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      Nanotechnology

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


      
        Ultrathin resonators set new standard for efficient light manipulation
        In the nanometer range (billionth of a meter), interactions occur between light and matter that do not happen on larger scales. As such, so-called nanophotonic materials have unique optical properties that open up a whole range of technical possibilities.

      

      
        Self-stirring nanoreactors enhance reaction efficiency for chemical synthesis
        Recent technological advances have opened new possibilities for the efficient and sustainable synthesis of various valuable chemicals. Some of these advances rely on nanotechnologies, systems or techniques designed to design and study materials or devices at the nanometer scale.

      

      
        Naturally derived nanoparticles show promise against cardiovascular and kidney disease
        Cardiovascular disease and kidney disease are two of the most urgent issues in global public health. In the United States alone, the U.S. Centers for Disease Control and Prevention reports that more than one in seven adults is affected by chronic kidney disease, while cardiovascular disease remains the leading cause of death.

      

      
        Ballistic electrons chart a new course for next-gen terahertz devices
        In a world increasingly driven by high-speed communication and low-power electronics, a team of researchers from the National University of Singapore (NUS) and Singapore University of Technology and Design (SUTD) has proposed a fundamentally new way of manipulating light using the geometry of matter itself.

      

      
        'Stealthy' lipid nanoparticles give mRNA vaccines a makeover
        A new material developed at Cornell University could significantly improve the delivery and effectiveness of mRNA vaccines by replacing a commonly used ingredient that may trigger unwanted immune responses in some people.

      

      
        Glaphene: 2D hybrid material integrates graphene and silica glass for next-generation electronics
        Some of the most promising materials for future technologies come in layers just one atom thick, such as graphene, a sheet of carbon atoms arranged in a hexagonal lattice, prized for its exceptional strength and conductivity. While hundreds of such materials exist, truly merging them into something new has remained a challenge. Most efforts simply stack these atom-thin sheets like a deck of cards, but the layers typically lack significant interaction between them.

      

      
        Zeolite nanopore model links crystal size to metal cluster migration and catalyst performance
        Extensive industrial catalytic applications have shown that the confined nano-channels of zeolites can precisely regulate molecular diffusion and metal cluster migration, effectively enhancing catalyst activity, selectivity, and stability.
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In the nanometer range (billionth of a meter), interactions occur between light and matter that do not happen on larger scales. As such, so-called nanophotonic materials have unique optical properties that open up a whole range of technical possibilities.



										      
																																	Researchers led by Andreas Tittl, Professor of Experimental Physics at LMU, have now developed a method that permits the manufacture of extremely thin optical components that react strongly to even comparatively weak light.

"In the future, these thin components could pave the way for tiny, more sensitive sensors, more energy-efficient computer components, and faster optical communication," says Tittl.

The team has reported on their method in the journal Nature Photonics.

The nanophotonic materials used are based on so-called metasurfaces, which have regular patterns that are generally smaller than the wavelengths of light.

Photonic resonator is the name given to these tiny structures in the nanometer range, which are capable of altering the amplitude, phase, and polarization of incident electromagnetic waves, including light. With suitable metasurfaces, therefore, it is possible to precisely control--to store, say, or amplify or extinguish--light beams.

In a first, the researchers led by Tittl have now integrated the concept of metasurfaces into multilayered 2D materials whose individual layers can consist of just one or two atomic sheets.

"The best known 2D material is graphene, but actually there are quite a number of other ones now available," says Tittl. "You can buy these materials in crystal form, remove individual layers under the microscope, and stack them kind of like paper."

In this way, you can precisely control their atomic arrangement and obtain materials with strong in-plane covalent bonding and weak interlayer interactions. Experts refer to these as van der Waals materials, and they are an important focus of modern materials research.
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                Andreas Tittl (left) and his colleague Luca Sortino in the laboratory at the LMU Nanoinstitute. Credit: LMU
            
        

    





																																						
    
     




																																			Combining concepts

However: "Before now, the literature stopped at macroscopic stacks of multiple 2D materials," explains Tittl. His group utilized an additional nanolithographic process to add further structural parameters to the van der Waals stack, which amplify the light-matter interactions as on a metasurface.

"And so, instead of placing 2D materials on separate, ready-made nanostructures or using bulky external optical resonators, we worked the resonance structure directly into the vdW stack," says Tittl. The researchers named the components created in this way "van der Waals heterostructure metasurfaces"--or vdW-HMs for short.

Specifically, the team, in collaboration with researchers from a group led by Prof. Achim Hartschuh at the Technical University of Munich, packed an individual semiconducting layer of tungsten disulfide, WS2, between several protective layers of hexagonal boron nitride.

Using a lithographic technique, the researchers then worked periodic structures into this material stack, with which light interacts efficiently: The electrons in the material are excited by the incident light and coupled to the light particles (photons).

