料来源：丽贝卡•莱/内布拉斯加-林肯大学

代替了一个盘和一个镐，未来的挖矿可能会利用一个使用DNA组分来探测水中元素的痕迹的手持生物传感器来寻找金子。

黄金传感器在一系列由内布拉斯加-林肯大学的化学副教授丽贝卡•莱开发的金属检测生物传感器中是最新的产品。其他在不同发展阶段中的传感器用于检测汞、银或铂。类似的技术可能会被用于寻找镉、铅、砷、或其他金属及非金属。

传感器的主要目的 是用于探测水中的污染物，莱表示。她列举了2015年8月在科罗拉多州锡尔弗顿附近的一个金矿发生的井喷事件，该事件将化学物质倒入了附近的河流，以及密歇根州弗林特铅污染的水供应的持续问题。

通过在大约石蕊条大小的纸条上进行制造，莱的传感器的设计价格低廉，携带方便，并且可重复使用。与将水样品发送到某个地方进行耗时的测试不同，人们可能在某一天能够使用该生物传感器定期监测家庭供水中的铅、汞、砷等危险污染物。

但是莱也与其他科学家们一同寻找新的以及更好的寻找黄金的方式。不仅美观和经济价值，贵金属在医药和科学用途中的需求也在不断增长，包括抗癌药和对抗肺结核和风湿性关节炎的药品。

“黄金的地球化学勘查对于采矿业已经日益重要了，”莱说。“有必要开发出能够在复杂的生物和环境样品中识别和量化黄金的敏感的、选择性的具有成本效益的分析方法。”

科学家们已经采用了几种策略来寻找黄金，例如基于荧光的传感器，纳米材料，甚至是一种使用转基因大肠杆菌全细胞生物传感器。莱是2013年探讨了使用大肠杆菌作为黄金生物传感器的一项研究的合著者。

DNA，几乎存在于所有生物体中的遗传信息的载体，似乎不太可能成为探测黄金和其他金属的一种方法。然而，莱的研究利用了金属离子和DNA的四个基本构建块之间的长期观察的相互作用：腺嘌呤、胞嘧啶，鸟嘌呤和胸腺嘧啶。

不同的金属离子与不同的DNA碱基具有亲和力。黄金传感器，例如，是基于黄金离子与腺嘌呤之间的相互作用。水银传感器是基于汞离子与胸腺嘧啶的相互作用。银传感器将依据银离子与胞嘧啶之间的相互作用。

UNL技术商业化的附属机构——韦宗风险投资公司——将寻求专利保护并且为莱的金属离子传感器的授权合作伙伴。她在2014年为该传感器申请了专利。

“虽然这些相互作用已经得到了充分研究，但是它们还没有被开发用于电化学金属离子的探测，”莱和博士生吴尧在最近描述黄金传感器的一篇《分析化学》中的文章中写道。

莱和吴表示，他们的文章是第一份有关寡腺嘌呤——短腺嘌呤链——如何能够用于这类电化学生物传感器的设计和制造的，其将能够测量水样品中的目标金属的浓度以及目标金属的存在。

基于DNA的传感器检测Au (III)，一种源自于金属金的溶解产生的金离子。汞和银传感器还检测溶解的汞和银离子。
“检测到的Au (III)必须来自于金属金，因此如果在水供应中发现了黄金，附近某处应该就有一个金矿，”莱解释称。

以DNA为基础的生物传感器在它们能够进行商用之前还需要更多的细化，她表示。

莱的传感器的工作原理是测量从一个电极到示踪分子传递的电流，在这种情况下是亚甲蓝。在Au (III)存在的情况下，所观察到的电流很高，这是因为寡腺嘌呤探针具有高度灵活性并且电极和示踪分子之间的电子转移是有效的。

但是通过在样品中结合Au (III)，寡腺嘌呤DNA探针的灵活性会受到阻碍，从而导致来自示踪分子的电流大量减少。 电流变化的程度用于确定Au (III)在样品中的浓度。

为了能够令传感器重复使用多次，Au (III)之后会通过另一个配位体的应用从传感器中去除。

莱的研究重点在于电化学离子传感器。她的研究一直受到了美国国立卫生研究院和美国国家科学基金会的资助。

莱和吴表示，他们的文章是第一份有关寡腺嘌呤——短腺嘌呤链——如何能够用于这类电化学生物传感器的设计和制造的，其将能够测量水样品中的目标金属的浓度以及目标金属的存在。

基于DNA的传感器检测Au (III)，一种源自于金属金的溶解产生的金离子。汞和银传感器还检测溶解的汞和银离子。

“检测到的Au (III)必须来自于金属金，因此如果在水供应中发现了黄金，附近某处应该就有一个金矿，”莱解释称。

以DNA为基础的生物传感器在它们能够进行商用之前还需要更多的细化，她表示。

莱的传感器的工作原理是测量从一个电极到示踪分子传递的电流，在这种情况下是亚甲蓝。在Au (III)存在的情况下，所观察到的电流很高，这是因为寡腺嘌呤探针具有高度灵活性并且电极和示踪分子之间的电子转移是有效的。

但是通过在样品中结合Au (III)，寡腺嘌呤DNA探针的灵活性会受到阻碍，从而导致来自示踪分子的电流大量减少。 电流变化的程度用于确定Au (III)在样品中的浓度。

为了能够令传感器重复使用多次，Au (III)之后会通过另一个配位体的应用从传感器中去除。

莱的研究重点在于电化学离子传感器。她的研究一直受到了美国国立卫生研究院和美国国家科学基金会的资助。

资料来源：内布拉斯加-林肯大学

Composite Materials（复合材料）
Haydale Commission Composite Pipe Long Term Testing Facility

Haydale Composite Solutions (HCS) has commissioned a composite pipe testing facility with the support of Leicester City Council, Leicester and Leicestershire Enterprise Partnership (LLEP), the Regional Growth Fund and European Regional Development Fund.

HSC says that the new facility for long term testing consists of 8 independently controlled tanks which can carry out short and long term pressure testing of composite pipes up to 500bar and at temperatures up to 80°C. It claims that the facility is very versatile and can conduct short term burst pressure (STBP) tests, determine long term hydrostatic pressure  (LTHP) rating as well as performing dynamic, fatigue and cyclic testing of composite pipes to a wide range of international standards including API 15S, ISO 14692 and ASTM D2992.
HCS explains that it has been very active in the design, development, testing and certification of reinforced thermoplastic and thermosetting composite pipes for the oil and gas industry for many years. This facility will enable them to accelerate the development and approval of new materials and designs that can be used in the construction of oil and gas pipelines. HCS is currently developing new graphene-enhanced polymer materials for use in pipeline construction and this facility will assist greatly in the testing, approval and certification of these novel materials.
Nigel Finney, HCS Commercial Director said, "Successful commissioning of this facility is a major step towards delivering our new range of thermoplastic pipes. The generation of long term (10,000 hours) test data is vital in obtaining approval for the use of new materials in oil and gas pipeline systems. This facility enables us to simultaneously test a range of materials and designs, thereby enabling us to quickly optimise such products before performing full 10,000-hour hydrostatic test certification."
Gerry Boyce, Managing Director of HCS added, "We see a wide range of benefits in utilising graphene enhanced polymers for oil and gas pipeline systems, including improved strength, stiffness and toughness, increased permeation resistance and enhanced fatigue performance. We can quantify these benefits through the use of this test facility which will lead to customers having access to graphene-enhanced composite pipelines with improved performance and lower cost. We are therefore optimistic about sales of our HDPlas functionalised graphene polymers into the oil and gas pipeline industry."
Haydale委员会复合管的长期试验设施
    Haydale复合材料解决方案（HCS）已经在莱斯特市议会、莱斯特和莱斯特郡企业合作伙伴（LEP）、区域成长基金以及欧洲区域发展基金的支持下委任了一个复合管的检测设备。
    HSC称，这个由八个独立控制的罐构成的新的长期测试的设施能够在高达500巴和温度高达80摄氏度的情况下对复合管进行短期和长期的压力测试。其声称，该设施非常通用，并且能够进行短期爆裂压力（STBP）测试，确定长期静压力（HP）额定值以及在广泛的国际标准下——API 15S，ISO 14692以及ASTM D2992——对复合管进行动态、疲劳以及循环试验。
    HCS解释称，多年来有关用于石油和天然气行业的增强的热塑性和热固性复合管的设计、开发和认证一起非常活跃。这个设备能够令他们加快可以用于石油和天然气管道建设的新材料和设计的开发和审批。HCS目前正在开发新的石墨烯增强型聚合物材料用于管道建设，而该设备将在这些新材料的试验、批准和认证方面起到巨大的帮助作用。
    HCS的商务总监奈杰尔·芬尼表示，“该设备的成功投产将是朝着提供我们新系列的热塑性塑料管材迈出的重要一步。长期（10000小时）的测试数据的产生对于新材料获得应用于石油和天然气管道系统的批准是至关重要的。这个设备能够令我们同时测试一系列材料和设计，从而令我们能够在进行完整的10000小时的水压试验认证之前快速地优化这类产品。”
    HCS的常务董事格里·博伊斯补充称，“我们看到了在石油和天然气管道系统中使用石墨烯增强型聚合物所带来的广泛好处，包括改进的强度，刚度以及韧性，增加的耐渗透性以及增强的抗疲劳性能。我们可以通过使用这个测试设施来量化这些好处，从而令客户获得具有增强的性能和较低的成本的石墨烯增强型复合管道。因此，我们对于我们的HDPlas官能型石墨烯聚合物在石油和天然气管道行业中的销量持乐观态度。”
Robots will Build Aerostructures at Terma
The production of aerostructures in carbon fibre and composites at Terma in Grenaa, Denmark, will be automated to help strengthen the company's international competitiveness.

