
 
 
 
 
 
 
                
 

 
 

Stimate doamne, Stimați domni, 

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

Biomateriale 

Nanoparticles improve blood cancer treatment 

Researchers from the University of Notre Dame have engineered nanoparticles that show 
great promise for the treatment of multiple myeloma (MM), an incurable cancer of the plasma cells 
in bone marrow. 

One of the difficulties doctors face in treating MM comes from the fact that cancer cells of this 
type start to develop resistance to the leading chemotherapeutic treatment, doxorubicin, when they 
adhere to tissue in bone marrow. 

“The nanoparticles we have designed accomplish many things at once,” says Basar Bilgiçer, 
assistant professor of chemical and biomolecular engineering and chemistry and biochemistry, and 
an investigator in Notre Dame’s Advanced Diagnostics and Therapeutics (AD&T) initiative. 

“First, they reduce the development of resistance to doxorubicin. Second, they actually get 
the cancer cells to actively consume the drug-loaded nanoparticles. Third, they reduce the toxic 
effect the drug has on healthy organs.” 

The nanoparticles are coated with a special peptide that targets a specific receptor on the 
outside of multiple myeloma cells. These receptors cause the cells to adhere to bone marrow tissue 
and turn on the drug resistance mechanisms. But through the use of the newly developed peptide, 
the nanoparticles are able to bind to the receptors instead and prevent the cancer cells from 
adhering to the bone marrow in the first place. 

The particles also carry the chemotherapeutic drug with them. When a particle attaches itself 
to an MM cell, the cell rapidly takes up the nanoparticle, and only then is the drug released, causing 
the DNA of cancer cell to break apart and the cell to die. 

“Our research on mice shows that the nanoparticle formulation reduces the toxic effect 
doxorubicin has on other tissues, such as the kidneys and liver,” adds Tanyel Kiziltepe, a research 
assistant professor with the Department of Chemical and Biomolecular Engineering and AD&T. 

“We believe further research will show that the heart is less affected as well. This could 
greatly reduce the harmful side-effects of this chemotherapy.” 

The group had to tackle three important problems associated with all nanoparticle-based 
therapies, explains Jonathan Ashley, one of the leading researchers of the project. 

“There was some complex bioengineering involved in developing the particles. We were able 
to precisely control the number of drug and targeting elements on each nanoparticle, achieve 
homogeneous nanoparticle size distribution and eliminate the batch-to-batch variability in particle 
production.” 
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Before advancing to human clinical trials, the team plans further research and testing to 

improve the design of the nanoparticles and to find the optimum amount and combination of 
chemotherapy drugs for this new treatment. 

This story is reprinted from material from the University of Notre Dame, with editorial 
changes made by Materials Today. The views ex-pressed in this article do not necessarily represent 
those of Elsevier. Link to original source. 

 

Using nanopores to detect DNA damage 

Scientists worldwide are racing to sequence DNA – decipher genetic blueprints – faster and 
cheaper than ever by passing strands of the genetic material through molecule-sized pores. Now, 
University of Utah scientists have adapted this “nanopore” method to find DNA damage that can lead 
to mutations and disease. 

The chemists report the advance in the journal Proceedings of the National Academy of 
Sciences. 

“We’re using this technique and synthetic organic chemistry to be able to see a damage site 
as it flies through the nanopore,” says Henry White, distinguished professor and chair of chemistry 
at the University of Utah and senior coauthor of the new study. 

Strands of DNA are made of “nucleotide bases” known as A, T, G and C. Some stretches of 
DNA strands are genes. 

The new method looks for places where a base is missing, known as an “abasic site,” one of 
the most frequent forms of damage in the 3-billion-base human genome or genetic blueprint. This 
kind of DNA damage happens 18,000 times a day in a typical cell as we are exposed to everything 
from sunlight to car exhaust. Most of the damage is repaired, but sometimes it leads to a gene mu-
tation and ultimately disease. 

By combining nanopore damage-detection with other chemical ways of altering DNA, the re-
searchers hope to make this new technique capable of detecting other kinds of DNA damage by con-
verting the damage to a missing base, says the study’s other senior coauthor, Cynthia Burrows, a 
distinguished professor of chemistry at the University of Utah. 

She adds: “Damage to the bases of DNA contributes to many age-related diseases, including 
melanoma; lung, colon and breast cancers; Huntington’s disease; and atherosclerosis.” 

A patent is pending on the new method of doing chemistry on DNA that allows damage sites 
to be found using nanopore technology. 

White and Burrows conducted the study with first author, Na An, a doctoral student in chem-
istry and Aaron Fleming, a postdoctoral research associate in chemistry. The study was funded by 
the National Institutes of Health, with equipment and software donations by Electronic BioSciences 
of San Diego. 

