
 
 
 
 
 
 
                
 

 
 

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. New fluorescent probes could be used for diagnosis of neurologyical disease 

Sticky plaques of proteins called amyloids mark several different, though related degenerative brain 
diseases including Alzheimer’s, Parkinson’s and Creutzfeld-Jacobs. The symptoms of these disorders 
overlap and methods to diagnose and monitor them are not very advanced. 

To solve this problem, scientists have devised several new fluorescent probes that change color 
depending on what type of amyloid they encounter. Because amyloids accumulate in the eye as well 
as the brain, their discovery offers hope that one day neurodegenerative diseases could be 
differentially diagnosed with simple eye drops or ointment and an eye exam. 
 
“The key trick here is that the small differences in the proteins that make up different forms of 
amyloid interact differently with our fluorescent probes to result in measurably different colors of the 
emitted light,” said one of the researchers.  
The colors vary depending on the physical properties of pockets in the different amyloid proteins. 
The team demonstrated that one of their probes glows yellow when marking amyloid deposits 
associated with prion disease, and green when it binds to amyloids associated with Alzheimer’s 
disease in tissue samples, for example.  
Among the few available diagnostics for Alzheimer’s disease are radioactive molecules that target 
amyloid, which can be detected in the brain using positron emission tomography or PET scans. But 
that test only says whether amyloid has formed in the brain without distinguishing between the 
various types. 
Now that they have learned how physical properties of amyloid control the colors of their markers, 
they are expanding their catalog to create probes for discriminating between other forms of amyloid. 
The technology has been licensed for commercial development of diagnostic tests for human neural 
disease. 

Reprint dupa Materials Today.  
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2. New nanoparticles shrink tumors-Protein targeting 

By sequencing cancer-cell genomes, scientists have discovered vast numbers of genes that are 
mutated, deleted or copied in cancer cells. This treasure trove is a boon for researchers seeking new 
drug targets, but it is nearly impossible to test them all in a timely fashion. To help speed up the 
process, MIT researchers have developed RNA-delivering nanoparticles that allow for rapid screening 
of new drug targets in mice. In their first mouse study, done with researchers at Dana-Farber Can-
cer Institute and the Broad Institute, they showed that nanoparticles that target a protein known as 
ID4 can shrink ovarian tumors.   
 
Through Project Achilles, Hahn and his colleagues have been testing the functions of many of the 
genes disrupted in ovarian cancer cells. By revealing genes critical to cancer-cell survival, this 
approach has narrowed the list of potential targets to several dozen.Typically, the next step in 
identifying a good drug target would be to genetically engineer a strain of mice that are missing (or 
overexpressing) the gene in question, to see how they respond when tumors develop. However, this 
normally takes two to four years. A much faster way to study these genes would be simply to turn 
them off after a tumor appears. 
 
RNA interference (RNAi) offers a promising way to do that. During this naturally occurring 
phenomenon, short strands of RNA bind to the messenger RNA (mRNA) that delivers protein-
building instructions from the cell’s nucleus to the rest of the cell. Once bound, the mRNA molecules 
are destroyed and their corresponding proteins never get made. 
 
Researchers decided to focus on the ID4 protein because it is overexpressed in about a third of high-
grade ovarian tumors (the most aggressive kind), but not in other cancer types. The gene, which 
codes for a transcription factor, appears to be involved in embryonic development: It gets shut 
down early in life, then somehow reactivates in ovarian tumors. 
 
To target ID4, Bhatia and her students designed a new type of RNA-delivering nanoparticle. Their 
particles can both target and penetrate tumors, something that had never before been achieved with 
RNA interference. Within the nanoparticles, strands of RNA are mixed with a protein that further 
helps them along their journey: When the particles enter a cell, they are encapsulated in 
membranes known as endosomes. The protein-RNA mixture can cross the endosomal membrane, 
allowing the particles to get into the cell’s main compartment and start breaking down mRNA. 
 
The researchers are now using the particles to test other potential targets for ovarian cancer as well 
as other types of cancer, including pancreatic cancer. They are also looking into the possibility of 
developing the ID4-targeting particles as a treatment for ovarian cancer.  

Reprint dupa Materials Today.  



 
 

Materiale avansate 

3. New form of carbon observed-Carbon clusters 

A team of scientists has observed a new form of very hard carbon clusters, which are unusual in 
their mix of crystalline and disordered structure. The material is capable of indenting diamond.  
Some forms of carbon are crystalline, meaning that the structure is organized in repeating atomic 
units. Other forms are amorphous, meaning that the structure lacks the long-range order of 
crystals. Hybrid products that combine both crystalline and amorphous elements had not previously 
been observed, although scientists believed they could be created. 
The team started with a substance called carbon-60 cages, made of highly organized balls of carbon 
constructed of pentagon and hexagon rings bonded together to form a round, hollow shape. An or-
ganic xylene solvent was put into the spaces between the balls and formed a new structure. They 
then applied pressure to this combination of carbon cages and solvent, to see how it changed under 
different stresses. 
At relatively low pressure, the carbon-60’s cage structure remained. But as the pressure increased, 
the cage structures started to collapse into more amorphous carbon clusters. However, the 
amorphous clusters still occupy their original sites, forming a lattice structure. 
The team discovered that there is a narrow window of pressure, about 320,000 times the normal 
atmosphere, under which this new structured carbon is created and does not bounce back to the 
cage structure when pressure is removed. This is crucial for finding practical applications for the new 
material going forward. This material was capable of indenting the diamond anvil used in creating 
the high-pressure conditions. This means that the material is superhard. 
If the solvent used to prepare the new form of carbon is removed by heat treatment, the material 
loses its lattice periodicity, indicating that the solvent is crucial for maintaining the chemical 
transition that underlies the new structure. Because there are many similar solvents, it is 
theoretically possible that an array of similar, but slightly different, carbon lattices could be created 
using this pressure method. 