Terma explains that this is the objective of a new three-year development project which it will initiate with RoboTool, University of Southern Denmark (SDU), Aalborg University (AAU), Technical University of Denmark (DTU), and the Dutch NLR – Netherlands Aerospace Centre.
"One of our biggest challenges in the production of aerostructures in carbon fibre is that a large part of the manufacturing process is manual," explains Jesper Freltoft, Vice President, Manufacturing Engineering at Terma Aerostructures in Grenaa. Terma manufactures a number of parts in carbon fibre and composites for the US F-35 fighter aircraft.
"With support from the Innovation Fund Denmark (12.8 MDKK), we will establish a technology centre, where a consortium over the next three years will test a range of technologies that are necessary to develop robots and automated production technology. I expect that we can achieve a significant reduction in the total production time in large parts of our current production. This will truly strengthen Terma’s international competitiveness in the production of aerostructures,” says Freltoft.
Terma explains that advanced composite materials are used in more and more products and used in a variety of industries. By remaining at the forefront of production technology, Danish companies can ensure a valuable competitive edge.
The six members of the consortium contributes with a test setup (RoboTool), a vision system for quality assurance (DTU), programming plus project administration (SDU), simulation and material models (AAU), and mechanics (NLR). Terma is responsible for managing the project and provides facilities for building a full-scale test centre.
Terma将利用机器人来建造飞机结构
    丹麦格雷诺的Terma公司碳纤维及复合材料的飞机结构的生产将实现自动化以帮助加强该公司的国际竞争力。

    Terma公司解释称，这是一个新的为期三年的开发项目目标，其将与RoboTool、南丹麦大学（SDU）、奥尔堡大学（AAU）、丹麦技术大学（DTU）以及荷兰NLR-荷兰航空航天中心一同发起这个项目。

    “我们在生产碳纤维飞机结构过程中所面临的一个最大的挑战是大部分制造过程都是手动的，”格雷诺Terma飞机结构制造工程的副总裁加斯帕•弗尔道夫解释称。Terma公司为US F-35战斗机制造了一系列碳纤维及复合材料零部件。

    “通过丹麦创新基金（12.8 MDKK）的资助，我们将建立一个技术中心，在那里一个联合企业将在未来三年内测试一系列对于开发机器人及自动化生产工艺技术非常必要的技术。我希望，我们能够在大部分我们目前的生产中实现总生产时间的显著减少。这将切实加强Terma公司在飞机结构生产中的国际竞争力，”弗尔道夫表示。

    Terma解释称，先进的复合材料在越来越多的产品中使用，并且在各种行业中使用。通过停留在生产技术前沿，丹麦公司能够确保宝贵的竞争优势。

    该联盟的六名成员是由一个测试设置（RoboTool）、一个用于质量保证的视觉系统（DTU）、编程以及项目管理（SDU）、模拟和材料模型（AAU）以及机械（NLR）组成。Terma公司负责管理该项目，并且为建立一个全面的测试中心提供设施。

Teijin Develops New Aramid Fibre Fabrics for Protection from Airborne Volcanic Fragments

Teijin has developed two new fabrics of Twaron and Technora para-aramid fibres to protect facilities such as lodges and evacuation shelters from airborne volcanic fragments measuring as much as about 10cm. 

Teijin explains that the new fabrics are designed and produced in accordance with the Japanese Cabinet Office’s new regulations for strengthening evacuation facilities located near volcanos. The Ministry of the Environment is now using the fabrics to refurbish the roof of the Ebino Eco Museum Center in Kirishima-Kinkowan National Park on the island of Kyushu in southern Japan.

According to Teijin, it developed its new Twaron and Technora para-aramid-fibre fabrics in consultation with the Cabinet Office, the National Defense Academy, the Mount Fuji Research Institute of the Yamanashi prefectural government. In simulation tests held at a national defence academy facility in September 2015, the fabrics demonstrated their capacity to withstand fist‐sized airborne fragments similar to those produced during the September 2014 eruption of Mt Ontake, located some 200 kilometres west of Tokyo, Japan.

Teijin claims that Twaron offers six times more tensile strength than steel of the same weight, as well as superior heat resistance and elastic modulus. It says that its Technora boasts even greater tensile strength and resistance to impact, fatigue and chemicals.

The choice of which para-aramid fibre to use depends on the envisioned level of protection required for each facility, based on a specific volcano’s activity level, altitude and local weather patterns. Teijin says it will focus marketing activities on local municipalities and private enterprises in areas prone to volcanic activity, with sales expected to reach 50,000 square meters by the fiscal year ending in March 2017.

Teijin explains that protecting evacuation facilities and other structures from large airborne fragments is an important issue in Japan due to it being one of the world's more active volcanic regions. While materials such as reinforced concrete and steel offer required levels of strength and durability, transporting heavy materials and large equipment to highlands can lengthen the construction period and raise construction costs. The deteriorating effect of severe weather on steel is another problem.

High-performance composite materials that offer new value are one of the four business pillars in the Transformation and Growth Strategies of its current medium-term business plan. Promising fields for Teijin’s high-performance fibres include safety, infrastructure and energy, functional paper and filters, and mobility. The company is putting a high priority on leveraging its high-performance materials in advanced solutions to meet diverse demands in the global market.
帝人公司为机载火山碎片防护开发了新的芳纶面料

    帝人公司已经开发出两款Twaron和Technora对位芳纶纤维的新面料，用以保护一些设施——例如小屋和避难所——免受测量尺寸长达10cm的空气中火山碎片的攻击。

    帝人公司解释称，新的面料是根据日本内阁办公室有关加强靠近火山的疏散设施的新规定进行设计和制造的。环境部将使用该面料修整位于日本南部九州岛雾岛-Kinkowan国家公园内的虾野市生态博物馆中心的屋顶。

    据帝人公司称，其经过与内阁办公室、国防学院、山梨县政府的富士山研究所进行磋商之后开发出的新的Twaron和Technora对位芳纶纤维织物。在2015年9月国防学院机构进行的模拟测试中，该面料展示了它们随拳头大小的空气中的碎片的能力，该碎片尺寸与2014年9月在距离日本东京西部200公里的御岳山发生的暴发事件中产生的碎片类似。

    帝人公司声称，Twaron的抗拉强度是相同重量的钢的六倍，并且具有优良的耐热性和弹性模量。它表示，该Technora拥有更大的抗伸强度以及抗冲击性能、抗疲劳和抗化学品的能力。

    具体使用哪一种对位芳纶纤维取决于每个设施所需保护的设想水平，根本一个特定火山的活动水平、高度和当地的天气模式。帝人公司表示，其将营销活动专注于易于出现火山活动的地区的地方政府及民营企业，其销售额预计在2017年3月结束的财政年度内达到50000平方米。

    帝人公司解释称，保护疏散设施和其他结构免受空中大型碎片的攻击是日本的一个重要问题，因为日本是目前世界上活跃火山较多的地区之一。虽然像加强型钢筋混凝土和钢这样的材料提供了所需的强度和耐久性水平，但是运输重型材料及大型设备到高原可能会延长工期以及增加建筑成本。恶劣天气对钢造成的恶化效应是另一个问题。

    能够提供新的价值的高性能复合材料是其目前中期业务计划中转型和发展战略的四大业务支柱之一。对于帝人公司的高性能纤维具有前景的发展领域包括安全、基础设施和能源、功能性纸和过滤器、以及流动性。该公司将在先进解决方案中高度优先利用其高性能的材料来满足全球市场的不同需求。
Practical Application（实际应用）
Molecular Architectures See The Light
Organic photovoltaics bear great potential for large-scale, cost-effective solar power generation. One challenge to be surmounted is the poor ordering of the thin layers on top of the electrodes. Utilizing self-assembly on atomically flat, transparent substrates, a team of scientists at the Technical University of Munich (TUM) has engineered ordered monolayers of molecular networks with photovoltaic responses. The findings open up intriguing possibilities for the bottom-up fabrication of optoelectronic devices with molecular precision.
Nature is unrivaled when it comes to the self-assembly of complex, high-performance molecular machinery for light absorption, exciton or charge separation and electron transfer. Molecular nanotechnologists have long dreamt of mimicking such extraordinary biomolecular architectures and rewiring them to produce inexpensive electricity.
Now researchers from the Departments of Physics and Chemistry at the Technical University of Munich (TUM), from the Max-Planck Institute for Polymer Research (Mainz, Germany) and the Université de Strasbourg (France) have modified dye molecules in such a manner that allows them to serve as building blocks of self-assembling molecular networks.
On the atomically flat surfaces of a graphene coated diamond substrate the molecules self-assemble into the target architecture in a manner akin to proteins and DNA nanotechnology. The sole driving force stems from the engineered supramolecular interactions via hydrogen bonds. As expected, the molecular network produces a photocurrent when exposed to light.
From art to application
"For a long time engineered self-assembled molecular architectures were looked upon as arty," said PD Dr. Friedrich Esch, a lead author of the study. "With this publication we present for the first time a serious practical implementation of this technology."
"In conventional organic photovoltaics the improvement of molecular order is still a challenge. In contrast, the nanotechnology toolbox provides us with the possibility of an atomically precise layout of the constituting components a priori," said Dr. Carlos-Andres Palma, who co-supervised the study. "The possibility of full physicochemical control of the components gives us additional set-screws for functional optimization."
The scientists now hope to scale up the device configuration and certify the photovoltaic response under standard conditions. "Intercalating self-assembled dyes between stacks of two-dimensional electrodes like graphene, opens up the possibility of easy scale-up to efficient photovoltaic monolayer elements", claims Dr. Palma "This will put our work on the solar cell technology map".
Perfect match of surface chemistry and physics
The scientists used terrylene-diimide molecules as photoactive dyes. The network is formed when the elongated terrylene molecules link up with trivalent melamine. By choosing adequate side groups for the terrylene diimide the authors of the study determine which architectures can form.
"This work is an excellent example of the interdisciplinary cooperation we seek to initiate with the institution of the Catalysis Research Center: a perfect match of chemistry and physics," said Professor Ulrich Heiz, director of the TUM Catalysis Research Center.
Source: Technical University of Munich
分子结构见光
有机光伏在大规模具有成本效益的太阳能发电方面具有巨大潜能。需要克服的一个挑战是电极顶部薄层的较差顺序。利用原子级平整的透明基板的自我组装性能，一组来自慕尼黑工业大学（TUM）的科学家们已经设计出具有光伏反应的分子网络的有序单层。这些发现为具有分子精密度的光电器件自下而上的制作开辟了奇妙的可能性。
当涉及到光吸收、激子或电荷分离及电子转移的复杂性高性能分子机器的自组装时，自然是无可匹敌的。分子纳米技术很早就梦想着模仿如此非凡的生物分子结构和重新布线它们以生产出廉价的电力。
现在，来自慕尼黑工业大学（TUM）、德国马普高分子研究所（德国美因茨）和斯特拉新堡大学（法国）的研究人员具有修改的染料分子，令它们能够作为自组装的分子网络的构建模块。
在石墨烯涂覆的金刚石基板上的原子级平坦的表面上，分子以一种类似于蛋白质和DNA纳米技术的方式自组装成目标结构。唯一的驱动力来自于通过氢键设计的分子互动。正如预期的那样，分子网络在暴露于光下时产生了光电流。

