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      Nanotechnology

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


      
        Unraveling water's effect on chitin nanocrystals
        Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, have used three-dimensional atomic force microscopy (AFM) and molecular dynamics simulations to determine the structure of water in the hydration of different types of chitin nanocrystals and how this affects their mechanical properties, reactivities, and interactions with enzymes and reactants.

      

      
        Brewery waste can be repurposed to make nanoparticles that can fight bacteria
        Modern beer production is a US$117 billion business in the United States, with brewers producing over 170 million barrels of beer per year. The brewing process is time- and energy-intensive, and each step generates large amounts of waste.

      

      
        Electrified atomic vapor system enables new nanomaterial mixtures
        Vapor-phase synthesis, a technique used to create very pure and scalable nanomaterials and coatings, has great promise for the electronic, optical, aerospace, energy and environment, and semiconductor industries.

      

      
        Scanning nanoprobe microscope reveals the hidden flexibility of cancer cells
        Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, report in ACS Applied Nano Materials a new method to precisely measure nuclear elasticity--the stiffness or softness of the cell nucleus--in living cells.
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Unraveling water's effect on chitin nanocrystals

										

    
        
            [image: From molecular interactions to material function: Unraveling water's effect on chitin nanocrystals]
             
                High-resolution AFM images of b-chitin nanocrystal surfaces and the interfacial molecular organization of water near these surfaces. Credit: Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c08484
            
        

    


Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, have used three-dimensional atomic force microscopy (AFM) and molecular dynamics simulations to determine the structure of water in the hydration of different types of chitin nanocrystals and how this affects their mechanical properties, reactivities, and interactions with enzymes and reactants.



										  

										
																																	Chitin is a naturally occurring polymer with a number of attractive mechanical and chemical properties that many are seeking to mimic in bioengineered materials. Naturally occurring chitin has one of two crystal structures known as a--with the molecules aligned antiparallel--and b--with the molecules aligned in parallel.

The nanoscale structure of chitin greatly affects the chemical and mechanical properties of the material, and here the structure that water forms around the fibers when they are hydrated can play a significant role. However, until now, the details of these different structures were not well understood.

Now researchers led by Ayhan Yurtsever and Takeshi Fukuma at Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, together with collaborators Kaziho Daicho, Tsuguyuki Saito, and Noriyuki Isobe from the University of Tokyo, and molecular dynamics experts led by Fabio Priante and Adam S. Foster from Aalto University, Finland, have used 3D AFM and molecular dynamics to study the different structures and how water forms on them when they are hydrated for different pH levels.

The results of this study, published in the Journal of the American Chemical Society, provide explanations for differences in how the two structures interact with enzymes and reactants.


																																						
    
     




																																			Atomic force microscopy gauges surface topography and chemical information by monitoring the strength of forces exerted on a nanoscale tip attached to a cantilever. The researchers used a modified AFM known as 3D-AFM, which enabled them not only to image the morphology of chitin nanocrystals but also to investigate the three-dimensional local organization of water molecules surrounding these nano structures.

In their report, they noted a high degree of long-range order in the b chitin fibers, whose structure has so far been less thoroughly explored. They describe how the occasional breaks in that order "lead to a structure resembling partially bitten corncobs or a brickwork pattern."

Their AFM imaging also showed how the molecular arrangement runs right through the fiber. "These different structural components are not merely external aggregates," they explain in the report. "Instead, they constitute an integral part of the chitin fiber."

The researchers also investigated the structures under different pHs, to see how this might affect the hydrated architectures of the chitin fibers. They found that the high level of crystallinity observed was preserved in acetic acid buffer solutions pH 3-5.

Some of the most significant insights came from studying the water structure and hydrogen bonding on the two crystalline types of chitin. They showed how the larger grooves in a chitin allowed greater accumulation of water, which formed a hydration barrier for interactions with external ions and molecules, making them less reactive. The repulsive forces for hydration were also higher for a chitin.



            	
            
                [image: From molecular interactions to material function: Unraveling water's effect on chitin nanocrystals]
                 
                    (A) AFM topography image, showing an individual b-chitin NCs on mica, acquired in water. (B-F) High-resolution AFM images recorded along the fiber axis (across the shaded region in (A)), each covering an area of 20-30 nm x 20-30 nm, revealing the structural variations across the crystal surface. Ellipses highlight regions with fluctuating disordered domains on the surface, indicating the boundary between vertically stacked chitin sheets. Credit: Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c08484
                
            

        

            	
            
                [image: From molecular interactions to material function: Unraveling water's effect on chitin nanocrystals]
                 
                    Comparison between water-oxygen density maps and experimentally obtained vertical [?]f maps. (A-C) Vertical 2D-xz [?]f maps taken along the chitin chain direction. (D-F) Simulated vertical 2D water-oxygen density maps along the chain direction at different lateral positions on the (1-20) crystalline plane of the b-chitin NC. The red, blue, and green arrows indicate the identical hydration features between the simulation and experiment. (G-I) Water-oxygen density snapshots (40) with overlaid chitin molecular structures. (J-L) Hydrogen-bonding networks formed between water molecules and the underlying chitin substrate. Credit: Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c08484
                
            

        

    

They suggest this may explain why certain enzymes react with chitin in only one crystalline form and not the other. Furthermore, they propose that the lower energetic penalty associated with the structured hydration environment of b-chitin facilitates more rapid enzymatic access and substrate turnover. These insights could inform the development of bioprotonic applications--devices based on the transport of protons as opposed to electronics--and hydrogels since the hydration layer affects ion and molecular diffusion.

