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      Nanotechnology

      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Using fire to produce nanoparticles could revolutionize various industries
        Fire is arguably humanity's earliest discovery. It was pivotal in advancing society--underpinning many of humanity's most transformative inventions, from cooking and forging weapons to generating energy and enabling car combustion engines.

      

      
        Tiny technology that can find pollution in South Africa's water and trap it
        Nanotechnology is the use of materials that are one-billionth of a meter (a nanometer) in size. One of its potential uses is to clean up whatever is contaminating water supplies. Analytical chemist Philiswa Nomngongo, a leading researcher in nanotechnology for water in South Africa, tells The Conversation Africa what kinds of devices are being produced with nanotechnology and what they can do.

      

      
        Bayesian inference enables rapid detection of quantum dot charge states
        A research team at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) has developed a new technique to rapidly and accurately determine the charge state of electrons confined in semiconductor quantum dots--fundamental components of quantum computing systems. The method is based on Bayesian inference, a statistical framework that estimates the most likely state of a system using observed data.

      

      
        Ultrasound and microrobots team up to boost stem cell therapy for brain repair
        A novel study has unveiled a technique that enhances stem cell therapy for neurodegenerative diseases by combining magnetic guidance with localized ultrasound stimulation. This approach successfully navigates magnetically loaded stem cells to specific brain regions and promotes their differentiation into neurons using a miniaturized ultrasound device.

      

      
        Artificial membrane channels enable more efficient rare earth element extraction
        A more efficient and environmentally friendly approach to extracting rare earth elements that power everything from electric vehicle batteries to smartphones could increase domestic supply and decrease reliance on costly imports.

      

      
        First wurtzite-structured MgSiN2 thin film unlocks promising electronic properties
        Wurtzite-structured crystals, characterized by their hexagonal symmetry, are widely valued for their unique electronic and piezoelectric properties--their ability to generate an electric charge when subjected to mechanical stress. Among these, gallium nitride (GaN), a key material in blue light-emitting diodes, and aluminum nitride (AlN), used in high-frequency radio frequency (RF) filters in smartphones, are prominent examples. These materials play a crucial role in advanced semiconductors, senso...

      

      
        Optimizing gold nanoparticles for better medical imaging, drug delivery, and cancer therapy
        Health care professionals use tiny particles of gold (nanoparticles) for a variety of medical applications--from diagnostic imaging to cancer treatment. Gold works well for these applications because it doesn't cause adverse reactions inside the body, it doesn't break down easily, and it's easy to see on imaging tests.
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Fire is arguably humanity's earliest discovery. It was pivotal in advancing society--underpinning many of humanity's most transformative inventions, from cooking and forging weapons to generating energy and enabling car combustion engines.



										      
																																	Today, fire continues to be the gateway to some of the most cutting-edge nanotechnologies currently being developed for use in cancer treatments and as breath sensors for early detection of diabetes and other metabolic diseases.

Nanotechnologies can be found in almost every aspect of our daily lives. For instance, I have previously written about the nanotechnology used in the mRNA vaccines that helped us through the pandemic, and have facilitated conversations discussing how nanotechnology affects our wine, gut and climate.

For example, gas sensors incorporating nanoparticles made via fire can be used to verify that there's no methanol in alcoholic beverages. Methanol is a highly poisonous alcohol contaminant, and has caused numerous poisonings worldwide.

Fire is how most widely used nanoparticles--and by extension, nanotechnologies--are made. For example, a third of a car tire's weight is comprised of carbon black nanoparticles, which are made using fire. These nanoparticles help to reinforce the tire. The white paint we use on our walls and the coatings on some pills contain fire-made titania nanoparticles. Similarly, fumed silica--which is used in the optical fibers needed for internet and communication systems--are also forged in fire.


																																						
    
     




																																			How nanotechnology is made

So how do nanoparticles, which are 80 to 100 thousand times smaller than the thickness of a human hair, form inside a fire?

I specialize in making nanoparticles in fire--specifically using a technology called flame spray pyrolysis.

In my research, I burn flammable chemicals that contain the target metal elements to form my nanoparticles. Everything gets oxidized during combustion: carbon becomes CO2, hydrogen becomes water vapor and metal elements become metal oxides.

During the milliseconds that these metal oxide particulates spend inside the fire, they collide and grow into nano- or micro-particles. I collect these particles on a filter on top of the fire. Important properties such as the size and crystal structure of the nanoparticles that are produced depend on how much time these particles spend inside the fire.

The more time the particles have to collide inside the forging fire, the larger they grow. We can also make complicated particles consisting of multiple elements by burning a mixture of different chemicals. This process is both versatile and scalable--allowing millions of tons of nanoparticles to be produced each year.