从艺术到应用
“很长一段时间内，设计的自组装分子结构被看作是附庸风雅的，”该研究的主要作者弗里德里希·埃施博士称。“通过这个刊物，我们首次提出了有关该技术的严肃的实际实施。”
“在常规的有机光伏中，分子顺序的改善仍然是一个挑战。相比之下，纳米技术工具箱为我们提供了构成组件的原子严谨布局的先验的可能性，”共同监督这项研究的博士卡洛斯-安德烈斯帕尔马称。“该组件完整的物理化学控制的可能性为我们提供了功能优化的额外的设定螺钉。”
科学家们目前希望扩展该设备配置并且认证在标准条件下的光伏响应。“在像石墨烯的二维电极堆之间嵌入自组装燃料，开辟了易于规模化高效光伏单层元素的可能性，”帕尔马博士声称“这将令我们的工图涉及太阳能电池技术。”
表面化学和物理的完美搭配
科学家们使用terrylene-二酰亚胺分子作为光敏染料。该网络会在细长的terrylene分子与三价蜜胺连接时形成。通过为terrylene-二酰亚胺选择适当的侧基，研究报告的作者确定了能够形成哪些架构。
“这项工作是物资寻求主动与催化研究中心的机构合作的跨学科合作的一个良好的例子：化学和物理的绝配，”TUM催化研究中心的主管乌尔里·亨氏教授称。
资料来源：德国慕尼黑理工大学
Ruby Red Improves in Microwave Oven
Researchers from India's CSIR - Institute of Minerals and Materials Technology (IMMT) have tested a new way to improve the colour, clarity and lustre of rubies: microwaves. The study, conducted by Subhashree Swain, is published in Springer's journal Applied Physics A.
Rubies are among the world's most popular precious gemstones, and are also used in high power switches and sensors. Most natural rubies are not uniform in color, and sometimes blue patches can be seen in the red stone. This decreases the value of a stone.
Heat treatments count among the first methods to have been used to improve the colour saturation, clarity and trading value of gemstones. Treatments such as high energy, lasers, applying different chemicals or surface coatings and particle or electron beam irradiation are some of the other methods that have been used on rubies so far. The research team at IMMT is the first to add microwave heating to the possible methods of treating red gemstones. This technique has already been successfully used for materials such as ceramics, metals and composites.
They tested the technique on natural rubies collected from Sinapali in Odisha. These hexagonal prisms varied in size between 5 mm and 11 mm. The gemstones were placed in a basic 3 MW microwave furnace, and treated at 1500 degrees Celsius. The team then used various techniques to investigate and compare the microwaved ruby samples with untreated ones. These include X-ray diffraction, ultraviolet-visible spectroscopy, fluorescence spectrophotometry, Raman spectroscopy, and X-ray photoelectron spectroscopy.
It was found that the microwave treatment led to visible changes in the gemstones' colour and structure. In particular, the rubies changed colour from reddish black to light pink. The researchers believe this subtle change in the stones' surface colour and the increase in clarity may be caused by changes in the included chromium, iron and titanium elements. Fewer defects, irregularities and impurities in the stones were also noted, among others because of changes in their atom layout and crystal structure.
"Microwave heating, an unconventional method of fast thermal excitation, produces new results in gemstone like ruby," said Swain. "The study provides a new vista for future workers in the area."
She adds that the use of microwave heating has many advantages for the gemstone industry. It is a quicker technique than conventional heating, and ensures uniform heating, which in turn can aid rapid product development. It is also an energy-saving and eco-friendly process.
微波炉改善红宝石
来自印度科学与工业研究中心（CSIR）- 矿物和材料技术研究所（IMMT）的研究人员已经测试了一种提高红宝石颜色、净度和光泽的新方法：微波。这项研究由Subhashree Swain开展，发表在Springer的应用物理A期刊上。

红宝石是世界上最流行的宝石之一，也应用于高功率开关和传感器。最天然的红宝石色泽不均匀，有时在红色宝石里边可以看到蓝块。这就会降低宝石的价值。

热处理算是为提高宝石色彩饱和度、清晰度和交易价值所使用的第一个方法。其它处理如高能量、激光、施加不同的化学物质或表面涂层和粒子或电子束照射是迄今为止在红宝石上使用的其他方法。矿物和材料技术研究所（IMMT）的研究小组是第一个将微波加热纳入红宝石处理的可能方法中的人。该技术已经被成功地用于如陶瓷、金属和复合物的材料。

他们在从奥里萨邦Sinapali收集的天然红宝石上测试了该技术。这些六角棱镜的尺寸在5 mm和11毫米之间。宝石置于一个基本的3兆瓦微波炉中，在摄氏1500度处理。然后，该团队使用了各种技术来研究和比较了微波红宝石样品与未经处理的样品。比较包括X-射线衍射、紫外可见分光法、荧光分光光度法、拉曼光谱和X射线光电子能谱。

比较发现，微波处理导致宝石颜色和结构产生了可见的变化。尤其是红宝石的颜色发生了从红黑到浅粉色的变化。研究人员认为，石头表面色彩和清晰度提高这一微妙的变化可能是由包括铬、铁和钛元素的变化引起的。宝石更少的缺陷、不规则和杂质在其中也被指出，因为他们的原子布局和晶体结构发生了变化。

“微波加热，快速热激发的一种非常规的方法，在像红宝石这样的宝石中产生新的成果，”斯温说。“这项研究为该区域未来的工人提供了一种新境界。”

她补充说，使用微波加热对宝石业有许多优势。相比传统加热来说，该技术更快，并确保均匀的加热，这反过来又可以有助于产品的快速发展。它也是一种节能和环保的过程。
Nanoparticles on Nanostep
Platinum is one of the costly metals used as catalysts in new technologies employed for industrial chemical processes, renewable energy sources, pollution control and many other purposes. In particular, it is used for fuel cells, devices that turn chemical energy directly into electrical energy, without combustion. Research has shown that the greatest efficiency is achieved when the catalyst is available in the form of nanoparticles (smaller than 10-9 m). Simply put, the greater the dispersion of the material and the smaller the size of the particles, the more is it available for catalysis. Unfortunately, the laws of thermodynamics cause the particles to "stick" to one another and form larger clusters, which is why the material becomes less effective over time. So what can be done to maintain maximal dispersion of the "nanopowder"?

A group of SISSA/CNR IOM scientists (with the collaboration of the Univerzita Karlova in Prague) has studied a way to produce tiny platinum grains consisting of one atom only and to keep them dispersed in a stable manner, by exploiting the properties of the substrate on which they rest.
"Theoretical work demonstrated that irregularities in the surface known as steps and observed in experiments conducted at the Trieste Synchrotron tend to attract and separate the nanoparticles, causing them to remain literally attached in the form of single atoms", explains Stefano Fabris, CNR-IOM/SISSA research fellow.
"The particles adhering to the steps were no longer visible even using an atomic resolution microscope" explains Nguyen-Dung Tran, a SISSA PhD student. "However, their presence was detected by spectroscopy, so they were indeed there, but they were no longer visible or free to move around". "Our computer simulations solved this dilemma, showing that the particles on the steps are reduced to single atoms" adds Matteo Farnesi Camellone (CNR-IOM), another author of the study.
"If the surface is engineered to contain a large number of these defects, then the force that binds the particles to the substrate effectively offsets the aggregation force", explains Fabris. The theoretical work, led by Fabris, allowed the researchers to develop a "system model" on the computer able predict the behaviour of the material. The model's predictions were confirmed by the experimental measurements. Materials like this can be used for fuel cell electrodes, with far lower costs than the current ones.
"Reducing the amount of platinum used in fuel cell electrodes is a priority, not only to contain costs but also to ensure environmental sustainability, as also indicated by the recent European directives" concludes Fabris. The European project ChipCAT, which funded this research, aims precisely to achieve this goal.
Source: SISSA
纳米平台上的纳米粒子

铂金是用作工业化学过程、可再生能源、污染控制和许多其他用途新技术作为催化剂使用的昂贵金属之一。尤其是，它是用于燃料电池，将化学能源直接转化为电能的设备，不用燃烧。研究表明，当催化剂呈现为纳米颗粒形式（小于10-9m）时，可实现最大效率。简单地说，该材料分散性越大、颗粒的尺寸越小，就越可用于催化。不幸的是，热力学定律使颗粒彼此“粘”到一起并形成更大聚类，这就是为什么该材料随时间变化有消息降低。那么，为保持“纳米粉体”的最大色散需要怎么做？

A组SISSA / CNR IOM科学家（与布拉格Univerzita Karlova合作）研究了一种方法来产生微小的铂金粒，这些铂金粒只包括一种原子并将它们保持在分散的稳定状态，通过利用基材静态时的特性实现。

“理论工作证明，雅斯特同步加速器进行的实验中已知的步骤和观察的表面的不规则趋向于吸引和分离纳米颗粒，是它们保持精确的附着的单个原子形式“，CNR-IOM / SISSA研究员Stefano Fabris解释说。