"Collectively, this work links nanoscale interfacial structure to rational design strategies, advancing the effective development of sustainable, bio-based nanomaterials for energy and biomedical applications," they conclude in their report. "Additionally, it provides valuable insights for the computational modeling of chitin surface interactions, crystallosolvate formation, and enzymatic hydrolysis, supporting the development of future material design strategies."


																																	
																														
																				
																						More information:
												Ayhan Yurtsever et al, Interplay between b-Chitin Nanocrystal Supramolecular Architecture and Water Structuring: Insights from Three-Dimensional Atomic force Microscopy Measurements and Molecular Dynamics Simulations, Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c08484
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Modern beer production is a US$117 billion business in the United States, with brewers producing over 170 million barrels of beer per year. The brewing process is time- and energy-intensive, and each step generates large amounts of waste.



										  

										
																																	Solid components such as used grains and yeast from this waste end up in landfills, where harmful compounds can leach into the soil. Brewing wastewater that makes it into aquatic ecosystems can contaminate streams and lakes, decrease oxygen levels in those environments and threaten organisms.

To keep this waste from going into the environment, scientists like me are exploring how to manufacture beer brewing waste into useful products. I'm a chemist, and my research team and I are interested in figuring out how to recycle and repurpose brewery waste into tiny particles that can be used to make new types of prescription drugs.

The brewing process

The brewing process takes raw cereal grain--usually from barley--and converts its starch and proteins into simpler chemicals by malting. Brewers initiate this process by adding water, which wakes the seed from dormancy, and then keeping the seeds at a controlled temperature to sprout the grain.

During this time, important enzymes are released that can convert the starch and proteins in the grains to fermentable sugars and amino acids. They then heat up the resulting product, called the malt, to dry it out and stop further sprouting. After this malting process, they add hot water and mash the malt to release the compounds that give the beer its iconic flavor.


																																						
    
     




																																			The brewers then separate the sweet malt extract, called wort, and the leftover solid is removed as waste, called brewer's spent grains. About 30% of the weight of the raw grain ends up as spent grain waste. This waste is either used as animal feed or discarded. About 30 million tons of spent grain is generated annually.

Brewers add a cone-shaped flower of the Humulus lupulus plant, called hops, to the wort, then boil and clarify it. The hops flower is the key ingredient that gives beer its bitterness and aroma. The undissolved hops and proteins get collected during clarification to form hot trub, the second major waste from breweries. Roughly 85% of the hops are removed as waste material.

The clear wort is then cooled and fermented by adding yeast. The yeast filtered out after fermentation, called brewer's spent yeast, forms the third type of waste that breweries generate. The spent yeast is one of the major byproducts of the brewing industry. This waste has a large quantity of water and solid material: 100 liters of beer generate 2 to 4 kilograms (4.4 to 8.8 lbs.) of spent yeast.

Finally, the fermented beer is filtered before entering the production line, where the beer is bottled for consumption. The wastewater generated at this last stage forms the filtration waste. A medium-size brewery generates about 8 tons of dense sludge and five to seven times--or 40 to 56 tons--of wastewater as filtration waste monthly. Several tons of waste from breweries remain largely underused due to their low economic value.
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																																			The brewery waste problem

These wastes have several compounds, such as carbohydrates, proteins, amino acids, minerals and vitamins that can potentially be repurposed. Scientists have tried to reuse the wastes in creative ways by creating biofuels and vegan leather using either some compounds extracted from the waste or the entire waste.

Breweries can send their solid wastes to farms that repurpose it as soil fertilizer, compost or animal feed, but a major fraction of it industrywide is discarded as landfill. The wastewater is discharged into the sewage lines, which can challenge sewage treatment systems, as they contain more than 30 times higher pollutants than the typical residential sewage.

Although breweries are becoming more aware of their waste and moving toward sustainable approaches, demand for beer has continued to rise, and a large amount of waste remains to be dealt with.


																																						
    
     




																																			Repurposing waste in nanoparticles

In my research, I'm interested in determining whether compounds from brewery waste can help create nanoparticles that are compatible with human cells but fight against bacteria. Nanoparticles are extremely tiny particles that have sizes in the range of one-billionth of a meter.

In medicine, when the same antibiotics are used over and over, bacteria can evolve resistance against them. One potential use of nanoparticles is as an active component in certain antibiotic drugs. These nanoparticles could also work as disinfectants and cleaning chemicals.

My team and I developed nanoparticles coated with some of the compounds found in brewery waste--an invention which we have since patented but are not actively commercializing. We created the particles by adding waste from any stage of brewing to a metal source.

When we added a chemical containing silver--for example, silver nitrate--to the waste, a combination of processes converted silver compound into nanoparticles. One process is called reduction: Here, compounds found in the brewery waste undergo a chemical reaction that converts the silver ions from the silver nitrate to a metallic nanoparticle.


																																			The other process, called precipitation, is similar to how chalky soap scum forms in your sink when soap reacts with minerals such as calcium in hard water. Oxide and phosphate from the brewery waste combine with a silver ion from the silver nitrate, causing the silver to form a solid compound that makes up the nanoparticle's core.