Overcoming limitations

Being able to mass-produce nanoparticles has been one of the biggest challenges of producing nanotechnologies on a larger scale. This is because most of the nanoparticles used in nanotechnologies can only be made via "wet chemistry," or by using liquids.
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																																			It can take hours of working with liquid in beakers, mixing them, heating them, then separating and centrifuging them just to obtain tiny amounts of material. These processes are often too expensive and too dangerous to scale enough for viable commercialization.

For instance, quantum dots (nanoparticles made from semiconducting materials which have both optical and electrical properties)--the discovery of which was celebrated by the Chemistry Noble Prize in 2023. These have the potential to revolutionize many technologies--including solar cells, carbon capture and contrast agents used in medical imaging.

However, quantum dots are hardly ever used in those technologies on a large scale because the prohibitive cost of making them via wet chemistry can be as high as US$45,000 per gram.

But unlike wet chemistry, fire is simple, cheap, scalable and surprisingly safe. So when processes that allow for the production of high-value nanoparticles, such as quantum dots, with fire are developed, costs drastically drop and they become immediately scalable and of potential interest to industry.

Fire can also produce harmful particles and by-products.

For instance, if you place a napkin in front of the exhaust of your car, black stuff will accumulate on it. This black residue is soot particles produced by the fire burning inside the engine. Similarly, smoking cigarettes causes soot to form and accumulate in a smoker's lung, often causing cancer.

Soot is also, by some estimations, the third highest contributor to global warming after carbon dioxide and methane. However, those assessments may actually be underestimating the true contribution of soot to greenhouse gas effects.

Flame spray pyrolysis technology has also been used to simulate combustion conditions to not only study the impact of generated soot more accurately, but also test process changes that could virtually eliminate soot emissions. For example, one study used flame spray pyrolysis to show that injecting air downstream of jet fuel combustion can reduce soot emission by more than 90 percent. Flame spray pyrolysis could continue to be a useful tool in researching the impacts of pollution.


																																						
    
     




																																			The future of nanoparticles

But not all nanoparticles can be produced by fire. As such, research exploring new recipes and processes to make high-value nanoparticles that are not yet possible to make in fire could have a large impact.

For example, a major focus of my current work is to explore the possibility of using fire to make graphene. Graphene is the strongest material known at the nanoscale. My previous work shows that by using ultraviolet light, graphene can be transformed into strong macroscopic structures--possibly allowing it to be used in 3D printing.

Further, there's massive untapped potential in nanomedicine to integrate the nanoparticles that are already possible to make in fire. Only about 30 types of nanoparticles are approved by the U.S. Food and Drug Administration--such as those used in COVID-19 vaccines, as well as iron-based nanoparticles used for treating anemia and kidney disease.

All those approved nanomedicines are given via injections. This leaves plenty of room to explore the benefits of inorganic nanoparticles in medicine--especially orally administrated therapeutics.
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Nanotechnology is the use of materials that are one-billionth of a meter (a nanometer) in size. One of its potential uses is to clean up whatever is contaminating water supplies. Analytical chemist Philiswa Nomngongo, a leading researcher in nanotechnology for water in South Africa, tells The Conversation Africa what kinds of devices are being produced with nanotechnology and what they can do.



										      
																																	What is nanotechnology?

Nanotechnology is the branch of science and engineering that is devoted to designing new materials or devices that have unique physical and chemical properties because of their tiny size. It involves manipulating atoms and molecules at nanoscale.

What are South Africa's main water contamination problems?

Water pollution in South Africa, as in other developing countries, poses a significant health and economic threat. South Africa's Department of Water and Sanitation's 2023 Blue Drop Audit Report found that 46% of the country's water was polluted by bacteria or germs that cause illness and nearly 68% of sewage treatment works were on the point of failure.

The kinds of pollution found in South Africa's water are largely due to:


	wastewater treatment failures

	water from industrial and agricultural activities that runs off into water sources

	waste that hasn't been disposed of properly and ends up in rivers

	industrial activities that release heavy metals into water

	natural sources of heavy metals

	insufficient access to clean water.




																																						
    
     




																																			Contaminants of emerging concern are also a major problem in South Africa's water supplies. They include:


	pharmaceuticals (medicines) and personal care products (soap, shampoo and others)

	pesticides from farming

	
cyanotoxins (toxic substances that are produced by blue-green algae)



	
endocrine-disrupting chemicals (they interfere with the normal functioning of natural hormones of the body, causing problems like infertility).





Contaminated water can cause ill health. Ill health then disrupts education and strains the health care system. The result is even more inequality between people who have clean water and those who don't.

