
 
 
 
 
 
 
                
 

 
 

Stimate doamne, Stimați domni, 

  Noua serie a E-newsletter AVANMAT este dedicata materialelor avansate, unul din domeniile 
tehnologice ”cheie” la nivelul Uniunii Europene. 
   

BIOMATERIALE 
 

1. Study question claims on nanopore technology 

The claim that nanopore technology is on the verge of making DNA analysis so fast and 
cheap that a person’s entire genome could be sequenced in just minutes and at a fraction of the cost 
of available commercial methods, has resulted in overwhelming academic, industrial, and global 
interest. But a review by Northeastern University physicist Meni Wanunu, published in a special issue 
on nanopore sequencing in Physics of Life Reviews, questions whether the remaining technical 
hurdles can be overcome to create a workable, easily produced commercial device. 
Earlier this year Oxford Nanopore Technologies, one of the pioneering companies of sequencing 
discoveries, announced that they expect nanopore strand sequencing to achieve a 15-minute geno-
me by 2014 at a cost of $1,500. This is a far cry from the $10 million it cost to sequence an entire 
genome just 5 years ago. Since the idea of nanopore sequencing was first proposed in the mid 
1990s, huge advances have been made.  

The basic idea is exceedingly simple: a single thread of DNA is passed through a tiny molecu-
le-sized hole—or nanopore—and the various DNA bases are identified in sequence as they move 
through the pore. But according to Wanunu, the reality of manipulating technology based on pores 
so tiny that 25,000 of them can fit side by side on a human hair has proved a daunting task. The 
main challenge has been to slow the process down and control the movement of the DNA strand 
through the pore at a rate slow enough to make individual DNA bases readable and usable. A new 
approach using enzyme-controlled movement, developed to overcome this problem, has its own 
drawbacks including poor enzyme activity resulting in limited processivity and uncontrolled forward-
reverse motion. Another major dilemma has been whether protein or solid-state pores provide the 
most promising technique. At first, naturally occurring porous proteins were investigated. But in the 
early 2000s, heralded as offering better capability and flexibility, various solid-state nanopores made 
of silicon or graphene were tested. “Since both lipid-embedded protein channels and solid-state 
nanopores have drawbacks, it will be interesting to see which device, or what combination of 
devices, will be available in years to come, if any,” Wanunu says. At this time there are still many 
hurdles to overcome, he adds, including the inability of nanopores to provide any spectroscopic 
information about the identity of a molecule, uncertainties about whether translocation occurs at a 
constant speed, and the complications of pore clogging. 

Writing in a comment published in the same issue, John Kasianowicz from the National Insti-
tute of Standards and Technology in the US, a pioneer in the field, agrees that plenty of challenges 
remain: by better understanding the road already developed in this nascent field, the journey will 
hopefully appear a little less daunting.” In a final comment on Wanunu’s review, the founder and 
Director of Oxford Nanopore, Hagan Bayley, looks ahead to the future: “In the longer term, by using 
solid-state pores… it may be possible to read DNA sequences at microseconds rather than 
milliseconds per base. This could be done by using tunnelling currents or other characteristics of the 
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DNA bases for which graphene—with its unusual electronic properties—might after additional 
development provide a superior substrate and in so doing deliver another massive leap forward on 
top of a decade of unprecedented progress.” 

Reprinted from material from Elsevier, with editorial changes made by Materials Today. The 
views expressed in this article do not necessarily represent those of Elsevier.  

 
ENERGIE 
 
2. Salt power- Watt's next in rechargeable batteries? 

Now, the gold standard in the industry is the lithium ion battery, which can be recharged 
hundreds of times and works really well. Its only problem is that it is made with lithium, which is not 
cheap. It could get even more expensive if more electric vehicles powered with lithium ion batteries 
hit the road and drive up demand. “Some people think lithium will be the next oil,” says Shahbazian-
Yassar, an associate professor of mechanical engineering–engineering mechanics at Michigan Tech-
nological University. 

Sodium may be a good alternative. “After lithium, it’s the most attractive element to be used 
in batteries,” Shahbazian-Yassar said. It’s also cheap and abundant; seawater is full of it. It has just 
one problem: sodium atoms are big, about 70 percent larger in size than lithium atoms. “When the 
atoms are too big, that’s problematic,” says Shahbazian-Yassar, because they can cause a battery’s 
electrodes to wear out faster. “Imagine bringing an elephant through the door into my office. It’s 
going to break down the walls.” Before a long-lasting rechargeable sodium battery can be devel-
oped, scientists need to better understand these challenges and develop solutions. “We have an op-
portunity to tackle some of the fundamental issues relating to charging and discharging of batteries 
right here,” he said. “We have a unique tool that lets us observe the inside of a battery.”  

