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      Nanotechnology

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


      
        Naturally sourced nanowhisker glue uses ultrasound to form resilient bonds for medical and wearable applications
        An interdisciplinary team of McGill researchers has developed an ultra-strong, environmentally friendly medical glue, or bioadhesive, made from marine waste. The discovery has promising applications for wound care, surgeries, improved drug delivery, wearable devices and medical implants.

      

      
        Dome-shaped aerogel architecture offers superior toughness and flexibility for spacecraft applications
        A new collection of chemically diverse dome-celled ultralight aerogels with high porosity and very low density feature elasticity and mechanical properties that remain intact even under extreme temperatures from 4.2 kelvin (K) to 2273 K.

      

      
        Magnetic surfaces found to steer Alzheimer's-linked protein growth
        A new study shows that the way amyloid proteins--implicated in Alzheimer's disease--assemble into fibrils can be significantly influenced by the spin orientation of electrons on magnetized surfaces. Depending on the direction of the magnetization and the chirality of the protein building blocks, researchers observed major differences in the number, length, and structure of the resulting fibrils.

      

      
        Researchers develop nanoparticles that deliver mRNA directly to the pancreas
        A breakthrough in our understanding of mRNA delivery systems in the body may allow for more direct treatments for pancreas-related diseases, including cancer and diabetes.

      

      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

    

  
	
	Articles
	Sections
	Next




										

    
        
            [image: Scientists turn marine waste into a sustainable solution for wound care, wearable devices and more  ]
             
                Nanoscale characterization of the nanowhisker glue. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-62019-y
            
        

    


An interdisciplinary team of McGill researchers has developed an ultra-strong, environmentally friendly medical glue, or bioadhesive, made from marine waste. The discovery has promising applications for wound care, surgeries, improved drug delivery, wearable devices and medical implants.



										      
																																	"Being able to produce glues that can close wounds or make something strongly adhere to the skin is critical for many medical interventions," said Audrey Moores, Professor in the Department of Chemistry.

"Many existing bioadhesive products are based on toxic compounds, while overall, there is a need to explore new materials that demonstrate both high adhesion and strong fatigue resistance, or the ability to hold even if pulled apart repeatedly," Moores said.

Moore and main co-author Jianyu Li, Associate Professor, Department of Mechanical Engineering and Canada Research Chair in Tissue Repair and Regeneration reported their findings in "Nanowhisker glues for fatigue-resistant bioadhesion and interfacial functionalization," published in Nature Communications.

Naturally sourced nanowhiskers give the glue its strength

The new bioadhesive is composed of chitosan, a chemically modified form of chitin, the natural building block found in the exoskeletons of shellfish and certain fungi.

The researchers modified the chitosan to have a nanowhisker shape--a feature that proved to be essential to the bioadhesive's effectiveness--using a mechanochemical process pioneered by co-authors Moores and Edmond Lam in previous studies.

"We chemically manipulate this material to turn it into nanochitosan, which has a range of different properties we can finetune. Using this nanomaterial, we can make nanoglue," Moores said.


    
        
            [image: Scientists turn marine waste into a sustainable solution for wound care, wearable devices and more  ]
             
                Design, deployment, and validation of the nanowhisker glue. Credit: Nature Communications (2025). DOI: 10.1038/s41467-025-62019-y
            
        

    





																																						
    
     




																																			Ultrasound turns whiskers into interlocking structures

To apply the nanoglue, researchers use a unique ultrasound technology developed by the Li group to penetrate the skin. When exposed to sound waves, the nanowhiskers not only adhere firmly to skin but also interlock into a rigid, resilient scaffolding that drastically enhances the glue's strength and durability.

"Imagine you have a Band-Aid on your hand. It's difficult to get it to stay, because your hand moves a lot," Moores explained.

"To get it to stick, you need the skin to be permeable to the glue. We used microneedles or ultrasound for that.

"We were surprised to see that ultrasound was critical to making a strong glue. While our initial strategy was to get the nanoglue to stick to the skin, we also discovered ultrasounds helped build a complex, interconnected network of our nanostructures. These nanowhisker glues are simply better than the current glues out there."

They say the nanostructure has promising applications beyond health care, in many engineering contexts.

Allergy-safe, and potentially vegan

The bioadhesive is also fully biocompatible, even for people with seafood allergies.

"People who are allergic to shellfish are not allergic to chitin, but the proteins. We can remove these in the manufacturing process and avoid allergic reactions.

"We could also theoretically make a vegan version from fungi," Moores added.


																																	
																														
																				
																						More information:
												Shuaibing Jiang et al, Nanowhisker glues for fatigue-resistant bioadhesion and interfacial functionalization, Nature Communications (2025). DOI: 10.1038/s41467-025-62019-y
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Dome-shaped aerogel architecture offers superior toughness and flexibility for spacecraft applications
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                Mechanical properties of dome-celled aerogels. Credit: Science (2025). DOI: 10.1126/science.adw5777
            
        

    


A new collection of chemically diverse dome-celled ultralight aerogels with high porosity and very low density feature elasticity and mechanical properties that remain intact even under extreme temperatures from 4.2 kelvin (K) to 2273 K.



										      
																																	In their study published in Science, researchers report 194 dome-celled aerogels featuring more than 30 different elements with a wide range of chemical compositions, including 121 oxides, 38 carbides, and 35 metal species.