Sequencing is the process of determining the order of the nucleotide bases A, C, G and T in 
one of the two strands of bases that make up a DNA double helix. It is the basic method used to 
determine the genomes, or genetic blueprints, of living organisms and to identify disease-causing 
mutations in genes. 

“Twenty years ago, it cost $1 billion to sequence the first human genome,” while the cost 
now runs from $5,000 to $20,000, White says. “The National Institutes of Health has had the 
$1,000 genome project for a few years, and the price likely will go lower.” 

DNA sequencing is important in many ways. It is used by police to implicate or clear criminal 
suspects and by biologists to understand each living organism. “You can use it in agriculture if you 
modify a plant genome to produce a better plant,” White says. 



 
Faster, cheaper genomes of individual people promise an era of “personalized medicine,” with 

treatments based on each person’s genetic susceptibilities. 

Nanopore sequencing is performed by passing a strand of DNA through a nanoscopic pore 
while both are bathed in an electrically charged solution known as an electrolyte. Some of that solu-
tion also is flowing through the pore. Researchers detect different current levels as differing DNA 
bases pass through the pore, blocking varying amounts of the electrified solution from passing 
through the pore. 

Unlike efforts to achieve nanopore sequencing of DNA, the Utah chemists are not reading the 
sequence of DNA bases as the strand move through a pore – although they eventually want to do so 
– but “we are detecting single base damage,” White says. 

“It’s important to know how a damaged base leads to a mutation because that is the first 
step in a disease occurring,” he adds. “Right now, we can see the damaged site and tell approxi-
mately where it is within the piece of DNA we’re analyzing” – to within about five or 10 bases. The 
goal is to pinpoint damage sites, and to understand how damage at specific sites leads to disease. 

So far, the longest piece of DNA the Utah chemists put through a nanopore was about 100 
bases long, and they were able to detect one or two damage sites. 

This story is reprinted from material from the University of Utah, with editorial changes made 
by Materials Today. The views expressed in this article do not necessarily represent those of Else-
vier. Link to original source. 

 

Materiale pentru electronica 

Utilizing phase-change for memory - Low energy data encoding 

Researchers from Rice University and UCLA unveiled a new data-encoding scheme this week 
that slashes more than 30 percent of the energy needed to write data onto new memory cards that 
use “phase-change memory” (PCM) — a competitor to flash memory that has big backing from 
industry heavyweights. 

The breakthrough was presented at the IEEE/ACM Design Automation Conference (DAC) in 
San Francisco by researchers from Rice University’s Adaptive Computing and Embedded Systems 
(ACES) Laboratory. 

PCM uses the same type of materials as those used in rewritable CDs and DVDs, and it does 
the same job as flash memory — the mainstay technology in USB thumb drives and memory cards 
for cameras and other devices. IBM and Samsung have each demonstrated PCM breakthroughs in 
recent months, and PCM is ultimately expected to be faster, cheaper and more energy-efficient than 
flash. 

“We developed an optimization framework that exploits asymmetries in PCM read/write to 
minimize the number of bit transitions, which in turns yields energy and endurance efficiency,” said 
researcher Azalia Mirhoseini, a Rice graduate student in electrical and computer engineering, who 
presented the research results at DAC. 

In PCM technology, heat-sensitive materials are used to store data as ones and zeros by 
changing the material resistance. The electronic properties of the material change from low 
resistance to high resistance when heat is applied to alter the arrangement of atoms from a 
conducting, crystalline structure to a nonconducting, glassy structure. Writing data on PCM takes a 
fraction of the time required to write on flash memory, and the process is reversible but 
asymmetric; creating one state requires a short burst of intense heat, and reversing that state 
requires more time and less heat. 

The new encoding method is the first to take advantage of these asymmetric physical 
properties. One key to the encoding scheme is reading the existing data before new data is written. 

http://unews.utah.edu/news_releases/utah-chemists-use-nanopores-to-detect-dna-damage/
http://unews.utah.edu/news_releases/utah-chemists-use-nanopores-to-detect-dna-damage/


 
Using a combination of programming approaches, the researchers created an encoder that can scan 
the “words” — short sections of bits on the card — and overwrite only the parts of the words that 
need to be overwritten. 

“One part of the method is based on dynamic programming, which starts from small codes 
that we show to be optimal, and then builds upon these small codes to rapidly search for improved, 
longer codes that minimize the bit transitions,” said lead researcher Farinaz Koushanfar, director of 
Rice’s ACES Laboratory and assistant professor of electrical and computer engineering and of com-
puter science at Rice. 

The second part of the new method is based on integer-linear programming (ILP), a 
technique that can find optimal solutions. The more complex the solution, the longer ILP takes to 
find the optimal solution, so the team found a shortcut by using dynamic programming to create a 
cheat sheet of small codes that could be quickly combined for more complex solutions. 