The organic compounds from the brewing waste such as proteins, carbohydrates, polyphenols and sugars form a coating on the nanoparticles. This coating prevents any other reaction from happening on the surface of these particles, which is very important for making the nanoparticles stable for their applications. These nanoparticles prepared from brewery waste were made of three components: silver metal, silver oxide and silver phosphate.

Environmentally friendly processes that reduce the use of hazardous chemicals and minimize harmful side products are known as green chemistry. Because our procedure was so simple and did not use any other chemicals, it falls into this green chemistry category.


																																						
    
     




																																			Nanoparticle safety

My colleague Neha Rangam found that the coating formed by the brewery waste compounds makes these nanoparticles nontoxic to human cells in the lab. However, the silver from these nanoparticles killed Escherichia coli, a common bacterium responsible for intestinal illness around the world.

We found that a special type of nanoparticle containing high amounts of silver phosphate worked against E. coli. It appeared that this silver phosphate nanoparticle had a thinner coating of the organic compounds from the brewery waste than silver metal and oxides, which led to better contact with the bacteria. That meant enough silver could reach the bacteria to disrupt its cellular structure. Silver has long been known to have an antimicrobial effect. By creating nanoparticles from silver, we get lots of surface area available for eliminating bacteria.

Several nanoparticles have been in clinical trials and some have been FDA approved for use in drugs for pain management, dental treatment and diseases such as cancer and COVID-19. Most research into nanoparticles in biotechnology has dealt with carbon-based nanoparticles. Scientists still need to see how these metal nanoparticles would interact with the human body and whether they could potentially cause other health problems.

Because they're so tiny, these particles are difficult to remove from the body unless they are attached to drug carriers designed to transport the nanoparticles safely. Before doctors can use these nanoparticles as antibacterial drugs, scientists will need to study the fate of these materials once they enter the body.

Some engineered nanoparticles can be toxic to living organisms, so research will need to address whether these brewery waste-derived nanoparticles are safe for the human body before they're used as a new antibacterial drug component.
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Electrified atomic vapor system enables new nanomaterial mixtures

										

    
        
            [image: Making complex nanomaterials with electrified atomic vapor]
             
                Credit: Nature Synthesis (2025). DOI: 10.1038/s44160-025-00914-4
            
        

    


Vapor-phase synthesis, a technique used to create very pure and scalable nanomaterials and coatings, has great promise for the electronic, optical, aerospace, energy and environment, and semiconductor industries.



										  

										
																																	Now, using a form of electrified vapor under atmospheric pressure, a team led by Yale's Liangbing Hu has developed a system that's more versatile, quicker and cheaper. The results are published in Nature Synthesis. The project is a collaboration with Prof. Yiguang Ju of Princeton University and Princeton Plasma Physics Laboratory. The study's lead author, Xizheng Wang, a former postdoctoral researcher in Hu's lab, is a professor at University of California Irvine.

Vapor-phase synthesis converts materials by vaporizing and then returning them to solid form, either as particles or as thin coatings. The challenge, though, is that doing so in atmospheric conditions and being able to control the properties of the final product is tricky. That's partly because some materials have particularly high boiling points, which require the addition of complex, high-power systems, such as electron beams, plasma, and pulsed lasers.

These systems are costly to purchase and maintain. Further, to achieve optimal results, many conventional methods require vacuum pressure, which is also expensive and difficult to maintain.



    
    
    
        
        
    
            
            Credit: Nature Synthesis (2025). DOI: 10.1038/s44160-025-00914-4
  

The Hu lab, though, has solved this through a new method they call electrified vapor deposition (EVD). Essentially, it uses an electrified carbon paper heater to quickly reach extremely high temperatures, which instantly vaporizes and dissociates the material and creates atomic vapor.

When this atomic vapor mixes with the surrounding argon gas (kept at room temperature), it rapidly cools and nucleates in a way that's highly uniform. This results in pure nanomaterial products and thin films with excellent compositional and structural control. Critical to this method is that the system is specifically designed for continuous flow and rapid cooling of the vapor.

The EVD system allows for the mixing of a wide range of materials that typically can't be created using conventional means. It's quick, low-cost, and can be used in atmospheric conditions without requiring vacuum systems and other expensive equipment.


																																	
																														
																				
																						More information:
												Xizheng Wang et al, Electrified vapour deposition at ultrahigh temperature and atmospheric pressure for nanomaterials synthesis, Nature Synthesis (2025). DOI: 10.1038/s44160-025-00914-4
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Scanning nanoprobe microscope reveals the hidden flexibility of cancer cells

										

    
        
            [image: Scanning nanoprobe microscope reveals the hidden flexibility of cancer cells]
             
                (a) A scanning electron microscope (SEM) image of the nanoneedle probe used for the measurements. (b) Elasticity map of a 1 mm x 1 mm area on the nuclear surface, showing the change in elasticity before (Control) and after treatment with TGF-b. (c) Schematic illustration of the measurement, where the nanoneedle probe is inserted into a living cell to directly indent the nucleus and measure its elasticity. (d) A typical force-distance curve showing the force increase corresponding to the indentation of the cell membrane and the nuclear envelope. Credit: ACS Appl. Nano Mater., 2025. DOI: 10.1021/acsanm.5c03044. Licensed under CC-BY 4.0.
            
        

    


Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, report in ACS Applied Nano Materials a new method to precisely measure nuclear elasticity--the stiffness or softness of the cell nucleus--in living cells.