The dome-shaped structure of the hydrogel, inspired by mechanically superior biological and architectural engineering, was obtained using a 2D channel-confined chemistry technique with graphene oxide (GO) films as the starting material. This unique geometry provides an excellent load-bearing capacity and mechanical stability, enabling greater storage of elastic strain energy compared to conventional structures.

Two scientists in the early 1900s made a bet on whether one could remove liquid from a jelly and replace it with air without the jelly shrinking in size. The outcome of this scientific wager was the creation of aerogel, a synthetic ultralight material with high porosity and low density that is commonly derived from silica and has 50%-99.98% air by volume.

Ever since their creation, aerogels have found applications in thermal insulation, drug delivery, energy storage, gas absorption, and numerous other fields. Despite their versatility, traditional aerogels suffer from mechanical brittleness and poor elasticity.
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                Scientists designed a chemically diverse collection of aerogels that remain elastic and mechanically intact under extreme temperatures. Credit: Science (2025). DOI: 10.1126/science.adw5777
            
        

    



To push the limitations of aerogel performance, the researchers developed aerogels that exhibit remarkable superelasticity--enduring 99% strain over 20,000 cycles--and exceptional thermal shock resistance at 2273 K across more than 100 cycles.

To achieve this state, researchers developed a straightforward method to create dome-celled aerogels using GO films as the starting material, as they are thin, chemically versatile, and commercially available. The aerogel synthesis involved three main steps: capturing ions, forming bubbles, and applying heat.


																																						
    
     




																																			For the first step, the GO films were soaked in salt solutions containing single or multiple ion species. The layered structure of GO allowed water to enter easily, forming a confined 2D space capable of trapping ions from solutions via chelation interactions with the oxygen functional groups of GO.

Next, a foaming agent was added to generate dome-shaped bubbles inside the GO layers. As a last step, the dome-shaped bubbles were subjected to a thermal treatment process to remove the GO and convert them into the final neat aerogels.
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                Graphene-based 2D channel-confined chemistry for dome-celled aerogels. Credit: Science (2025). DOI: 10.1126/science.adw5777
            
        

    



The researchers also ensured that the dome cells were designed to be interconnected through surface contact, as it was crucial to enabling efficient load transfer across the network and enhancing the overall elasticity of the aerogels.

They believe that the superior physical properties of these aerogels make them excellent candidates for demanding thermomechanical applications, ranging from heat-insulated industrial systems to the harsh environments of deep space exploration.
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A new study shows that the way amyloid proteins--implicated in Alzheimer's disease--assemble into fibrils can be significantly influenced by the spin orientation of electrons on magnetized surfaces. Depending on the direction of the magnetization and the chirality of the protein building blocks, researchers observed major differences in the number, length, and structure of the resulting fibrils.



										      
																																	These findings suggest that electron spin, through a mechanism known as Chiral-Induced Spin Selectivity (CISS), plays a direct role in protein self-assembly, pointing to a new and previously overlooked physical factor that could be harnessed to control or interfere with amyloid formation in neurodegenerative diseases.

The study, published this week in ACS Nano, was led by Yael Kapon, a Ph.D. student at the Hebrew University of Jerusalem's Institute of Applied Physics, under the guidance of Prof. Yossi Paltiel and in collaboration with Prof. Ehud Gazit from Tel Aviv University.

Magnetic fields and amyloid fibrils

At the center of the research is amyloid-beta (Ab1-42), a short peptide that is known to form sticky fibrils and plaques in the brains of people with Alzheimer's disease. Using magnetized surfaces, the team investigated how these peptides aggregate and whether the spin orientation of the substrate--essentially, the direction in which the electrons are aligned--could affect the process.

The results were striking. When the magnetization of the surface was aligned in one direction, the amyloid proteins formed nearly twice as many fibrils, some up to 20 times longer, compared to when the magnetization was reversed. The pattern also flipped when the researchers used a version of the peptide with opposite chirality (or molecular "handedness"), indicating a strong spin-dependent effect.

These behaviors are consistent with a phenomenon known as Chiral-Induced Spin Selectivity (CISS), in which chiral (asymmetric) molecules interact differently with electrons depending on their spin. While this effect has been studied in chemistry and materials science, it has only recently begun to be explored in biological systems.


																																						
    
     




																																			Understanding the role of spin in biology

The study's authors believe that the interplay between molecular chirality and electron spin could play a previously underappreciated role in protein self-assembly. Using techniques such as electron microscopy and infrared spectroscopy, they also found that the resulting amyloid structures varied not just in size and quantity, but in their underlying molecular arrangement--again depending on the direction of magnetization.

"We're beginning to see that biology may be more sensitive to spin than we thought," said Prof. Paltiel of the Hebrew University. "Our work shows that spin-related forces can directly influence the way proteins aggregate. That's a new dimension to consider when thinking about diseases like Alzheimer's, which involve the buildup of these kinds of fibrils."

