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      Nanotechnology

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


      
        Scientists create 'virtual sorting nanomachines' using electron beams to manipulate graphene oxide
        Researchers at Nagoya University in Japan have developed an interface that creates "virtual sorting nanomachines" without the need to manufacture actual devices.

      

      
        A new electron microscopy technique reveals hydrogen storage processes in nanoscale
        A research team from National Taiwan University has developed a new electron microscopy technique that enables sensitive atomic number (Z) measurements of samples. The technique, named atomic number electron microscopy (ZEM), is now used to observe hydrogen storage behavior and the associated defect formation and healing processes of palladium at the nanoscale.

      

      
        Mass spectrometry method for analyzing surface structure of lipid nanoparticles could improve vaccine and drug delivery
        A team led by scientists at the University of Nottingham's School of Pharmacy demonstrated a new cryogenic mass spectrometry approach for depth profiling frozen tiny lipid nanoparticles to reveal the layers and orientation of the constituent molecules.

      

      
        Gene delivery system uses nanostraws and electrical pulses to engineer cancer-fighting immune cells
        Researchers at the National University of Singapore (NUS) have developed a scalable, non-viral technology that efficiently delivers genetic material into human immune cells. The platform, called Nanostraw Electro-actuated Transfection (NExT), uses tiny hollow nanostructures and electrical pulses to insert a wide variety of biomolecules--proteins, mRNA and gene-editing tools--into immune cells with high efficiency and minimal disruption.

      

      
        Infrared contact lenses allow people to see in the dark, even with their eyes closed
        Neuroscientists and materials scientists have created contact lenses that enable infrared vision in both humans and mice by converting infrared light into visible light. Unlike infrared night vision goggles, the contact lenses, described in the journal Cell, do not require a power source--and they enable the wearer to perceive multiple infrared wavelengths. Because they're transparent, users can see both infrared and visible light simultaneously, though infrared vision was enhanced when participan...

      

      
        'Intercrystals' pave the way for greener electronics and quantum technologies
        Rutgers University-New Brunswick researchers have discovered a new class of materials--called intercrystals--with unique electronic properties that could power future technologies.

      

      
        An accidentally discovered class of nanostructured materials can passively harvest water from air
        A serendipitous observation in a Chemical Engineering lab at Penn Engineering has led to a surprising discovery: a new class of nanostructured materials that can pull water from the air, collect it in pores and release it onto surfaces without the need for any external energy.

      

      
        Transparent hydrogen boride nanosheets show antimicrobial properties against multiple pathogens
        The global fight against infectious diseases faces two major challenges: the threat of new pandemic outbreaks and the alarming rise of antimicrobial resistance driven by the excessive use of antibiotics. As pathogens continue to evolve and spread, researchers are urgently seeking innovative technologies that can effectively combat viruses, bacteria, and fungi conveniently in everyday settings.

      

      
        Nanomaterial achieves dual functionality--high-performance energy storage and efficient pollutant degradation
        Researchers from Shinshu University developed a low-cost nanocomposite by embedding bimetallic and trimetallic molybdates into nitrogen-, boron-, and fluorine-doped hollow carbon nanofibers. This material demonstrated excellent electrochemical performance for supercapacitors, with high capacitance and long-term stability, as well as strong catalytic efficiency in degrading 4-nitrophenol, a common industrial pollutant.
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Scientists create 'virtual sorting nanomachines' using electron beams to manipulate graphene oxide

										

    
        
            [image: Scientists create 'virtual sorting nanomachines' using electron beams to manipulate graphene oxide]
             
                Overview of dynamic graphene oxide sorting: (a) The system uses electron beams on silicon nitride membranes to create electric field patterns that generate opposing forces on graphene oxide sheets. (b) Starting state with graphene oxide sheets in a solution. (c) Middle step showing sheets pulled toward the pattern by electroosmotic flow. (d) Final stage where different-sized sheets move away from the pattern at different speeds due to electrophoretic repulsion forces. Smaller sheets move faster because of their higher surface charge-to-mass ratio. Credit: Sasaki and Hoshino, 2025
            
        

    


Researchers at Nagoya University in Japan have developed an interface that creates "virtual sorting nanomachines" without the need to manufacture actual devices.



										    
																																	By projecting electron beams onto thin silicon nitride membranes, they generated programmable electric fields that function like microfluidic devices--systems that move very small amounts of fluids through microscopic channels. This allows them to move and sort nanomaterials by size at any desired location and time.

The findings are published in the journal Colloids and Surfaces A: Physicochemical and Engineering.

The scientists used graphene oxide (GO), a carbon material just one atom thick. Its properties and cellular interactions vary by sheet size, making size-sorting methods important. Traditional methods need complex prefabricated microfluidic devices with fixed structures.

The new method removes this limitation by creating temporary, programmable electric field patterns that can be instantly moved or reconfigured. This enables precise sorting of GO sheets, which can then capture pollutants, solvents, and biomolecules based on their size-dependent properties.



    
    
    
        
        
    
            
            Ring patterns emitted by electric fields to sort graphene oxide sheets. Credit: Sasaki and Hoshino, 2025
  

When electric field patterns are projected onto a solution with GO sheets, two forces work simultaneously but in opposite directions: an electroosmotic flow pulls the sheets toward the pattern, and an electrophoretic repulsion force pushes them away. This movement occurs because of the difference in the ratio of surface charge to mass between GO sheets of different sizes.