How can nanotechnology help?

Monitoring water quality is very important. To find solutions, we first need to know what the problem is. Most of South Africa's water contamination problems stem from inadequate monitoring. So, my research group and researchers in the Department of Chemical Sciences at the University of Johannesburg are using nanotechnology to identify the problems in different sources, like wastewater or river water--even in remote rural areas.
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																																			These are some of the ways in which nanotechnology can help find problems in our water supplies and fix them:


	
Sensors: for example, tiny materials can be modified with a biological element (like enzymes or DNA) to rapidly detect and analyze what is contaminating water.



	
Membranes made up of tiny materials that can sample the water and trap and remove pollutants at the same time.



	
Photocatalytic materials that activate chemical reactions when they are exposed to light and break down polluting substances.





This technology can help countries meet the United Nations' sustainable development goal six: achieving clean and available water and sanitation for all.

Why is South Africa not already using nanotechnology to clean water?

The main challenges are the costs of setting up nanotechnology systems, building technology that can work on a huge scale, and integrating it into existing water treatment systems. Some nanomaterials are very expensive.

We aren't sure yet how durable nanomaterials are in water. Over time, chemicals and changes in acidity levels and water temperature affect the materials, making them less effective at removing pollutants. If nanomaterials break apart, more tiny particles could be released into the water, which would be another form of environmental pollution.

The technology is being used successfully in India and China's water systems, however. They are leading in research and development in this field, with some commercialization already underway. The United States, Germany, Switzerland and France are also exploring the use of nanotechnology in water.


																																						
    
     




																																			What needs to happen next?

Ideally, South Africa would have decentralized water treatment systems that use nanotechnology. This would reduce the need for costly piping and infrastructure. It could benefit rural areas.

But first we need to be able to make nanomaterials on a large scale and cost effectively. My research group is currently researching how to make them out of abundant and low-cost raw materials such as agricultural waste and plastic waste.

We have used the ash from coal-fired power plants and sugarcane bagasse (the fiber left over after the juice is extracted) to prepare nanomaterials that are dotted with tiny holes to absorb pollution.

We've used old acid mine drainage to make magnetic nanoparticles that attract and absorb heavy metal pollution.

These efforts are paving the way for the rollout of nanotechnology in South Africa's water systems.
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Bayesian inference enables rapid detection of quantum dot charge states
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                Above is a simulated charge sensor signal and its histogram. Below is a time integration that reduces noise and enables state identification (called threshold judgment, a conventional method). Credit: Motoya Shinozaki et al
            
        

    


A research team at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) has developed a new technique to rapidly and accurately determine the charge state of electrons confined in semiconductor quantum dots--fundamental components of quantum computing systems. The method is based on Bayesian inference, a statistical framework that estimates the most likely state of a system using observed data.



										      
																					Led by Dr. Motoya Shinozaki (Specially Appointed Assistant Professor, WPI-AIMR) and Associate Professor Tomohiro Otsuka (also affiliated with the Research Institute of Electrical Communication), the team demonstrated that their Bayesian sequential estimation method significantly outperforms traditional threshold-based techniques, especially in situations where measurement noise varies depending on the electron's charge state.

Their findings were published in the journal Physical Review Applied on March 26, 2025.

In quantum computing, the accurate and rapid detection of a single electron's presence or absence--its charge state--is crucial for reading out quantum bits, or qubits. However, fluctuating noise in the readout process can make this task especially challenging.

The team's Bayesian method allows for real-time tracking of charge states in quantum dots, providing more robust and reliable measurements than conventional approaches. Notably, the technique maintains high performance even near transition points between charge states, where distinguishing signals is often most difficult.



    
        
            [image: New Bayesian method enables rapid detection of quantum dot charge states]
             
                (a) Comparison of the estimated error rate using the Bayesian approach with the threshold method. (b) Sequential state estimation by the Bayesian method. More estimation points are obtained near the state transition points than with the conventional threshold method. Credit: Motoya Shinozaki et al
            
        

    



"This work demonstrates how data-driven approaches can improve the precision of quantum measurements," said Dr. Shinozaki. "By enhancing the readout process, this method contributes to the broader effort to make semiconductor-based quantum computing more practical."

In addition to potential applications in quantum computing, the technique may also benefit the development of high-performance nanoscale sensors and support the study of local electronic properties in condensed matter systems.

The researchers plan to apply their Bayesian estimation approach to a wider range of measurement systems characterized by complex noise, and to integrate the method with FPGA (Field-Programmable Gate Array) hardware for real-time implementation. Such advances could accelerate readout speeds and open new avenues for material exploration using quantum dot-based charge sensors.