Experts call these hybrid light-matter particles "exciton-polaritons." They have both material and light-like properties and can condense--similar to a Bose-Einstein condensate, an extreme state of matter in which the vast majority of the particles exist in the same quantum mechanical state.
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																																			Resonators that capture light very efficiently

To obtain the highest possible interaction between light and matter and control unwanted diffraction, the researchers carried out theoretical modeling and simulation. They were thus able to optimize the vdW-HMs and ended up with nanophotonic components that reacted even to light intensities over 1,000 times lower than previously reported.

"Essentially, we've developed ultrathin resonators that capture light very efficiently so that we can use it," explains Luca Sortino, a member of Tittl's team and lead author of the study.

"We've now got a toolkit, so to speak, for combining the two materials science concepts and extending this model to many other 2D materials," says Sortino. And so it would be possible to develop various nanophotonic components with customized optoelectronic characteristics. The researchers are now planning to further investigate this potential, reveals Sortino.

They hope the vdW-HMs will facilitate the development of ultrathin, flat optical components with new functionalities.

Potential applications include, for example, fast optical switches, neuromorphic computing, so-called polariton lasers, which could potentially be built directly into chips, and novel platforms for researching quantum phenomena.


																																																					
																				
																						More information:
												Luca Sortino et al, Atomic-layer assembly of ultrathin optical cavities in van der Waals heterostructure metasurfaces, Nature Photonics (2025). DOI: 10.1038/s41566-025-01675-4
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Ultrathin resonators set new standard for efficient light manipulation (2025, May 29)
												retrieved 29 May 2025
												from https://phys.org/news/2025-05-ultrathin-resonators-standard-efficient.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-05-ultrathin-resonators-standard-efficient.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Self-stirring nanoreactors enhance reaction efficiency for chemical synthesis

										

    
        
            [image: Paddle-like and self-stirring nanoreactors for the efficient synthesis of chemicals]
             
                Synthesis of the paddle-like multi-chambered nanoreactor. Route 1: schematic of the paddle-like multi-chambered nanoparticle via the nanodroplet swelling and subsequent gluing strategy. Route 2: the nanodroplet swelling coupled with the stepwise functional co-assembly strategy for the multifunctional architectures. NPs, functional components (nanocrystal or nanoparticle). Credit: Ma et al. (Nature Nanotechnology, 2025).
            
        

    


Recent technological advances have opened new possibilities for the efficient and sustainable synthesis of various valuable chemicals. Some of these advances rely on nanotechnologies, systems or techniques designed to design and study materials or devices at the nanometer scale.



										      
																																	Nanoreactors are nanotechnologies designed to host and control chemical reactions within confined spaces. These small structures serve as tiny "reaction vessels" that enable the precise manipulation of the reactants, catalysts and conditions to elicit desired chemical reactions.

Researchers at Inner Mongolia University, Fudan University and Julin University in China recently developed a new paddle-like mesoporous silica nanoreactor that can stir itself when exposed to a rotating magnetic field. This nanoreactor, outlined in a paper published in Nature Nanotechnology, can mix chemicals at a molecular level, enhancing the efficiency of reactions and thus potentially enhancing the synthesis of various compounds.

"Developing artificial nanomaterial systems that can convert external stimuli to achieve nanoscale self-sustainable motion (for example, self-rotation), and simultaneously integrate and deploy the spatial localization of multiple active sites to unravel the intraparticle diffusion patterns of molecules, is of great importance for green synthetic chemistry," wrote Yuzhu Ma, Peiting Guo and their colleagues in their paper.

"We show a paddle-like self-stirring mesoporous silica nanoreactor system with separated chambers and controllable proximity of active sites."


																																						
    
     




																																			The new nanoreactor developed by Ma, Guo and their collaborators is essentially a tiny, sponge-like structure with pores through which molecules can pass through. Notably, when a rotating magnetic field is applied to it, this sponge-like structure can autonomously rotate itself, producing a stirring motion that mixes chemicals at a molecular level.



    
    
    
        
        
    
            
            Concept video of planetary cascade nanoreactors. Credit: Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01915-2
  

The team's nanoreactor incorporates magnetic iron oxide (Fe3O4) particles that initiate its rotation, as well as gold (Au) and palladium (Pd) nanocrystals separated in different chambers. This characteristic design facilitates the mixing of catalysts at a nanoscale level, paving the way for the more precise control and enhancement of chemical reactions required to produce specific compounds.

"The nanoreactors are designed by encapsulating magnetic Fe3O4 (~20 nm) in the first chamber, and meantime, Au and Pd nanocrystals are spatially isolated in different domains," explained Ma, Guo and their colleagues.

"Such a nanoreactor generates nanoscale rotation under the rotating magnetic fields and exhibits an order of magnitude activity enhancement in the cascade synthesis of 5,6-dimethylphenanthridinium (96.4% selectivity) compared with conventional macro-stirring. We quantitatively uncovered the rotation-induced enhancement in sequential and reverse transfer of reactive intermediates, consequently revealing the relevance of self-rotation and proximity effects in controlling the catalytic performance."
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																																			As part of their study, Ma, Guo and their colleagues used their paddle-like nanoreactor to synthesize the organic compound 5,6-dimethylphenanthridinium, which is widely used to create industrial materials, as well as in the medical and pharmaceutical industries.

