
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, January 16, 2025

      

      
        
          	
            Nanotechnology
          
          	5
        

        
          	
            Physics
          
          	10
        

        
          	
            Space and Earth
          
          	17
        

        
          	
            Chemistry
          
          	6
        

        
          	
            Biology
          
          	25
        

        
          	
            Technology
          
          	25
        

        
          	
            Other Sciences
          
          	25
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

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


      
        Nanoparticles restore neurons in Parkinson's with wireless brain stimulation
        Parkinson's disease (PD) is the second most common neurodegenerative disorder, primarily characterized by motor dysfunction. Its pathological hallmark is the abnormal aggregation of a-synuclein (a-syn) into insoluble fibrils and Lewy bodies, leading to the degeneration and death of dopaminergic neurons in the substantia nigra of the midbrain.

      

      
        Scientists observe and control ultrafast surface waves on graphene
        Imagine standing by a lake and throwing a stone into the water. Waves spread out in circular patterns and can reflect at obstacles and boundaries. Researchers at the University of Regensburg, in collaboration with colleagues from Milan and Pisa, have recreated this everyday phenomenon in a fascinating miniature world: They observed the propagation of waves--not on water but in an "electron sea"--using one of the fastest slow-motion cameras on the nanoscale. The study is published in Nano Letters.

      

      
        A tiny anticancer weapon: Nano-sized particles trigger tumor cell self-destruction
        A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study from researchers in the Perelman School of Medicine at the University of Pennsylvania. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.

      

      
        Extracellular vesicles contain ion channels that make cell-to-cell cargo transport possible
        Scientists have revealed the secret to the structural integrity of tiny particles that transport cargo from cell to cell through blood vessels and bodily fluids: special proteins that keep their membranes intact as they negotiate shifting electrical impulses in different biological environments.

      

      
        Artificial motors mimic muscle proteins, opening new paths in nanotech
        Scientists have built an artificial motor capable of mimicking the natural mechanisms that power life. Just like the proteins in our muscles, which convert chemical energy into power to allow us to perform daily tasks, these tiny rotary motors use chemical energy to generate force, store energy, and perform tasks in a similar way.
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Nanoparticles restore neurons in Parkinson's with wireless brain stimulation

										

    
        
            [image: Nanoparticle-based wireless deep brain stimulation system revealed to reverse Parkinson's disease]
             
                Working model showing wireless DBS mediated by ATB NPs to reverse PD. Credit: Science Advances (2025). DOI: 10.1126/sciadv.ado4927
            
        

    


Parkinson's disease (PD) is the second most common neurodegenerative disorder, primarily characterized by motor dysfunction. Its pathological hallmark is the abnormal aggregation of a-synuclein (a-syn) into insoluble fibrils and Lewy bodies, leading to the degeneration and death of dopaminergic neurons in the substantia nigra of the midbrain.



										      
																																	To ameliorate motor symptoms in patients, a common clinical approach, deep brain stimulation (DBS), involves the implantation of electrodes into specific brain regions to modulate neuronal activity through direct electrical stimulation.

Although DBS enhances the efficiency of neuronal regulation, its invasive nature can lead to cognitive decline and emotional disturbances such as depression and anxiety. Newly developed non-invasive techniques such as transcranial direct current stimulation and transcranial magnetic stimulation can enhance cortical excitability but are limited by insufficient penetration depth and spatial resolution.

Therefore, the development of non-invasive deep brain stimulation technologies that combine high spatial resolution with strong penetration capabilities is crucial.

In a study published in Science Advances, a research team led by Prof. Chen Chunying from the National Center for Nanoscience and Technology (NCNST) of the Chinese Academy of Sciences designed a wireless photothermal DBS nanosystem named ATB NPs.


																																						
    
     




																																			This system achieves precise modulation of degenerated neurons by directly stimulating the endogenous expression of the thermosensitive TRPV1 receptor in neurons, which offers new insights into the treatment of PD and other neurodegenerative disorders.