Using a transmission electron microscope, Shahbazian-Yassar and his team can peer inside 
and see how a battery is charging and discharging at the atomic level. “We will study these funda-
mental reactions and find out what materials and electrodes will do a better job hosting the sodium.” 
Sodium ion batteries would not have to be as good as lithium ion batteries to be competitive, 
Shahbazian-Yassar notes. They would just need to be good enough to satisfy the consumer. And 
they could make electric cars more affordable, and thus more attractive. Plus, they could reduce our 
dependence on fossil fuels, particularly if the batteries were charged using renewable energy 
sources. That would lead to two laudable goals: greater energy independence and less pollution 
worldwide. 

Reprinted from material from Michigan Tech, with editorial changes made by Materials Today. 
The views expressed in this article do not necessarily represent those of Elsevier. 

 

3. On the road to spintronics-Unlocking ferromagnetic secrets 

Spintronic technology, in which data is processed on the basis of electron “spin” rather than 
charge, promises to revolutionize the computing industry with smaller, faster and more energy 
efficient data storage and processing. Materials drawing a lot of attention for spintronic applications 
are dilute magnetic semiconductors – normal semiconductors to which a small amount of magnetic 
atoms is added to make them ferromagnetic. Understanding the source of ferromagnetism in dilute 
magnetic semiconductors has been a major road-block impeding their further development and use 
in spintronics. Now a significant step to removing this road-block has been taken. 

For the semiconductors used in today’s computers, tablets and smart phones, etc., once a 
device is fabricated it is the electronic structures below the surface, in the bulk of the material or in 
buried layers, that determine its effectiveness. HARPES, which is based on the photoelectric effect 
described in 1905 by Albert Einstein, enables scientists to study bulk electronic effects with mini-
mum interference from surface reactions or contamination. It also allows them to probe buried 
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layers and interfaces that are ubiquitous in nanoscale devices, and are key to smaller logic elements 
in electronics, novel memory architectures in spintronics, and more efficient energy conversion in 
photovoltaic cells. “The key to probing the bulk electronic structure is using hard x-rays, which are 
x-rays with sufficiently high photon energies to eject photoelectrons from deep beneath the surface 
of a solid material,” says the researcher. “High-energy photons impart high kinetic energies to the 
ejected photoelectrons, enabling them to travel longer distances within the solid. The result is that 
more of the signal originating from the bulk will be detected by the analyzer.” 

The researchers used HARPES to shed important new light on the electronic bulk structure of 
gallium manganese arsenide (GaMnAs). As a semiconductor, gallium arsenide is second only to sili-
con in widespread use and importance. If a few percent of the gallium atoms in this semiconductor 
are replaced with atoms of manganese the result is a dilute magnetic semiconductor. Such materials 
would be especially well-suited for further development into spintronic devices if the mechanisms 
behind their ferromagnetism were better understood.  

“Right now the temperature at which gallium manganese arsenide operates as a dilute mag-
netic semiconductor is 170 Kelvin,” the researcher says. “Understanding the actual mechanism by 
which the magnetic moments of individual manganese atoms are coupled so as to become 
ferromagnetic is critical to being able to design future materials that would operate at room 
temperature.” 

The two prevailing theories behind the origin of ferromagnetism in GaMnAs and other dilute 
magnetic semiconductors are the “p-d exchange model” and the “double exchange model.” 
According to the p-d exchange model, ferromagnetism is mediated by electrons residing in the 
valence bands of gallium arsenide whose influence extends through the material to other 
manganese atoms. The double exchange model holds that the magnetism-mediating  electrons 
reside in a separate impurity band created by doping the gallium arsenide with manganese. These 
electrons in effect jump back and forth between two manganese atoms so as to lower their energy 
when their ferromagnetic magnets are parallel.  

“Our bulk-sensitive HARPES measurements revealed that the manganese-induced impurity 
band is located mostly between the gallium arsenide valence-band maximum and the Fermi level, 
but the manganese states are also merged with the gallium arsenide valence bands,” the researcher 
says. “This is evidence that the two mechanisms co-exist and both act to give rise to 
ferromagnetism.” 