The researchers were able to synthesize this compound with a remarkable selectivity of 96.4%, which is significantly higher than the selectivity yielded by conventional macro-stirring techniques.

In the future, the newly introduced nanoreactor could be improved further and applied to the synthesis of other compounds. Moreover, its underlying design could soon inspire the development of similar nanotechnologies that could enhance the efficiency and sustainability of chemical manufacturing or synthesis processes.


																																																					
																				
																						More information:
												Yuzhu Ma et al, Paddle-like self-stirring nanoreactors with multi-chambered mesoporous branches for enhanced dual-dynamic cascade reactions, Nature Nanotechnology (2025). DOI: 10.1038/s41565-025-01915-2.
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Cardiovascular disease and kidney disease are two of the most urgent issues in global public health. In the United States alone, the U.S. Centers for Disease Control and Prevention reports that more than one in seven adults is affected by chronic kidney disease, while cardiovascular disease remains the leading cause of death.



										      
																																	Biomedical engineers at USC Viterbi School of Engineering have now harnessed a naturally derived nanoparticle released from human cells to develop a powerful new gene therapy weapon against cardiovascular and kidney disease and many other potential therapeutic applications.

The cardiovascular research has been published in Advanced Healthcare Materials, while the kidney disease-focused work is featured in Biomaterials.

The latest research comes from the laboratory of Eun Ji Chung, The Dr. Karl Jacob Jr. and Karl Jacob III Early Career Chair and assistant professor of biomedical engineering, chemical engineering and materials science. The Chung Lab conducts pioneering research in drug delivery and gene therapy, nanomedicine, and biomaterials.

The lab has an extensive background in research involving the design and application of self-assembling synthetic nanoparticles for targeted drug delivery and treatments of diseases such as cancer, cardiovascular and kidney disease.

The lab is now focusing on novel applications of naturally derived versions of these nanoparticles, called extracellular vesicles (EVs). These EVs are membranous structures released from our cells. These non-synthetic particles that have been genetically engineered to enhance their therapeutic benefits, offer the potential for powerful new precision medicine applications that are well tolerated by patients.

"Our cells naturally produce these natural nanoparticles called extracellular vesicles," Chung said. "So, we genetically engineered the cell to produce those EVs in a more therapeutic manner than what they would normally be secreting."


																																						
    
     




																																			A next-gen treatment for heart disease that piggybacks on the human body's own cell-to-cell delivery system

Atherosclerosis is a common inflammatory disease of the cardiovascular system. It causes plaque to build up and rupture in the arteries, which can lead to heart attacks and strokes. According to the National Institutes of Health, around 50% of Americans between ages 45 and 84 have atherosclerosis and don't know it.

When atherosclerosis occurs in coronary arteries, blockages due to plaque or calcification-induced ruptures can lead to a clot, cutting off blood flow to the heart, which is the cause of most heart attacks.

Chung and her team have a strong track record developing nanomedicine approaches to atherosclerosis, as an alternative to current treatments, which focus on lowering low-density lipoprotein cholesterol (LDL) using statins, a group of medications that inhibit the enzyme that helps produce cholesterol.

The lab's previous work has focused on developing engineered micelles that can target calcification in arteries. The team switched their focus to EVs, which are usually produced by the body for cell-to-cell signaling.

An EV particle is secreted by one cell and then absorbed by another. It's like the body's intercellular delivery system--a system that could potentially be harnessed for therapeutic purposes.

"One of the reasons we became interested in EVs is because they're natural nanoparticles versus the lipid nanoparticles and micelles that we typically use. Those are synthetic, even though they have biomimetic and degradable components, whereas these EVs are natural nanoparticles that the cell is producing," Chung said.
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																																			The research team's platform harnesses the power of healthy cells, which, in turn, naturally secrete healthy particles such as RNA, proteins and extracellular vesicles. Chung noted that the EVs secreted by healthy cells will also have properties that help fight off atherosclerosis.

"But those properties are low level, so we engineer the cell to really boost it up," Chung said. "Now, what they're secreting performs thousands of times better in vivo."

The Chung Lab's therapy engineers the EVs to increase the naturally occurring microRNA 145, which targets vascular smooth muscle cells, which are responsible for the formation of plaque in the arteries.

"So, our hypothesis was, especially for chronic diseases like atherosclerosis, instead of dosing patients with synthetic nanoparticles, if we just dose them with natural nanoparticles, wouldn't that be safer in the long run?" Chung said.

"Because these patients are going to be dosed with therapies for the rest of their lives--that was the impetus in the beginning for us using the EVs. Because these EVs are innate and natural, they have this ability to be taken up by other cells."

In a head-to-head comparison experiment between the Chung lab's engineered EVs and synthetic nanoparticles, the research team found that the EVs were more effective at reducing plaque formation.

"We did a dose match, and the EVs have a much better potency. So not only are they natural, but something about their properties allows them to go inside the cell to a greater extent," Chung said.