This system consists of three core modules: a photothermal conversion module (gold nanoshells, AuNSs) for activating the thermosensitive TRPV1 ion channels, a targeting module (TRPV1 antibody) to specifically target dopaminergic neurons with high TRPV1 expression, and a degradation module (b-syn peptide, containing a near-infrared-responsive linker) that binds to the hydrophobic domain of the non-amyloid-b component of a-synuclein, thereby degrading a-syn fibrils.

Using a-syn fibril-induced PD model, researchers aimed to restore the degenerated dopaminergic neurons in the substantia nigra of the midbrain by the wireless DBS nanosystem.

After stereotactic injection of ATB NPs into the substantia nigra of PD mice, the ATB NPs anchored to the surface of dopaminergic neurons via the TRPV1 antibody. Under 808 nm pulsed near-infrared laser irradiation, they act as nanoantennas, converting light into heat to activate the thermosensitive TRPV1 receptor, leading to Ca2+ influx and the generation of action potentials.

In addition, they release b-syn peptides, which, through the activation of chaperone-mediated autophagy pathways, clear a-syn aggregates, reducing pathological fibrils. Ultimately, the ATB NPs restored the interactive network of dopaminergic neurons and their dopamine release capacity, improving motor function in PD mice.

This wireless DBS nanosystem primarily has three advantages: It leverages the endogenously expressed TRPV1 receptors in dopaminergic neurons of the substantia nigra, eliminating the need for implanted neural electrodes or genetic manipulation; it enables precise spatiotemporal modulation of degenerative neurons in specific brain regions by integrating near-infrared laser technology; and the wireless DBS nanosystem exhibits excellent biosafety.


																																																					
																				
																						More information:
												Junguang Wu et al, A nanoparticle-based wireless deep brain stimulation system that reverses Parkinson's disease, Science Advances (2025). DOI: 10.1126/sciadv.ado4927
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                Artistic representation of a surface plasmon polariton wave (golden surface wave) generated beneath a sharp metal tip on an atomically thin graphene layer (hexagonal ball-and-stick model). Credit: Simon Anglhuber
            
        

    


Imagine standing by a lake and throwing a stone into the water. Waves spread out in circular patterns and can reflect at obstacles and boundaries. Researchers at the University of Regensburg, in collaboration with colleagues from Milan and Pisa, have recreated this everyday phenomenon in a fascinating miniature world: They observed the propagation of waves--not on water but in an "electron sea"--using one of the fastest slow-motion cameras on the nanoscale. The study is published in Nano Letters.



										      
																																	Such electron seas are typically found on the surfaces of metals or materials with metallic properties. In this case, the material was graphene--a so-called two-dimensional material composed of a single layer of carbon atoms. Instead of a stone, the scientists used laser pulses, focusing them on a sharp metallic tip positioned just above the material's surface.

"The light sets the electrons in the tip in motion," explains Simon Anglhuber from the Institute of Experimental and Applied Physics of the UR. The resulting oscillations exert a force on the electrons in graphene.

This generates a circular electron density wave that propagates through the graphene beneath the tip. The wave can reflect off the edges of the sample and travel back to the tip. These reflections can then be measured optically by reversing the previous process and converting the electron wave back into light. By precisely moving the tip over the sample, the researchers could record a film showing the wave's oscillation at various locations over time.

High-precision analysis of wave motion

The new technique allows for the direct observation of electron wave propagation in both space and time. This was achieved with a resolution on the nanometer scale--relevant for modern semiconductor technologies--and a temporal resolution in the femtosecond range. In terms of temporal resolution, the method can be compared to an ultra-fast slow-motion camera with a frame rate of over 10 trillion frames per second.

The result is a highly precise analysis of wave motion, including its speed, damping, and frequency, without requiring complex computational transformations. Notably, the researchers observed a distinction between the propagation of the wave's center of mass and the propagation of individual wave peaks and troughs. By precisely measuring these two speeds, it is possible to infer the properties of the material through which the waves are propagating.