Prof. Gazit, a leading expert in protein self-assembly at Tel Aviv University, added, "These findings add a new layer to our understanding of amyloid formation. They suggest that physical properties like electron spin--not just biochemical interactions--can play a meaningful role in how these harmful structures develop. This opens up new possibilities for designing technologies that influence protein behavior in targeted and non-invasive ways."
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																																			Looking ahead: Applications and possibilities

While the findings are still in the realm of basic research, they point to new ways of thinking about how to control unwanted protein aggregation. The team suggests that magnetized or spin-polarized materials--such as specially designed nanoparticles or filtration membranes--could one day be used to selectively influence or interrupt the formation of harmful amyloid structures. Such technologies might find applications not only in treating neurodegenerative diseases, but also in addressing amyloidosis linked to dialysis and other medical conditions.

"This study gives us a new tool to probe how proteins come together," said Kapon. "We hope it will help guide future research into how to slow, prevent, or redirect these processes in a controlled way."

The research adds to a growing body of work exploring how physical properties--beyond chemical interactions--can influence biological behavior. It also highlights the value of interdisciplinary collaboration, bringing together physics, chemistry, and biomedicine.


																																	
																														
																				
																						More information:
												Yael Kapon et al, Controlling Amyloid Assembly Dynamics Using Spin Interfaces, ACS Nano (2025). DOI: 10.1021/acsnano.5c06285
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Researchers develop nanoparticles that deliver mRNA directly to the pancreas
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                Overview of the fifth component ENDO LNP formulation and screening platform. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202507657
            
        

    


A breakthrough in our understanding of mRNA delivery systems in the body may allow for more direct treatments for pancreas-related diseases, including cancer and diabetes.



										      
																																	A new UNLV study by a team of chemical biologists, published in Advanced Materials, details a way to selectively route mRNA to the pancreas by using the body's own endogenous pathways--systems responsible for moving materials through the body. The study is titled "Reengineering Endogenous Targeting Lipid Nanoparticles (ENDO) for Systemic Delivery of mRNA to Pancreas."

"Until today, there has been no material that can be injected intravenously that automatically goes to the pancreas with 99% selectivity, an organ previously inaccessible to intravenous treatment," said UNLV biochemistry professor and research lead Chandrabali Bhattacharya. "This discovery is a first."

Most medication options on the market currently target cell receptors throughout the body--rather than specific organs--meaning that very small amounts of administered drugs reach the desired location.

Such pinpoint delivery significantly reduces the likelihood of an immune response or side effects, requiring a lower dose of medicine. It also makes way for significantly reduced long-term treatment costs, especially for chronic conditions such as diabetes.

"Traditional insulin therapy requires lifelong management with recurring expenses," said Ivan Isaac, a UNLV graduate researcher and first author on the study.


																																						
    
     




																																			"In contrast, mRNA therapies could slow down the loss of insulin, possibly reducing or reversing the disease condition with fewer routine injections."

UNLV's solution is made possible through the patented ENDO, or endogenous targeting lipid nanoparticles, the research team's platform for delivering mRNA to the pancreas.

"We wanted to see how endogenous material, such as Vitamin D, would change the nanoparticles carrying mRNA and interact with the body's pathways," said Bhattacharya.

"These systems can take the particles to different places in the body, and after testing a particular composition of material, we found that it's routing to the pancreas."

The team had figured out that the mechanism through which these nanoparticles go to the pancreas is through the cell surface Vitamin D receptors--essentially the delivery driver of the nanoparticle. Vitamin D receptors are widely distributed throughout the body, but only a few are on the surface of cells. And leveraging that receptor helped route it to specific parts of the body, eventually leading to the pancreas.

"One of the most exciting aspects of this research is its ability to push mRNA therapeutics beyond the liver, expanding treatment options for diseases that haven't been easily addressed with current delivery technologies," said Isaac.
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																																			Isaac was deeply involved in developing ENDO and plans to continue working in biopharmaceuticals, creating next-generation drug delivery platforms.

"I hope this work inspires further efforts in precision nanomedicine, where we can improve the safety of our treatments and enhance our tolerance for them," he said.

The researchers are already pursuing further advancements in organ-specific drug delivery to other parts of the body, such as the brain and heart. And both Bhattacharya and Isaac are currently working with UNLV's Office of Economic Development to commercialize the findings.

"It is a colossal stepping stone and foundational block for so much more," said Bhattacharya. "This research has given us a blueprint for the future of medicine."


																																	
																														
																				
																						More information:
												Ivan Isaac et al, Reengineering Endogenous Targeting Lipid Nanoparticles (ENDO) for Systemic Delivery of mRNA to Pancreas, Advanced Materials (2025). DOI: 10.1002/adma.202507657
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      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Light-based listening: Researchers develop a low-cost visual microphone
        Researchers have created a microphone that listens with light instead of sound. Unlike traditional microphones, this visual microphone captures tiny vibrations on the surfaces of objects caused by sound waves and turns them into audible signals.

      

      
        Controlling polymer shapes: A new generation of shape-adaptive materials
        What if a complex material could reshape itself in response to a simple chemical signal? A team of physicists from the University of Vienna and the University of Edinburgh has shown that even small changes in pH value and thus in electric charge can shift the spatial arrangement of closed ring-shaped polymers (molecular chains)--by altering the balance between twist and writhe, two distinct modes of spatial deformation.