																																						
    
     




																																			A new EV toolbox to tackle kidney disease

Chronic kidney disease (CKD) is a widespread health issue affecting nearly 600 million people globally, often marked by a slow decline in kidney function.

The Chung Lab has been researching new treatments for kidney disease using their specially engineered nanoparticles to ferry a payload of drug molecules to the kidney. The lab's latest work looks at how EVs can instead be harnessed as a potential treatment for autosomal dominant polycystic kidney disease (ADPKD),

ADPKD is a common inherited form of kidney disease. It is caused by flaws in specific genes (PKD1 or PKD2), leading to numerous cysts growing in the kidneys, which can eventually cause kidney failure.

Current treatments for ADPKD offer limited help. Drugs like Tolvaptan don't target the kidneys directly and don't fix the underlying genetic problem--the faulty proteins these genes produce. They often only slow the disease slightly, can have notable side effects, and don't prevent the eventual need for dialysis or transplant for many patients.

Chung and her team are now investigating a safe and effective treatment by using urinary EVs secreted from healthy kidney cells that contain functional proteins that are missing in the EVs of ADPKD patients.

"In genetic kidney diseases like ADPKD, patients have a certain mutated version of a gene, and that gives either no protein or a dysfunctional protein. But if you get the EVs from a healthy donor, those EVs are loaded with the normal version of the protein," Chung said.


																																			In mouse studies, the team successfully demonstrated that less disease occurred, and cyst development was significantly slowed when healthy urinary EVs were harnessed to deliver their functional protein cargo directly to the diseased kidney cells. In addition, the treatment caused no adverse effects even after repeated doses.

Chung said that the latest work targeting both kidney disease and atherosclerosis showed that EVs hold a great deal of promise as an adaptable, naturally derived therapeutic tool to potentially treat a wide range of conditions.

"I feel like EVs really are the next wave of nanotherapeutics, like gene therapy, protein therapy and cell therapy. While our lab is still working on synthetic nanoparticles, around 50% of our workload is now in EV engineering, and all that work is coming to fruition," Chung said.


																																																					
																				
																						More information:
												Neil Patel et al, Developing Therapeutically Enhanced Extracellular Vesicles for Atherosclerosis Therapy, Advanced Healthcare Materials (2025). DOI: 10.1002/adhm.202404398

Yi Huang et al, Therapeutic potential of urinary extracellular vesicles in delivering functional proteins and modulating gene expression for genetic kidney disease, Biomaterials (2025). DOI: 10.1016/j.biomaterials.2025.123296
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                The approach leverages plasmonic resonators that convert light into collective electron oscillations. When these electrons travel ballistically--without scattering from impurities--they can reflect off the device's carefully shaped surfaces like billiard balls. Some scatter back, while others are funneled through a central "neck" in bow tie-shaped resonators, leading to an asymmetric current flow and frequency doubling. Credit: SUTD
            
        

    


In a world increasingly driven by high-speed communication and low-power electronics, a team of researchers from the National University of Singapore (NUS) and Singapore University of Technology and Design (SUTD) has proposed a fundamentally new way of manipulating light using the geometry of matter itself.



										      
																																	Their research, "Nonlinear Optical Resonances from Ballistic Electron Funneling," which was published in ACS Nano, offers a fresh take on how ballistic electrons--those that travel freely like tiny billiard balls--can generate nonlinear optical signals without needing intense laser power or exotic materials.

"The idea is simple but powerful: by designing the nanoscale geometry just right, we can steer electrons in a way that doubles the frequency of incoming light," said Dr. Hue T.B. Do, lead author.

Instead of relying on traditional nonlinear materials, which often require high-intensity lasers to operate, this new method uses optical resonators shaped like bow ties to funnel electrons through narrow junctions.

The trick lies in how these electrons scatter off the walls of the resonator. When surfaces are smooth, electrons reflect in a predictable manner--a phenomenon known as specular scattering--enabling them to move asymmetrically and generate a second harmonic signal, or light at twice the frequency.

Plasma physics meets nanophotonics

To study this intricate dance of electrons and light, the team turned to an unconventional simulation method: Particle-in-Cell (PIC) modeling, originally developed in plasma physics to track high-energy particles in space and fusion devices.

"Unlike conventional simulations that treat electrons like a fluid, our method tracks each electron individually," explained Professor Wu Lin, co-corresponding author at SUTD. "This kinetic approach is essential to capture how electron-surface interactions produce nonlinear effects."

Their simulations revealed that second-harmonic generation--a cornerstone of optical technologies like lasers and sensors--can occur at field intensities 1,000 to 10,000 times lower than those required by standard methods. This means frequency-doubling could be achieved using compact, low-power infrared sources, such as those used in portable sensors or next-generation wireless systems.


																																						
    
     




																																			Toward tunable terahertz photonics

Beyond its theoretical elegance, the team's work offers practical design guidelines for building nanoscale terahertz (THz) rectifiers and photodetectors. Their proposed devices operate without any applied voltage and can be finely tuned by adjusting the angle and width of the bow tie geometry.