In their experiments, the researchers compared graphene samples produced by different methods and found significant differences in wave propagation, which were linked to variations in sample quality. These findings are expected to contribute to the development of better samples for use in optoelectronic devices, such as highly sensitive light sensors.

Remarkably, the method also works for heavily damped electron waves in the so-called terahertz and mid-infrared range--a spectral region between our 5G network and visible light that has been difficult to access so far.

Ultrafast control of surface waves

As a final step, the researchers used another laser pulse to deliberately perturb the electron sea in the graphene sample while the electron wave was propagating. By including the second laser pulse, they were able to selectively weaken the wave. This not only allows for observation of the waves and insights into the material in its static form but also enables control and ultrafast alteration of material properties.

This direct control of electron density waves could be a key step toward developing new electronic components with clock speeds more than a thousand times faster than current electronics.


																																																					
																				
																						More information:
												Simon Anglhuber et al, Spacetime Imaging of Group and Phase Velocities of Terahertz Surface Plasmon Polaritons in Graphene, Nano Letters (2025). DOI: 10.1021/acs.nanolett.4c04615
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                DR5-scFvs induce apoptosis of DR5+ tumor cells. Credit: Science Advances (2025). DOI: 10.1126/sciadv.adp9009
            
        

    


A new twist on a decades-old anticancer strategy has shown powerful effects against multiple cancer types in a preclinical study from researchers in the Perelman School of Medicine at the University of Pennsylvania. The experimental approach, which uses tiny capsules called small extracellular vesicles (sEVs), could offer an innovative new type of immunotherapy treatment and is poised to move toward more advanced development and testing.



										      
																																	The work is published in the journal Science Advances.

The researchers describe how they used sEVs, which are engineered in the lab from human cells, to target a cell-surface receptor called DR5 (death receptor 5) that many tumor cells have. When activated, DR5 can trigger the death of these cells by a self-destruct process called apoptosis.

Researchers have been trying for more than 20 years to develop successful DR5-targeting cancer treatments. The new approach, using engineered sEVs to target DR5, outperformed DR5-targeting antibodies, which have been considered a leading DR5-targeting strategy. The sEVs were efficient killers of multiple cancer cell types in lab-dish tests, and blocked tumor growth in mouse models, enabling much longer survival than DR5-targeting antibodies.

"This new strategy has a number of advantages compared to previous DR5-targeting strategies and other anticancer immunotherapies, and after these encouraging preclinical results, we're developing it further for human clinical trials," said senior author Xiaowei "George" Xu, MD, Ph.D., a professor of Pathology and Laboratory Medicine, and member of the Tara Miller Melanoma Center in Penn Medicine's Abramson Cancer Center.

"We've seen that many patients have benefited from advances in cancer immunotherapy but know there's more to work to do. This is our motivation for seeking new strategies for cellular therapies, particularly in solid tumor cancers, like melanoma, where current immunotherapies only work for about half of patients."


																																						
    
     




																																			A better way to target DR5

The DR5 death receptor appears to have evolved, at least in part to destroy cells that are malignant, damaged. Although DR5 has seemed an attractive target for cancer treatments, those developed so far haven't been successful in controlling tumor growth. Xu and his team used extracellular vesicles to target DR5 because these nano-sized capsules--about a million times smaller than a T cell--are naturally produced and secreted by virtually all cells. Extracellular vesicles carry molecules that can deliver messages to surrounding cells.

For this application, the team used sEVs made by natural killer (NK) cells, a type of immune cell that frequently has a cancer-fighting role. NK-derived sEVs are good at infiltrating tumors and typically contain molecules that are toxic to tumor cells. Xu and his team engineered the NK sEVs so that they have an antibody fragment that strongly binds to and activates DR5.