      

      
        When space becomes time: A new look inside the BTZ black hole
        Exploring the BTZ black hole in (2+1)-dimensional gravity took me down a fascinating rabbit hole, connecting ideas I never expected--like black holes and topological phases in quantum matter! When I swapped the roles of space and time in the equations (it felt like turning my map upside down when I was lost in a new city), I discovered an interior version of the solution existing alongside the familiar exterior, each with its own thermofield double state.

      

      
        Measuring three-nucleon interactions to better understand nuclear data and neutron stars
        Though atomic nuclei are often depicted as static clusters of protons and neutrons (nucleons), the particles are actually bustling with movement. Thus, the nucleons carry a range of momenta. Sometimes, these nucleons may even briefly engage through the strong interaction. This interaction between two nucleons can boost the momentum of both and form high-momentum nucleon pairs. This effect yields two-nucleon short-range correlations.

      

      
        New quantum state of matter found at interface of exotic materials
        Scientists have discovered a new way that matter can exist--one that is different from the usual states of solid, liquid, gas or plasma--at the interface of two exotic materials made into a sandwich.
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                Researchers have developed an inexpensive visual microphone detection system based on single-pixel imaging. Credit: Xu-Ri Yao, Beijing Institute of Technology
            
        

    


Researchers have created a microphone that listens with light instead of sound. Unlike traditional microphones, this visual microphone captures tiny vibrations on the surfaces of objects caused by sound waves and turns them into audible signals.



										      
																																	"Our method simplifies and reduces the cost of using light to capture sound while also enabling applications in scenarios where traditional microphones are ineffective, such as conversing through a glass window," said research team leader Xu-Ri Yao from Beijing Institute of Technology in China. "As long as there is a way for light to pass through, sound transmission isn't necessary."

In the journal Optics Express, the researchers describe the new approach, which applies single-pixel imaging to sound detection for the first time. Using an optical setup without any expensive components, they demonstrate that the technique can recover sound by using the vibrations on the surfaces of everyday objects such as leaves and pieces of paper.

"The new technology could potentially change the way we record and monitor sound, bringing new opportunities to many fields, such as environmental monitoring, security and industrial diagnostics," said Yao. "For example, it could make it possible to talk to someone stuck in a closed-off space like a room or a vehicle."
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                The researchers successfully reconstructed audio signals by imaging vibration from a paper card (a-c). They applied a signal processing filter to enhance the high-frequency component of the signal (d-f). Credit: Xu-Ri Yao, Beijing Institute of Technology
            
        

    




Simplifying the setup

Although various methods have been used to detect sound with light, they require sophisticated optical equipment such as lasers or high-speed cameras. In the new work, the researchers set out to use a computational imaging approach known as single-pixel imaging to develop a simpler and less expensive approach that would make optical sound-detection technology more accessible.


																																						
    
     




																																			Single-pixel imaging captures images using just one light detector--or pixel--instead of a traditional camera sensor with millions of pixels. Rather than recording an image all at once, the scene's light is modulated using time-varying structured patterns by a spatial light modulator, and the single-pixel detector measures the amount of modulated light for each pattern. A computer then uses these measurements to reconstruct information about the object.

To apply single-pixel imaging to sound detection, Yao's team used a high-speed spatial light modulator to encode light reflected from the vibrating surface. The sound-induced motion causes subtle changes in light intensity that were captured by the single-pixel detector and decoded into audible sound. They used Fourier-based localization methods to track object vibrations, which enabled efficient and precise measurement of minute variations.

"Combining single-pixel imaging with Fourier-based localization methods allowed us to achieve high-quality sound detection using simpler equipment and at a lower cost," said Yao. "Our system enables sound detection using everyday items like paper cards and leaves, under natural lighting conditions, and doesn't require the vibrating surface to reflect light in a certain way."

Another advantage of using a single-pixel detector to record light intensity information is that it generates a relatively small volume of data. This means that data can be easily downloaded to storage devices or uploaded to the internet in real time, enabling long-duration or even continuous sound recording.


    
    
    
        
        
    
            
            Using single-pixel imaging, the researchers were able to reconstruct clear audio signals during their tests. The video combines the sound waveforms with the reconstructed audio. Credit: Xu-Ri Yao, Beijing Institute of Technology
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																																			Capturing sound

To demonstrate the new visual microphone, the researchers tested its ability to reconstruct Chinese and English pronunciations of numbers as well as a segment from Beethoven's Fur Elise. They used a paper card and a leaf as vibration targets, placing them 0.5 meters away from the objects while a nearby speaker played the audio.

The system was able to successfully reconstruct clear and intelligible audio, with the paper card producing better results than the leaf. Low-frequency sounds (<1 kHz) were accurately recovered, while high-frequency sounds (>1 kHz) showed slight distortion that improved when a signal processing filter was applied. Tests of the system's data rate showed it produced 4 MB/s, a rate sufficiently low to minimize storage demands and allow for long-term recording.

"Currently, this technology still only exists in the laboratory and can be used in special scenarios where traditional microphones fail to work," said Yao. "We aim to expand the system into other vibration measurement applications, including human pulse and heart rate detection, leveraging its multifunctional information sensing capabilities."

They are also working to improve the system's sensitivity and accuracy, while also making it portable enough for convenient everyday use. Another key goal is to extend its effective range to enable reliable long-distance sound detection.