Research collaborator Miodrag Potkonjak, professor of computer science at UCLA, said the 
team’s solution to PCM optimization is pragmatic. 

“The overhead for ILP is practical because the codes are found only once, during the design 
phase,” Potkonjak said. “The codes are stored for later use during PCM operation.” 

The researchers also found the new encoding scheme cut more than 40 percent of “memory 
wear,” the exhaustion of memory due to rewrites. Each memory cell can handle a limited number of 
rewrite cycles before it becomes unusable. 

The researchers said the applicability, low overhead and efficiency of the proposed 
optimization methods were demonstrated with extensive evaluations on benchmark data sets. In 
addition to PCM, they said, the encoding method is also applicable for other types of bit-accessible 
memories, including STT-RAM, or spin-transfer torque random-access memory. 

 
This story is reprinted from material from RICE University, with editorial changes made by 
Materials Today. The views expressed in this article do not necessarily represent those of 
Elsevier. Link to original source. 

 

Materiale pentru energetica 

Underwater solar power  

Scientists at the U.S. Naval Research Laboratory, Electronics Science and Technology Divisi-
on, dive into underwater photovoltaic research to develop high bandgap solar cells capable of 
producing sufficient power to operate electronic sensor systems at depths of 9 meters. 

Underwater autonomous systems and sensor platforms are severely limited by the lack of 
long endurance power sources. To date, these systems must rely on on-shore power, batteries or 
solar power supplied by an above water platform. Attempts to use photovoltaics have had limited 
success, primarily due to the lack of penetrating sunlight and the use of solar cells optimized more 
towards the unimpeded terrestrial solar spectrum. 

"The use of autonomous systems to provide situational awareness and long-term 
environment monitoring underwater is increasing," said Phillip Jenkins, head, NRL Imagers and 
Detectors Section. "Although water absorbs sunlight, the technical challenge is to develop a solar 
cell that can efficiently convert these underwater photons to electricity." 

Even though the absolute intensity of solar radiation is lower underwater, the spectral con-
tent is narrow and thus lends itself to high conversion efficiency if the solar cell is well matched to 
the wavelength range. Previous attempts to operate solar cells underwater have focused on 
crystalline silicon solar cells and more recently, amorphous silicon cells. 

http://news.rice.edu/2012/06/07/rice-ucla-slash-energy-needs-for-next-generation-memory/
http://news.rice.edu/2012/06/07/rice-ucla-slash-energy-needs-for-next-generation-memory/


 
High-quality gallium indium phosphide (GaInP) cells are well suited for underwater operation. 

GaInP cells have high quantum efficiency in wavelengths between 400 and 700 nanometers (visible 
light) and intrinsically low dark current, which is critical for high efficiency in lowlight conditions. 

The filtered spectrum of the sun underwater is biased toward the blue/green portion of the 
spectrum and thus higher bandgap cells such as GaInP perform much better than conventional sili-
con cells, states Jenkins. 

Preliminary results at a maximum depth of 9.1 meters reveal output to be 7 watts per square 
meter of solar cells, sufficient to demonstrate there is useful solar power to be harvested at depths 
commonly found in nearshore littoral zones. 

 
This story is reprinted from material from U.S. Naval Research Laboratory, with editorial 
changes made by Materials Today. The views expressed in this article do not necessarily 
represent those of Elsevier. Link to original source. 

 

Materiale magnetice 

Quantum bar magnets in a transparent salt 

Scientists have managed to switch on and off the magnetism of a new material using quan-
tum mechanics, making the material a test bed for future quantum devices. 

The international team of researchers led from the Laboratory for Quantum Magnetism (LQM) 
in Switzerland and the London Centre for Nanotechnology (LCN), found that the material, a trans-
parent salt, did not suffer from the usual complications of other real magnets, and exploited the fact 
that its quantum spins – which are like tiny atomic magnets - interact according to the rules of large 
bar magnets. 

The study is published in Science. 

Anybody who has played with toy bar magnets at school will remember that opposite poles 
attract, lining up parallel to each other when they are placed end to end, and anti-parallel when 
placed adjacent to each other.  

As conventional bar magnets are simply too large to reveal any quantum mechanical nature, 
and most materials are too complex for the spins to interact like true bar magnets, the transparent 
salt is the perfect material to see what’s going on at the quantum level for a dense collection of tiny 
bar magnets. 

The team were able to image all the spins in the special salt, finding that the spins are paral-
lel within pairs of layers, while for adjacent layer pairs, they are antiparallel, as large bar magnets 
placed adjacent to each other would be. The spin arrangement is called “antiferromagnetic”. In con-
trast, for ferromagnets such as iron, all spins are parallel. 

By warming the material to only 0.4 degrees Celsius above the absolute “zero” of tempera-
ture where all classical (non-quantum) motion ceases, the team found that the spins lose their order 
and point in random directions, as iron does when it loses its ferromagnetism when heated to 870 
Celsius, much higher than room temperature because of the strong and complex interactions be-
tween electron spins in this very common solid. 