																																						
    
     




																																			Smaller GO sheets have less total charge, but they also have significantly less mass and volume. This gives them a higher surface charge-to-mass ratio, causing them to move faster when repelled by the electric field. The researchers measured the speeds of different-sized GO sheets (5-50 mm2) and found that as sheet size decreases, repulsion speed increases proportionally.

This allowed them to separate the sheets by size at specific locations and create virtual sorting nanomachines that appear on demand and do not require complex prefabricated microfluidic devices.



    
    
    
        
        
    
            
            Semi-circle patterns emitted by electric fields to sort graphene oxide sheets. Credit: Sasaki and Hoshino, 2025
  

The researchers were able to improve control over the graphene sheets by changing the electric field patterns. For example, they made different ring patterns that periodically change to improve the separation of various-sized sheets and created moving semi-circle patterns to push the sheets in different directions in the solution.

"This research represents a paradigm shift in nanomaterial processing," Ph.D. student and lead author Ken Sasaki commented. "Instead of building complex microfluidic devices, we can now program virtual nanomachines that appear and function on demand. This allows material-free manufacturing where mechanical work is performed by programmable force fields."

Professor Takayuki Hoshino from the Department of Micro-Nano Mechanical Science and Engineering at Nagoya University highlighted that this technology has significant potential for environmental remediation and health care applications.

"For example, if an industrial spill occurs, this technology could be developed for on-site deployment to sort GO sheets for optimal removal of contaminants, rather than transporting materials to a facility first," he explained.


																																																					
																				
																						More information:
												Ken Sasaki et al, Size fractionation of graphene oxide sheets by electron beam-addressing localized electrophoresis, Colloids and Surfaces A: Physicochemical and Engineering Aspects (2025). DOI: 10.1016/j.colsurfa.2025.137056
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A new electron microscopy technique reveals hydrogen storage processes in nanoscale

										

    
        
            [image: A new electron microscopy technique reveals hydrogen storage processes in nanoscales]
             
                A bolometer that directly measures thermal absorbance of samples under electron beam inspection has been invented to detect hydrogen and defect densities of palladium at the nanoscale. Credit: National Taiwan University
            
        

    


A research team from National Taiwan University has developed a new electron microscopy technique that enables sensitive atomic number (Z) measurements of samples. The technique, named atomic number electron microscopy (ZEM), is now used to observe hydrogen storage behavior and the associated defect formation and healing processes of palladium at the nanoscale.



										      
																																	This innovation may offer significant improvements for current material characterization tools, especially for quantitatively analyzing light elements or compounds.

Published in ACS Nano, the ZEM takes advantage of its sensitive responses to low Z materials, such as hydrogen (Z = 1) and vacancy defects (Z = 0). These features, which are nearly invisible under traditional electron microscopes, can now be visualized with remarkable clarity using ZEM.

"Light elements interact only weakly with electrons and photons, making them very difficult to detect," explains Dr. Chih-Wei Chang, the principal investigator of the paper. "But with our ZEM platform, we can finally directly observe hydrogen behavior inside metals and even see how it alters the material itself."

The team used palladium (Pd), a widely used material for hydrogen storage, as their experimental subject. They found that hydrogen absorption is not uniform, but tends to concentrate along grain boundaries and internal defects.

Even more surprisingly, after multiple cycles of hydrogen charging and discharging, the number of defects actually decreased, suggesting that hydrogen may play a role in promoting self-healing within the material.



    
        
            [image: A new electron microscopy technique reveals hydrogen storage processes in nanoscale]
             
                Direct thermal absorbance measurement platform and the operation of ZEM. Credit: ACS Nano (2025). DOI: 10.1021/acsnano.4c16841
            
        

    



ZEM enables non-destructive, quantitative analysis of hydrogen content and defect density, which sets it apart from traditional techniques that destroy the sample during analysis.

"Other techniques may be sensitive, but they can't revisit the same region of a sample," says Dr. Chang. "ZEM allows us to track dynamic changes throughout the hydrogen cycling process, which is critical in hydrogen material studies."

The research revealed that during early cycles, hydrogen preferentially fills existing vacancies and voids. As the cycles progress, hydrogen transitions to forming stable metal hydrides.

"We observed two distinct hydrogen uptake behaviors, something that was very difficult to distinguish previously," the authors note.

This study not only sheds light on how hydrogen is stored but also reveals the causality between hydrogen uptake and defect formation. The research team is continuously working to improve ZEM's sensitivity and spatial resolution.

"We hope that ZEM may become an essential tool in uncovering the microscopic secrets of many light-element materials in the future," said Dr. Chih-Wei Chang.


																																																					
																				
																						More information:
												Yu-Cheng Chiu et al, Quantitatively Profiling the Evolution of Hydrogen Storage and Defect Healing Processes in Palladium at the Nanoscale, ACS Nano (2025). DOI: 10.1021/acsnano.4c16841
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Mass spectrometry method for analyzing surface structure of lipid nanoparticles could improve vaccine and drug delivery

										

    
        
            [image: A method for analyzing surface structure of lipid nanoparticles that could improve vaccine and drug delivery]
             
                Comparison of the morphology (Cryo-TEM) and chemical composition (Cryo-OrbiSIMS). Credit: Communications Chemistry (2025). DOI: 10.1038/s42004-025-01526-x
            
        

    


A team led by scientists at the University of Nottingham's School of Pharmacy demonstrated a new cryogenic mass spectrometry approach for depth profiling frozen tiny lipid nanoparticles to reveal the layers and orientation of the constituent molecules.