The researcher finally adds, “We now have a better fundamental understanding of electronic 
interactions in dilute magnetic semiconductors that can suggest future materials with different 
parent semiconductors and different magnetic dopants. HARPES should provide an important tool for 
characterizing these future materials.” 

Reprinted from material from Berkeley Lab, with editorial changes made by Materials Today. 
The views expressed in this article do not necessarily represent those of Elsevier. 
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METALE SI ALIAJE 
 
4. 3D metallic structures at the nanoscale-New manufacturing technique 

Scientists from Aalto University in Finland and the University of Washington in the US have 
just demonstrated this to be possible. By combining ion processing and nanolithography they have 
managed to create complex three-dimensional structures at nanoscale. The discovery follows from a 
quest for understanding the irregular folding of metallic thin films after being processed by reactive 
ion etching. We were puzzled by the strong-width-dependent curvatures in the metallic strips. 
Usually initially-strained bilayer metals do not curl up this way, explains Khattiya Chalapat from Aal-
to University. The puzzle began to unravel when Chalapat noticed, together with Dr. Hua Jiang, that 
the Ti peak was absent from the EDX spectra of folded Ti/Al bilayers.  

Further experiments at the O.V. Lounasmaa Laboratory confirmed that the strips bend 
upward with strong width-dependent curvatures if the bottom layer of the strips is made more reac-
tive to ions than the top surface. In nature, similar geometrical effects take place in self-
organization directly observable to the human eye. When dandelion flowers bloom, one may try 
cutting the flower stem into small strips; put them in water, and the strips will fold with observable 
width-dependent curvatures due to differences in the water absorption between the inside and 
outside parts of the stem. Our idea was to find a way to adapt these natural processes to 
nanofabrication. This led us to an incidental finding that a focused ion beam can locally induce ben-
ding with nanoscale resolution. The technology has various applications in the fabrication of 
nanoscale devices. The structures are surprisingly resilient: the team found them to be quite sturdy 
and robust under a variety of adverse conditions, such as electrostatic discharge and heating. 
Because the structures are so small, the coupling and the magnitude of typical nanoscale forces 
acting on them would be commensurately small, reminds Docent Sorin Paraoanu, the leader of the 
Kvantti research group, Aalto University. 

As for applications, we have demonstrated so far that these structures can capture and retain 
particles with dimensions of the order of a micrometer. However, we believe that we are just 
scratching the tip of the iceberg: a comprehensive theory of ion-assisted self-assembly processes is 
yet to be reached, notes Paraoanu. 

Reprinted from material from Aalto University, with editorial changes made by Materials To-
day. The views expressed in this article do not necessarily represent those of Elsevier. 

 
NANOTEHNOLOGII 
 
5. Preventing cracking in nanoparticle films-Novel method for a nanoscale dilemma 

Making uniform coatings is a common engineering challenge, and, when working at the 
nanoscale, even the tiniest cracks or defects can be a big problem. New research from University of 
Pennsylvania engineers has shown a new way of avoiding such cracks when depositing thin films of 
nanoparticles.   To generate a nanoparticle film, the desired particles are suspended in a suitable 
liquid, which is then thinly and evenly spread over the surface through a variety of physical 
methods. The liquid is then allowed to evaporate, but, as it dries, the film can crack like mud in the 
sun.  This dilemma is highlighted in the case of electrodes, the contact points in many electrical 
devices that transfer electricity. High-end devices, like certain types of solar cells, have electrodes 
composed of nanoparticle films that conduct electrons, but cracks in the films act as insulators. 
Adding a binder to the films would only compound the problem.  
Engineers can prevent cracks with alternative drying methods, but these involve ultra-high 
temperatures or pressures and thus expensive and complicated equipment. A cheap and efficient 
method for preventing cracks would be a boon for any number of industrial processes.   

http://www.aalto.fi/en/current/news/view/2012-10-18/


 
The ubiquity of cracking in this context, however, means that researchers know the “critical cracking 
thickness” for many materials. The breakthrough came when Prosser tried making a film thinner 
than this threshold, then stacking them together to make a composite of the desired thickness. 
“I was thinking about how, in the painting of buildings and homes, multiple coats are used,” the 
researcher said. “One reason for that is to avoid cracking and peeling. One reason this approach 
may have remained untried is that it is counterintuitive that it should work at all. The method the 
researchers used to make the films is known as “spin-coating.” A precise amount of the nanoparticle 
suspension — in this case, silica spheres in water — is spread over the target surface. The surface is 
then rapidly spun, causing centrifugal acceleration to thin the suspension over the surface in a uni-
form layer. The suspension then dries with continued rotation, causing the water to evaporate and 
leaving the silica spheres behind in a compacted arrangement.  