																														
																				
																						More information:
												Motoya Shinozaki et al, Charge-state estimation in quantum dots using a Bayesian approach, Physical Review Applied (2025). DOI: 10.1103/PhysRevApplied.23.034078. On arXiv: DOI: 10.48550/arxiv.2408.03110
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Ultrasound and microrobots team up to boost stem cell therapy for brain repair
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                Schematic representation of the design and fabrication of the one-dimensional (1D) piezoelectric micromachined ultrasound transducer (pMUT) array for localized ultrasound stimulation. a Schematic image of the 1D pMUT array. b Fabrication of the pMUT array via a wafer bonding process. Credit: Microsystems & Nanoengineering (2025). DOI: 10.1038/s41378-025-00900-y
            
        

    


A novel study has unveiled a technique that enhances stem cell therapy for neurodegenerative diseases by combining magnetic guidance with localized ultrasound stimulation. This approach successfully navigates magnetically loaded stem cells to specific brain regions and promotes their differentiation into neurons using a miniaturized ultrasound device.



										      
																																	The dual strategy significantly boosts neurite outgrowth, a critical marker of neural development, and addresses key challenges in stem cell therapy, such as low delivery efficiency and poor differentiation rates. By integrating precise cell positioning with targeted stimulation, this breakthrough could transform treatments for conditions like Parkinson's and Alzheimer's disease.

Neurodegenerative diseases like Parkinson's and Alzheimer's are characterized by irreversible neuron damage and limited natural repair mechanisms. While stem cell therapy holds great promise for regenerating neural tissue, it has long been hindered by inefficiencies in cell delivery and low differentiation rates.

Current methods, including surgical implantation or magnetic actuation, often fail to ensure precise cell placement and controlled differentiation. Ultrasound stimulation, known for its deep tissue penetration and safety, has emerged as a potential solution, but conventional transducers lack the necessary precision. Magnetic cell-based microrobots (cellbots) offer targeted delivery, but integrating them with differentiation techniques has remained largely unexplored.

The pressing need to develop integrated systems for precise cell delivery and localized differentiation has thus become a focal point in advancing neural regeneration therapies.

Published in Microsystems & Nanoengineering, a study led by researchers at Daegu Gyeongbuk Institute of Science and Technology (DGIST) introduces a groundbreaking approach to neural stem cell therapy. The team combined magnetic cellbots with a piezoelectric micromachined ultrasound transducer (pMUT) array to achieve targeted cell delivery and localized differentiation.


																																						
    
     




																																			By applying ultrasound stimulation to magnetically guided cells, they observed a remarkable 90% increase in neurite length, a key indicator of neuronal maturation. This hybrid technology has the potential to transform treatments for neurodegenerative diseases by enhancing the precision and efficacy of stem cell-based therapies.

The study's core innovation lies in the seamless integration of two cutting-edge technologies: magnetic cellbots for precise stem cell delivery and a pMUT array for localized ultrasound stimulation. The cellbots, loaded with superparamagnetic iron oxide nanoparticles (SPIONs), were guided to target regions using an electromagnetic system.

Once positioned, the pMUT array delivered focused ultrasound pulses, significantly enhancing neurite outgrowth--119.9 mm in stimulated cells versus 63.2 mm in controls. The pMUT's miniaturized design--with 60 mm elements--enabled high spatial resolution, ensuring that stimulation was confined to desired areas without off-target effects.

Key highlights of the study include the pMUT's impressive acoustic performance, generating pressures of up to 566 kPa, and its biocompatibility, validated through rigorous cell viability tests. The sequential activation of pMUT channels minimized overlap, optimizing stimulation efficiency. Moreover, the cellbots exhibited excellent magnetic responsiveness, achieving speeds of 36.9 mm/s under a 20 mT rotating magnetic field, with no adverse effects on cell health.
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																																			This dual-system approach overcomes longstanding hurdles in stem cell therapy, such as poor differentiation and uncontrolled cell placement, paving the way for reconstructing functional neural networks in damaged brains.

Dr. Hongsoo Choi, the study's corresponding author, said, "Our technology merges the precision of magnetic actuation with the non-invasive power of ultrasound to create a scalable platform for neural regeneration. By achieving localized differentiation, we can now envision therapies where stem cells not only reach their target but also mature into functional neurons on demand."

The team plans to explore clinical applications, including adapting the system for minimally invasive procedures in human patients.

This research opens new avenues for treating neurodegenerative diseases and neural injuries. The ability to precisely deliver and differentiate stem cells could significantly improve outcomes in Parkinson's, Alzheimer's, and stroke recovery, where neural connectivity is critical.