																																	
																														
																				
																						More information:
												Wei Zhang et al, A visual microphone based on computational imaging, Optics Express (2025). DOI: 10.1364/OE.565525, opg.optica.org/oe/abstract.cfm ... oi=10.1364/OE.565525
																						
																						

																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												Light-based listening: Researchers develop a low-cost visual microphone (2025, July 31)
												retrieved 31 July 2025
												from https://phys.org/news/2025-07-based-visual-microphone.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/2025-07-based-visual-microphone.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Controlling Polymer shapes: A new generation of shape-adaptive materials]
             
                A sketch of the conformations of supercoiled ribbons in dependence of the electric charge. Credit: Roman Stano
            
        

    


What if a complex material could reshape itself in response to a simple chemical signal? A team of physicists from the University of Vienna and the University of Edinburgh has shown that even small changes in pH value and thus in electric charge can shift the spatial arrangement of closed ring-shaped polymers (molecular chains)--by altering the balance between twist and writhe, two distinct modes of spatial deformation.



										      
																																	Their findings, published in Physical Review Letters, demonstrate how electric charge can be used to reshape polymers in a reversible and controllable way--opening up new possibilities for programmable, responsive materials.

With such materials, permeability and mechanical properties such as elasticity, yield stress and viscosity could be better controlled and precisely "programmed."

Imagine taking a ribbon and twisting it in half before connecting its ends: you create the famous Mobius band--a loop with a single twist and a continuous surface. Add more twists before closing the ribbon, and the structure becomes so-called supercoiled.

Such shapes are common in biology and materials science, especially in circular DNA and synthetic (artificially produced) ring polymers. Whether and how the balance between twisty--the local rotation of the ribbon around its axis--and writhe--the large-scale coiling of the ribbon in space, could be tuned in a controlled and reversible way, is still unclear.

The research team set out to investigate this question using a model system of ring-shaped polymers, where electric charge--introduced via pH-dependent ionization--serves as an external tuning parameter.


																																						
    
     




																																			From writhe to twist

To explore the tunability of this topological balance, the researchers combined computer simulations and analytical theory to study how charge affects the conformation of supercoiled ring polymers.

In their model, each monomeric unit acts as a weak acid, gaining or losing charge depending on the pH value (specifies the acidity or basicity of aqueous solutions) of the surrounding solution. This setup enabled a gradual buildup of charge and revealed how the molecule reshapes in response.

The results: Neutral polymers adopt writhe-rich, compact shapes. As charge increases, electrostatic repulsion grows--driving the molecule toward more extended conformations and shifting the internal distribution from writhe to twist. These transitions are smooth at low supercoiling.

At higher levels, however, the model predicts a striking feature: the polymer can split into coexisting twist- and writhe-rich domains--a kind of topologically constrained microphase separation. This hidden form of phase coexistence had not been observed in such systems before.

To capture these mechanisms, the researchers developed a Landau-type mean-field theory. This simplified mathematical model accurately predicts when a polymer will undergo a continuous or abrupt conformational change--depending on its degree of supercoiling and charge.
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																																			Topology as a design tool

The idea of tuning not just molecular structure, but topology itself, opens up new ways to control responsive systems. "By adjusting the local charge, we can shift the balance between twist and writhe--and that gives us a handle on the shape of the whole molecule," says first author Roman Stano from the Faculty of Physics at the University of Vienna (currently at Cambridge University).

Because each monomer can gain or lose charge, the polymer gradually reshapes itself--a behavior that resembles real polyelectrolytes, such as chemically modified DNA.

The team suggests that synthetic DNA rings with pH-sensitive side chains--not yet realized experimentally, but now feasible thanks to recent advances in nucleotide chemistry--could display this kind of controllable shape-shifting behavior. These molecules would act as topologically constrained scaffolds, adjusting their form in response to local chemical conditions.

Responsive shapes, programmable function

Polymer shape isn't just geometry--it governs flow, function, and interaction. The ability to reversibly shift between twist- and writhe-dominated states offers a powerful strategy for designing adaptive materials. Ring polymers that respond to subtle changes in pH could one day be used in microfluidic devices, where local conditions trigger controlled changes in shape and flow behavior.

"What's remarkable," says co-author Christos Likos, Faculty of Physics at the University of Vienna, "is that the transition from compact to extended shapes happens gradually, can be controlled via pH and doesn't require any changes to the molecule's topology."

This effect, the team notes, could be realized experimentally in synthetic DNA rings--a possibility enabled by recent advances in nucleotide chemistry.

Their results also offer predictive insight: they show how function can be encoded not only in chemical composition, but also in a topological state--pointing toward a new generation of shape-adaptive materials.
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When space becomes time: A new look inside the BTZ black hole
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                When space becomes time: A new look inside the BTZ black hole. Credit: Elsevier
            
        

    


Exploring the BTZ black hole in (2+1)-dimensional gravity took me down a fascinating rabbit hole, connecting ideas I never expected--like black holes and topological phases in quantum matter! When I swapped the roles of space and time in the equations (it felt like turning my map upside down when I was lost in a new city), I discovered an interior version of the solution existing alongside the familiar exterior, each with its own thermofield double state.



										      
																																	What surprised me was how these states seem to communicate, even bridging regions where orientation flips--like walking through a door and suddenly left is right--reminding me of getting turned around on a mountain hike until I saw the landscape from a new perspective.