In lab-dish experiments, the sEVs specifically move towards and bind to DR5 and quickly killed cancer cell types that have high levels of DR5 expression, including melanoma, liver and ovarian cancer cells. In experiments with mouse models of melanoma, breast and liver cancers, the sEVs strongly suppressed tumor growth and prolonged survival.

Reversing tumor immunosuppression

Xu and his team observed in their experiments that the sEVs packed other antitumor punches: they attacked other DR5-expressing cells called cancer-associated fibroblasts and myeloid-derived suppressor cells, which tumors use to create an immune-suppressive environment around themselves.

The sEVs also stimulated T cells, giving another boost to anticancer immune activation. Overall, sEVs' apparent ability to disrupt the immunosuppressive environment suggests that they might succeed in solid tumors, where the hostile tumor microenvironment has proved challenging for many forms of immunotherapy.

Xu noted that sEVs can be manufactured and stored relatively easily, making them a potential "off-the-shelf" therapy that could be given to any patient and would not require retrieving cells from each patient, as is the case with other personalized cellular therapies.

Next, the team plans to refine the manufacturing process to scale production for clinical-grade sEVs and conduct safety studies to prepare for human clinical trials.


																																																					
																				
																						More information:
												Yeye Guo et al, Engineered extracellular vesicles with DR5 agonistic scFvs simultaneously target tumor and immunosuppressive stromal cells, Science Advances (2025). DOI: 10.1126/sciadv.adp9009
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Extracellular vesicles contain ion channels that make cell-to-cell cargo transport possible
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                Presence of iberiotoxin-sensitive K+ currents in extracellular vesicle membranes. Credit: Nature Communications (2025). DOI: 10.1038/s41467-024-55379-4
            
        

    


Scientists have revealed the secret to the structural integrity of tiny particles that transport cargo from cell to cell through blood vessels and bodily fluids: special proteins that keep their membranes intact as they negotiate shifting electrical impulses in different biological environments.



										      
																																	These particles, called extracellular vesicles, are considered attractive vehicle models for new drug therapies. But until now, researchers haven't had the complete picture of how they work.

In a new study, a team led by medical researchers at The Ohio State University has determined that these vesicles contain an ion channel--a protein that opens a corridor allowing electrical charges to pass through the protective outer membrane, a necessary step to keep contents and conditions stable inside.

The work is published in the journal Nature Communications.

Animal experiments also showed the ion channel influences the cargo, meaning the protein is important not just to the structure of extracellular vesicles (EVs), but also their function. Researchers compared the effects of RNA molecules delivered by EVs with and without the membrane protein on mice with ailing hearts. Only molecules carried by EVs with ion channels were able to repair the heart damage.

Harpreet Singh, professor of physiology and cell biology, and Mahmood Khan, professor of emergency medicine, both in Ohio State's College of Medicine, co-led the study.

"We have not only discovered ion channels in these vesicles. We have recorded functional ion channels for the first time ever," Singh said. "From forming a simple fundamental hypothesis that these vesicles should have ion channels all the way to showing that these vesicles will contain different cargo that can either protect or harm your cells--in this case, the heart--we have told the whole story."


																																						
    
     




																																			Extracellular vesicles carry proteins and other molecules from donor to recipient cells to alter physiological and biological responses. In addition to facilitating cellular communication and maintaining cellular balance, the particles have been linked to immune responses, viral infectiousness, and cardiovascular disease, cancer and neurological disorders.

Based on his specialization in the study of ion channels, Singh predicted that EVs must have ion channels to safely transport molecules from cellular interiors to the extracellular environment and back into another type of cell. Otherwise, their membranes would be subject to bursting--caused by a rush of water triggered by osmotic stress or shock--as positive and negative electrical charges of ions in those varying environments ebb and flow.

"We know from our experience and from all this great work done in the last hundred years that ion channels are really, really important to maintain any structure which has a membrane," Singh said.

Take the electrolyte potassium, for example. It is the most abundant positively charged ion inside cells, but its concentration is 30-fold lower in the extracellular environment.