Beyond therapy, the technology may also aid drug testing by creating accurate neural models in labs. Future work could refine ultrasound parameters for optimal differentiation and scale the system for human use.

Challenges remain, including ensuring long-term cell survival and integration in vivo. However, if successful, this approach could reduce reliance on invasive surgeries and offer safer, more effective regenerative treatments, marking a significant leap forward in bioengineering and personalized medicine.


																																																					
																				
																						More information:
												Seonhyoung Kim et al, Localized ultrasonic stimulation using a piezoelectric micromachined ultrasound transducer array for selective neural differentiation of magnetic cell-based robots, Microsystems & Nanoengineering (2025). DOI: 10.1038/s41378-025-00900-y
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Artificial membrane channels enable more efficient rare earth element extraction

										

    
        
            [image: Rare earth element extraction bolstered by new research]
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A more efficient and environmentally friendly approach to extracting rare earth elements that power everything from electric vehicle batteries to smartphones could increase domestic supply and decrease reliance on costly imports.



										      
																																	This new method, developed by researchers at The University of Texas at Austin, allows for separating and extracting these in-demand elements where it's not possible today, opening up new avenues for gathering rare earth elements amid global trade tensions.

"Rare earth elements are the backbone of advanced technologies, but their extraction and purification are energy-intensive and extremely difficult to implement at the scales required," said Manish Kumar, professor in the Cockrell School of Engineering's Fariborz Maseeh Department of Civil, Architectural and Environmental Engineering and the McKetta Department of Chemical Engineering. "Our work aims to change that, inspired by the natural world."

The research is published in ACS Nano. The researchers developed artificial membrane channels--tiny pores embedded in membranes--that mimic the selective transport mechanisms of transport proteins found in biological systems. These channels are the roadways used by different ions to travel between cells.

Each channel is different, letting only ions with certain characteristics through while keeping others out. That selectivity is critical to many biological processes, including how our brains think.


																																						
    
     




																																			The researchers' artificial channels use a modified version of a structure called pillararene to enhance their ability to bind and block specific common ions while transporting specific rare earth ions. The result is a system that can selectively transport middle rare earth elements, such as europium (Eu3+) and terbium (Tb3+), while excluding other ions like potassium, sodium, and calcium.

"Nature has perfected the art of selective transport through biological membranes," said Venkat Ganesan, professor in the McKetta Department of Chemical Engineering and one of the research leaders. "These artificial channels are like tiny gatekeepers, allowing only the desired ions to pass through."

Rare earth elements are split into several classes (light, middle and heavy), each with different properties that make them ideal for specific applications. Middle elements are used in lighting and displays, including TVs, and as magnets in green energy technologies, such as wind turbines and electric vehicle batteries.

The U.S. Department of Energy and the European Commission have identified several middle elements, including europium and terbium, as critical materials at risk of supply disruption. With demand for these elements expected to grow by over 2,600% by 2035, finding sustainable ways to extract and recycle them is more urgent than ever.

In experiments, the artificial channels showed a 40-fold preference for europium over lanthanum (a light rare earth element) and a 30-fold preference for europium over ytterbium (a heavy rare earth element). These selectivity levels are significantly higher than those achieved by traditional solvent-based methods that require dozens of stages to achieve similar results.
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																																			Using advanced computer simulations, they discovered that the channels' selectivity is driven by unique water-mediated interactions between the rare earth ions and the channel. These interactions allow the channels to differentiate between ions based on their hydration dynamics--how water molecules surround and interact with ions.

Kumar and his team have been working on this research for more than five years. He is an expert in membrane-based separations, applying that knowledge to clean water generation as well.

The researchers envision their technology being integrated into scalable membrane systems for industrial use. The goal is to make it easier to conduct ion separations in the U.S., using clean energy. They're working on a platform for these channels that allows users to select a variety of ions to gather. This could include other critical minerals like lithium, cobalt, gallium, and nickel.

"This is a first step toward translating nature's sophisticated molecular recognition and transport strategies into robust industrial processes, thus bringing high selectivity to settings where current methods fall short," said Harekrushna Behera, a research associate in Kumar's lab who worked on the project.

The team includes researchers from the Fariborz Maseeh Department of Civil, Architectural and Environmental Engineering, McKetta Department of Chemical Engineering, and the College of Natural Sciences' Department of Chemistry. They are: Tyler J. Duncan, Laxmicharan Samineni, Hyeonji Oh, Ankit Jogdand, Arnav Karnik, Raman Dhiman, Aida Fica, Tzu-Yun Hsieh.