Digging deeper, I found that the weirdness of black holes with swapped space and time is connected to non-orientable spacetimes and topological invariants, revealing deep ties between gravity and the strange properties of quantum materials that emerge when you flip orientation.

In my recent research published in Physics Letters B, I explored the geometry of the BTZ black hole from a new angle by interchanging the spatial and temporal coordinates. The BTZ (Banados-Teitelboim-Zanelli) black hole is a fundamental model in lower-dimensional gravity that helps us probe black hole physics, holographic dualities, and aspects of quantum gravity with relative mathematical simplicity.

My key insight was to examine what happens when the usual roles of space and time coordinates in the BTZ metric are swapped, giving rise to a richer geometric and quantum description of this black hole, and offering fresh perspectives on its interior structure, holographic states, and the topology of spacetime itself.

I began by deriving a new BTZ metric where space and time effectively exchange their characteristics. Usually, the BTZ metric clearly delineates time from space, particularly across the event horizon: outside the horizon, time flows as we expect, while spatial dimensions behave conventionally; inside the horizon, however, the temporal and spatial roles switch their roles, with time acting like a spatial coordinate. By explicitly interchanging these coordinates, I constructed a maximal extension of the black hole's interior.


																																						
    
     




																																			Remarkably, the line element describing this interior metric closely resembles that of the exterior solution, but with space and time swapped. This surprising symmetry suggested to me a sort of duality between the inside and outside regions of the black hole, providing an innovative way to analyze black hole interiors and their holographic duals. This new interior metric thus opens up novel avenues to probe black hole physics beyond the traditional horizon.

Building on this geometric insight, I proposed to associate two distinct thermofield double (TFD) states with the BTZ black hole. Typically, the TFD state is an entangled quantum state describing an eternal black hole holographically by coupling two copies of a conformal field theory (CFT). This state encapsulates the black hole's exterior region, which connects two boundaries.

However, by considering the space-time interchange framework, I found that a complete quantum description requires two independent TFD states: one corresponding to the conventional exterior region, and the second encoding the interior region characterized by reversed spatial and temporal roles.

These two TFD states complement one another, collectively encoding the full bulk geometry. This richer dual-TFD structure expands the traditional holographic dictionary and may provide new insights into the quantum microstructure of black holes and the long-standing information puzzle.

Next, I analyzed the partition function that corresponds to the entire BTZ black hole geometry, now viewed as the combination of interior and exterior regions under the coordinate interchange. The partition function is fundamental in quantum statistical mechanics and quantum field theory because it encodes the full thermodynamic and spectral information of the system.
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																																			What I discovered is that the resulting partition function describes a non-orientable spacetime--a topology where one cannot consistently assign a global orientation across the manifold. This observation challenges the conventional assumption in gravitational physics that spacetimes are orientable, revealing a profound topological novelty.

Such non-orientable geometries might play an essential role in uncovering new quantum gravitational effects, especially within the enigmatic regime of black hole interiors.

I went further and constructed a thermofield double-like state that mediates between spacetime sectors with reversed space and time orientations. This state functions as a bridge between the two TFD states assigned to the exterior and interior regions, embodying a sort of temporal-spatial duality in the gravitational dual theory.

This construction points to deeper algebraic and geometric structures underlying holographic dualities--namely that black holes cannot be fully described by just one boundary state but instead by interconnected sectors distinguished by orientation reversals in time and space.

This insight underscores the important role of temporal-spatial dualities in gravitational physics and suggests new approaches for describing the quantum relationships among different regions of spacetime historically treated as separate.

Perhaps the most fascinating part of this work is the connection I found between the black hole's partition function and topological invariants known from condensed matter physics--specifically those that classify many-body topological phases protected by orientation-reversing symmetries. In condensed matter, symmetry-protected topological (SPT) phases represent exotic quantum states robust against local perturbations, distinguished by global topological properties rather than local order parameters.


																																						
    
     




																																			My findings reveal that the non-orientable spacetime geometry and its partition function link naturally to these topological invariants, suggesting that quantum states of black holes might be understood through the mathematical frameworks developed for topological quantum matter.

This interdisciplinary bridge opens a promising path for integrating ideas from quantum gravity, holography, and condensed matter physics, hinting that black hole interiors share striking similarities with symmetry-protected topological phases.

These insights enrich our conceptual tools for approaching quantum gravity, holography, black hole interiors, and the interplay of topology with quantum information. They also inspire future directions across quantum field theory, gravitational physics, and topological quantum matter--bringing us closer to a more cohesive understanding of the quantum nature of spacetime.

This story is part of Science X Dialog, where researchers can report findings from their published research articles. Visit this page for information about Science X Dialog and how to participate.
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Though atomic nuclei are often depicted as static clusters of protons and neutrons (nucleons), the particles are actually bustling with movement. Thus, the nucleons carry a range of momenta. Sometimes, these nucleons may even briefly engage through the strong interaction. This interaction between two nucleons can boost the momentum of both and form high-momentum nucleon pairs. This effect yields two-nucleon short-range correlations.



										      
																																	Experiments at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility have studied these pairs to learn how protons and neutrons preferentially pair up at short distances. However, short-range correlations involving three or more nucleons haven't been detected yet.