"Suddenly an extracellular vesicle is coming from a huge potassium concentration to a low potassium concentration. What is going to happen if you can't maintain ionic balance? You are going to feel the osmotic shock," he said.
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																																			For this work, researchers isolated mouse EVs provided by Khan, also director of basic and translational research in the Department of Emergency Medicine, whose lab focuses on repairing damaged heart muscle with stem-cell therapy.

Because these particles are extremely small, the scientists created a technique they called near-field electrophysiology to record currents in the EV membranes. The method established the presence of a calcium-activated large-conductance potassium channel (BKCa).

They followed by isolating EVs from normal mice and knockout mice lacking the gene that encodes the BK potassium channel, and found the cargo in EVs from the knockout mice were very different in number and size--suggesting a functional role for the BKCa channel.

Several small RNA segments that regulate gene activation that were found among the cargo in the normal mouse vesicles were known to help protect the heart against oxidative stress, Khan said. EVs from the mice lacking the BK channel gene contained a different set of these segments, called microRNAs.

This finding led to the animal experiments in Khan's lab, where EVs from normal mice and mice lacking the BK gene were injected into mice with diseased hearts.

"EVs from the wild-type animals protected the heart," Singh said. "EVs that came out of the knockout mice could not protect the heart properly, and in fact, made things worse. Bad microRNAs were enriched in the vesicles that don't have the channel.


																																						
    
     




																																			"Is the cargo different because of different packaging, or is it because the vesicles without the channels are not surviving? That is an open question, and we are trying to address that."

Another chief open question is identifying proteins, called transporters, that enable vesicles to maintain ionic balance as they transition from the extracellular environment back into a cell with a high potassium concentration.

Besides increasing fundamental knowledge about extracellular vesicles, Singh said, this work has the potential to advance development of their use as therapeutics.

"People talk about loading these vesicles with charged molecules--whether it's a drug, RNA proteins, or something else. If you're loading them with charged molecules and you're not managing ion homeostasis, you will have some sort of consequences," he said. "That's our big point: that if you are bioengineering EVs, you have to have the right combination of ion channels and transporters."


																																																					
																				
																						More information:
												Shridhar Sanghvi et al, Functional large-conductance calcium and voltage-gated potassium channels in extracellular vesicles act as gatekeepers of structural and functional integrity, Nature Communications (2025). DOI: 10.1038/s41467-024-55379-4
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Artificial motors mimic muscle proteins, opening new paths in nanotech

										

    
        
            [image: Scientists create tiny motors that mimic nature]
             
                Credit: University of Manchester
            
        

    


Scientists have built an artificial motor capable of mimicking the natural mechanisms that power life. Just like the proteins in our muscles, which convert chemical energy into power to allow us to perform daily tasks, these tiny rotary motors use chemical energy to generate force, store energy, and perform tasks in a similar way.



										    
																					The finding, from The University of Manchester and the University of Strasbourg and published in the journal Nature, provides new insights into the fundamental processes that drive life at the molecular level and could open doors for applications in medicine, energy storage, and nanotechnology.

"Biology uses chemically powered molecular machines for every biological process, such as transporting chemicals around the cell, information processing or reproduction. By replicating nature at the nanoscale level, we can design entirely new materials with highly specific functions that don't exist in the natural world. Building this outside of nature also gives us greater simplicity and control over its functions and uses," said Professor David Leigh, lead researcher from The University of Manchester.



    
    
    
        
        
    
            
            Motormolecule gel contraction 3MB. Credit: University of Manchester
  

The artificial rotary motors are incredibly tiny--much smaller than a strand of human hair. They are embedded into polymer chains of a synthetic gel and when fueled, they work like miniature car engines, converting the fuel into waste products, while using the energy to rotate the motor.

The rotation twists the gel's molecular chains, causing the gel to shrink, storing the energy, much like winding like an elastic band. The stored energy can then be released to perform tasks.

So far, the scientists have demonstrated the motor's ability to open and close micron-sized holes and speed up chemical reactions.