																																																					
																				
																						More information:
												Harekrushna Behera et al, Lanthanide-Selective Artificial Channels, ACS Nano (2025). DOI: 10.1021/acsnano.4c17675
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First wurtzite-structured MgSiN2 thin film unlocks promising electronic properties
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                The realization of MgSiN2 with a wurtzite structure is expected to significantly broaden the composition of piezoelectric and ferroelectric materials with wurtzite structures. Credit: Institute of Science Tokyo
            
        

    


Wurtzite-structured crystals, characterized by their hexagonal symmetry, are widely valued for their unique electronic and piezoelectric properties--their ability to generate an electric charge when subjected to mechanical stress. Among these, gallium nitride (GaN), a key material in blue light-emitting diodes, and aluminum nitride (AlN), used in high-frequency radio frequency (RF) filters in smartphones, are prominent examples. These materials play a crucial role in advanced semiconductors, sensors, and actuators.



										      
																																	Scientists at the Institute of Science Tokyo (Science Tokyo), Japan, have made a significant breakthrough in expanding the wurtzite structure to include heterovalent ternary nitrides, specifically for potential piezoelectric and ferroelectric applications. Their paper, which was made available on February 6, 2025, in Advanced Electronic Materials, describes the fabrication of the first-ever magnesium silicon nitride (MgSiN2) heterovalent nitride in a wurtzite structure with piezoelectric properties.

This pioneering study was led by Professor Hiroshi Funakubo from MDX Research Center for Element Strategy, Science Tokyo, in collaboration with Mr. Sotaro Kageyama, a second-year Master's student, Assistant Professor Kazuki Okamoto, and Professor Hiroko Yokota from the School of Materials Science and Engineering, Science Tokyo. The research team also included Professor Venkatraman Gopalan from Pennsylvania State University, Associate Professor Yoshiomi Hiranaga from Tohoku University, Professor Hiroshi Uchida from Sophia University, and others.

Wurtzite structures, such as AlN and GaN, are usually made of trivalent cations. However, these materials face challenges due to high coercive electric fields--the energy required to switch polarization for piezoelectric charge generation and ferroelectric properties.

Incorporating heterovalent cations with valencies of II/IV alters the structural rigidity due to differences in cation radii. This alteration has been shown to facilitate polarization and lower the coercive field. To explore this effect, the researchers selected the heterovalent ternary nitride MgSiN2, composed of Mg2+ and Si4+.


																																						
    
     




																																			MgSiN2 typically crystallizes in the orthorhombic b-NaFeO2 structure. However, the research team successfully stabilized it in a wurtzite phase using reactive RF magnetron sputtering of Mg and Si ions at 600 degC in a nitrogen-rich atmosphere. This structural transformation introduced a random cationic ordering.

"The ability to synthesize MgSiN2 in a new wurtzite phase is a major advancement in the field of piezoelectric materials," explains Funakubo. "Our findings could open new avenues for developing high-performance materials with tailored electronic properties."

The results confirmed the piezoelectric nature of wurtzite-MgSiN2 using advanced characterization techniques, including X-ray diffraction, transmission electron microscopy, and piezoresponse force microscopy.

The fabricated material exhibited a converse piezoelectric coefficient (d33,f = 2.3 pm/V) comparable to those of conventional simple nitrides, indicating its ability to effectively convert mechanical stress into electric charge. This breakthrough creates potential applications in ultrasonic transducers, nanoelectromechanical systems, and energy harvesters.

The piezoelectric MgSiN2 exhibited a wide bandgap of approximately 5.9 eV (direct) and 5.1 eV (indirect), comparable to traditional piezoelectric wurtzite AlN. This suggests that the material provides excellent insulation by restricting electron movement between the valence band (where electrons are bound to atoms) and the conduction band (where electrons are free to move and conduct electricity).
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																																			A wider bandgap indicates strong resistance to electrical conduction under normal conditions, confirming the material's durability and stability. These properties make MgSiN2 a promising candidate for next-generation electronics.

"Our research lays the foundation for further exploration of heterovalent ternary nitrides with piezoelectric properties. Fine-tuning the deposition parameters could lead to greater improvements in polarization switching and further validate the material's ferroelectric properties," concludes Funakubo.

As the researchers continue to investigate new material phases for piezoelectric applications, the wurtzite-structured MgSiN2 emerges as a promising candidate for next-generation piezoelectric and ferroelectric technologies, paving the way for advancements in electronic materials.