										  

										
																																	By employing a technique called Nanoendoscopy-AFM (NE-AFM), which inserts a nanoneedle probe directly into cells, the team revealed how cancer cell nuclei stiffen or soften depending on chromatin structure and environmental conditions.

The findings provide fundamental insights into how the physical properties of cancer cell nuclei change during disease progression, highlighting their potential as biomarkers for diagnosis and treatment evaluation.

Changes in nuclear mechanics are a hallmark of cancer and can indicate malignant transformation. Traditionally, nuclear elasticity has been studied using atomic force microscopy (AFM) probes pressing on the cell membrane or by aspirating isolated nuclei. Both methods suffer from limitations: they are influenced by surrounding cellular structures or fail to capture intact nuclear states.

The new NE-AFM method developed by Takehiko Ichikawa and colleagues at Kanazawa University overcomes these barriers by inserting a nanoneedle probe directly into living cells thousands of times without causing severe damage, allowing nanoscale mapping of nuclear elasticity.

The researchers found that human lung cancer cells (PC9) showed significantly increased nuclear elasticity under serum-free conditions. This stiffening correlated with increased trimethylation of histone H4 at lysine 20 (H4K20me3), a marker of chromatin compaction.


																																						
    
     




																																			Treatment with transforming growth factor beta (TGF-b), which induces epithelial-mesenchymal transition (EMT), caused nuclear softening and reduced H4K20me3 levels.

The study shows that nuclear elasticity changes are driven primarily by chromatin compaction states, not by alterations in nuclear lamins. Brain-metastatic derivatives of PC9 cells (PC9-BrM) exhibited similar nuclear elasticity trends, suggesting that chromatin regulation of nuclear mechanics plays a role in their invasive behavior.

The team employed Nanoendoscopy-AFM, a technique combining atomic force microscopy with nanoneedle probes fabricated by electron beam deposition. The probes, only ~160 nm in diameter, were inserted repeatedly into living cells to record thousands of force-distance curves across nuclear surfaces.

From these measurements, the researchers created three-dimensional elasticity maps of intact nuclei in human lung cancer cells. Unlike traditional AFM methods, NE-AFM distinguishes cell membrane elasticity from nuclear elasticity and avoids interference from cytoskeletal structures.

Immunoblotting experiments were also performed to correlate elasticity changes with histone modifications and nuclear protein levels.

"Our work shows that nuclear elasticity is not just a physical property but a reflection of underlying chromatin states," says Ichikawa.

"With Nanoendoscopy-AFM, we now have a powerful tool to directly probe the nucleus of living cancer cells. This opens the door to new diagnostic approaches and to a better understanding of how mechanical forces shape cancer progression."

The research demonstrates that nuclear elasticity can act as a measurable biomarker of cancer progression. The NE-AFM method provides an unprecedented ability to probe intact nuclear mechanics and could become a tool for early cancer diagnosis and prognosis, studying chromatin regulation during metastasis, and exploring the mechanics of other organelles such as mitochondria.


																																	
																														
																				
																						More information:
												Takehiko Ichikawa et al, Probing Nanomechanics by Direct Indentation Using Nanoendoscopy-AFM Reveals the Nuclear Elasticity Transition in Cancer Cells, ACS Applied Nano Materials (2025). DOI: 10.1021/acsanm.5c03044
																						
																					


                               														
																					
                              													                                        
										
										
											 
												Citation:
												Scanning nanoprobe microscope reveals the hidden flexibility of cancer cells (2025, November 6)
												retrieved 7 November 2025
												from https://phys.org/news/2025-11-scanning-nanoprobe-microscope-reveals-hidden.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/2025-11-scanning-nanoprobe-microscope-reveals-hidden.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Nanotechnology
          
          	
            Sections
          
          	
            Space and Earth
          
        

      

      Physics

      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Peering inside 3D chaotic microcavities with X-ray vision
        In the world of optics, tiny structures called microcavities--often no wider than a human hair--play a crucial role in technologies ranging from lasers to sensors.

      

      
        Gyromorphs combine liquid and crystal traits to enhance light-based computers
        Researchers have been developing computers that deploy light (photons) rather than electricity to power storage and calculations. These light-based computers have the potential to be more energy efficient than traditional computers while also running calculations at greater speeds.

      

      
        Quantum nonlocality may be inherent in the very nature of identical particles
        At its deepest physical foundations, the world appears to be nonlocal: particles separated in space behave not as independent quantum systems, but as parts of a single one. Polish physicists have now shown that such nonlocality--arising from the simple fact that all particles of the same type are indistinguishable--can be observed experimentally for virtually all states of identical particles.

      

      
        Quantum 'pinball' state of matter in electrons allows both conducting and insulating properties, physicists discover
        Electricity powers our lives, including our cars, phones, computers, and more, through the movement of electrons within a circuit. While we can't see these electrons, electric currents moving through a conductor flow like water through a pipe to produce electricity.

      

      
        Breakthrough could connect quantum computers at 200X the distance
        Quantum computers are powerful, lightning-fast and notoriously difficult to connect to one another over long distances.
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Peering inside 3D chaotic microcavities with X-ray vision

										

    
        
            [image: Peering inside 3D chaotic microcavities with X-ray vision]
             
                3D X-ray microtomography reveals the internal geometry of a deformed microsphere, allowing insight into chaotic light dynamics. Credit: Advanced Photonics Nexus (2025). DOI: 10.1117/1.apn.4.6.066006
            
        

    


In the world of optics, tiny structures called microcavities--often no wider than a human hair--play a crucial role in technologies ranging from lasers to sensors.