“秉承步骤的颗粒甚至用原子显微镜的分辨率也不再可见” SISSA博士生Nguyen-Dung Tran解释说。 “不过，他们的存在由光谱检测出来，所以他们确实在那，但他们不再可见或自由流动。” “我们的计算机模拟解决了这个难题，显示出了步骤中的粒子减少到单个原子水平”补充说：”研究中的另一位作者Matteo Farnesi Camellone（CNR-IOM）补充说。

“如果表面设计包含大量的这些缺陷，然后结合粒子在基板上的力有效地抵消了聚集力”，法布里斯解释。该理论工作，由法布里斯领导，使研究人员在计算机上研发了一种“系统模型”，使其能够预测材料行为。该模型的预测是由实验测量证实。这样的材料可用于燃料电池用电极，成本比目前电池低得多。

“减少在燃料电池的电极用铂的量是当务之急，不仅要控制成本，也要确保环境的可持续性，正如最近的欧洲指令指出的那样”法布里斯总结说。欧洲项目ChipCAT，资助了这项研究，目的正是为了实现这一目标。

来源：SISSA
Researchers use 3D printing to make ultrafast graphene supercapacitor
Scientists at UC Santa Cruz and Lawrence Livermore National Laboratory (LLNL) have reported the first example of ultrafast 3D-printed graphene supercapacitor electrodes that outperform comparable electrodes made via traditional methods. Their results open the door to novel, unconstrained designs of highly efficient energy storage systems for smartphones, wearables, implantable devices, electric cars and wireless sensors.
Using a 3D-printing process called direct-ink writing and a graphene-oxide composite ink, the team was able to print micro-architected electrodes and build supercapacitors with excellent performance characteristics. The results were published online January 20 in the journal Nano Letters and will be featured on the cover of the March issue of the journal. 
"Supercapacitor devices using our 3D-printed graphene electrodes with thicknesses on the order of millimeters exhibit outstanding capacitance retention and power densities," said corresponding author Yat Li, associate professor of chemistry at UC Santa Cruz. "This performance greatly exceeds the performance of conventional devices with thick electrodes, and it equals or exceeds the performance of reported devices made with electrodes 10 to 100 times thinner."

LLNL engineer Cheng Zhu and UCSC graduate student Tianyu Liu are lead authors of the paper. "This breaks through the limitations of what 2D manufacturing can do," Zhu said. "We can fabricate a large range of 3D architectures. In a phone, for instance, you would only need to leave a small area for energy storage. The geometry can be very complex."
Supercapacitors also can charge incredibly fast, Zhu said, in theory requiring just a few minutes or seconds to reach full capacity. In the future, the researchers believe newly designed 3D-printed supercapacitors will be used to create unique electronics that are currently difficult or even impossible to make using other synthetic methods, including fully customized smartphones and paper-based or foldable devices, while at the same time achieving unprecedented levels of performance.
According to Li, several key breakthroughs made these novel devices possible, starting with the development of a printable graphene-based ink. Modification of the 3D printing scheme to be compatible with aerogel processing made it possible to maintain the important mechanical and electrical properties of single graphene sheets in the 3D-printed structures. Finally, the use of 3D printing to intelligently engineer periodic macropores into the graphene electrode significantly enhances mass transport, allowing the device to support much faster charge/discharge rates without degrading its capacity.
"This work provides an example of how 3D-printed materials such as graphene aerogels can significantly expand the design space for fabricating high-performance and fully integrable energy storage devices optimized for a broad range of applications," Li said.
The advantages of graphene-based inks include their ultrahigh surface area, lightweight properties, elasticity, and superior electrical conductivity. The graphene composite aerogel supercapacitors are also extremely stable, the researchers reported, capable of nearly fully retaining their energy capacity after 10,000 consecutive charging and discharging cycles.
"Graphene is a really incredible material because it is essentially a single atomic layer that can be created from graphite. Because of its structure and crystalline arrangement, it has really phenomenal capabilities," said LLNL materials engineer Eric Duoss.
Over the next year, the researchers intend to expand the technology by developing new 3D designs, using different inks, and improving the performance of existing materials.
Funding for the research came from LLNL's Laboratory Directed Research & Development (LDRD).
研究人员利用3D打印制作超快石墨烯超级电容器
加州大学圣克鲁斯分校和劳伦斯•利弗莫尔国家实验室（LLNL）的科学家报告说，第一例超快3D打印石墨烯超级电容器的电极性能可媲美传统方法制作的电极。他们的研究结果打开了创新、智能手机、可穿戴设备、植入设备、电动汽车和无线传感器高效储能系统的无约束的设计的大门。

使用3D打印过程被称为直接墨迹和石墨烯氧化物复合油墨，研究团队能够打印微架构的电极，建设具有性能优良特点的超级电容器。该研究结果1月20日发表在纳米快报在线期刊上，将在三月发表到该杂志封面。

“用我们的3D印刷石墨烯电极的超级电容器器件，厚度在毫米量级且具有出色的电容保留和功率密度，” 加州大学圣克鲁斯分校的化学副教授、通讯作者Yat Li说。“这样的表现大大超过具有厚电极的常规器件的性能，并且它等于或超过了报道中所说的电极厚度只是原来的十分之一或百分之一。”

LLNL工程师Zhu Cheng和加州大学圣克鲁兹分校的研究生Liu Tianyu是论文的主要作者。“这突破了2D制造能做的局限性，”Zhu说。“我们可以制造一个大范围的3D架构。在一个电话上，例如，你只需要留出一个小空间用于能量存储。几何形状可以非常复杂。

超级电容器也可以令人难以置信的速度快速充电，Zhu说，理论上只需要几分钟或几秒钟就可达到满负荷。在未来，研究人员相信新设计的三维印刷超级电容器将被用于创建独特的电容，且目前使用其它合成方法很难甚至不可能造出这种电容，其中包括完全定制智能手机和基于纸张或可折叠的装置，而同时又达到了前所未有的性能水平。

根据Li，几个关键的突破使这些新型器件成为可能，从基于石墨烯的可印刷油墨的开发开始。三维打印方案的修改计划兼容气凝胶处理使得有可能维持三维印刷结构单石墨烯片的重要机械和电气性能。最后，使用智能工程周期孔隙的3D打印到石墨烯电极后，显著提高了传输质量，使该器件支持更快的充电/放电速率，且不会降低其容量。

“这项工作提供了一个案例，即如石墨烯气凝胶这样的3D打印材料如何可以为广泛的应用显著扩大制造高性能和完全可积的能量储存装置？”Li说。

基于石墨烯的墨水的优点，包括其超高表面积、轻量性、弹性、以及优异的电导率。石墨烯复合气凝胶超级电容器也非常稳定，研究人员报告，能够在10000次连续充电和放电周期后几乎完全保留他们的能量容量。

“石墨烯是一种非常令人匪夷所思的材料，因为它本质上是可以从石墨创建的单原子层。由于它的结构和结晶安排，它具有惊人的真正能力，” LLNL材料工程师Eric Duoss说。

在接下来的一年中，研究人员打算通过开发新的3D设计，采用不同的油墨，并改进现有材料的性能，来扩大技术。

研究资金来自LLNL实验室指导研究与发展（LDRD）。

Organic & Polymer（有机高分子材料）
Carbononics – a new special issue in pss RRL
Rapid Research Letters has published a new special issue devoted to Carbononics, an emerging area of research enabled by graphene. The focus issue consists mainly of Reviews@RRL invited by guest editors Pawel Hawrylak (University of Ottawa, Canada), Francois Peeters (University of Antwerp, Belgium) and Klaus Ensslin (ETH Zürich, Switzerland).

Why should we be interested in carbononics? While current semiconductor technology is extremely successful it has disadvantages in terms of growing power dissipation, use of rare elements in limited supply and classical principles of operation. The potential of quantum applications for carbon-based devices is some of the motivating factors in search for alternative technologies.
Carbononics is about creating artificial materials with carbon atoms. Starting with 2D graphene, one can now attempt to engineer a new class of materials, such as graphene quantum dots, by controlling lateral size, shape, edge, sublattice symmetry, strain, number of layers and carrier density. Research on graphene quantum dots is at an early stage, from top-down etched quantum dots with millions of atoms to colloidal quantum dots with hundreds of atoms.
This special issue covers the current status of research on graphene quantum dots, starting with their electronic properties, spintronics implemented through sublattice engineering and optical properties of graphene nanodevices. The goal is to summarize what is currently known about electronic properties of graphene quantum dots, what is needed to make further progress, how one can realize different functionalities and stimulate research toward their integration. The ultimate goal would be the realization of a graphene based quantum circuit.
石墨烯量子点——PSS RRL期刊上的新特刊

研究快报上发表了一篇专门针对石墨烯量子点—由石墨烯带来的新兴研究领域—的新的特殊专题。焦点问题主要包括特邀编辑Pawel Hawrylak（加拿大渥太华大学）、Francois Peeters（比利时安特卫普大学）以及Klaus Ensslin（瑞士苏黎世联邦理工大学）邀请的RRL研究快报的综述。

我们为什么应该关注石墨烯量子点呢？尽管目前的半导体技术已经非常成功了，但是它在几个方面是有不足的：越来越多的功耗、使用限量供应的稀有元素以及传统的操作法则。量子在基于碳的设备上的潜在应用是寻找替代技术的一些激励性因素。

石墨烯量子点是有关用碳原子生成人造材料。从二维石墨烯开始，人们现在可以尝试设计一类新的材料，比如石墨烯量子点，通过控制侧面的尺寸、形状、边缘、亚晶格对称性、张力以及层的数量和载流子密度。有关石墨烯量子点的研究还处于早期阶段，从自上而下的带有数百位原子数的蚀刻量子点到带有数百个原子的胶体量子点。

这个特殊的问题涉及目前有关石墨烯量子点的研究现状，从它们的电子特性、实施的自旋电子学到亚晶格工程和石墨烯纳米器件的光学性质。我们的目标，就是总结一下目前对于石墨烯量子点已经知道哪些内容，哪些需要作进一步发展，人们如何可以实现不同的功能并激励研究朝功能一体化方向发展。最终目标是实现基于石墨烯量子的电路。
Turning 3D Grain Maps into a Finite Element Mesh

Modern beamlines at synchrotron facilities allow the observation of structural materials’ three dimensions (3D). By adding diffraction information, it is possible to retrieve the 3D spatial arrangement of the crystallographic grains composing polycrystalline metallic specimens. Dedicated meshing routines are developed to use the real 3D grain microstructure for finite element calculations. This is particularly important in many industrial problems involving plasticity of metals where the local anisotropy of the material resulting from its grain microstructure has to be accounted for.