 

4. A cheaper, cleaner, more efficient catalyst-Thirty fold improvements for methane 

burning 

As the world’s accessible oil reserves dwindle, natural gas has become an increasing important 
energy source. The primary component of natural gas is methane, which has the advantage of 
releasing less carbon dioxide when it’s burned than do many other hydrocarbon fuels. But because 
of the very stable structure of the methane molecule, it can be difficult to access the energy stored 
within. When unburned methane escapes into the atmosphere, it’s a greenhouse gas 20 times more 
powerful than carbon dioxide. 
Now, researchers have created a material that catalyzes the burning of methane 30 times better 
than do currently available catalysts.The discovery offers a way to more completely exploit energy 
from methane, potentially reducing emissions of this powerful greenhouse gas from vehicles that 
run on natural gas. The catalyst may also offer a cleaner and cheaper way of generating energy 
from catalytic combustion in gas turbines. 



 
 
Conventional catalysts for methane combustion are composed of metal nanoparticles, and in parti-
cular palladium (Pd), deposited on oxides such as cerium oxide (CeO2). Tweaking that approach, the 
researchers instead used a method that relies on self-assembly of nanoparticles. They first built the 
palladium particles — just 1.8 nanometers in diameter — and then surrounded them with a protecti-
ve porous shell made of cerium oxide, creating a collection of spherical structures with metallic 
cores. Because small particles such as these tend to clump together when heated and because these 
clumps can reduce a catalyst’s activity, the team deposited them on a hydrophobic surface 
composed of aluminum oxide to ensure they were evenly distributed.  
 
Testing the material’s activity, the researchers found that their core-shell nanostructure performed 
30 times better than the best methane combustion catalysts currently available, using the same 
amount of metal. It completely burned methane at 400 degrees C.  The researchers plan to further 
study the structure of the new catalyst to better understand why it works so well. And they will use 
similar methods to create new materials to test. 

Reprint dupa Materials Today. 

 

Energie 
 
4. Nano-structures to realise hydrogen’s energy potentialUnique "core-shell" na-

nomaterials 

For the first time, engineers at the University of New South Wales have demonstrated that hydrogen 
can be released and reabsorbed from a promising storage material, overcoming a major hurdle to its 
use as an alternative fuel source. Researchers have synthesised nanoparticles of a commonly 
overlooked chemical compound called sodium borohydride and encased these inside nickel shells. 
Their unique "core-shell" nanostructure has demonstrated remarkable hydrogen storage properties, 
including the release of energy at much lower temperatures than previously observed.  
Considered a major a fuel of the future, hydrogen could be used to power buildings, portable 
electronics and vehicles – but this application hinges on practical storage technology. 
 Lightweight compounds known as borohydrides (including lithium and sodium compounds) are 
known to be effective storage materials but it was believed that once the energy was released it 
could not be reabsorbed – a critical limitation. This perceived “irreversibility” means there has been 
little focus on sodium borohydride. 
 However, the result, published last week in the journal ACS Nano, demonstrates for the first time 
that reversibility is indeed possible using a borohydride material by itself and could herald significant 
advances in the design of novel hydrogen storage materials. The researchers observed remarkable 
improvements in the thermodynamic and kinetic properties of their material. This means the 
chemical reactions needed to absorb and release hydrogen occurred faster than previously studied 
materials, and at significantly reduced temperatures – making possible application far more 
practical. 
  



 
 

In its bulk form, sodium borohydride requires temperatures above 550 degrees Celsius just to 
release hydrogen. Even on the nano-scale the improvements were minimal. However, with their 
core-shell nanostructure, the researchers saw initial energy release happening at just 50 °C, and 
significant release at 350 °C. 

 
Reprint dupa Materials Today. 
 
 

5. Single-molecule measurement of van der Waals interactions A first at the metal-

organic interface 

A team of researchers has succeeded in performing the first quantitative characterization of van der 
Waals interactions at metal/organic interfaces at the single-molecule level. The team has shown the 
existence of two distinct binding regimes in gold-molecule-gold single-molecule junctions, using 
molecules containing nitrogen atoms at their extremities that are attracted to gold surfaces. While 
one binding mechanism is characterized by chemical interactions between the specific nitrogen and 
gold atoms, the other is dominated by van der Waals interactions between the molecule and the 
gold surface. 
 
“A detailed understanding of van der Waals interactions is a key step towards design of organic elec-
tronic devices,” says Sriharsha Aradhya, the study’s lead author. “Apart from the fundamental 
importance of these measurements, we are also excited about its applications. Understanding the 
effects of van der Waals interactions is tremendously important for creating and optimizing devices 
with organic building-blocks”. 
“Many proposals for future photovoltaic and flexible electronic devices are based on organic 
molecules because they are cost-effective,” Venkataraman adds, “and scientists need to have a 
deeper understanding of these van der Waals interactions. Our work opens up the possibility of 
measuring and characterizing the strength of interaction between a variety of molecules and metallic 
surfaces a single-molecule at a time.” 

 
 
CTT AVANMAT este entitate re-acreditată prin decizia președintelui ANCS Nr. 9611 din 
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