										  

										
																																	These microscopic resonators trap light, allowing it to circulate millions of times within their boundaries. When they are perfectly shaped, light inside them moves in smooth, circular paths. But when their symmetry is slightly disturbed, the light begins to behave unpredictably, following chaotic routes that can lead to surprising effects like one-way laser emission or stronger light-matter interactions.

Until now, most research on this chaotic behavior has focused on flat, two-dimensional microcavities. These are easier to study because their shape can be seen and measured under a microscope. But truly three-dimensional (3D) microcavities--where deformation occurs in all directions--have remained largely unexplored. Their internal geometry is difficult to capture without cutting or damaging the sample, making it hard to understand how light behaves inside them.

A study published in Advance Photonics Nexus changes that. An international team of researchers has developed a way to image and analyze 3D chaotic microcavities without harming them. They used X-ray microcomputed tomography (mCT), a technique commonly found in medical and materials science labs, to scan a slightly deformed silica microsphere. This allowed them to reconstruct its full 3D shape with submicron precision.



    
        
            [image: Peering inside 3D chaotic microcavities with X-ray vision]
             
                Fabrication of deformed microspheres. (a) Schematic diagram of the experimental setup. Optical microscope images of (b) a rotationally symmetric microsphere and (c) a deformed (asymmetric) microsphere. Credit: Advanced Photonics Nexus (2025). DOI: 10.1117/1.apn.4.6.066006
            
        

    



With this detailed model, the team could calculate how light travels through the deformed cavity. They found that when the shape is distorted in multiple directions, light doesn't just bounce around randomly--it spreads throughout the entire cavity in a process known as Arnold diffusion. This confirms a long-standing theoretical prediction about 3D chaotic light dynamics.

According to Professor Sile Nic Chormaic, corresponding author on the report and director of the Light-Matter Interactions for Quantum Technologies Unit at Okinawa Institute of Science and Technology Graduate University, "This work opens a new window for exploring 3D wave chaos, nonlinear optics, and quantum photonics. Beyond fundamental studies, the approach could inspire new designs for high-sensitivity sensors, broadband microlasers, and complex optical networks that harness chaotic dynamics for enhanced performance."

The ability to measure and predict light behavior in these complex structures opens new possibilities for both fundamental science and practical applications.
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												Ke Tian et al, X-ray microcomputed tomography of 3D chaotic microcavities, Advanced Photonics Nexus (2025). DOI: 10.1117/1.apn.4.6.066006
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Gyromorphs combine liquid and crystal traits to enhance light-based computers

										

    
        
            [image: Scientists discover breakthrough materials to enhance light-based computers]
             
                Illustration of a 60-fold gyromorph's properties. Top row: Structure of the gyromorph. Left: Structure factor. Right: Pair correlation function. Bottom row: Optical properties. Left: Polarized light beam fully reflected by a gyromorph. Right: Density of states depletion in the gyromorph. Image by. Credit: The Martiniani lab at NYU
            
        

    


Researchers have been developing computers that deploy light (photons) rather than electricity to power storage and calculations. These light-based computers have the potential to be more energy efficient than traditional computers while also running calculations at greater speeds.



										  

										
																																	However, a major challenge in the production of light-based computers--still in their infancy--is successfully rerouting microscopic light signals on a computer chip with minimal loss in signal strength. This is fundamentally a materials-design problem. These computers require a lightweight material to block additional light from all incoming directions--what's known as an "isotropic bandgap material"--in order to maintain signal strength.

Scientists at New York University report the discovery of gyromorphs--a material that combines the seemingly incompatible properties of liquids and crystals and that performs better than any other known structure in blocking light from all incoming angles.

The work, described in the journal Physical Review Letters, marks an innovative way to control optical properties and to potentially advance the capabilities of light-based computers.

"Gyromorphs are unlike any known structure in that their unique makeup gives rise to better isotropic bandgap materials than is possible with current approaches," says Stefano Martiniani, an assistant professor of physics, chemistry, mathematics and neural science, and the paper's senior author.


																																						
    
     




																																			In designing isotropic bandgap materials, scientists have frequently turned to quasicrystals--first conceived by physicists Paul Steinhardt and Dov Levine in the 1980s and simultaneously observed in experiments by Dan Schechtman, who received the Nobel Prize in Chemistry in 2011. Quasicrystals have a mathematical order to their structure, but unlike a crystal, one that does not repeat.

However, there is an unfortunate trade-off in quasicrystals, the NYU researchers note: either they block out light completely, but only from a few directions, or they attenuate light from all directions, but do not quite block it. That is why scientists have continued to seek alternative materials that can block out signal-sapping light.

In the Physical Review Letters work, the NYU researchers created metamaterials, which are engineered materials with properties stemming from their structure rather than their chemical nature. However, a challenge in creating metamaterials is first understanding how their structure gives rise to physical properties of interest.

To address these challenges, the scientists developed an algorithm to design disordered structures that were functional. In doing so, they discovered a novel form of correlated disorder--materials that are neither fully disordered nor fully ordered.