Researchers from Evry (France), Koege (Denmark), Lyon (France) and Grenoble (France) describe a methodology for coupling diffraction contrast tomography and the finite element method. Finite element simulations are carried out using experimental microstructures to predict their deformation behavior. Two examples using 3D experimental grain maps are presented. The first one deals with a pure titanium sample with about 1400 grains. The finite element calculation using elastic anisotropy and accurate boundary conditions allows the correct capturing of the grain to grain elastic strain variations. In the second example, a significantly larger zone of a polycrystalline Al-Li sample is meshed and computed using elastoplastic finite strain calculations.
Crystal plasticity allows the capture of the mean lattice reorientations and intra-grain lattice orientation as a function of macroscopic deformation. This could be compared to experimental measurements for several grains in the future, paricularly with near-field topo-tomography experiments, to observe in situ and simulate the early stage of plastic deformation in bulk grains of a metallic specimen.

In summary, turning experimental 3D microstructures into input for finite element calculations is a promising way to complement the rising 3D techniques related to polycrystalline materials. It may provide complete mesoscale information to study the deformation and fracture of structural materials in the near future.
将三维纹理映射转换成有限元网格

现代同步加速器设施中的光束使得我们能够观察到结构材料的三维（3D）。通过加入衍射信息，就可以检索构成多晶金属试样的晶体颗粒的三维空间排列。人们开发出专用的网格程序来对有限的元计算使用真正的三维晶粒微观组织。这在许多涉及金属塑性的工业问题中尤为重要，在那里由金属的晶粒微观组织带来的局部各向异性必须得到解释。

来自埃夫里（法国）、Koege（丹麦）、里昂（法国）和格勒诺布尔（法国）的研究人员为耦合衍射对比断层扫描和有限元方法描述了一种方法论。研究人员使用实验性的微观结构实施有限元仿真来预测其变形行为，呈现了两个使用三维实验纹理映射的案例。第一个用大约1400个微粒处理了一个纯钛样品。使用弹性各向异性和准确边界条件的有限元计算使得能够正确捕捉到微粒以及微粒弹性应变的变化。在第二个例子中，使用弹塑性有限应变计算编制和计算了一个明显加大的多晶铝锂样品的区域。

水晶的可塑性使得能够捕捉到平均的晶格再定位以及作为宏观变形功能的微粒内部的晶格取向。在未来，这可以与对几种微粒的实验测量相比较，尤其是跟近场的TOPO-层析实验进行比较，以在原位观察，并模拟在金属试样的散装谷物的早期塑料变形阶段。

总之，将实验三维微结构转化为有限元计算的输入是补充与多晶材料相关的不断提高的三维技术的一种很有前景的方法。在不久的将来，它可以提供完整的中尺度信息来研究结构材料的变现与断裂。
A Unified View of Dynamic Interfaces

Over the last several decades, the continuous drive for improved material properties has led, across many applications, to the use of polymeric materials possessing nanoscale structure.
This convergent evolution of advanced materials development began in the early twentieth century with the introduction of carbon black nanoparticles to tire rubber. It has played a central role in the fabrication of ever-smaller transistors in the quest for continued Moore’s law improvements in computing speed. It lies at the cutting edge of new polymers for use in water purification and next-generation batteries. It has even made possible the extraordinary strength of the modern golf ball.
From a physics standpoint, these materials share one thing in common – much like the folded steel used to make ancient Samurai swords, their properties are dominated by interfaces.

These effects can be problematic, as in the collapse of polymeric nanoridges due to interface-driven softening. In other cases, they can be critical to materials performance.
This appears to be the case in filled tire rubber and structural ionomers used in golf balls and dental composites, where suppressions in molecular mobility around nanoparticles and ionic nanodomains, respectively, are believed to provide an important mechanical reinforcement effect. The impacts of these effects are numerous, for example playing roles in determining the properties of semicrystalline polymers and the permeability of membranes for water and air purification.
Despite these critical and diverse impacts, the mechanisms driving alterations in the properties of polymers in nanostructures and near interfaces have remained poorly understood.

What controls the magnitude and direction of shifts in the glass transition temperature of nanostructured materials?

Why is the apparent range of these effects – up to 100 nm – so much longer than the typical range of thermodynamic interfacial gradients?

Do near-interface alterations in dynamics have a universal origin, or do they obey different physics in systems as diverse as semicrystalline polymer, nanocomposites, thin films, and ionomers?

Researchers from the University of Akron provide an early picture of a unified understanding of these effects that has begun to emerge in recent years. The new understanding recasts interface effects in many classes of nanostructured materials that were previously viewed as distinct – thin films, filled rubbers, nanocomposites, block copolymers, nanolayered polymers, and ionomers – as instead representing specific instances of a more general physics of dynamic interphases in polymers and other glass-forming materials.
This view suggests that within all of these systems, the glass transition temperature and associated segmental relaxation time immediately adjacent to an interface shifts with a direct and magnitude that is controlled by the work of adhesion of the interface and the mismatch in high frequency moduli across the interface.
The distance over which these alterations propagate into the material is then controlled by the scale of cooperative segmental rearrangements, proposed by the theory of Adam and Gibbs to underlie dynamics in glass-forming liquids.

Finally, this framework highlights unique metrological challenges arising in nanostructured materials, where averaged quantities can reflect a nontrivial and metrology-dependent weighting over local gradients in structural and dynamics.
动态接口统一的视图

在过去的几十年里,改良的材料属性的不断推进引导了拥有纳米结构的高分子材料在许多领域中的使用。

这一先进材料发展的趋同进化始于二十世纪初随着炭黑纳米粒子引入到轮胎橡胶中。它发挥了核心作用在更小的晶体管的制造中，为在计算速度中继续摩尔定律提高。它应用于用于水净化和下一代电池的最前沿的新聚合物。它甚至可以将具有非凡力量的现代高尔夫球变为可能。

从物理学的角度来看,这些材料都有一个共同点——就像折叠钢用于制造古老的武士刀,其属性是由接口决定的。

这些影响可以有问题,如由于界面驱动软化造成的聚合的纳米脊的奔溃。在其他情况下,他们对材料性能至关重要。

这似乎是在轮胎橡胶和用于高尔夫球和牙科用复合材料的结构离子交联聚合物，纳米粒子和离子纳米畴的分子流动性的抑制,分别被认为提供一个重要的机械加固效果。这些效应的影响有很多,例如在决定半结晶聚合物的性质和水和空气净化膜的渗水性时产生作用。

尽管这些关键和多样化的影响,推动纳米结构聚合物的性质改变的机制在和界面附近仍知之甚少。

什么控制纳米结构材料的玻璃化转变温度的变化的大小和方向?

为什么这些影响的明显的范围- 高达100 nm-比热力学界面梯度的典型范围要长?

动力学的近介面变化有普遍的起源,吗？还是他们服从与半结晶聚合物、纳米复合材料、薄膜,和离聚物同样多样的不同的物理系统?

阿克伦大学的研究人员提供一个统一的理解这些近年开始的影响一个早期的照片。新的理解彻底改变了界面的作用在许多种类的纳米结构材料中,这些材料以前被视为不同的-薄膜,填充橡胶,纳米复合材料,嵌段共聚物,纳米层聚合物,和离聚物,-而不是代表聚合物和其他玻璃形成材料的动态交界的一个更通常的物理学的特别材料。

这种观点表明,在所有这些系统,玻璃化转变温度和相关节段弛豫时间立即毗邻一个接口迁移，该接口迁移的方向和大小是由粘附的工作界面和整个界面的高频模的错配控制的。

这个距离然后由合作节段重组的规模控制,变化通过这个距离传送到材料，由为玻璃形成液体的动力学提供基础的亚当和吉布斯的理论提出。

最后,这个框架凸显出独特的度量衡学的挑战，挑战出现在纳米结构材料中，这之中平均数量可以反映出结构和动力学的当地梯度的非平凡和依赖度量的加权。
Inkjet Printed Polyimide Films for Capacitors

Fan Zhang, Christopher Tuck, Richard Hague, Yinfeng He, Ehab Saleh, You Li, Craig Sturgess and Ricky Wildman present the first continuous fabrication of inkjet-printed polyimide films in the Journal of Applied Polymer Science. The films were then used as insulating layers in capacitors.

Polyimide films are traditionally fabricated by lithography, requiring the use of photoresist that makes fabrication a slow, costly process. Inkjet printing of films avoids some of the difficulties encountered with lithography. Zhang and co-workers printed room temperature poly(amic acid) on to a 160°C substrate to initialize a rapid thermal imidization, which formed the polyimide layer. A 1 wt% solution of poly(amic acid) in N-methylpyrrolidone was found to form the most stable droplets without damaging the print head. Each droplet affixed to the substrate within 16 milliseconds, while it took 1,400 milliseconds for the solvent to fully evaporate.

Smaller droplets could be formed by either decreasing the droplet velocity or increasing the substrate temperature. At higher velocities, the droplets impacted the substrate more strongly, leading the ink to spread across a larger area. Droplet spacing is also an important factor in optimizing the quality of printed lines or films. Closely spaced droplets formed thick lines due to overlapping droplets spreading over the substrate. Alternatively, droplets spaced far apart caused the line to be discontinuous.

Films were formed by rastering the printing head across the substrate. The “coffee ring effect” caused periodic ridges and crater-like formations in the films. The ridges were minimized by having the lines overlap by 30%.