										      
																																	The findings have been published in Communications Chemistry.

Lipid nanoparticles (LNPs) came to prominence for the delivery of RNA with the success of the Moderna and Pfizer BioNTech COVID-19 vaccines. They are also used to deliver therapeutic treatments, including using small interfering RNA-based drugs to treat the rare hereditary disease of polyneuropathy (Alnylam Pharmaceuticals).

Areas of development include lung-targeted gene therapy, which is particularly challenging, but LPNs have the potential to treat a range of diseases including cystic fibrosis, idiopathic pulmonary fibrosis, chronic obstructive pulmonary disease, asthma and more.

This research provides insight into the relative positions of each component within lipid nanoparticles. This knowledge can help clarify the intricate behavior of LNPs and contribute to the design of formulations with unique bio-properties that are more efficient and safer.

The research findings could also be used in the future to help quality control during the scale-up of manufacturing processes, enhancing the translation of LNPs from the laboratory to clinical applications.


																																						
    
     




																																			The research team, which also included Sail Biomedicines, Cambridge, MA, Massachusetts Institute of Technology, Cambridge, MA and the National Physical Laboratory, Teddington, UK, utilized Cryogenic Orbitrap secondary ion microscopy (Cryo-OrbiSIMS) to provide structural details of the lipid nanoparticles. This high-pressure-freezing cryo-preparation facility keeps biological samples maintained close to their native state.

Professor Morgan Alexander, who led this research, explains, "Characterizing the native surface of delicate hydrated pharmaceutical systems used in the body has been a significant challenge for some time. This cryogenic molecular surface and interfacial analysis advance makes this exciting possibility real.

"We expect to apply this new method to many systems, including lipid nanoparticles, other pharmaceutical delivery systems and hydrated biomaterials."

Dr. Robert Langer, from Massachusetts Institute of Technology, is also an author of the research paper. He said, "Effective drug delivery relies on an intricate mix of molecules in lipid nanoparticles to effectively deliver RNA therapeutics, but these can vary in efficacy and can be difficult to engineer.

"This research provides a new way of characterizing and understanding the make-up of lipid nanoparticles which could pave the way for engineering more potent and targeted LNPs to enable the broadest application of RNA therapies for all types of diseases."

"At Sail Biomedicines, we are proud to have contributed to advancing the understanding of lipid nanoparticle surface structures," said Kerry Benenato, Ph.D., Chief Platform Officer at Sail Biomedicines.

"The surface of lipid nanoparticles plays a critical role in shaping their behavior in the human body. By enabling precise surface characterization, the technology the team has developed paves the way for the engineering by design of LNP-based medicines with tunable properties, including biodistribution, thereby expanding the potential of RNA-based therapeutics."


																																																					
																				
																						More information:
												Anna M. Kotowska et al, Study on molecular orientation and stratification in RNA-lipid nanoparticles by cryogenic orbitrap secondary ion mass spectrometry, Communications Chemistry (2025). DOI: 10.1038/s42004-025-01526-x
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            [image: Researchers develop efficient 'food delivery service' for transporting cancer-fighting genes]
             
                Credit: Biomaterials (2025). DOI: 10.1016/j.biomaterials.2024.123079
            
        

    


Researchers at the National University of Singapore (NUS) have developed a scalable, non-viral technology that efficiently delivers genetic material into human immune cells. The platform, called Nanostraw Electro-actuated Transfection (NExT), uses tiny hollow nanostructures and electrical pulses to insert a wide variety of biomolecules--proteins, mRNA and gene-editing tools--into immune cells with high efficiency and minimal disruption.



										      
																																	The team, led by Assistant Professor Andy Tay from the Department of Biomedical Engineering in the College of Design and Engineering as well as the Institute for Health Innovation and Technology at NUS, demonstrated that NExT can transfect--that is, deliver genetic material into--more than 14 million immune cells in a single run, including difficult-to-engineer cell types such as gamma-delta T cells, T regulatory cells, dendritic cells, macrophages, natural killer cells and neutrophils which are being developed as alternative immune cell therapies.

NExT makes gene delivery quicker and less damaging, which in turn helps lower manufacturing costs and improve the consistency of engineered cell products, including those used in chimeric antigen receptor-T (CAR-T) cell therapies for cancer. This could potentially widen patient access to advanced treatments that are currently limited by high costs and production challenges.

The team's findings are published in the journal Biomaterials. Researchers from the NUS Yong Loo Lin School of Medicine also contributed to the research breakthrough.


																																						
    
     




																																			Next-generation gene delivery

Cancer remains one of the leading causes of death globally, responsible for nearly 10 million lives each year. Among the most promising treatment strategies to emerge in recent times is CAR-T cell therapy, which involves reprogramming a patient's immune cells to recognize, target and kill cancer cells. This personalized approach has demonstrated success in treating blood cancers, especially in those who have exhausted conventional options. However, it remains expensive and logistically complex.

On 1 August 2024, the Singapore Ministry of Health began to provide subsidies for cell, tissue and gene therapy products (CTGTPs) that are assessed to be clinically and cost effective. The first CTGTP eligible for subsidy is a treatment known as tisagenlecleucel, a type of CAR-T cell therapy for treating blood cancers.