"Think of trees in a forest--they grow at random positions, but not completely random because they're usually a certain distance from one another," explains Martiniani. "This new pattern, gyromorphs, combines properties that we believed to be incompatible and displays a function that outperforms all ordered alternatives, including quasicrystals."
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																																			The researchers noticed that every single isotropic bandgap material had a structural signature in common.

"We wanted to make this structural signature as pronounced as possible," adds Mathias Casiulis, a postdoctoral fellow in NYU's Department of Physics and the paper's lead author. "The result was a new class of materials--gyromorphs--that reconcile seemingly incompatible features.

"This is because gyromorphs don't have a fixed, repeating structure like a crystal, which gives them a liquid-like disorder, but, at the same time, if you look at them from a distance, they form regular patterns. These properties work together to create bandgaps that lightwaves can't penetrate from any direction."

The research also included Aaron Shih, an NYU graduate student.
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Quantum nonlocality may be inherent in the very nature of identical particles

										

    
        
            [image: Nonlocality inherent in the nature of identical particles]
             
                Nonlocality seems to be enchanted into such a fundamental property of our universe as the indistinguishability of quantum particles. Credit: IFJ PAN, AI
            
        

    


At its deepest physical foundations, the world appears to be nonlocal: particles separated in space behave not as independent quantum systems, but as parts of a single one. Polish physicists have now shown that such nonlocality--arising from the simple fact that all particles of the same type are indistinguishable--can be observed experimentally for virtually all states of identical particles.



										  

										
																																	All particles of the same type--for example, photons or electrons--are entangled with one another, including those on Earth and those in the most distant galaxies. This surprising statement follows from a fundamental postulate of quantum mechanics: particles of the same type are, in their very nature, identical. Does this mean that a universal source of entanglement--underlying the peculiar, nonlocal features of the quantum world--is at our fingertips? And can we somehow outsmart quantum theory, which so carefully guards access to this extraordinary resource?

Answers to these questions have been provided by two Polish theorists from the Institute of Nuclear Physics of the Polish Academy of Sciences (IFJ PAN) in Krakow and the Institute of Theoretical and Applied Informatics of the Polish Academy of Sciences (IITiS PAN) in Gliwice. Their findings, published in npj Quantum Information, show how the very identity of particles gives rise to observable quantum nonlocality.

Theorists from the IFJ PAN and the IITiS PAN have analyzed the fundamental entanglement of identical particles, drawing directly on John Bell's concept of nonlocality. While entanglement is a concept firmly rooted in the abstract framework of quantum theory, locality is much more intuitive and universal. It reflects the common-sense idea that events follow a chain of causes and effects that propagate through space at a finite speed--never faster than light.


																																						
    
     




																																			When no such explanation exists, we enter the realm of nonlocal phenomena. This was the essence of the breakthrough made by Northern Irish physicist John Stewart Bell, who pointed out an experiment that cannot be explained within a local framework. The key element of this experiment is the quantum entanglement between separate systems on which researchers--traditionally named Alice and Bob--can perform arbitrary and independent measurements.

"At first glance, the problem seems simple: entangled systems violate Bell's inequalities, so all you need to do is perform a well-designed experiment. Indeed, this applies only to distinguishable systems that can be labeled and sent to two distant laboratories. With identical particles, this framework breaks down," says Dr. Pawel Blasiak (IFJ PAN).

"Quantum mechanics is clear: identical particles are indistinguishable by their very nature. In practice, we do not measure 'this particular' particle, but 'some' particle at a given location. Quantum physics consistently resists any attempt to assign them individual labels--and that is precisely why the classical Bell scenario cannot be applied here."

Dr. Marcin Markiewicz (IITiS PAN), co-author of the article, clarifies, "This seemingly subtle difference introduces new ground rules for describing the world: it requires the symmetrization or antisymmetrization of the wave function in systems with multiple particles. It is precisely the principle of particle identity that leads to the division into fermions and bosons--two worlds that underpin the structure of atoms and their nuclei, and determine the nature of interactions.



    
        
            [image: Nonlocality inherent in the nature of identical particles]
             
                Passive linear optical experiment. Credit: npj Quantum Information (2025). DOI: 10.1038/s41534-025-01086-x
            
        

    



"Indistinguishability also blurs the very concept of entanglement: in the case of identical particles, it no longer behaves as we are used to--and loses some of its practical meaning. This is where the real challenge lies in addressing the question of nonlocality arising from the fundamental indistinguishability of particles."
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																																			Contemporary experiments on entanglement typically involve its artificial creation through interactions between particles within a quantum system. Yet quantum mechanics also points to another, more fundamental mechanism: entanglement--and perhaps nonlocality itself--may arise directly from the identical nature of particles of the same type. From this perspective, nonlocality could even manifest between particles that have never interacted with one another before.

It is this primordial form of nonlocality that captured the interest of physicists from the IFJ PAN and the IITiS PAN. They set out to determine whether it could be demonstrated in experiments composed solely of simple, passive linear optical elements: mirrors, beam splitters, and particle detectors.

Such systems can be arranged so that the propagating particles never meet at any point. Yet if Bell's inequalities could still be violated under these conditions, it would imply that the observed nonlocality is not a by-product of experimental interactions, but a manifestation of something truly fundamental.