The team also found that they could achieve the same loss of order by turning on quantum 
mechanics with an electromagnet containing the salt. Thus, physicists now have a new toy, a collec-
tion of tiny bar magnets, which naturally assume an antiferromagnetic configuration and for which 
they can dial in quantum mechanics at will. 

“Understanding and manipulating magnetic properties of more traditional materials such as 
iron have of course long been key to many familiar technologies, from electric motors to hard drives 
in digital computers,” said Professor Gabriel Aeppli, UCL Director of the LCN. 

http://www.nrl.navy.mil/media/news-releases/2012/photovoltaic-cells-tap-underwater-solar-energy
http://www.nrl.navy.mil/media/news-releases/2012/photovoltaic-cells-tap-underwater-solar-energy


 
“While this may seem esoteric, there are deep connections between what has been achieved 

here and new types of computers, which also rely on the ability to tune quantum mechanics to solve 
hard problems, like pattern recognition in images.” 

This story is reprinted from material from University College London, with editorial changes 
made by Materials Today. The views expressed in this article do not necessarily represent those of 
Elsevier. Link to original source. 

 

Proprietati mecanice 

Automated pavement crack detection and sealing 

Sealing cracks in roadways ensures a road’s structural integrity and extends the time 
between major repaving projects, but conventional manual crack sealing operations expose workers 
to dangerous traffic and cover a limited amount of roadway each day. 

To address these challenges, the Georgia Tech Research Institute (GTRI) developed a proto-
type automated pavement crack detection and sealing system with funding from the Georgia De-
partment of Transportation. In road tests, the system was able to detect cracks smaller than one-
eighth-inch wide and efficiently fill cracks from a vehicle moving at a speed of three miles per hour. 

“Our prototype system has proved in many ways that a commercial-scale automated crack 
sealing system is viable,” said Jonathan Holmes, the GTRI research engineer currently leading the 
project, which began in 2003. “We demonstrated solutions to technical challenges — including the 
high-speed firing of nozzles, automated crack detection and navigation — in a real-time, limited-
scale system.” 

An automated crack sealing system would increase the level of safety for the workers in-
volved, require fewer personnel and increase the amount of roadway covered per day. In addition, 
the system could save transportation departments money because sealing cracks extends the time 
before a roadway needs to be completely repaved. 

The prototype system, which was mounted on a trailer, consists of a stereo camera, light-
emitting diodes (LEDs) of two different colors, and an assembly to provide a continuous supply of 
sealant to longitudinal and transverse sealant distribution systems. The operation required only one 
worker to drive the vehicle pulling the trailer. 

As the system traveled along a road lane, the LEDs illuminated the road in two directions — 
parallel and perpendicular to the road — and the stereo camera took two pictures of the road simul-
taneously, which were analyzed using thresholding and filtering algorithms. Within 100 milliseconds 
of taking the images, the computer onboard the trailer generated a “crack map” specifying the loca-
tion and shape of any cracks shown in the images. 

Based on the cracks found in the image, the master controller instructed the sealant applica-
tor valves when to fire. To fill longitudinal cracks, a single dispensing nozzle capable of continuous 
operation was attached to a linear servo axis. The transverse sealant distribution system consisted 
of 12 nozzles spaced evenly across one foot. The transverse and diagonal distribution prototype was 
intended to represent one module that could be replicated and joined together to service a full-width 
roadway lane. 

In multiple road tests, the prototype system proved to be a successful proof-of-concept for 
the automation of crack sealing operations. 

Before a full-scale system can be successfully implemented by transportation departments, 
several issues must be addressed, according to Holmes. First, the crack detection algorithm will 
need to be improved. The researchers tested their crack detection algorithm on more than 100,000 
images they collected of cracks on state roads and found the program correctly identified more than 
83 percent of the cracks. 

http://www.ucl.ac.uk/news/news-articles/1206/120612-quantum-bar-magnets
http://www.ucl.ac.uk/news/news-articles/1206/120612-quantum-bar-magnets


 
“Our crack detection algorithm was limited because we used a vision-based system, which 

was confounded by regions of high contrast caused by features other than pavement cracks, includ-
ing dark stains in the pavement, lane stripes, raised-pavement markers, crack sealant and debris,” 
said Holmes. “A full-scale system may require a fusion of multiple imaging sensors, such as a 3-D 
laser scanning system.” 

Holmes also suggested changes will be necessary in the way the sealant was supplied to the 
longitudinal and transverse distribution systems before a full-scale system can be realized. 

This story is reprinted from material from GeorgiaTech, with editorial changes made by Mate-
rials Today. The views expressed in this article do not necessarily represent those of Elsevier. Link to 
original source. 
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