Now, in a study published in Physics Letters B, researchers used data from a 2018 experiment in Jefferson Lab's Hall A to measure the signature of three-nucleon short-range correlations for the first time.

Physicists are pursuing these trios because they would explain the extremely high-momentum component in the nucleus. Regular nucleons, with their typical, uncorrelated momenta, make up most of the nucleon momentum distribution in the nucleus. Short-range correlated pairs produce a noticeable fraction of high-momentum nucleons but some of the higher momentum is still unaccounted for.

"We're unraveling the nucleus to find what's missing in our understanding," said John Arrington, a senior scientist and Relativistic Nuclear Collisions group head at the DOE's Lawrence Berkeley National Laboratory. "We know that the three-nucleon interaction is important in the description of nuclear properties, even though it's a very small contribution. Until now, there's never really been any indication that we'd observed them at all. This work provides a first glimpse at them."


																																						
    
     




																																			Mirrored nuclei simplify the search

The experiment was carried out in Jefferson Lab's Continuous Electron Beam Accelerator Facility (CEBAF), a DOE Office of Science user facility dedicated to nuclear physics research. To access short-range-correlated nucleons, researchers aimed CEBAF's electron beam at nuclei. The high-energy electrons interacted with the nucleons inside these nuclei.

Detecting the properties of the electrons after these interactions revealed how fast the nucleon they hit was moving. This allowed physicists to pick out events in which the electron scattered off high-momentum, short-range-correlated nucleons.

Protons and neutrons involved in three-nucleon short-range correlations are moving even faster than those in correlated pairs. This makes it more difficult to access in experiments. Originally, theoretical predictions proposed that accessing three-nucleon short-range correlations would require a beam energy beyond that at CEBAF. However, the researchers designed an experiment that works around this limitation by taking advantage of light nuclei.

The team used two light nuclear targets: helium-3 and tritium. Helium-3 has two protons and one neutron; tritium has two neutrons and one proton. They are known as mirror nuclei for their similar-but-opposite composition.

Because these light nuclei each only have three nucleons, researchers know exactly which particles are involved when an electron scatters off a three-nucleon interaction. That's because there are no other nucleons to create other possible combinations.

This is not the case for heavy nuclei, in which the three nucleons could be many different combinations of protons and neutrons (not to mention the short-range-correlated pairs happening in the background). The lack of other possible combinations in this experiment simplified the analysis.

"We're trying to show that it's possible to study three-nucleon correlations at Jefferson Lab even though we can't get the energies necessary to do these studies in heavy nuclei," said Shujie Li, a research scientist at Lawrence Berkeley and a principal investigator on this experiment. "These light systems give us a clean picture--that's the reason we put in the effort to get a radioactive target material."

Tritium is a radioactive isotope of hydrogen. Jefferson Lab had to implement rigorous safety precautions, including a redesign of the ventilation system in Hall A. The container that holds the radioactive tritium gas was filled at the DOE's Savannah River National Laboratory, sealed, and shipped back to Jefferson Lab. Fortunately, the special instrumentation at Jefferson Lab allows the team to use a minimal amount of tritium, reducing potential safety concerns.

"This is a testament to what Jefferson Lab can do," Arrington said. "CEBAF's high intensity beam combined with the good detectors allowed us to use less tritium."
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																																			From atomic nuclei to neutron stars

The results hint at the detection of three-nucleon short-range correlations. However, the researchers need more data before they feel comfortable claiming certainty.

"We want to do a similar experiment at Jefferson Lab to get more data at higher energy so that we can confirm what we observed already is a sign of three-nucleon short-range correlations," Li said. "Eventually we want to understand how those extreme, high-momentum nucleons are generated in the nuclear system."

Theory predicts these three-nucleon systems are generated in two ways. In one, three particles interact simultaneously. In the other, two nucleons interact and then one of those goes on to interact with another nucleon.

In addition to figuring out the mechanism of three-nucleon short-range correlations, the researchers would like to pin down exactly how fast they move. Ultimately, understanding short-range-correlated pairs and trios shows physicists how different particles and interactions contribute to the overall properties of the atomic nucleus, which is important for interpreting other kinds of nuclear experiments.

And this exploration brings an added bonus. Neutron stars are the remnants of exploded giant stars. Their inner workings are mysterious, but we know they are incredibly dense--just like the atomic nucleus. Physicists think that the way matter behaves inside a neutron star could be similar to the mechanisms of these short-distance nucleon interactions, meaning these experiments on matter at its tiniest scales may help interpret phenomena light years away.

After all, according to Arrington, "It's much easier to study a three-nucleon correlation in the lab than in a neutron star."
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New quantum state of matter found at interface of exotic materials
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                Crystal structure and temperature dependence of resistivity of EIO/DTO. Credit: Science Advances (2025). DOI: 10.1126/sciadv.adr6202
            
        

    


Scientists have discovered a new way that matter can exist--one that is different from the usual states of solid, liquid, gas or plasma--at the interface of two exotic materials made into a sandwich.



										      
																																	The new quantum state, called quantum liquid crystal, appears to follow its own rules and offers characteristics that could pave the way for advanced technological applications, the scientists said.

In an article published in the journal Science Advances, a Rutgers-led team of researchers described an experiment that focused on the interaction between a conducting material called the Weyl semimetal and an insulating magnetic material known as spin ice when both are subjected to an extremely high magnetic field. Both materials individually are known for their unique and complex properties.