The researchers posed a simple yet remarkably general question: for which quantum states of identical particles can one identify a classical optical system in which nonlocal correlations become manifest? The challenge lies in the fact that both the number of possible optical configurations and the diversity of identical-particle states appear virtually limitless.

The scientists managed to tame this complexity using an arsenal of sophisticated tools: the Yurke-Stoler interferometer, clever post-selection, the concept of "quantum erasure," mathematical induction, and extensive experience in constructing hidden-variable models.


																																						
    
     




																																			In their article, the Polish theorists presented a criterion that enables the clear identification of nonlocality for any state containing a fixed number of identical particles. The conclusions are surprising: all fermionic states and almost all bosonic states turn out to be nonlocal resources (in the latter case, except for a narrow class of so-called states reducible to a single mode). Notably, the proof is entirely constructive: it demonstrates, step by step, how to design optical experiments that reveal the nonlocality of the state under investigation.

"Our research reveals that the very indistinguishability of particles hides a source of entanglement we can access. Could nonlocality, then, be woven into the fabric of the universe itself? Everything seems to suggest that this is indeed the case, with the source of this extraordinary property lying in the seemingly simple postulate of the identical nature of particles of the same type," concludes Dr. Blasiak.

As always, much remains to be understood, and questions about the nature of reality and the interpretation of quantum mechanics gain new resonance. Physicists Charles W. Misner, John A. Wheeler, and future Nobel laureate Kip S. Thorne expressed this insight eloquently in their 1973 book Gravitation: "No acceptable explanation for the miraculous identity of particles of the same type has ever been put forward. That identity must be regarded, not as a triviality, but as a central mystery of physics." This enduring puzzle will likely continue to inspire researchers for many decades to come.
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            [image: FSU physicists discover new state of matter in electrons, platform to study quantum phenomena]
             
                Hamiltonian, classical phases, and energetics of the extended Hubbard model on the triangular lattice. Credit: npj Quantum Materials (2025). DOI: 10.1038/s41535-025-00792-1
            
        

    


Electricity powers our lives, including our cars, phones, computers, and more, through the movement of electrons within a circuit. While we can't see these electrons, electric currents moving through a conductor flow like water through a pipe to produce electricity.



										  

										
																																	Certain materials, however, allow that electron flow to "freeze" into crystallized shapes, triggering a transition in the state of matter that the electrons collectively form. This turns the material from a conductor to an insulator, stopping the flow of electrons and providing a unique window into their complex behavior. This phenomenon makes possible new technologies in quantum computing, advanced superconductivity for energy and medical imaging, lighting, and highly precise atomic clocks.

A team of Florida State University-based physicists, including National High Magnetic Field Laboratory Dirac Postdoctoral Fellow Aman Kumar, Associate Professor Hitesh Changlani and Assistant Professor Cyprian Lewandowski, have shown the conditions necessary to stabilize a phase of matter in which electrons exist in a solid crystalline lattice but can "melt" into a liquid state, known as a generalized Wigner crystal. Their work was published in npj Quantum Materials.

How it works

At certain densities, electrons in two-dimensional systems are expected to form Wigner crystals, which were first theorized in 1934. These crystals have been identified in several recent experiments, but it wasn't clear how these unique states come about when accounting for additional quantum mechanical effects.

"In our study, we determined which 'quantum knobs' to turn to trigger this phase transition and achieve a generalized Wigner crystal, which uses a 2D moire system and allows different crystalline shapes to form, like stripes or honeycomb crystals, unlike traditional Wigner crystals that only show a triangular lattice crystal," Changlani said.


																																						
    
     




																																			The researchers used FSU's Research Computing Center, an academic service unit of Information Technology Services, and the National Science Foundation's ACCESS, an advanced computing and data resource program under the Office of Advanced Cyberinfrastructure, to conduct calculations and run large-scale simulations using numerical techniques like exact diagonalization, density matrix renormalization group and Monte Carlo simulations.

In quantum mechanics, there are two pieces of quantum information for every electron. When dealing with hundreds and thousands of electrons, the amount of information becomes overwhelming. The algorithms and numerical techniques used by the team actively simplify this vast amount of information into digestible networks, allowing researchers to draw insights from it.

"We're able to mimic experimental findings via our theoretical understanding of the state of matter," Kumar said. "We conduct precise theoretical calculations using state-of-the-art tensor network calculations and exact diagonalization, a powerful numerical technique used in physics to collect details about a quantum Hamiltonian, which represents the total quantum energy in a system. Through this, we can provide a picture for how the crystal states came about and why they're favored in comparison to other energetically competitive states."
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																																			Quantum pinballs

The team also discovered a new state of matter in which conducting and insulating properties coexist due to unusual electron behaviors. They found that the generalized Wigner crystal can partially "melt"--while some electrons remained frozen, other electrons delocalized and began moving around the system, similar to a ball zooming around fixed pins in a pinball machine.

"This pinball phase is a very exciting phase of matter that we observed while researching the generalized Wigner crystal," Lewandowski said. "Some electrons want to freeze and others want to float around, which means that some are insulating and some are conducting electricity. This is the first time this unique quantum mechanical effect has been observed and reported for the electron density we studied in our work."

Why it matters

The research gives scientists a greater understanding of how to manipulate states of matter.

"What causes something to be insulating, conducting or magnetic? Can we transmute something into a different state?" Lewandowski said. "We're looking to predict where certain phases of matter exist and how one state can transition to another--when you think of turning a liquid into gas, you picture turning up a heat knob to get water to boil into steam. Here, it turns out there are other quantum knobs we can play with to manipulate states of matter, which can lead to impressive advances in experimental research."