Professor Leigh added, "Mimicking the chemical energy-powered systems found in nature not only helps our understanding of life but could open the door to revolutionary advances in medicine, energy and nanotechnology."


																														
																				
																						More information:
												David Leigh, Transducing chemical energy through catalysis by an artificial molecular model, Nature (2025). DOI: 10.1038/s41586-024-08288-x. www.nature.com/articles/s41586-024-08288-x
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        Chinese researchers discover novel quantum state of matter
        Chinese researchers observed a novel quantum state of matter, counterflow superfluidity, in atomic ultracold quantum simulation experiments, the University of Science and Technology of China announced on Thursday.

      

      
        Tuning magnetism with voltage opens a new path to spintronic neuromorphic circuits
        A team of researchers has discovered a new way to control the magnetic behavior of quantum materials using applied voltages. Specifically, the material lanthanum strontium manganite (LSMO), which is magnetic and metallic at low temperatures but non-magnetic and insulating when relatively warm, can be influenced by voltage.

      

      
        Researchers propose new physical model for predicting hardness of materials
        Skoltech researchers have presented a new simple physical model for predicting the hardness of materials based on information about the shear modulus and equations of the state of crystal structures. The model is useful for a wide range of practical applications--all parameters in it can be determined through basic calculations or measured experimentally.

      

      
        Simplicity and scalability: A new economical way to create compact lenses
        Paper-thin optical lenses simple enough to mass produce like microchips could enable a new generation of compact optical devices. A team with researchers at the University of Tokyo and JSR Corp. fabricated and tested flat lenses called Fresnel zone plates (FZPs), but did so for the first time using only common semiconductor manufacturing equipment, the i-line stepper.
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Chinese researchers discover novel quantum state of matter

										

    
        
            [image: Chinese researchers discover novel quantum state of matter]
             
                Probing the CSF in optical lattices. Credit: Nature Physics (2025). DOI: 10.1038/s41567-024-02732-5
            
        

    


Chinese researchers observed a novel quantum state of matter, counterflow superfluidity, in atomic ultracold quantum simulation experiments, the University of Science and Technology of China announced on Thursday.



										    
																					During the experiment, the research team successfully observed counterflow superfluidity through precise control of a newly developed quantum gas microscope.

This research demonstrates that the atomic ultracold quantum simulation method offers a wealth of quantum control and observation techniques for exploring novel forms of matter, making it an essential tool for studying the microscopic physical mechanisms of strongly correlated many-body quantum states.

In the 1930s, physicists discovered superfluidity in liquid helium, a major milestone in advancing foundational research in quantum physics. This discovery spurred the development of low-temperature technologies, including laser cooling and dilution refrigeration, which have become critical tools in quantum simulation, quantum computing, and related disciplines.

This finding, presented in an article titled "Counterflow superfluidity in a two-component Mott insulator," was published in Nature Physics on Jan. 8.


																														
																				
																						More information:
												Yong-Guang Zheng et al, Counterflow superfluidity in a two-component Mott insulator, Nature Physics (2025). DOI: 10.1038/s41567-024-02732-5. On arXiv: DOI: 10.48550/arxiv.2403.03479
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Tuning magnetism with voltage opens a new path to spintronic neuromorphic circuits

										

    
        
            [image: Tuning magnetism with voltage opens a new path to neuromorphic circuits]
             
                Applying a voltage to lanthanum strontium manganite (LSMO) can cause it to separate into distinct regions with dramatically different magnetic properties, as illustrated by the red and blue colors. Credit: New York University and the University of California San Diego
            
        

    


A team of researchers has discovered a new way to control the magnetic behavior of quantum materials using applied voltages. Specifically, the material lanthanum strontium manganite (LSMO), which is magnetic and metallic at low temperatures but non-magnetic and insulating when relatively warm, can be influenced by voltage.



										      
																																	The work is published in the journal Nano Letters.