"Although each material has been extensively studied, their interaction at this boundary has remained entirely unexplored," said Tsung-Chi Wu, who earned his doctoral degree in June from the Rutgers graduate program in physics and astronomy and is the first author of the study. "We observed new quantum phases that emerge only when these two materials interact. This creates a new quantum topological state of matter at high magnetic fields, which was previously unknown."

The team discovered that at the interface of these two materials, the electronic properties of the Weyl semimetal are influenced by the magnetic properties of the spin ice. This interaction leads to a very rare phenomenon called "electronic anisotropy" where the material conducts electricity differently in different directions. Within a circle of 360 degrees, the conductivity is lowest at six specific directions, they found. Surprisingly, when the magnetic field is increased, the electrons suddenly start flowing in two opposite directions.


																																						
    
     




																																			This discovery is consistent with a characteristic seen in the quantum phenomenon known as rotational symmetry breaking and indicates the occurrence of a new quantum phase at high magnetic fields.

The findings are significant because they reveal new ways in which the properties of materials can be controlled and manipulated, Wu said. By understanding how electrons move in these special materials, scientists could potentially design new generations of ultra-sensitive quantum sensors of magnetic fields that work best in extreme conditions--such as in space or inside powerful machines.

Weyl semimetals are materials that allow electricity to flow in unusual ways with very high speed and zero energy loss because of special relativistic quasi-particles called Weyl fermions. Spin ice, on the other hand, are magnetic materials where the magnetic moments (tiny magnetic fields within the material) are arranged in a way that resembles the positions of hydrogen atoms in ice. When these two materials are combined, they create a heterostructure, composed of atomic layers of dissimilar materials.

Scientists have found that new states of matter appear under extreme conditions, including very low temperatures, high pressures or high magnetic fields, and behave in strange and fascinating ways. Experiments such as the Rutgers-led one may lead to a new, fundamental understanding of matter beyond the naturally occurring four states of matter, according to Wu.
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																																			"This is just the beginning," Wu said. "There are multiple possibilities for exploring new quantum materials and their interactions when combined into a heterostructure. We hope our work will also inspire the physics community to explore these exciting new frontiers."
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                Physicists led by Jak Chakhalian (left) and including Tsung-Chi Wu (right) and Michael Terilli (center) are studying new quantum phenomena that could pave the way for advanced technologies. Credit: Jeff Arban
            
        

    



The research was conducted using a combination of experimental techniques, led by the principal investigator for the project, Jak Chakhalian, the Claud Lovelace Endowed Professor of Experimental Physics in the Department of Physics and Astronomy and a co-author of the study. The work was theoretically supported by Jedediah Pixley, an associate professor in the Department of Physics and Astronomy, also a co-author of the study.

"The experiment-theory collaboration is what really makes the work possible," Wu said. "It took us more than two years to understand the experimental results. The credit goes to the state-of-the-art theoretical modeling and calculations done by the Pixley group, particularly Jed Pixley and Yueqing Chang, a postdoctoral researcher. We are continuing our collaboration to push the frontier of the field as a Rutgers team."

Most of the experiments were conducted at the National High Magnetic Field Laboratory (MagLab) in Tallahassee, Fla., which provided the unique conditions to study these materials at ultra-low temperatures and high magnetic fields.

"We had to initiate the collaboration and travel to the MagLab multiple times to perform these experiments, each time refining ideas and methods," Wu said. "The ultra-low temperatures and high magnetic fields were crucial for observing these new phenomena."

The research builds on previous Rutgers-led research published earlier this year by Chakhalian, Mikhail Kareev, Wu and other physicists. The report described how four years of continuous experimentation led to a novel method to design and build a unique, tiny, atoms-thick structure composed of a Weyl semimetal and spin ice. The quantum heterostructure was so difficult to create, the scientists developed a machine to make it: the Q-DiP, short for quantum phenomena discovery platform.

"In that paper, we described how we made the heterostructure," said Chakhalian. "The new Science Advances paper is about what it can do."


																																	
																														
																				
																						More information:
												Tsung-Chi Wu et al, Electronic anisotropy and rotational symmetry breaking at a Weyl semimetal/spin ice interface, Science Advances (2025). DOI: 10.1126/sciadv.adr6202
																						
																						

																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												New quantum state of matter found at interface of exotic materials (2025, July 31)
												retrieved 31 July 2025
												from https://phys.org/news/2025-07-quantum-state-interface-exotic-materials.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/2025-07-quantum-state-interface-exotic-materials.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

    

  
    
      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

      Chemistry

      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
    
      
        
          	
            Chemistry
          
          	
            Sections
          
          	
            Technology
          
        

      

      Biology

      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        
          	
            Chemistry
          
          	
            Sections
          
          	
            Technology
          
        

      

    

  
    
      
        
          	
            Biology
          
          	
            Sections
          
          	
            Other Sciences
          
        

      

      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        
          	
            Biology
          
          	
            Sections
          
          	
            Other Sciences
          
        

      

    

  
    
      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

      Other Sciences

      The latest science news on archaeology, fossils, mathematics, and science technology from Phys.org


      
        
          	
            Technology
          
          	
            Sections
          
          	
        

      

    

  