"In Singapore, a single CAR-T cell infusion can cost about S$670,000. Although subsidies are available, they typically cover only a fraction of the cost. This may limit access to the therapy for a significant number of patients, even as demand grows," said Asst. Prof. Tay.

One of the main hurdles in CAR-T manufacturing lies in the delivery of genetic material into immune cells. Current industry-standard methods include viral vectors and bulk electroporation. On the one hand, while viral approaches are effective, they raise concerns around safety, immunogenicity and random gene integration. On the other, bulk electroporation, which relies on high-voltage electric pulses, can stress and damage cells, thus reducing their therapeutic quality.
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																																			The NUS team's NExT platform overcomes these limitations. It works by interfacing cells with a dense forest of nanostraws--microscopic hollow tubes less than a thousandth the width of a human hair. When a mild electrical signal is applied, the nanostraws open temporary pores in the cell membrane, allowing biomolecules such as mRNA or CRISPR/Cas9 complexes to enter the cell cytoplasm directly.

"Our NExT platform can handle a wide range of immune cell types. This is particularly timely as the field of cell therapy expands beyond traditional CAR-T approaches to include other cell types," said Arun Kumar, the paper's first author and a Ph.D. student at NUS supervised by Asst. Prof. Tay.

"Think of gene delivery like selecting a food delivery service. Ideally you want one that's fast, reliable, keeps the food fresh and doesn't cost a fortune. That's what gene delivery should be like--efficient, cost-effective, doesn't stress the cells too much, and adaptable to many different 'orders,' or biomolecules," added Kumar.



    
        
            [image: Boosting cancer treatment: Researchers develop efficient 'food delivery service' for transporting cancer-fighting genes]
             
                Assistant Professor Andy Tay (right), Arun Kumar (left) and their team have developed an innovative 'food delivery service'--known as Nanostraw Electro-actuated Transfection (NExT)--to transport cancer-fighting genes efficiently to immune cells, boosting their ability to detect and kill cancer cells. Credit: National University of Singapore
            
        

    



In preclinical experiments, the NExT platform achieved transfection efficiencies of up to 94% for proteins and more than 80% for mRNA in primary T cells, while maintaining key biological functions such as proliferation, migration and cytokine production.

"We were very encouraged to see that even after transfection, the immune cells retained their essential tumor-fighting characteristics. This suggests that the platform delivers both the efficiency as well as the cell quality needed for effective therapy," said Asst. Prof. Tay.


																																						
    
     




																																			More accessible and adaptable cancer treatments

The NExT platform can engineer alternative immune cells that are less likely to trigger severe immune reactions, and in some cases can function without matching the patient's immune profile, making them suitable for "off-the-shelf" allogeneic therapies.

In addition, the high-throughput nature of the platform is designed to address the scale and cost bottlenecks of cell therapy production. The NUS researchers' multi-well version of the platform can transfect more than 14 million cells in a single run, enabling the simultaneous delivery of different genetic cargoes into multiple immune cell types from various donors to reduce production time.

Working towards clinical translation, the team's next step is to validate the technology in preclinical studies before advancing to human trials. They are also working with industry partners to explore how the system can be integrated into existing cell therapy manufacturing workflows and are actively seeking opportunities to test the platform in real-world commercial settings.


																																																					
																				
																						More information:
												Arun R.K. Kumar et al, Non-viral, high throughput genetic engineering of primary immune cells using nanostraw-mediated transfection, Biomaterials (2025). DOI: 10.1016/j.biomaterials.2024.123079
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Infrared contact lenses allow people to see in the dark, even with their eyes closed

										

    
        
            [image: Infrared contact lenses allow people to see in the dark, even with their eyes closed]
             
                Study participant putting contacts in. Credit: Yuqian Ma, Yunuo Chen, Hang Zhao
            
        

    


Neuroscientists and materials scientists have created contact lenses that enable infrared vision in both humans and mice by converting infrared light into visible light. Unlike infrared night vision goggles, the contact lenses, described in the journal Cell, do not require a power source--and they enable the wearer to perceive multiple infrared wavelengths. Because they're transparent, users can see both infrared and visible light simultaneously, though infrared vision was enhanced when participants had their eyes closed.



										      
																																	"Our research opens up the potential for noninvasive wearable devices to give people super-vision," says senior author Tian Xue, a neuroscientist at the University of Science and Technology of China. "There are many potential applications right away for this material. For example, flickering infrared light could be used to transmit information in security, rescue, encryption or anti-counterfeiting settings."

The contact lens technology uses nanoparticles that absorb infrared light and convert it into wavelengths that are visible to mammalian eyes (e.g., electromagnetic radiation in the 400-700 nm range). The nanoparticles specifically enable the detection of "near-infrared light," which is infrared light in the 800-1600 nm range, just beyond what humans can already see.

The team previously showed that these nanoparticles enable infrared vision in mice when injected into the retina, but they wanted to design a less invasive option.

To create the contact lenses, the team combined the nanoparticles with flexible, nontoxic polymers that are used in standard soft contact lenses. After showing that the contact lenses were nontoxic, they tested their function in both humans and mice.



    
        
            [image: Infrared contact lenses allow people to see in the dark, even with their eyes closed]
             
                Preparation procedures for infrared contacts. Credit: Sheng Wang
            
        

    



They found that contact lens-wearing mice displayed behaviors suggesting that they could see infrared wavelengths. For example, when the mice were given the choice of a dark box and an infrared-illuminated box, contact-wearing mice chose the dark box whereas contact-less mice showed no preference.