Quantum materials like LSMO are materials that possess special properties because of the rules of quantum mechanics. Researchers discovered that applying voltage to LSMO in its magnetic phase causes the material to split into regions with distinct magnetic properties. The magnetic properties of these regions depend on the applied voltage. This is important because normally, magnetic properties don't respond to voltage.

However, in LSMO, voltage can be used to tune different magnetic regions in the same material. This breakthrough could lead to energy-efficient methods for controlling magnetism.

Tuning a material's magnetism with an applied voltage is one way to develop circuits that mimic how the human brain processes information, also known as neuromorphic circuits. Another approach is tuning a material's resistance to switch from a low to a high value and vice versa. In LSMO, both resistance and magnetism can be tuned. This creates a new path to the realization of neuromorphic devices.

The researchers detected this phenomenon using a ferromagnetic resonance technique, which allows scientists to observe changes in the magnetic characteristics of LSMO under different voltage levels. In the ferromagnetic resonance technique, a peak is observed when the precession of the material's magnetization matches the frequency of an incoming electromagnetic wave.


																																						
    
     




																																			The experiments on LSMO measured multiple peaks, indicating that the material contained multiple magnetic phases. In each of these phases, the electron spins oscillated at a different frequency, producing different peaks. In addition, small changes in the applied voltage induced large changes in the oscillation frequencies.

The researchers discovered that LSMO is a material that can be used both for switching between high and low electrical resistance states and for spintronic applications, offering new possibilities for spintronic neuromorphic devices.

This result is important because it provides a path to improve the performance of neuromorphic circuits based on spin oscillator networks, also known as spintronic neuromorphic devices. These devices hold great potential for improving artificial intelligence, leading to smarter, faster, and more energy-efficient information processing technologies.


																																																					
																				
																						More information:
												Tian-Yue Chen et al, Electrical Control of Magnetic Resonance in Phase Change Materials, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02697
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Researchers propose new physical model for predicting hardness of materials

										

    
        
            [image: Skoltech researchers proposed a new model for predicting hardness of materials]
             
                The structure of titanium diboride and the formula for calculating hardness proposed in the work. The bottom panel shows the dependence of hardness on the direction in the crystal. Credit: Physical Review Materials (2024). DOI: 10.1103/PhysRevMaterials.8.123601
            
        

    


Skoltech researchers have presented a new simple physical model for predicting the hardness of materials based on information about the shear modulus and equations of the state of crystal structures. The model is useful for a wide range of practical applications--all parameters in it can be determined through basic calculations or measured experimentally.



										      
																																	The results of the study are presented in the Physical Review Materials journal.

Hardness is an important property of materials that determines their ability to resist deformations and other damage (dents, scratches) due to external forces. It is typically determined by pressing the indenter into the test sample, and the indenter must be made of a harder material, usually diamond.

In this case, the hardness is determined based on the ratio between the maximum indentation force and the imprint that remains on the sample.

Modern industry needs new hard and superhard materials with improved mechanical properties compared to traditional materials. One of the solutions to this problem is the use of modern computational methods for high-throughput search (screening) of materials with improved properties.

"Today, computational methods are sufficiently advanced to accurately predict the structure and properties of various compounds and materials. However, it is important not only to predict the structure of a material, but also to accurately calculate its mechanical properties, such as hardness, which are necessary for the experimental synthesis of a material with predefined properties," said the lead author of the work, Faridun Jalolov, a Ph.D. student in the Materials Science and Engineering program at Skoltech.


																																						
    
     




																																			"The existing empirical models for predicting hardness are based on the strength of chemical bonds, the degree of ionization, the electronegativity of crystals, and the elastic moduli of materials.

"We proposed a simple and accurate model based on material properties such as the shear modulus and pressure derivative of bulk modulus. Both properties can be obtained through experiments or atomistic simulations."

The shear modulus is important in the hardness model because it depends on the direction of deformation of the crystal structure, which enabled the authors to calculate the spatial dependence of hardness for a number of materials with the anisotropy of the crystal structure in mind.