Zhang and co-workers then printed polyimide films between two conducting layers to fabricate capacitors. The polyimide films were optimized by adjusting the substrate temperature, droplet spacing, droplet velocity and other printing parameters. Capacitors that were 10 mm × 10 mm in size with polyimide layers of less than 1 μm had high capacitance values of 2.82 ± 0.64 nF. This work shows that inkjet printing provides a versatile and efficient method for fabricating microelectronic devices.
喷墨印刷的可用于电容器的聚酰亚胺薄膜

    张帆、克里斯托弗•塔克、理查德•海牙、何迎丰、埃哈卜•萨利赫、李尤、克雷格•斯特吉斯以及瑞奇•怀尔德曼在《应用聚合物科学》杂志上呈现了第一个喷墨印刷式聚酰亚胺薄膜的连续制造。该薄膜之后被作用电容器的绝缘层。

    聚酰亚胺薄膜传统上是由光刻制造的，这一工艺需要使用光致抗蚀剂，而这令这一制造成为了一个缓慢、昂贵的工艺。薄膜的喷墨印刷避免了光刻所遇到的一些困难。张及其同事将室温聚（酰胺酸）印刷在一个160℃的衬底上以初始化快速热酰亚胺化，从而形成聚酰亚胺层。N-甲基吡咯烷酮中1 wt%的溶液（酰胺酸）据发现能够在不损坏打印头的情况下形成最稳定的微滴。每个液滴将在16毫秒内附着到衬底上，同时其将用1400毫秒来令该溶剂完全蒸发。

    较小的液滴可以通过减小液滴速度或是增加衬底温度来形成。在更高的速度下，液滴会更加强烈地影响基板，导致油墨在较大面积范围内蔓延。液滴的间距也是优化打印的线或薄膜的质量的一个重要因素。密集的液滴由于重叠液滴分散在衬底上而形成粗线。另外，液滴间隔相距太远会造成线是不连续的。

    薄膜是通过横跨基底的光栅打印头形成的。“咖啡环效应”在薄膜内引起了周期性的山脊和火山口状的结构。该山脊可以通过令线达到30%的重叠而得到最小化。

    张及其同事之后在两个导电层之间打印了聚酰亚胺薄膜以制造电容器。聚酰亚胺薄膜是通过调整衬底的温度、液滴间距、液滴速度及其他印刷参数来进行优化的。尺寸达到10毫米×10毫米大小并且具有不到1微米的聚酰亚胺层的电容器具有2.82±0.64 nF的高电容值。这项研究表明，喷墨打印为制造微电子器件提供了一个通用且有效的方法。
Unusual Emitting Nanocomposites
Organic-inorganic nanocomposites offer great opportunities for the development of new functional materials for applications in extremely diverse fields. During the past decades, considerable research has been undertaken to produce tailor-made multifunctional nanocomposites with perfect control over composition, structure and shape. Researchers from Shenzhen University and Nanyang Technological University

Researchers from Shenzhen University and Nanyang Technological University have recently used blue-light emitting quantum dots (QDs) and stilbene units to construct nanocomposites in both solution and solid state films.
The fluorescent properties of the nanocomposites can be conveniently manipulated in the different phases. In solution, white-light fluorescence is achieved. The generation of white-light emission in the nanocomposite solution is obtained through the direct mixture of blue and orange light emission. Whereas in blended films, white-light emission cannot be generated, no matter what donor/acceptor volume ratios are used. However, the nanocomposites present near-unity efficiency of Förster resonance energy transfer from QDs to chromophores, giving rise to strongly enhanced green fluorescence.

While the white-light emitting QDs/stilbene nanocomposites have bright prospect as fluorescence sensors for biological systems, efficient energy transfer in solid film has potentials application in light-harvesting.
不寻常的发光纳米复合材料

    有机-无机纳米复合材料在极其多样的领域应用中为新型功能材料的开发提供了巨大的机遇。在过去的几十年中，已经进行了大量的研究以生产量身定制的具有对组成、结构和形状进行完美控制的多功能纳米复合材料。研究人员来自深圳大学和南洋理工大学。

    深圳大学和南洋理工大学的研究人员最近使用蓝色发光量子点（QD）和芪单元在溶液及固态薄膜内创建了纳米复合材料。

    该纳米复合材料的荧光特性能够在不同阶段中得到轻易操纵。在溶液中会实现白色荧光。在纳米复合材料溶液中白光发射的产生是通过蓝色和橙色光发射的直接混合获得的。而在共混薄膜中，白光发射不能产生，无论是用了何种供体/受体体积比。但是，纳米复合材料呈现出了从QD到发色团的荧光共振能量转移的近团结效率，从而产生了强烈了增强型绿色荧光。

    虽然白光发射QD/芪纳米复合材料作为生物系统的荧光传感器具有光明的前景，但是固体薄膜有效的能量转移在捕光方面也具有潜在的应用。
Nitrogen Doping of Carbon Nanotube Nanocomposites

As the electronics industry aims to obtain superior performance, the number of components within printed circuit boards (PCBs) is increasing. Accordingly, embedding PCB components, such as capacitors, is suggested as a viable solution to generate advanced PCBs with high integrity. This technology can revolutionize the electronics industry because of advantages such as enhanced PCB integrity, reduction of discrete capacitors, shorter electrical path, electromagnetic interference reduction, enhanced CPU speed, lower operation voltage, lower cost, and potential for miniaturization.
Conductive filler/polymer nanocomposites (CPNs) are being considered as potential constituting materials for embedded capacitors due to their lightweight, low cost, easy processability, good adhesion strength, and tunable dielectric properties. Tunable dielectric properties in CPNs arise from the formation of an enormous number of nanocapacitor structures within the polymer matrix, with conductive nanofillers acting as nanoelectrodes and polymer matrix acting as nanodielectric. In addition to nanocapacitor structures, charge polarization within conductive nanofillers can also contribute to charge storage capacity of CPNs, particularly at high frequencies.

Among various conductive nanofillers used in CPNs, Carbon nanotubes (CNTs) are seen as revolutionary conductive nanofillers for charge storage applications, due to their large surface area and excellent electrical, thermal, and mechanical properties. Researchers from the University of Calgary in Canada and Washington State University Tri-Cities in the US manipulated the structure of CNTs by introducing nitrogen between carbon atoms in CNTs, and succeeded in improving the charge storage capacity of CNT/polymer nanocomposites.
The images shows how the structure of CNTs can be used to store electrical energy. Undoped CNTs (top image) exhibit an internal open channel with an ordered crystalline structure. However, Nitrogen-doped CNTs (bottom image) present a bamboo-like structure having closed caps, with a cap-to-cap distance of ~20-25 nm in each compartment. It can be seen in the image that nitrogen atoms and their sequence defects in the crystalline structure of CNTs play the role of polarization centers, improving the charge storage capacity of CNT/polymer nanocomposites.
碳纳米管纳米复合材料的氮掺杂

    随着电子产业的目的转变为获得优异的性能，印刷电路板（PCB）内的元件的数量也有所增加。因此，嵌入式的PCB组件，例如电容器，被作为一种产生具有高完整性的先进PCB的可靠解决方案。这种技术能够彻底改变电子工业，因为其具有一些优点，例如增强型的PCB完整性、离散电容器的减少、较短的电通路、减少的电磁干扰、增强的CPU速度、较低的操作电压、较低的成本以及潜在小型化的能力。

    导电填料/聚合物纳米复合材料（CPN）被认为是嵌入式电容器的潜在的构成材料，因为它们重量轻、成本低、易于加工，并且具有良好的粘合强度以及可调谐介电性能。CPN中调谐介电特性来自于聚合物基质中大量的纳米电容器的形成，其中导电纳米填料作为纳电极，而聚合物基质作为纳米介电。除了纳米电容器结构，导电纳米填料内的电荷极化也有助于CPN的电荷存储容量，特别是在高频率的情况下。

    在CPN使用的各种导电纳米填料中，碳纳米管（CNT）被视为电荷存储应用中革命性的导电纳米填料，因为它们具有较大的表面积并且具有优异的电、热和机械性能。来自加拿大卡尔加里大学和美国三城市华盛顿州立大学的研究人员通过在CNT的碳原子之间引入氮来操作碳纳米管的结构，并且成功地改善了CNT/聚合物纳米复合材料的电荷存储容量。

    图像显示出CNT的结构是如何被用于存储电能的。未掺杂的CNT显示出具有有序晶体结构的内部开放的通道。然而，掺杂氮的碳纳米管呈现出具有闭合帽的竹子状结构，每个隔室中帽到帽的距离达到20~25纳米。在图中可以看出，氮原子和它们在CNT结晶结构中的顺序缺陷发挥着偏振中心的作用，提高了碳纳米管/聚合物纳米复合材料的电荷存储容量。
Dendrimers – Time to Meet the Expectations
Dendrimers are a special class of polymers with a well-defined branched architecture. The uniqueness of dendrimers comes from the possibility to introduce multiple functionalities at specific sites of the dendritic backbone. Multifunctionality has opened the door for the utilization of the dendrimers in a plethora of applications, such as light-harvesting devices, sensors, catalytic systems, protein mimics, and nanomedicine.

The body of knowledge gathered in the past 35 years about dendrimer chemistry indicates that the unique dendrimer architecture is a valuable tool for the study of electron-transfer processes that have a direct impact in understanding crucial biological processes and in developing new biomimetic systems. Therefore, opportunities remain for the development of dendrimer-based artificial enzymes, sophisticated catalysts, and biosensors.

In the nanomedicine field, multifunctional dendrimers have emerged as competitive candidates for applications in drug delivery, gene delivery, bactericides, MRI contrast agents, fluorescent imaging agents, radiotherapy, photodynamic therapy, and neutron capture therapy.