																																						
    
     




																																			The mice also showed physiological signals of infrared vision: the pupils of contact-wearing mice constricted in the presence of infrared light, and brain imaging revealed that infrared light caused their visual processing centers to light up.

In humans, the infrared contact lenses enabled participants to accurately detect flashing morse code-like signals and to perceive the direction of incoming infrared light.

"It's totally clear-cut: without the contact lenses, the subject cannot see anything, but when they put them on, they can clearly see the flickering of the infrared light," said Xue.

"We also found that when the subject closes their eyes, they're even better able to receive this flickering information, because near-infrared light penetrates the eyelid more effectively than visible light, so there is less interference from visible light."



    
        
            [image: Infrared contact lenses allow people to see in the dark, even with their eyes closed]
             
                Researcher places infrared contacts in participant's eyes. Credit: Yuqian Ma, Yunuo Chen, Hang Zhao
            
        

    



An additional tweak to the contact lenses allows users to differentiate between different spectra of infrared light by engineering the nanoparticles to color-code different infrared wavelengths. For example, infrared wavelengths of 980 nm were converted to blue light, wavelengths of 808 nm were converted to green light, and wavelengths of 1,532 nm were converted to red light.
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																																			In addition to enabling wearers to perceive more detail within the infrared spectrum, these color-coding nanoparticles could be modified to help color-blind people see wavelengths that they would otherwise be unable to detect.

"By converting red visible light into something like green visible light, this technology could make the invisible visible for color-blind people," says Xue.

Because the contact lenses have limited ability to capture fine details (due to their close proximity to the retina, which causes the converted light particles to scatter), the team also developed a wearable glass system using the same nanoparticle technology, which enabled participants to perceive higher-resolution infrared information.

Currently, the contact lenses are only able to detect infrared radiation projected from an LED light source, but the researchers are working to increase the nanoparticles' sensitivity so that they can detect lower levels of infrared light.

"In the future, by working together with materials scientists and optical experts, we hope to make a contact lens with more precise spatial resolution and higher sensitivity," says Xue.


																																																					
																				
																						More information:
												Near-Infrared Spatiotemporal Color Vision in Humans Enabled by Upconversion Contact Lenses, Cell (2025). DOI: 10.1016/j.cell.2025.04.019. www.cell.com/cell/fulltext/S0092-8674(25)00454-4
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'Intercrystals' pave the way for greener electronics and quantum technologies

										

    
        
            [image: Scientists discover class of crystals with properties that may prove revolutionary]
             
                An intercrystal formed by overlaying twisted graphene on hexagonal boron nitride. Credit: Andrei Lab / Rutgers University
            
        

    


Rutgers University-New Brunswick researchers have discovered a new class of materials--called intercrystals--with unique electronic properties that could power future technologies.



										      
																																	Intercrystals exhibit newly discovered forms of electronic properties that could pave the way for advancements in more efficient electronic components, quantum computing and environmentally friendly materials, the scientists said.

As described in a report in the science journal Nature Materials, the scientists stacked two ultrathin layers of graphene, each a one-atom-thick sheet of carbon atoms arranged in a hexagonal grid. They twisted them slightly atop a layer of hexagonal boron nitride, a hexagonal crystal made of boron and nitrogen. A subtle misalignment between the layers that formed moire patterns--patterns similar to those seen when two fine mesh screens are overlaid--significantly altered how electrons moved through the material, they found.

"Our discovery opens a new path for material design," said Eva Andrei, Board of Governors Professor in the Department of Physics and Astronomy in the Rutgers School of Arts and Sciences and lead author of the study. "Intercrystals give us a new handle to control electronic behavior using geometry alone, without having to change the material's chemical composition."

By understanding and controlling the unique properties of electrons in intercrystals, scientists can use them to develop technologies such as more efficient transistors and sensors that previously required a more complex mix of materials and processing, the researchers said.


																																						
    
     




																																			"You can imagine designing an entire electronic circuit where every function--switching, sensing, signal propagation--is controlled by tuning geometry at the atomic level," said Jedediah Pixley, an associate professor of physics and a co-author of the study. "Intercrystals could be the building blocks of such future technologies.

"The discovery hinges on a rising technique in modern physics called 'twistronics,' where layers of materials are contorted at specific angles to create moire patterns. These configurations significantly alter the behavior of electrons within the substance, leading to properties that aren't found in regular crystals.

The foundational idea was first demonstrated by Andrei and her team in 2009, when they showed that moire patterns in twisted graphene dramatically reshape its electronic structure. That discovery helped seed the field of twistronics.

Electrons are tiny particles that move around in materials and are responsible for conducting electricity. In regular crystals, which possess a repeating pattern of atoms forming a perfectly arranged grid, the way electrons move is well understood and predictable. If a crystal is rotated or shifted by certain angles or distances, it looks the same because of an intrinsic characteristic known as symmetry.

The researchers found the electronic properties of intercrystals, however, can vary significantly with small changes in their structure. This variability can lead to new and unusual behaviors, such as superconductivity and magnetism, which aren't typically found in regular crystals. Superconducting materials offer the promise of continuously flowing electrical current because they conduct electricity with zero resistance.
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																																			Intercrystals could be a part of the new circuitry for low-loss electronics and atomic sensors that could play a part in the making of quantum computers and power new forms of consumer technologies, the scientists said.