																																																					
																				
																						More information:
												Sotaro Kageyama et al. Realization of Non-Equilibrium Wurtzite Structure in Heterovalent Ternary MgSiN2 Film Grown by Reactive Sputtering, Advanced Electronic Materials (2025). DOI: 10.1002/aelm.202400880, advanced.onlinelibrary.wiley.c ... .1002/aelm.202400880
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Optimizing gold nanoparticles for better medical imaging, drug delivery, and cancer therapy
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                a) TEM images for the 5, 10, 15, and 20 nm AuNPs at different magnifications, and b) number size distribution based on the TEM image evaluations (129-208 individual particles for each AuNPs suspension) with corresponding mean size, standard deviation, minimum, and maximum size. Credit: Particle & Particle Systems Characterization (2025). DOI: 10.1002/ppsc.202400230
            
        

    


Health care professionals use tiny particles of gold (nanoparticles) for a variety of medical applications--from diagnostic imaging to cancer treatment. Gold works well for these applications because it doesn't cause adverse reactions inside the body, it doesn't break down easily, and it's easy to see on imaging tests.



										      
																																	Ontario researchers used the Canadian Light Source at the University of Saskatchewan to determine whether the size of gold nanoparticles affects how they interact with an amino acid called L-cysteine. L-cysteine plays a key role in many biological processes inside the human body. It can prevent gold nanoparticles from clumping together, which is important for ensuring medical treatments work properly. L-cysteine can form a strong bond with gold, which in turn enables it to more easily attach to specific targets, such as cancer cells.

The work is published in Particle & Particle Systems Characterization.

Yolanda Hedberg, a professor of chemistry at Western University, says that while many different sizes of gold nanoparticles are used in medicine, little is known about how size affects their performance. "We're trying to understand what they do in the body and where they go. It is important to know if the (gold) particle stays the same size, because each size has specific properties and you design the particle in this way, and then don't want it to change in the human body."



    
    
    
        
        
    
         
             
         

        Optimizing gold nanoparticles for better medical imaging, drug delivery, and cancer therapy. Credit: Canadian Light Source
  

Using ultrabright synchrotron light--combined with other techniques--Hedberg and her team discovered that smaller gold nanoparticles (5 nanometer) bond more strongly with L-cysteine than larger ones (10, 15, and 20 nm). For reference, a human hair is about 100,000 nm wide.

They also found that the smallest gold nanoparticles didn't clump together as much when L-cysteine was present. Clumping can negatively affect the effectiveness, stability, and safety of nanoparticles. "This shows they can maintain their size and properties in a biological environment," says Hedberg.

Hedberg says their findings can be used to inform production of optimally sized nanoparticles, to improve drug delivery, cancer therapy, and imaging.

"When we understand exactly how the size is affecting the reaction with the environment, we can design the particle size in a way that we make the nanomedicine as effective as possible."


																																																					
																				
																						More information:
												Peter Slovensky et al, Effect of Nanoparticle Size on Cysteine-Gold Surface Interactions, Particle & Particle Systems Characterization (2025). DOI: 10.1002/ppsc.202400230
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                Artistic rendering of the SBS process 'in action'.
            
        

    


By adding a sound-mediated way to control light to the toolkit of light-based chips, University of Twente researchers have pushed the boundaries of the technology. This opens up the possibility of making atomic clocks small enough to fit in satellites and drones, helping them navigate without GPS.



										      
																																	Imagine having to find your way with only a compass and the stars and being handed a GPS. This is what David Marpaung and colleagues have just done for designers of light-based chips. Through their discovery of steering light with sound, the UT researchers have made available a powerful new tool to expand the scope and performance of this up-and-coming technology that's quickly moving beyond its traditional use in low-power optical communication.

Detailed in Science Advances, Marpaung has essentially molded the precision and versatility of a well-known physical phenomenon called Stimulated Brillouin Scattering (SBS) into a form that's ready for mass manufacturing.

With SBS added to their toolkit, engineers will be able to incorporate sub-hertz linewidth lasers, ultra-selective filters, and many other components with unparalleled performance into their photonic circuits.

These chips are sure to make waves. "Integrated Brillouin photonics is very fertile ground, both scientifically and commercially, and our work takes it from the lab to the fab," says Marpaung, referring to the factories where chips are made, called fabs.


																																						
    
     




																																			Electrons, photons and phonons

For the telecom industry, Brillouin scattering is usually a nuisance. In an optical fiber, the interaction of light with the glass creates periodic changes in the medium's density and refractive index, scattering the light and limiting the power that can be transferred from A to B.

But Brillouin scattering can also be used for good. By carefully controlling the positive feedback loop between light waves passing through a medium and the sound waves (called phonons) that are generated in the material's crystal lattice as a result of the interaction with light, a new way of transporting and processing information emerges.

"After electrons in electronics and photons in integrated photonics, think of the phonon-mediated interactions as a third way to shape, redirect, or process signals," Marpaung explains.