By obtaining the pressure derivative of bulk modulus from the equation of state, the team took into account the impact of temperature on hardness.

"We used the examples of rhenium diboride (ReB2) and boron carbide (B4C) to demonstrate that the hardness model works for hard and superhard materials. The hardness obtained is consistent with the experimental measurements and predictions made by machine learning models. All values in our model can be obtained directly from calculations or experiments, so the model is suitable for practical use," added Professor Alexander Kvashnin from the Skoltech Energy Transition Center, a co-author and the scientific supervisor of the study.


																																																					
																				
																						More information:
												Faridun N. Jalolov et al, Physically intuitive anisotropic model of hardness, Physical Review Materials (2024). DOI: 10.1103/PhysRevMaterials.8.123601. On arXiv: DOI: 10.48550/arxiv.2412.17745
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Simplicity and scalability: A new economical way to create compact lenses
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                An industry standard optical precision test shows the resolution of the FZP test lenses. The white scale bar is 5 micrometers. Credit: 2024 Konishi et al. CC-BY-ND
            
        

    


Paper-thin optical lenses simple enough to mass produce like microchips could enable a new generation of compact optical devices. A team with researchers at the University of Tokyo and JSR Corp. fabricated and tested flat lenses called Fresnel zone plates (FZPs), but did so for the first time using only common semiconductor manufacturing equipment, the i-line stepper.



										      
																																	The work has been published in Light: Science & Applications.

These flat lenses currently lack the efficiency of in-production lenses, but have the potential to reshape optics for industries ranging from astronomy to health care and consumer electronics.

Flat lenses, such as metalenses, exist, but they come with hefty price tags and a high degree of complexity, and only a small number of devices are available.

In the race to increase the quality, performance and efficiency of devices while reducing costs, manufacturers, through the work of academic researchers, seek alternatives. FZPs have become a good candidate to improve optical devices where space is critical. And for the first time, researchers crafted sample lenses with just a few straightforward steps using industry standard machinery.

"We developed a simple and mass-producible method for FZPs using a common semiconductor lithography system, or stepper," said Associate Professor Kuniaki Konishi from the Institute for Photon Science and Technology.

"This is due to a special type of photoresist or mask called a color resist, which was originally designed for use as color filters. By simply coating, exposing and developing this material, we produced lenses capable of focusing visible light down to only 1.1 microns, around 100 times thinner than a human hair."
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                    The final single color lens is developed on a plate and resembles silicon chips before they're put into larger circuits. Credit: 2024 Konishi et al. CC-BY-ND
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                    The process of lithography, on which the researchers' method is based, is a little like developing a pre-digital chemical photograph. Credit: 2024 Konishi et al. CC-BY-ND
                
            

        

    

The current drawback with the new FZPs is that they only have a light-gathering efficiency of 7%, meaning they produce excessively noisy images. But already the team is working on ways to increase this fourfold by changing the way they use the color resists.


																																						
    
     




																																			However, this would require a greater degree of control over the color resists' physical properties than was afforded the researchers at the time of this study, though the ability to do this does exist.

"In addition to efficiently fabricating FZPs, we also devised simulations which are confirmed to match our experiments very tightly. What this means is, we could tailor designs to match specific applications in different fields, such as medicine, before committing to production," said Konishi.

"Furthermore, we envisage environmental and economic benefits too, as unlike traditional manufacturing methods, the FZP production process eliminates the need for toxic etching chemicals and significantly reduces energy consumption."

So, it might be a while before FZPs help you capture moments in high visual fidelity with your ultrathin smartphone, but this, or technology inspired by it, will likely come along soon.


																																																					
																				
																						More information:
												Ryohei Yamada et al, Optical Fresnel zone plate flat lenses made entirely of colored photoresist through an i-line stepper, Light: Science & Applications (2025). DOI: 10.1038/s41377-024-01725-6
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