But to make a second layer over this first, another drop of liquid suspension would need to be 
placed on the dried nanoparticles, something that may wash them away. However, the researchers 
were surprised when the dried layers remained intact after the process was repeated 13 times; the 
exact mechanism is something of a mystery.. “We believe that the nanoparticles are staying on the 
surface because covalent bonds are being formed between them even though we’re not exposing 
them to high temperatures. The inspiration for that hypothesis came from a recent Nature paper 
about how silica-silica surfaces form bonds at room temperature; we think this will work with other 
kinds of metal oxides.” Future research will be necessary to pin down this mechanism and apply it to 
new types of nanoparticles. 

Reprinted from material from the University of Pennsylvania, with editorial changes made by 
Materials Today. The views expressed in this article do not necessarily represent those of Elsevier. 

 

MATERIALE OPTICE 
 
6. Photonic gels are colorful sensors- Thin-film polymer metamaterial  

              show potential 

Materials scientists have created very thin color-changing films that may serve as part of 
inexpensive sensors for food spoilage or security, multiband optical elements in laser-driven systems 
and even as part of high-contrast displays. The new work led by Rice materials scientist Ned Thomas 
combines polymers into a unique, self-assembled metamaterial that, when exposed to ions in a 
solution or in the environment, changes color depending on the ions’ ability to infiltrate the 
hydrophilic (water-loving) layers.  

The micron-thick material called a photonic gel, far thinner than a human hair, is so 
inexpensive to make that, Thomas said, “We could cover an area the size of a football field with this 
film for about a hundred dollars.” But for practical applications, much smaller pieces would do. 
“Suppose you want a food sensor,” said Thomas.“If it’s inside a sealed package and the environment 
in that package changes because of contamination or aging or exposure to temperature, an inspec-
tor would see that sensor change from blue to red and know immediately the food is spoiled.” Such 
visual cues are good, he said, “especially when you need to look at a lot of them. And you can read 
these sensors with low tech, either with your own eyes or a spectrophotometer to scan things.” 

The films are made of nanoscale layers of hydrophobic polystyrene and hydrophilic poly(2-
vinyl pyridine). In the liquid solution, the polymer molecules are diffused, but when the liquid is 
applied to a surface and the solvent evaporates, the block copolymer molecules self-assemble into a 
layered structure. The polystyrene molecules clump together to keep water molecules out, while the 
poly(2-vinyl pyridine), P2VP for short, forms its own layers between the polystyrene. On a substrate, 
the layers form into a transparent stack of alternating “nano-pancakes.” “The beauty of self-
assembly is that it’s simultaneous, all the layers forming at once,” Thomas said.  

http://www.upenn.edu/pennnews/news/penn-researchers-find-new-way-prevent-cracking-nanoparticle-films


 
The researchers exposed their films to various solutions and found different colors depending 

on how much solvent was taken up by the P2VP layers. For example with a chlorine/oxide/iron 
solution that is not readily absorbed by the P2VP, the film is transparent, Thomas said. “When we 
take that out, wash the film and bring in a new solution with a different ion, the color changes.” The 
researchers progressively turned a clear film to blue (with thiocyanate), to green (iodine), to yellow 
(nitrate), to orange (bromine) and finally to red (chlorine). In each case, the changes were 
reversible. Thomas explained that the direct exchange of counterions from the solution to the P2VP 
expands those layers and creates a photonic band gap — the light equivalent of a semiconducting 
band gap — that allows color in a specific wavelength to be reflected. “The wavelengths in that 
photonic band gap are forbidden to propagate,” he said, which allows the gels to be tuned to react in 
specific ways.  

“Imagine a solid in which you create a band gap everywhere but along a 3-D path, and let’s 
say that path is a narrowly defined region you can fabricate within this otherwise photonic material. 
Once you put light in that path, it is forbidden to leave because it can’t enter the material, due to 
the band gap. “This is called molding the flow of light,” he said. “These days in photonics, people are 
thinking about light as though it were water. That is, you can put it in these tiny pipes. You can turn 
light around corners that are very sharp. You can put it where you want it, keep it from where you 
don’t want it. The plumbing of light has been much easier than in the past, due to photonics, and in 
photonic crystals, due to band gaps.” 

Reprinted from material from RICE University, with editorial changes made by Materials To-
day. The views expressed in this article do not necessarily represent those of Elsevier. 
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