The materials also offer the prospect of functioning as the basis of more environmentally friendly electronic technologies.

"Because these structures can be made out of abundant, non-toxic elements such as carbon, boron and nitrogen, rather than rare earth elements, they also offer a more sustainable and scalable pathway for future technologies," Andrei said.

Intercrystals aren't only distinct from conventional crystals. They are also different from quasicrystals, a special type of crystal discovered in 1982 with an ordered structure but without the repeating pattern found in regular crystals.

Research team members named their discovery "intercrystals" because they are a mix between crystals and quasicrystals: They have non-repeating patterns like quasicrystals but share symmetries in common with regular crystals.

"The discovery of quasicrystals in the 1980s challenged the old rules about atomic order," Andrei said. "With intercrystals, we go a step further, showing that materials can be engineered to access new phases of matter by exploiting geometric frustration at the smallest scale."

Rutgers researchers are optimistic about the future applications of intercrystals, opening new possibilities for exploring and manipulating the properties of materials at the atomic level.

"This is just the beginning," Pixley said. "We are excited to see where this discovery will lead us and how it will impact technology and science in the years to come."

Other Rutgers researchers who contributed to the study included research associates Xinyuan Lai, Guohong Li and Angela Coe of the Department of Physics and Astronomy. Scientists from the National Institute for Materials Science in Japan also contributed to the study.


																																																					
																				
																						More information:
												Xinyuan Lai et al, Moire periodic and quasiperiodic crystals in heterostructures of twisted bilayer graphene on hexagonal boron nitride, Nature Materials (2025). DOI: 10.1038/s41563-025-02222-w
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            [image: Penn engineers discover a new class of materials that passively harvest water from air]
             
                Sketch of the macroscopic water droplet formation on the amphiphilic nanoporous PINFs. Credit: Science Advances (2025). DOI: 10.1126/sciadv.adu8349
            
        

    


A serendipitous observation in a Chemical Engineering lab at Penn Engineering has led to a surprising discovery: a new class of nanostructured materials that can pull water from the air, collect it in pores and release it onto surfaces without the need for any external energy.



										      
																																	The research, published in Science Advances, describes a material that could open the door to new ways to collect water from the air in arid regions and devices that cool electronics or buildings using the power of evaporation.

The interdisciplinary team includes Daeyeon Lee, Russell Pearce and Elizabeth Crimian Heuer Professor in Chemical and Biomolecular Engineering (CBE); Amish Patel, Professor in CBE; Baekmin Kim, a postdoctoral scholar in Lee's lab and first author; and Stefan Guldin, Professor in Complex Soft Matter at the Technical University of Munich.

"We weren't even trying to collect water," says Lee. "We were working on another project testing the combination of hydrophilic nanopores and hydrophobic polymers when Bharath Venkatesh, a former Ph.D. student in our lab, noticed water droplets appearing on a material we were testing. It didn't make sense. That's when we started asking questions."

Those questions led to an in-depth study of a new type of amphiphilic nanoporous material: one that blends water-loving (hydrophilic) and water-repelling (hydrophobic) components in a unique nanoscale structure. The result is a material that both captures moisture from air and simultaneously pushes that moisture out as droplets.

Water-collecting nanopores

When water condenses on surfaces, it usually requires either a drop in temperature or very high humidity levels. Conventional water harvesting methods rely on these principles, often requiring energy input to chill surfaces or a dense fog to form to collect water passively from humid environments. But Lee and Patel's system works differently.

Instead of cooling, their material relies on capillary condensation, a process where water vapor condenses inside tiny pores even at lower humidity. This is not new. What is new is that in their system, the water doesn't just stay trapped inside the pores, as it usually does in these types of materials.

"In typical nanoporous materials, once the water enters the pores, it stays there," explains Patel. "But in our material, the water moves, first condensing inside the pores, then emerging onto the surface as droplets. That's never been seen before in a system like this, and at first we doubted our observations."


    
    
    
        
        
    
            
            Nanopores in action under electron microscope imagery showing water droplets forming and being replenished by stored water in the material itself (video provided by the Daeyeon Lee lab at Penn Engineering). Credit: Daeyeon Lee lab / Penn Engineering.
  



																																						
    
     




																																			A material that defies physics

Before they understood what was happening, the researchers first thought that water was simply condensing onto the surface of the material due to an artifact of their experimental setup, such as a temperature gradient in the lab. To rule that out, they increased the thickness of the material to see if the amount of water collected on the surface would change.

"If what we were observing was due to surface condensation alone, the thickness of the material wouldn't change the amount of water present," explains Lee.

But, the total amount of water collected increased as the film's thickness increased, proving that the water droplets forming on the surface came from inside the material.

Even more surprising: the droplets didn't evaporate quickly, as thermodynamics would predict.

"According to the curvature and size of the droplets, they should have been evaporating," says Patel. "But they were not; they remained stable for extended periods."

With a material that could potentially defy the laws of physics in their hands, Lee and Patel sent their design off to a collaborator to see if their results were replicable.

"We study porous films under a wide range of conditions, using subtle changes in light polarization to probe complex nanoscale phenomena," says Guldin. "But we've never seen anything like this. It's absolutely fascinating and will clearly spark new and exciting research."
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																																			A stabilized cycle of condensation and release

It turns out that they had created a material with just the right balance of water-attracting nanoparticles and water-repelling plastic--polyethylene--to create a nanoparticle film with this special property.