Graphene--a 2D material known for its exceptional conductivity and tunability--is a strong candidate for realizing such devices experimentally. Other high-mobility semiconductors may also benefit from the same principles.

"Our study shows that even without traditional junctions or doping, you can achieve rectification and upconversion simply by controlling the shape of the structure," said Professor Michel Bosman, co-corresponding author from the NUS Department of Materials Science and Engineering.

A roadmap for experiment

The researchers are now calling on experimentalists to join the effort. They believe the conditions for observing the effect are within reach. Specular scattering can be engineered through clean etching techniques or electrostatic doping, and the required light intensity is already achievable using existing mid-infrared sources.

"This work opens the door to efficient, passive optical devices that could one day power wearable sensors, infrared energy harvesters, or low-power wireless receivers," said Dr. Do. "And perhaps just as exciting, it shows how revisiting tools from plasma physics can yield surprising insights in nanophotonics."


																																																					
																				
																						More information:
												Hue T. B. Do et al, Nonlinear Optical Resonances from Ballistic Electron Funnelling, ACS Nano (2025). DOI: 10.1021/acsnano.5c00169
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'Stealthy' lipid nanoparticles give mRNA vaccines a makeover
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A new material developed at Cornell University could significantly improve the delivery and effectiveness of mRNA vaccines by replacing a commonly used ingredient that may trigger unwanted immune responses in some people.



										      
																																	Thanks to their ability to train cells to produce virus-killing proteins, mRNA vaccines have gained popularity over the last five years for their success in reducing the severity of COVID-19 infection.

One method for delivering the mRNA to cells is by packaging it inside fatty spheres, called lipid nanoparticles, that protect it from being degraded. However, a common component of lipid nanoparticles called poly-ethylene glycol (PEG) can provoke immune responses in some individuals, leading researchers to search for more biocompatible materials.

Shaoyi Jioang, professor of biomedical engineering, is working to replace the PEG component of lipid nanoparticles with a more adaptable and stealthy option. The research is published in the journal Nature Materials.

The delivery vehicle for an mRNA vaccine needs to strike a Goldilocks balance--stable enough to protect the mRNA, yet labile enough to release it inside cells, and shielded enough to evade immune surveillance, but not so hidden that it hinders cellular uptake. PEG does the job but presents some unintended side effects in a small subset of individuals.

"The human body is mostly water, so if you insert something with exposed hydrophobic moieties, like PEG, into our bloodstream, our immune surveillance system says, 'Hey, that's a foreign material,' and will generate an antibody to destroy it," said Jiang. This environment makes adverse responses to a vaccine more likely and thus makes it harder for the vaccine to do its job.


																																						
    
     




																																			Most people's immune systems are already primed to fight PEG. Prior research shows that a majority of people have anti-PEG antibodies "from people being exposed to PEG in so many commercial products like shampoo and toothpaste," said Jiang, adding that this widespread exposure may explain why the body is so quick to flag PEG as a threat.

To solve this, Jiang has developed lipid nanoparticles that use a zwitterionic polymer, a crucial alternative to PEG, enhancing the performance and biocompatibility of the system.

Due to the super-hydrophilic, or water-loving, nature of zwitterions, this material is able to blend into the body and deliver the mRNA more easily. This specific naturally derived material, called poly(carboxybetaine) (PCB), has a perfect balance of stealth and stability.

In his recent paper, Jiang found that replacing PEG with PCB in lipid nanoparticles results in highly effective mRNA vaccines that do not adversely trigger the body's immune system.

Jiang is working with Weill Cornell Medicine, Houston Methodist Cancer Center, the Hospital for Sick Children in Toronto, and the National Cancer Institute to move this discovery toward clinical applications, specifically in the development of mRNA-based cancer vaccines.

The zwitterionic nanoparticles help sneak the vaccines past the body's immune surveillance so that it induces antigen-specific immune responses while minimizing undesired immune activation.

"With a virus like COVID-19, you only need a tiny vaccine dose, and our immune system will respond. But for a cancer vaccine, the tumor environment suppresses the immune system, so you need a much higher dose to be effective," said Jiang. "If a patient has a minor problem because of the PEG, the issue will be amplified with a higher dose.


																																																					
																				
																						More information:
												Nature Materials (2025).
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Glaphene: 2D hybrid material integrates graphene and silica glass for next-generation electronics

										

    
        
            [image: Platform may yield custom compounds for electronic, quantum applications, including a 2D hybrid material called glaphene]
             
                Synthesis and structure of glaphene. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202419136
            
        

    


Some of the most promising materials for future technologies come in layers just one atom thick, such as graphene, a sheet of carbon atoms arranged in a hexagonal lattice, prized for its exceptional strength and conductivity. While hundreds of such materials exist, truly merging them into something new has remained a challenge. Most efforts simply stack these atom-thin sheets like a deck of cards, but the layers typically lack significant interaction between them.