Thousands of research articles forecasted the exciting applications of dendrimers in nanomedicine; however, the number of dendrimer-based formulations that advance to clinical studies has been somewhat deceiving. Prospect of dendrimers’ use in nanomedicine applications are directly related to their multifunctional well-defined structure. However, most multifunctional dendrimers have been synthesized using a random statistical approach leading to complex mixtures of products that are unlikely to pass regulatory revision. Since dendrimers have been considered “perfect” macromolecules, transforming them in chaotic mixtures before utilizing them in nanomedicine applications contradicts the initial purpose of building such sophisticated macromolecules.

Catia Ornelas recently compiled a brief timelapse on dendrimer chemistry, highlighting the major advances in the field, and provides a critical discussion about the limitations and expectations on dendrimers.

The future of dendrimers’ application to nanomedicine depends on batch-to-batch reproducibility of the final materials’ properties. Therefore, to advance with dendrimer-based materials into clinical trials it is crucial to develop well-defined multifunctional dendrimers with a controlled number and location of drugs, targeting groups, imaging agents, solubilizing agents and/or other relevant motifs. Recent developments on synthetic tools are defying the outdated perception that dendrimers’ synthesis is complex, slow, tedious and cost-prohibitive. Indeed, the very low amount of dendrimers to be used in therapeutic applications will most likely dilute their cost, making their cost/benefit relationship promising for further product development.
The next steps in the dendrimer field will be very challenging and exciting, because it is time to meet the high expectations that were placed on dendrimers.
树枝状聚合物——是时候达到预期了
    树枝状聚合物是一类特殊的具有良好定义的支链结构的聚合物。树枝状聚合物的独特性来自于在树突状骨干的特定位置上引入多种功能的可能性。多功能性已经为树枝状聚合物在多种应用中的使用打开了大门，例如光收集装置、传感器、催化系统、蛋白模拟物以及纳米医学。
    在过去35年有关树状化学聚集的知识主体表明，独特的树状聚合物结构对于电子转移过程的研究是一个宝贵的工具，其对了解至关重要的生物过程以及开发新的仿生系统具有直接影响。因此，以树枝状聚合物为基础的人工酶、复杂催化剂以及生物传感器的开发仍然具有机会。
    在纳米领域，多功能树枝状聚合物已经成为了药物递送、基因递送、杀菌剂、MRI造影剂、荧光显像像、放射疗法、光动力疗法和中子俘获疗法等应用中具有竞争力的候选产品。
    数以千计的研究文章预测了树枝状聚合物在纳米医学中令人兴奋的应用；但是，前进到临床的以树枝状聚合物为基础的大量配制剂一直在进行着一些欺骗。在纳米医学应用中树枝状聚合物的使用前景直接关系到它们多功能的定义良好的结构。然而，大多数多功能树枝状聚合物一直以来是利用随机统计方法合成的，从而产生复杂的不太可能通过调整修正的产品混合物。由于树枝状聚合物已经被认为是“完美”的大分子物质，在纳米医学中使用它们之前将它们在混乱的混合物中进行转化与建立这种复杂的大分子的最初目的相矛盾。
    卡蒂娅·奥尼拉斯最近有关树枝状聚合物化学的短暂的时间推移，突出了该领域的重大进展，并且提供了有关树枝状聚合物的限制和期望的重要讨论。
    树枝状聚合物未来在纳米医学中的应用取决于最终材料的属性每批的再现。因此，为了将以树枝状聚合物为基础的材料推进到临床试验中，开发定义良好的具有受控数量和定位的药物、目标群组、显像剂、增溶剂和/或其他相关基序的多功能树枝状聚合物。合成工具的最新发展藐视了过时的看法，即树枝状聚合物的合成过程非常复杂、缓慢、乏味且成本高昂。的确，在治疗性应用中低量树枝状聚合物的使用最有可能冲淡它们的成本，令它们的成本/效益关系有潜力进行未来的产品开发。
    树枝状聚合物领域的下一步将会非常具有挑战性并且会令人兴奋，因为现在是时候实现对树枝状聚合物的较高预期了。
Autonomous control with pH-responsive materials

Selected as one of the most important publications of the past year and now presented for a second time in The Best of Macromolecular Journals Edition 2016, the feature article of P. Besenius and H. Frisch reviews recent strategies of designing pH-responsive materials.

Self-assembled materials present structures with well-defined order and unique functionality. The autonomous organization of these materials dictates  a strong dependence on the surrounding environment: a broad range of chemical, physical and biological stimuli can directly impact on the response of these materials. In living cells and tissues, pH values are meticulously regulated, but can be altered in cases where, e.g., inflammation or tumorous sites are present. The pH value of aqueous solutions is therefore an important consideration regarding stimuli for biomedical applications.

The authors focus on important developments concerning pH-regulation in supramolecular functional materials in water. The self-assembly of building blocks into pH-responsive materials is discussed, alongside assemblies developed from small molecules and surfactants, building blocks derived from biological macromolecules, and the controlled self-assembly of oligopeptides. Details of reversible triggered transitions and varied embedded functionalities are provided. With applications such as cargo delivery and sensing, pH-regulated self-assembled materials are an emerging class of precise, controllable agents for molecular imaging and therapeutics.  The feature article is published in Macromolecular Rapid Communications.

The Best of Macromolecular Journals Edition 2016 is a special reprint issue highlighting the most impressive contributions from over one thousand articles published across the Macromolecular Journals family in 2015. All of these articles are free to access for one year.
具有pH-响应材料的自主控制
    在去年被评选为最重要的出版物之一并且现在在最好的大分子期刊杂志2016版中第二次呈现，P.博泽纽斯和H.弗里施的专题文章综述了近年来设计pH-响应材料的策略。
    自组装材料呈现了具有良好定义的顺序和独特功能的结构。这些材料的自组装组织对周围环境表现出强烈的依赖性：广泛的化学、物理和生物刺激能够直接对这些材料的响应产生影响。在活细胞和组织中，pH值得到了精心调节，并且能够在炎症或肿瘤位置呈现的情况下进行改变。因此，水溶液的pH值成为了有关生物医学应用的刺激的一个重要的考虑因素。
    作者们专注于有关水中超分子功能材料的pH调节的重要发展。在pH响应材料中建造块的自组装性能得到了讨论，以及由小分子和表面活性剂开发的组件，构建由生物大分子衍生的块，以及寡肽的受控自组装性能。提供了可逆触发的过渡和各种嵌入式功能的详细信息。通过像货物配送及传感等应用，pH调节的自组装材料成为了分子成像和治疗的新兴一类精确的可控制剂。该专题文章发表于《大分子快速通信》。
    最好的大分子期刊的2016版是一个特殊的转载发行物，突出在2015年高分子期刊系列中发表的一千多篇文章中最令人印象深刻的贡献。所有这些文章在一年时间内都可以免费获得……
Versatile Protein Nanogels

Proteins with unique structure and function have tremendous applications in biomedicine for cancer, diabetes, loss-of-function genetic diseases, as well as in regenerative medicine. However, their intrinsic properties such as low stability and short circulation time limit the clinical application of protein drugs.
An appropriate platform to load and deliver active forms of proteins toward cells and tissues is highly desirable for preserving activity, enhancing stability and avoiding potential immunogenicity of proteins.

Zhen Gu, professor at the Joint UNC/NC State Department of Biomedical Engineering, and his co-workers introduce in a recent article the latest advances in protein nanogels. The scientists describe in situ polymerization methods for the preparation of the nanogels and provide an insight into future opportunities for the commercialization of these systems.
Nanogels are nanoscaled hydrogel particles composed of crosslinked polymer network. Monomers or preformed polymer and crosslinkers are physically or chemically attached to the proteins surface. Subsequent polymerization produces stable nanogels that encapsulate the proteins. The in situ polymerized shell helps preserve the protein activity, enhance the protein stability and shield it from potential immunogenicity. In addition, tailored formulation chemistry of nanogels allows for protein delivery in a spatial-, temporal- and dosage-controlled manner. A range of stimuli-responsive elements including temperature, pH, enzyme, and photo irradiation can be incorporated for on-demand protein release.
多功能蛋白纳米凝胶

    具有独特的结构和功能的蛋白在癌症、糖尿病、失功能遗传疾病以及再生医学等生物医学方面具有巨大的应用。然而，它们固有的特性，例如较低的稳定性和短暂的循环时间，限制了蛋白质药物的临床应用。

    一个适当的平台向着细胞和组织加载和提供蛋白质的活性形式对于保持活性、增强稳定性以及避免蛋白质潜在的免疫原性是非常可取的。

    UNC/UC联合州立生物医学工程系的教授顾真及其同事在最近一篇文章中介绍了蛋白纳米凝胶的最新进展。科学家们对于纳米凝胶的准备描述了原位聚合方法，并且对这些系统的商业化的未来机遇提供了深入见解。

    纳米凝胶是由交联聚合物网络构成的纳米级水凝胶颗粒。单体或预形成的聚合物和交联剂在物理或化学方面附着于蛋白质表面。随后的聚合物产生了封闭蛋白质的稳定纳米凝胶。原位聚合物外壳有助于保持蛋白质的活性，提高蛋白质的稳定性以及屏蔽潜在的免疫原性。此外，纳米凝胶定制的配制化学令蛋白质能够以空间性-、时间性-以及剂量性-控制的方式来进行输送。一系列刺激响应元素，包括温度、pH、酶以及相片照射，都能够混入以按需获得蛋白质的释放。
Bifunctional organoiron dendrimers – a new family

Researchers at the Chemistry Department of the University of Prince Edward Island discussed the synthesis, redox and photophysical fingerprints of a new family of organoiron dendrimers in work published in Issue 4 of Macromolecular Chemistry and Physics in 2015.
Three generations of these bifunctional organoiron dendrimers were reported, synthesized from a redox-active organoiron complex, η6-dichlorobenzene-η5-cyclopentadienyl-iron(II). Dendrimers are interesting polymers as their unique topology offers the possibility of multiple functionalizations, since the peripheral end groups, branches, cavities, and/or the core are all amenable to functionalization.
Alaa Abd-El-Aziz and his team exploited the facile chemistry of the complex to functionalize the dendritic peripheral with photoactive β-naphthol, yielding redox, photoactive bifunctional dendrimers under mild conditions: using convergent and divergent synthetic routes, or a combination of both, the dendrimers were synthesized in good yield without protection/deprotection steps.
To ascertain the redox and photophysical fingerprints of these dendrimers, they used cyclic voltammetry (CV), as well as well UV–vis and fluorescence spectroscopy measurements to characterize the resulting dendrimers.
The CV measurements suggested non-interacting redox-active iron centers within the dendritic structure, and a negative dendritic effect on the half-wave potential.
Irradiation of an acetonitrile/chloroform solution of the dendrimers for 24 hours with UV light yielded their organic analogues with a concomitant enhancement of the absorption and fluorescence properties.