"We accidentally hit the sweet spot," says Lee. "The droplets are connected to hidden reservoirs in the pores below. These reservoirs are continuously replenished from water vapor in the air, creating a feedback loop made possible by this perfect balance of water-loving and water-repelling materials."

A platform for passive water harvesting and more

Beyond the physics-defying behavior, the materials' simplicity is part of what makes them so promising. Made from common polymers and nanoparticles using scalable fabrication methods, these films could be integrated into passive water harvesting devices for arid regions, surfaces for cooling electronics or smart coatings that respond to ambient humidity.

"We're still uncovering the mechanisms at play," says Patel. "But the potential is exciting. We're learning from biology--how cells and proteins manage water in complex environments--and applying that to design better materials."

"This is exactly what Penn does best, bringing together expertise in chemical engineering, materials science, chemistry and biology to solve big problems," adds Lee.

The next steps include studying how to optimize the balance of hydrophilic and hydrophobic components, scaling the material for real-world use and investigating how to make the collected droplets roll off surfaces efficiently.

Ultimately, the researchers hope this discovery will lead to technologies that offer clean water in dry climates or more sustainable cooling methods using only the water vapor already in the air.


																																																					
																				
																						More information:
												Baekmin Q. Kim et al, Amphiphilic nanopores that condense undersaturated water vapor and exude water droplets, Science Advances (2025). DOI: 10.1126/sciadv.adu8349
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Transparent hydrogen boride nanosheets show antimicrobial properties against multiple pathogens

										

    
        
            [image: A leap forward in transparent antimicrobial coatings]
             
                Researchers at Institute of Science Tokyo have engineered transparent hydrogen boride nanosheet coatings that deactivate SARS-CoV-2, influenza, bacteria, and fungi to undetectable levels within ten minutes--without light. By denaturing microbial proteins in the dark while remaining optically clear, these coatings promise versatile, metal-free surface protection for everyday infection control. Credit: Institute of Science Tokyo
            
        

    


The global fight against infectious diseases faces two major challenges: the threat of new pandemic outbreaks and the alarming rise of antimicrobial resistance driven by the excessive use of antibiotics. As pathogens continue to evolve and spread, researchers are urgently seeking innovative technologies that can effectively combat viruses, bacteria, and fungi conveniently in everyday settings.



										      
																																	Two-dimensional nanomaterials have emerged as promising candidates in this search. Hydrogen boride (HB) nanosheets, initially invented by Professor Takahiro Kondo at the University of Tsukuba and his team, represent an exciting new frontier. Initially explored for potential applications in electronics, energy storage, and catalysis, the interactions between HB nanosheets and biomolecules have remained largely unexplored--until now.

In a recent study, a research team involving Professor Masahiro Miyauchi and Associate Professor Akira Yamaguchi from the Department of Materials Science and Engineering at Institute of Science Tokyo, Japan, together with graduate student Andi Mauliana, Professor Takahiro Kondo from the Institute of Pure and Applied Sciences at the University of Tsukuba, Professor Takeshi Fujita from the School of Engineering at the Kochi University of Technology, researchers Dr. Kayano Sunada, Dr. Keiichi Kobayashi, Dr. Takeshi Nagai, and Dr. Hitoshi Ishiguro from Kanagawa Institute of Industrial Science and Technology, has discovered that HB nanosheets exhibit excellent antibacterial, antiviral, and antifungal properties.

Their paper, which was published online in the Journal of Materials Chemistry B on April 23, 2025, highlights the remarkable ability of this nanomaterial to inactivate a wide range of pathogens, including viruses, bacteria, and fungi.


																																						
    
     




																																			The researchers first fabricated transparent films by coating glass substrates with a dispersed solution of HB nanosheets. They then tested these films against a wide variety of microorganisms.

The coated surfaces exhibited exceptional antimicrobial performance, inactivating the SARS-CoV-2, influenza, and feline caliciviruses down to detection limits within just 10 minutes at room temperature--without the need for light activation. Similar effects were observed against various bacteriophages, and multiple types of bacteria, such as Escherichia coli and Staphylococcus aureus, and fungi, such as Aspergillus niger and Penicillium pinophilum.

The ability of HB nanosheets to inactivate these bacteria and fungi to the detection limit confirms the effectiveness of this material in combating a variety of microbial agents. The team then investigated the underlying mechanisms behind this broad-spectrum antimicrobial activity, revealing that it originates from the nanosheets' ability to denature microbial proteins through strong physicochemical interactions.

What makes these findings particularly exciting is the versatility of HB nanosheets as transparent coating materials. Unlike metal-based antimicrobials, which may leach or lack transparency, and photocatalyst-based coatings that require ultraviolet light activation, HB nanosheets function effectively in darkness and maintain optical clarity.

Laboratory tests further demonstrated their effectiveness under dry conditions, mimicking real-world scenarios where pathogens might be transferred by coughing or sneezing onto everyday surfaces. Amid concerns of another pandemic like the COVID-19 outbreak, HB nanosheets can be applied as transparent coatings for items and textiles to reduce infection risks. Additionally, due to their antifungal properties, they could also be used on various materials to help maintain cleanliness in everyday surroundings.