										      
																																	An international team of researchers led by Rice University materials scientists has succeeded in creating a genuine 2D hybrid by chemically integrating two fundamentally different 2D materials--graphene and silica glass--into a single, stable compound called glaphene, according to a study published in Advanced Materials.

"The layers do not just rest on each other; electrons move and form new interactions and vibration states, giving rise to properties neither material has on its own," said Sathvik Iyengar, a doctoral student at Rice and a first author on the study.

More importantly, Iyengar explained, the method could apply to a wide range of 2D materials, enabling the development of designer 2D hybrids for next-generation electronics, photonics and quantum devices.

"It opens the door to combining entirely new classes of 2D materials--such as metals with insulators or magnets with semiconductors--to create custom-built materials from the ground up," Iyengar said.

The team developed a two-step, single-reaction method to grow glaphene using a liquid chemical precursor that contains both silicon and carbon. By tuning oxygen levels during heating, they first grew graphene then shifted conditions to favor the formation of a silica layer. This required a custom high-temperature, low-pressure apparatus designed over several months in collaboration with Anchal Srivastava, a visiting professor from Banaras Hindu University in India.


																																						
    
     




																																			"That setup was what made the synthesis possible," Iyengar said. "The resulting material is a true hybrid with new electronic and structural properties."

Once the material was synthesized, the Rice team worked on confirming its structure with Manoj Tripathi and Alan Dalton at the University of Sussex. One of the first clues that glaphene was something new came from an anomaly. When the team analyzed the material using Raman spectroscopy--a technique that detects how atoms vibrate by measuring subtle shifts in scattered laser light--they found signals that did not match either graphene or silica. These unexpected vibrational features hinted at a deeper interaction between the layers.



    
    
    
        
        
    
            
            Collective vibrational excitation of glaphene[?]interactions in glaphene go beyond conventionally observed 2D layer stacks. Credit: Sathvik Iyengar / Rice University
  

In most 2D material stacks, the layers simply sit in place, held together weakly like magnets on a fridge door. But in glaphene, the layers lock together through much more than what are called weak van der Waals bonds, allowing electrons to flow between them and giving rise to entirely new behaviors.

To investigate further, Iyengar consulted Marcos Pimenta, an expert in spectroscopy based in Brazil. Ultimately, the anomaly turned out to be an artifact--an important reminder, Iyengar said, that even reproducible results must be treated with caution.

To better understand how the bonded layers behave at the atomic level, the team collaborated with Vincent Meunier at Pennsylvania State University to verify the experimental results against quantum simulations. These confirmed that the graphene and silica layers interact and bond in a unique way, partially sharing electrons across the interface. This hybrid bonding changes the material's structure and behavior, turning a metal and an insulator into a new type of semiconductor.
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																																			"This was not something only one lab could do," said Iyengar, who recently spent a year in Japan as a fellow of the Japan Society for the Promotion of Science (JSPS), and also an inaugural recipient of the Quad Fellowship, a program launched by the governments of the U.S., India, Australia and Japan to support early career scientists in exploring how science, policy and diplomacy intersect on the global stage. "This research was a cross-continental effort to create and understand a material nature does not make on its own."

Pulickel Ajayan, Rice's Benjamin M. and Mary Greenwood Anderson Professor of Engineering and professor of materials science and nanoengineering, said that while the discovery of glaphene is significant on its own, what makes the research truly exciting is the broader method it introduces: a new platform for chemically combining fundamentally different 2D materials.

The research reflects a guiding principle Iyengar says he inherited from his adviser.

"Since I started my Ph.D., my adviser has encouraged me to explore mixing ideas that others hesitate to mix," he said, quoting Ajayan, who is a corresponding author on the study alongside Meunier. "Professor Ajayan has also said that true innovation happens at the junctions of hesitation, and this project is proof of that."


																																																					
																				
																						More information:
												Sathvik Ajay Iyengar et al, Glaphene: A Hybridization of 2D Silica Glass and Graphene, Advanced Materials (2025). DOI: 10.1002/adma.202419136
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Zeolite nanopore model links crystal size to metal cluster migration and catalyst performance

										

    
        
            [image: New model revolutionizes zeolite catalyst design for enhanced stability]
             
                Propane conversion and propylene selectivity over 0.25%Pt-Sn@S-1(4.00 mm) catalysts with different Sn/Pt ratios. Catalytic test conditions: atmospheric pressure, 100% C3H8, WHSV = 5.3 h-1, and T = 600 degC. Credit: Nature (2025). DOI: 10.1038/s41586-025-09168-8
            
        

    


Extensive industrial catalytic applications have shown that the confined nano-channels of zeolites can precisely regulate molecular diffusion and metal cluster migration, effectively enhancing catalyst activity, selectivity, and stability.



										      
																																	A deep understanding and quantitative description of the coupling between confined "transport and reaction" processes are essential for designing and optimizing industrial zeolite catalysts. However, constructing such a theoretical model poses a significant challenge, largely due to the difficulty in precisely characterizing and describing these confined transport phenomena.