The optical properties of the dendrimers were apparent, and these can be exploited in sensing and macromolecular photonics. Interestingly, the photophysical properties of the dendrimers were enhanced after UV irradiation, which transformed them to purely organic monofunctional dendrimers. The flexibility of the structure is expected to be useful in the design of further dendrimers, where peripheral electronic and photonic processes need to interact with those in the dendritic branch or core.

The synthetic approach to these dendrimers offers an attractive route to other redox, multifunctional organometallic dendrimers, which can be used in catalysis, biomedicine, and drug delivery, as well as in magnetic materials.

The Best of Macromolecular Journals Edition 2016 is a special reprint issue highlighting the most impressive contributions from over one thousand articles published across the Macromolecular Journals family in 2015. All of these articles are free to access for one year. 
双功能有机铁聚合物-一个新家族

爱德华王子岛大学的化学系研究员们讨论了有机铁聚合物的新家族的合成、氧化还原和物理指纹，发表在高分子化学与物理2015年第4期。

报道的三代双功能有机铁聚合物,从合成氧化还原的有机铁复合物，η6二氯苯-η5环戊二烯基-铁(II)。化合物是有趣的聚合物，因其独特的拓扑结构提供了多种功能化的可能性,因为外围组织,树枝,洞和/或核心都是易于功能化。

Alaa Abd-El-Aziz和他的团队利用简单化学使光敏β-萘酚树突外围功能化,产生氧化还原,光敏的双功能聚合物在温和的条件下:使用收敛和发散合成路线,或两者的结合,树枝状分子合成在无保护/去除保护步骤下产量较好。

为确定这些树枝状分子的氧化还原和物理的指纹,他们用循环伏安法(CV),以及紫外吸收和荧光光谱测量来归纳树枝状分子的特点。

CV测量表明中心内的树突结构非相关氧化还原活性铁,和对于半波电位消极的枝晶效应。

辐照24小时的乙腈/氯仿溶液的树枝状分子，紫外线产生带有相应的增强吸收和荧光性质的有机类似物。

树枝状分子的光学性质是明显的,这些可以被利用到遥感和大分子光子学。有趣的是,树枝状分子的光物理性能通过UV照射后增强,这改变了他们纯粹的有机单功能的树枝状分子。结构的灵活性将有助于进一步的树枝状分子的设计,外围电子和光子需要与树突分枝或核心相互作用。

这些树枝状分子的合成方法对于其他氧化还原提供了一个有吸引力的路径,多功能有机金属树枝状分子,它可以用在催化、生物医学、药物输送,以及磁性材料。

Using micromechanics to simulate the wear and tear of teeth
The patterns of wear found on teeth, both fossil and recent, help paleontologists, evolutionary biologists and paleodontologists (fossil teeth specialists!) to make inferences regarding the diet and feeding behavior of extinct animals and early human ancestors. In a new article published in BioEssays, the use of micromechanical methods to reproduce and quantify tooth wear is reviewed and summarized for a wide scientific audience.
Dental wear analysis is split into two fields: macrowear and microwear. Macrowear measures tooth-scale wear and tear, such as the wearing down of an entire tooth, sometimes down to gum level. Microwear concerns the much smaller scale scratches, indentations and other markings on the tooth enamel caused when eating different types of foods. For example, harder foods tend to leave ‘pits’ in the enamel, whereas softer foods tend to leave ‘scratches’. Both microwear and macrowear have been previously measured in tooth examples in great detail, but the use of micromechanics allows the wear to be simulated from a materials science perspective, in order to better constrain the measurements taken from real teeth examples.
Formal contact micromechanics is used to create controlled indentation events that replicate observed patterns of microwear, in order to elucidate the wear rates. The importance of factors such as tooth size, enamel thickness, and the size and shape of the particles generating the wear can also be assessed. These analyses can be invaluable for assisting in the reconstruction of dietary patterns, and represent an exciting and productive collaboration between materials science and biosciences.
利用微观力学模拟牙齿的磨损

以往和最近的发现牙齿磨损的模式,帮助古生物学家、进化生物学家和齿科学家(化石牙齿专家!)来推断关于饮食以及灭绝动物和早期人类祖先的摄食行为。在一个新的发表在BioEssays的文章中, 使用微观力学的方法复制和量化牙齿磨损有待广大科学看客的评论和总结。

牙齿磨损分析分为两个领域:宏观磨损和微观磨损。宏观磨损测量的是牙齿磨损比例,如整个牙齿的磨损,有时磨损到牙龈的水平。微观磨损涉及吃不同种类的食物引起的规模小得多的划痕、压痕和牙釉质上的其他标记。例如,较硬的食物往往导致牙釉质的坑,而软的食物往往留下印记。微观磨损和宏观磨损之前测量牙有很详细的例子,除了使用微观力学从材料科学的角度来模拟磨损,目的是更好地减少测量取自真实的牙齿。

正式接触微观力学用于创建复制微观磨损模式控制压痕,目的是阐明磨损率。也可以评估产生磨损的牙齿大小、釉质厚度、粒子的大小和形状等因素的重要性。这些分析可以有助于饮食模式的重建,并代表一个令人兴奋的和富有成效的材料科学和生物科学的合作。
E-Material（电子材料）
Stretchable Electronics That Quadruple in Length?
​EPFL researchers have developed conductive tracks that can be bent and stretched up to four times their original length. They could be used in artificial skin, connected clothing and on-body sensors. 
Conductive tracks are usually hard printed on a board. But those recently developed at EPFL are altogether different: they are almost as flexible as rubber and can be stretched up to four times their original length and in all directions. And they can be stretched a million times without cracking or interrupting their conductivity. The invention is described in an article published today in the journal Advanced Materials.
Both solid and flexible, this new metallic and partially liquid film offers a wide range of possible applications. It could be used to make circuits that can be twisted and stretched – ideal for artificial skin on prosthetics or robotic machines. It could also be integrated into fabric and used in connected clothing. And because it follows the shape and movements of the human body, it could be used for sensors designed to monitor particular biological functions.
“We can come up with all sorts of uses, in forms that are complex, moving or that change over time,” said Hadrien Michaud, a doctoral assistant at the Laboratory for Soft Bioelectronic Interfaces (LSBI) and one of the study authors.
Extensive research has gone into developing an elastic electronic circuit. It is a real challenge, as the components traditionally used to make circuits are rigid. Applying liquid metal to a thin film in polymer supports with elastic properties naturally seems like a promising approach.
Owing to the high surface tension of some of these liquid metals, experiments conducted so far have only produced relatively thick structures. “Using the deposition and structuring methods that we developed, it’s possible to make tracks that are very narrow – several hundredths of a nanometer thick – and very reliable,” said Stéphanie Lacour, holder of the Bertarelli Foundation Chair in Neuroprosthetic Technology and who runs the lab.
Apart from their unique fabrication technique, the researchers’ secret lies in the choice of ingredients, an alloy of gold and gallium. “Not only does gallium possess good electrical properties, but it also has a low melting point, around 30o,” said Arthur Hirsch, a PhD student at LSBI and co-author of the study. “So it melts in your hand, and, thanks to the process known as supercooling, it remains liquid at room temperature, even lower.” The layer of gold ensures the gallium remains homogeneous, preventing it from separating into droplets when it comes into contact with the polymer, which would ruin its conductivity.
长度可伸缩四倍的电子
瑞士洛桑联邦理工学院的研究人员已经开发出可以弯曲和拉伸到原来尺寸四倍长的导电轨道，可以用于人造皮肤、衣物和身体传感器连接。

导电轨道通常很难印在一个线路板上。但是，最近瑞士洛桑联邦理工学院的研究完全不同:导电轨道几乎象橡胶一样灵活，可以向四面八方拉伸到原来四倍的长度。这种材料可以拉伸一百万次而不开裂，也不影响其电导率的性能。这项发明发表在《先进材料》上的一篇文章中。

这种材料坚固且灵活，其新型金属和部分液膜提供了一系列潜在的广泛应用，可以用来使电路扭曲和延伸-理想的假肢或机器人的人造皮肤。这种材料还可以集成到织物，用于连接衣服。因为它可以仿人体形状和运动，还可以制作成传感器用来监测特定的生物功能。

软生物电子界面(LSBI)实验室的博士助理Hadrien Michaud，同时也是该研究的作者之一，他说：“针对这种新型材料，随着时间的推移，我们可以想出各种各样的用途。”

研究人员已经进行深入的研究，开发一种弹性电路。这是一个真正的挑战，因为传统上用于制造电路的元件都是刚性的。将液态金属应用于弹性聚合物支撑薄膜制作似乎是一个很有前途的方法。

由于这些液态金属表面张力高，目前实验室只能制备相对较厚的结构。Neuroprosthetic技术基金会的主席和实验室负责人StéphanieLacour指出：“使用我们开发的沉积和构造方法，可以制作非常薄的轨道，只有百分之几纳米厚，且可靠性很高。”

除了其独特的构造技术，研究者的核心技术还在于原料的选择，金和镓合金。LSBI的博士生，同时也是该研究的作者之一Arthur Hirsch说：“镓不仅具有良好的电气性能，也有较低的熔点，约30 o。所以它可以融化在你的手中，由于过冷过程，它在室温甚至更低温度下仍然是液体。金层则保证了镓的均匀性，防止其在接触聚合物时成水滴状而破坏其导电性。”
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