																																																					
																				
																						More information:
												Takeshi Nagai et al, Broad-spectrum antimicrobial effects of hydrogen boride nanosheets, Journal of Materials Chemistry B (2025). DOI: 10.1039/D4TB02854F
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Nanomaterial achieves dual functionality-high-performance energy storage and efficient pollutant degradation

										

    
        
            [image: New nanomaterial offers breakthrough in energy storage and environmental sustainability]
             
                This study reveals a promising strategy for fabricating ultrafine bi(tri)-metallic molybdates on N-, B-, and F-doped hollow-core carbon nanofibers for energy and environmental applications. Credit: Ick Soo Kim from Shinshu University, Japan
            
        

    


Researchers from Shinshu University developed a low-cost nanocomposite by embedding bimetallic and trimetallic molybdates into nitrogen-, boron-, and fluorine-doped hollow carbon nanofibers. This material demonstrated excellent electrochemical performance for supercapacitors, with high capacitance and long-term stability, as well as strong catalytic efficiency in degrading 4-nitrophenol, a common industrial pollutant.



										      
																																	The composite offers promising dual functionality for energy storage and environmental remediation, providing a scalable and efficient solution to address pressing global energy and pollution challenges.

The world faces mounting challenges in energy and environmental sustainability. Rapid growth of population, urbanization, and industrial activity--especially in developing countries--has driven up global energy consumption and intensified water pollution.

These dual pressures have spurred a wave of research into multifunctional nanostructured materials capable of addressing both energy storage and environmental concerns. Bimetallic and ternary metal molybdates are among the most promising candidates, offering strong catalytic and electrochemical properties.

However, existing approaches to synthesizing these nanocomposites often come with major drawbacks. Many rely on high-cost carbon materials like graphene or carbon nanotubes. Others require excessive amounts of metals--often exceeding 50% by weight--or involve synthesis methods that are complex, time-consuming, and environmentally unfriendly. These limitations make many lab-scale solutions impractical for real-world use, particularly in the regions that need them most.

Recognizing this gap, a research team from Shinshu University, Japan, led by Distinguished Professor Ick Soo Kim from the Nano Fusion Technology Research Lab, including Dr. Gopiraman Mayakrishnan, Dr. Azeem Ullah from the same university, and Dr. Ramkumar Vanraj from Yeungnam University, created a new type of nanocomposite that could deliver high performance at a much lower cost. The study was published online in the journal Advanced Fiber Materials on April 2, 2025.


																																						
    
     




																																			The researchers anchored ultrafine bimetallic (FeMo) and ternary (NiCoMo) molybdates onto hollow-core carbon nanofibers that have been "doped" with nitrogen, boron, and fluorine. These dopants enhance the conductivity and chemical reactivity of the carbon scaffold, while the hollow structure maximizes the surface area available for reactions.



    
        
            [image: New nanomaterial offers breakthrough in energy storage and environmental sustainability]
             
                FESEM images of a, (a-1) carbon nanofibers (CNFs), b, (b-1) hollow-core carbon nanofibers (HCNFs), c, (c-1), (c-2), (c-3) bimetallic molybdates anchored on heteroatom-doped hollow carbon nanofibers (FeMo-HCNFss), and d, (d-1), (d-2), (d-3), (d-4), (d-5), (d-6), and (d-7) trimetallic molybdates anchored on heteroatom-doped hollow carbon nanofibers (NiCoMo-HCNFs) Credit: Advanced Fiber Materials (2025). DOI: 10.1007/s42765-025-00528-7
            
        

    



"We've created a multifunctional platform that is not only scalable and cost-efficient but also delivers exceptional performance in energy storage," said Prof. Kim. "Our approach reduces the reliance on expensive metals, and the doping of the carbon nanofibers enhances their properties, allowing us to create a material that can serve both energy and environmental needs."

The new nanocomposite material was primarily tested for its ability to enhance energy storage. It demonstrated a specific capacitance of 1,419.2 F/g, which is significantly higher than many other materials currently used for energy storage. In addition, the material maintained 86% of its initial capacity after 10,000 charge-discharge cycles, a crucial factor for the long-term reliability of energy storage systems.

Beyond its energy storage capabilities, the nanocomposite also showed significant promise in environmental applications. The material was tested for its ability to catalyze the reduction of 4-nitrophenol, a toxic compound commonly found in industrial wastewater. The results showed that the material was highly efficient in breaking down this pollutant, suggesting its potential for use in water purification and pollution control technologies.
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																																			The new nanocomposite also has a relatively low cost of production. Traditional nanomaterials often rely on expensive components like graphene or large amounts of metals, which can drive up the cost of production. In contrast, the new material uses a smaller quantity of metal and a simpler synthesis process, making it more affordable for large-scale applications.

This new nanocomposite offers a promising combination of high performance, cost-effectiveness, and scalability, making it a strong candidate for use in a wide range of applications. It is a significant step forward in the development of sustainable nanotechnologies for global challenges. But further research and development will be necessary before bringing this innovative material to market.

"The next step is to refine the production process and test the material in more diverse conditions," concludes Prof. Kim. "We also plan to explore its potential in other environmental applications, such as the removal of different types of pollutants."


																																																					
																				
																						More information:
												Gopiraman Mayakrishnan et al, Inner-Outer Surface Anchoring of Ultrafine Bi(Tri)-Metallic Molybdates on N-, B-, and F-Doped Hollow-Core Carbon Nanofibers: Cost-Effective Nanocomposites with Low-Metal Loading for Energy and Environmental Applications, Advanced Fiber Materials (2025). DOI: 10.1007/s42765-025-00528-7
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