To address this challenge, a research team, led by Prof. Liu Zhongmin and Prof. Ye Mao from the Dalian Institute of Chemical Physics (DICP) of the Chinese Academy of Sciences (CAS), in collaboration with Prof. Bao Xiaojun and Prof. Zhu Haibo from Fuzhou University, has proposed a theoretical model describing the migration-aggregation behavior of confined metal clusters within individual zeolites.

The study is published in Nature.

Using advanced first-principles simulations, the researchers investigated the migration and aggregation kinetics of metal clusters within the nanopores of silicate-1 (S-1). This work led to the establishment--for the first time--of a theoretical model specifically describing the migration-aggregation process of metal clusters within zeolite nanopores.



    
    
    
        
        
    
            
            Migration of Pt in Pt-Sn@S-1(0.10 mm). Migration-agglomeration of Pt-Sn2 clusters in S-1 with Lb of 0.10 mm for the formation of Pt-Sn particles at S-1 surface. Credit: Nature (2025). DOI: 10.1038/s41586-025-09168-8
  

This model reveals the dynamic behavior of metal clusters within the S-1 micro-region and quantitatively describes how the crystal size of S-1 affects the spatial and temporal distribution of these clusters. The model's reliability was validated through various in-situ high-spatial-resolution spectroscopic characterizations.


																																						
    
     




																																			Using this model, researchers discovered that the crystal size of S-1 plays a key role in regulating two competing mechanisms: surface aggregation of metal clusters, which leads to the formation of low-activity metal nanoparticles, and aggregation within the nanopores, which results in high-activity sub-nanometer metal clusters.

Furthermore, the researchers found that when the b-axis length of S-1 exceeds 2 mm, the extended migration path drives Pt species to aggregate within the pores, forming sub-nanometer Pt clusters. These clusters become effectively locked in place within the nanopores, thereby preventing irreversible catalyst deactivation.

Based on this mechanism, the researchers proposed a strategy to achieve the "migration-aggregation-self-locking" of Pt species by increasing the crystal size of S-1. This approach enabled the creation of an ultra-stable Pt-Sn@MFI catalyst for propane dehydrogenation.

"Our study quantitatively describes metal cluster migration and aggregation within individual zeolites, offering an important theoretical foundation for precisely regulating confined metal cluster migration-aggregation by adjusting zeolite support properties," said Prof. Ye.


																																																					
																				
																						More information:
												Zhikang Xu et al, Pt migration-lockup in zeolite for stable propane dehydrogenation catalyst, Nature (2025). DOI: 10.1038/s41586-025-09168-8
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Quanta image sensors brings bioluminescent signals into sharper focus

										

    
        
            [image: New microscope brings glowing cells into focus]
             
                QIScope. Credit: Ruyu Ma--Helmholtz Munich
            
        

    


Researchers at Helmholtz Munich and the Technical University of Munich have developed a new microscope that significantly improves how bioluminescent signals in living cells can be observed.



										      
																																	The system, known as QIScope, is built around a highly sensitive camera technology capable of detecting extremely low levels of light. With sharper image resolution, a wider field of view, and integration with other imaging methods, QIScope opens new opportunities for studying living systems in greater detail and over longer periods.

The work is published in the journal Nature Methods.

Bioluminescence, the light emission produced by specific enzymes in certain living cells, is a powerful tool in life sciences. Unlike fluorescence imaging, which relies on strong external illumination that can interfere with cell behavior or obscure subtle signals, bioluminescence offers a gentler alternative for long-term observations.

Its main drawback, however, is the faintness of the emitted light, which has made detailed imaging technically challenging.

To overcome this limitation, the team led by Dr. Jian Cui explored the use of quanta image sensors (QIS)--a new camera technology that they found outperforms the commonly used cameras (EMCCD) in low-light conditions. To harness the full potential of the QIS, the researchers developed an unconventional optical system that combines the features of a telescope and a microscope, resulting in the creation of the QIScope.

"To take full advantage of the sensor's capabilities, we took inspiration from the optical layout of telescopes," says Ruyu Ma, first author of the study and Doctoral Researcher at the Helmholtz Pioneer Campus.


																																						
    
     




																																			"By combining this approach with the QIS camera, we created a system that can reveal cellular processes with a clarity and sensitivity that was not possible with the state-of-the-art system."

The team of researchers demonstrated that QIScope can track fine-scale dynamics in living cells--such as the movement of vesicles and the behavior of low-abundance proteins--over extended periods.

"Our microscope offers higher sensitivity, improved resolution, larger field of view, and higher dynamic range--all things you would want for challenging live-cell imaging experiments," says study leader Jian Cui.

"It also integrates other imaging methods such as epifluorescence and, in principle, phase contrast. This opens the door to observing living systems with much less disturbance, which is essential for understanding complex biological processes in health and disease."

By addressing key limitations of traditional bioluminescence imaging, the QIScope provides researchers with a valuable tool for studying a range of biological systems--from single cells to organoids and tissue models.

Its ability to reveal subtle and long-term changes in cell behavior may support progress in diverse research areas, including cell biology, disease modeling, and drug discovery.