SBS hasn't been practical--until now

Until recently, however, leveraging SBS hasn't been practical. "There have been many proof-of-concept demonstrations, but, for a variety of reasons, these face critical challenges in terms of practical deployment and scalability," says Kaixuan Ye, a Ph.D. student in Marpaung's group and first author of the Science Advances paper.

Another major roadblock has been an intrinsic property of acoustic waves. Much like ripples spreading across the surface of the sea, acoustic waves tend to propagate in all directions, dispersing their energy.

Marpaung, Ye and colleagues found that in the optical material lithium niobate, the acoustic waves can be steered by the direction of light, essentially taming it for insertion into integrated photonics technology: thin-film lithium niobate (TFLN) is an established platform for the light-based chips.
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																																			The power of SBS

To provide a taste of the new functionality that's available, Marpaung's group collaborated with the research group of Cheng Wang of the City University of Hong Kong. They fabricated an on-chip Brillouin amplifier and laser in the TFLN platform--two key components in any photonic integrated circuit. The team also created a more intricate component, a multifunctional Brillouin microwave photonic processor capable of filtering an incoming signal.

These demonstrations open the door to real-world applications, which Marpaung has already started to explore.

"SBS can drastically reduce the dimensions of atomic clocks, since SBS allows for miniaturization of the ultra-precise and stable lasers required by these devices. Chip-scale lasers will enable cost-effective integration of atomic clocks in satellites and unmanned aerial vehicles (drones). Thanks to precise on-board timekeeping, these devices wouldn't have to rely on GPS for navigation," he explains.

"Our work also allows for ultra-precise filtering of unwanted signals. Integration with high-speed modulators will lead to higher performance, smaller size and lower cost. These filters can be used for mitigation of unwanted interference and jamming, which is important for 6G radios and GPS/navigation."


																																																					
																				
																						More information:
												Kaixuan Ye et al, Integrated Brillouin photonics in thin-film lithium niobate, Science Advances (2025). DOI: 10.1126/sciadv.adv4022
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Calculating the strong attraction of a charming particle
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                Using the supercomputer Fugaku (shown here), RIKEN researchers were able to determine the strong force acting between a nucleon and a charmonium particle. Credit: RIKEN
            
        

    


A theoretical study by RIKEN physicists, published in Physics Letters B, has accurately determined the interaction between a charmonium and a proton or neutron for the first time.



										      
																																	From two galaxies colliding to an electron jettisoned from a nucleus, all interactions in the universe can be described in terms of just four fundamental forces.

Gravity and the electromagnetic force are the two we are familiar with in everyday life, while the weak and strong forces operate over minuscule distances--roughly the size of an atomic nucleus or smaller.

As its name implies, the strong force is the strongest of the four forces over minuscule distances, and it binds protons and neutrons (collectively known as nucleons) within the atomic nucleus. It operates between quarks and gluons, which are the building blocks of nucleons.

"Nuclear power plants generate electricity by harnessing the strong force, and the sun's energy is basically derived from it," says Yan Lyu of the RIKEN Interdisciplinary Theoretical and Mathematical Sciences Program. "So it's important to understand how the strong interaction works."

The strong force is described mathematically by quantum chromodynamics. While the theory is complete, how it operates in specific situations is an area of active research, both theoretically and experimentally in facilities such as particle accelerators.


																																						
    
     




																																			Now, Lyu and co-workers have used quantum chromodynamics to theoretically investigate strong interactions between a nucleon and a type of short-lived particle called a charmonium.

Nucleons are made from up and down quarks, which are two of the six types of quarks. A charmonium, on the other hand, consists of a charm quark and a charm antiquark.

"The discovery of the first charmonium in November 1974 is sometimes referred to as the November Revolution because it was such a groundbreaking event in particle physics," says Lyu. "The two scientists involved were awarded Nobel prizes just two years later."

While charmonium was discovered more than half a century ago, many questions remain about how it interacts with other particles.

"One fundamental question is how charmonia interact with nucleons," says Lyu. "That's the basic question we addressed in this study."

Performing calculations on Fugaku, one of the world's most powerful supercomputers, Lyu and collaborators found that the interaction between the two particles was attractive at all distances. They were also able to pin down its magnitude much more accurately than previous estimates.

Experimental confirmation of the results may not be far off. "Experimentalists at the Large Hadron Collider in Europe said they're planning to measure the interaction between a nucleon and a charmonium particle in a few years," says Lyu.

The team plans to broaden their investigation. "We expect our findings will also be applicable to other systems," says Lyu. "That's something we're investigating now."


																																																					
																				
																						More information:
												Yan Lyu et al, Nucleon-charmonium interactions from lattice QCD, Physics Letters B (2024). DOI: 10.1016/j.physletb.2024.139178
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