Tuning these knobs, or energy scales, can drive phase transitions in electrons from solid to liquid. Studying Wigner crystals offers unique insights into quantum phases of matter and has potential applications in powerful quantum computing and in spintronics--a revolutionary new field in condensed-matter physics that can increase the memory and logic processing capability of nano-electronic devices while reducing power consumption and production costs.

The research team hopes to better understand the cooperative behavior of electrons and address theoretical questions that can lead to breakthrough applications in quantum, superconducting and atomic technologies.
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            [image: Breakthrough could connect quantum computers at 200X the distance]
             
                New research from University of Chicago Pritzker School of Molecular Engineering (UChicago PME) Asst. Prof. Tian Zhong could make it possible for quantum computers to connect at distances up to 2,000 kilometers (1,243 miles), shattering previous records and bringing a quantum internet closer than ever. Credit: UChicago Pritzker School of Molecular Engineering / Jason Smith
            
        

    


Quantum computers are powerful, lightning-fast and notoriously difficult to connect to one another over long distances.



										  

										
																																	Previously, the maximum distance two quantum computers could connect through a fiber cable was a few kilometers. This means that, even if fiber cable were run between them, quantum computers in the University of Chicago's South Side campus and downtown Chicago's Willis Tower would be too far apart to communicate with each other.

Research published today in Nature Communications from University of Chicago Pritzker School of Molecular Engineering (UChicago PME) Asst. Prof. Tian Zhong would theoretically extend that maximum to 2,000 km (1,243 miles).

With Zhong's approach, that same UChicago quantum computer that previously couldn't reach the Willis Tower could now connect and communicate with a quantum computer outside of Salt Lake City, Utah.

"For the first time, the technology for building a global-scale quantum internet is within reach," said Zhong, who recently received the prestigious Sturge Prize for this work.

Linking quantum computers to create powerful, high-speed quantum networks involves entangling atoms through a fiber cable. The longer the time those entangled atoms maintain quantum coherence, the longer the distance those quantum computers can link to each other.

In the new paper, Zhong and his team at UChicago PME raised the quantum coherence times of individual erbium atoms from 0.1 milliseconds to longer than 10 milliseconds. In one instance, they demonstrated up to 24 milliseconds, which would theoretically allow quantum computers to connect at a staggering 4,000 km, the distance from UChicago PME to Ocana, Colombia.
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                By making rare-earth doped crystals using a technique called molecular-beam epitaxy (MBE) rather than the traditional Czochralski method, the UChicago PME team built components atom by atom with remarkably long-lived quantum coherence. Credit: UChicago Pritzker School of Molecular Engineering / Jason Smith
            
        

    





																																						
    
     




																																			Same materials, different method

The innovation was not in using new or different materials, but from building the same materials a different way. They created the rare-earth doped crystals necessary to create the quantum entanglement using a technique called molecular-beam epitaxy (MBE) rather than the traditional Czochralski method.

"The traditional way of making this material is by essentially a melting pot," Zhong said of the Czochralski method. "You throw in the right ratio of ingredients and then melt everything. It goes above 2,000 degrees Celsius and is slowly cooled down to form a material crystal."

To turn the crystal into a computer component, researchers then chemically "carve" it into the needed form. It's similar to how a sculptor might select a slab of marble and chip away everything that isn't the statue.

MBE, however, is more akin to 3D printing. It sprays thin layer after thin layer, building the needed crystal into its exact final form.

"We start with nothing and then assemble this device atom by atom," Zhong said. "The quality or purity of this material is so high that the quantum coherence properties of these atoms become superb."

While MBE is a known technique, it has never been used to build this form of rare-earth doped material. Zhong and his team worked with materials synthesis expert UChicago PME Asst. Prof. Shuolong Yang to adapt MBE for this purpose.
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                The next step for Zhong's team is to test whether the improved quantum coherence time will translate into quantum computers connecting over greater distances. Credit: UChicago Pritzker School of Molecular Engineering / Jason Smith
            
        

    



"The approach demonstrated in this paper is highly innovative," said Institute of Photonic Sciences Prof. Dr. Hugues de Riedmatten, a world leader in the field who was not involved in the research.

"It shows that a bottom-up, well-controlled nanofabrication approach can lead to the realization of single rare-earth ion qubits with excellent optical and spin coherence properties, leading to a long-lived spin photon interface with emission at telecom wavelength, all in a fiber-compatible device architecture. This is a significant advance that offers an interesting scalable avenue for the production of many networkable qubits in a controlled fashion."
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																																			Next steps

Zhong and his team will next test whether the increased coherence time enables quantum computers to connect to each other over long distances.

"Before we actually deploy fiber from, let's say, Chicago to New York, we're going to test it just within my lab," Zhong said.

This involves linking two qubits in separate dilution refrigerators ("fridges"), both in Zhong's lab at UChicago PME, through 1,000 kilometers of spooled cable. It's the subsequent step, but far from the final one.

"We're now building the third fridge in my lab. When it's all together, that will form a local network, and we will first do experiments locally in my lab to simulate what a future long-distance network will look like," Zhong said. "This is all part of the grand goal of creating a true quantum internet, and we're achieving one more milestone towards that."
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