																																																					
																				
																						More information:
												Ruyu Ma et al, A telescopic microscope equipped with a quanta image sensor for live-cell bioluminescence imaging, Nature Methods (2025). DOI: 10.1038/s41592-025-02694-3
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A new method to generate muons with ultra-short high-intensity lasers

										

    
        
            [image: A new method to generate muons with ultra-short high-intensity lasers]
             
                The two schemes of muon production via high energy electron beams. There are two possible pathways for generating muons using high-energy electron beams accelerated by laser wakefield. One is through the Bethe-Heitler (BH) Process, and the other is via the decay of pion mesons, including photo-production/electro-production. Among them, muons produced through the BH process have higher energy and tend to be emitted along the incident direction of the electron beam, while muons produced by pion meson decay have lower energy and are uniformly distributed in a 4p solid angle. Credit: Zhang et al.
            
        

    


Muons are elementary particles that resemble electrons, but they are heavier and decay very rapidly (i.e., in just a few microseconds). Studying muons can help to test and refine the standard of particle physics, while also potentially unveiling new phenomena or effects.



										      
																																	So far, the generation of muons in experimental settings has been primarily achieved using proton accelerators, which are large and expensive instruments. Muons can also originate from cosmic rays, rays of high-energy particles originating from outer space that can collide with atoms in the Earth's atmosphere, producing muons and other secondary particles.

Researchers at the China Academy of Engineering Physics (CAEP), Guangdong Laboratory, the Chinese Academy of Sciences (CAS) and other institutes recently introduced a new method to produce muons in experimental settings, using an ultra-short high-intensity laser.

Using this method, outlined in a paper published in Nature Physics, they attained a high-yield of muons, reaching up to 0.01 muon per incoming electron.

"Muons play an important role in both basic physical research and applied physical research," Yuqiu Gu, co-author of the paper, told Phys.org.

"Generally, muons come from cosmic rays or proton accelerators. The former is limited by a very low flux (less than 1/cm2/min), and the latter is restricted by limited facilities and high operation costs. Benefiting from the rapid development of the Chirped Pulse Amplification (CPA) technology, currently based on the Laser Wakefield Acceleration (LWFA) technology, electrons can be accelerated to the GeV level within a few centimeters."


																																						
    
     




																																			Leveraging recently developed laser amplification techniques, Gu and his colleagues set out to generate muons via the interaction of high-energy electrons with a conversion target. Their recent paper is the first to report the successful generation of muons in a laser laboratory.

"The interaction between high-energy electrons and the conversion target is a very complex process, involving many secondary radiation processes such as gamma rays, neutrons, electrons, and so on," explained Gu.

"Since the production cross-section of muons is not high, it is difficult to confirm the generation of muons by means of a magnetic spectrometer and other methods, and the detector is prone to be saturated by those secondary radiations."



    
        
            [image: A new method to generate muons with ultra-short high-intensity lasers]
             
                Schematic of the experimental set-up. Credit: Nature Physics (2025). DOI: 10.1038/s41567-025-02872-2
            
        

    



To confirm that the particles generated by their ultra-short high-intensity laser are indeed muons, the researchers thus had to devise an alternative approach that does not rely on magnetic spectrometers. Ultimately, they were able to identify muons by measuring their rest decay lifetime (i.e., how long they lived at rest before decaying).

"On the one hand, because muons have a lifetime in the microsecond range, they can avoid the interference of prompt secondary radiations," said Gu. "On the other hand, the lifetime of muons (2.2 ms) is a unique physical signal, which can be easily distinguished from other accidental coincidence backgrounds."
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																																			The proof-of-principle experiment carried out by Gu and his colleagues attained very promising results.

With their proposed methods, they were able to detect the lifetime spectrum of the particles generated clearly and the spectrum observed is consistent with the known lifetime of muons, confirming that they did in fact produce muons.

"We generated a muon source for the first time on a new platform at a laser laboratory," said Gu.

"We reached a yield of 0.01 m/e. Taking this experiment as an example, the muon yield can reach 107 muons per shot. In the Supplementary information to the article, we have further estimated the yields of surface muons and decay muons under the current experimental conditions, and the yield is expected to reach 103/s muons.

"This new type of muon source makes it possible for small laser laboratories to conduct muon-related research (such as high-energy muon radiography, mSR, MIXE, etc.), thus greatly reducing the threshold for muon application research."

The new approach devised by this team of researchers could soon enable the efficient generation of muons in smaller laboratories, relying on laser technology. In the future, it could thus open new exciting possibilities for muon-related research, which could potentially yield new results and achievements.

"Next, we will first conduct in-depth research on the energy spectrum distribution and angular distribution of this muon source," added Gu.

"We then plan to use this muon source to carry out studies such as muon point projection radiography, all-optical muon acceleration, and muon nuclear excitation et al."


																																																					
																				
																						More information:
												Feng Zhang et al, Proof-of-principle demonstration of muon production with an ultrashort high-intensity laser, Nature Physics (2025). DOI: 10.1038/s41567-025-02872-2.
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