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


      
        Titanium oxide nanostructuring transcends boundaries, enabling precise formation on metal coatings
        Large metal surfaces coated with precisely formed nanostructures have so far remained in the realm of fantasy. The obstacle standing in the way of their production seemed fundamental, as it resulted from the presence of crystal grains in metals: their boundaries disrupted the growth of the nanostructures. At the Institute of Nuclear Physics of the PAS, using titanium and its oxide by way of example, it has been proven that this obstacle can be overcome.

      

      
        pH-responsive graphene nanocarriers improve precision in cancer drug delivery
        Cancer remains one of the leading causes of death worldwide, and despite advancements in diagnosis and treatment, it continues to impose a significant health burden globally. Researchers have now started exploring various innovative methods, such as engineered nanomaterials (ENMs) that can enable targeted drug delivery to cancer cells. While promising, the in vivo behavior of pH-responsive ENMs, which continuously interact with body fluids once administered, remains poorly understood.

      

      
        Chemistry, not just geometry, triggers unusual electron behavior in new quantum material
        Chemistry and physics are combining forces at Columbia, and it's leaving everyone frustrated--in a good way. New work, published in Nature Physics, describes a new two-dimensional material capable of complex quantum behaviors that arise from its underlying chemistry, rather than its atomic structure.

      

      
        Nanoparticles that self-assemble at room temperature could transform vaccine delivery
        In a discovery that could broaden access to next-generation biologic medicines and vaccines, researchers at the University of Chicago Pritzker School of Molecular Engineering (UChicago PME) have engineered polymer-based nanoparticles that form with a simple temperature shift--no harsh chemicals, no specialized equipment, and no processing needed.

      

      
        Study finds tiny catalytic particles change shape to steer carbon dioxide reactions
        Researchers from the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have discovered that the size of catalytic nanoparticles determines how their shape and structure transform during chemical reactions. With insights into the nanoparticles' atomic-scale behavior as they convert carbon dioxide into useful fuel--and a better understanding of how structural changes impact catalytic performance--researchers are newly positioned to design more effective catalysts for industrial applica...
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Titanium oxide nanostructuring transcends boundaries, enabling precise formation on metal coatings

										

    
        
            [image: Nanostructures transcend boundaries (of grains in metals)]
             
                Dense and large-scale homogeneous coating of metal surfaces with titanium oxide nanostructures, created at the Institute of Nuclear Physics of the Polish Academy of Sciences. Artificial colors. Credit: IFJ PAN
            
        

    


Large metal surfaces coated with precisely formed nanostructures have so far remained in the realm of fantasy. The obstacle standing in the way of their production seemed fundamental, as it resulted from the presence of crystal grains in metals: their boundaries disrupted the growth of the nanostructures. At the Institute of Nuclear Physics of the PAS, using titanium and its oxide by way of example, it has been proven that this obstacle can be overcome.



										      
																																	Coatings made of nanostructures with precisely selected sizes and shapes make it possible to control material properties. Unfortunately, in the case of most metals, there was a serious limitation: it was impossible to produce homogeneous coatings on large surfaces due to the disturbances appearing at the boundaries of the crystal grains.

This limitation has been overcome at the Institute of Nuclear Physics of the Polish Academy of Sciences (IFJ PAN) in Cracow, where the process of large-area metal coating with nanotubes has been demonstrated using titanium and its oxide as an illustration. This achievement seems promising in the context of many applications, among which medical implants, photovoltaic cells, chemical detectors, and memristors stand out.

"We are unique in the world in our ability to coat large areas of titanium sheet metal, measuring tens of square centimeters, with titanium oxide nanotubes in a strictly controlled manner. The method we propose is the result of combining two unconventional techniques for nanostructuring material surfaces: nanoparticle lithography and electrochemical anodization," says Dr. Eng. Juliusz Chojenka (IFJ PAN), the first author of the article describing the achievement, published in Acta Materialia.

Both nanoparticle lithography and anodization are techniques that have been known for a long time, but they have only been used on a laboratory scale and have not hitherto been combined. The physicists from Cracow emphasize that the advantage of their proposed method is its simplicity, speed, low production costs, and the possibility of easily scaling the entire process in a way that allows for technological applications, such as the production of large-area coatings.


																																						
    
     




																																			Nanoparticle lithography plays a role in the first, preparatory phase of manufacturing titanium oxide nanotube coatings. The main protagonists here are spherical polystyrene nanoparticles, commercially available in diameters ranging from 50 nanometers to several dozen micrometers. Nanospheres of a selected diameter are introduced into water in such quantities that, when they float to the surface, they form a single layer of the desired size. Because the nanoparticles are electrically charged during this process, they push each other apart, resulting in their even distribution, characterized by hexagonal regularity.

The highly uniform monolayer of polystyrene nanoparticles is then deposited on a polished titanium plate. The nanoparticle-coated material is now placed in a vacuum chamber, where it is exposed to plasma generated from nitrogen and oxygen for several minutes. Under its influence, the polystyrene spheres shrink slightly, but retain their original positions. The sample is then transferred to another vacuum chamber, where a thin layer of titanium is deposited on it.

The final stage of the lithographic phase is the removal of the nanoparticles using an organic solvent and ultrasound, which causes the sample to vibrate. The result is a surface covered with a hexagonal, regular grid of pits called antidots.



    
        
            [image: Nanostructures transcend boundaries (of grains in metals)]
             
                Scheme of the preparation of nanopatterned titanium dioxide. Credit: Acta Materialia (2025). DOI: 10.1016/j.actamat.2025.121236
            
        

    



"In a special chamber, we now subject the sample covered with antidots to anodization, i.e. an electrochemical process resulting in the formation of uniform and ordered nanostructures on its surface," explains Dr. Eng. Michal Krupinski (IFJ PAN).
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																																			"By skillfully selecting the composition of the electrolyte in which anodization takes place, and by controlling the applied voltage, temperature and time, we are able to form a dense coating of titanium oxide nanotubes, arranged in accordance with the original antidot pattern and with a predetermined length, which in the case described in our article is 15 micrometers."

It should be emphasized here that standard titanium anodization is subject to severe physical limitations regarding the scale of orderliness of the nanostructures, resulting from the size of the crystal grains in the metal matrix. This is why the physicists in Cracow precede anodization with a nanopatterning process using nanoparticle lithography. Lithography allows for the modification of the electric field distribution on the titanium surface, which is important during anodization, thereby forcing the long-range ordering of the nanostructures that are formed.

The physical and chemical properties of the coatings obtained in this way were comprehensively characterized using scanning electron microscopy, X-ray diffraction, and Raman spectroscopy, and their photoactivity under ultraviolet radiation was also determined. During several days of testing, it was found that despite exceeding the boundaries of the crystal grains, the nanotube coatings produced are mechanically durable, and the nanotubes themselves do not break even during annealing.

The presented method of titanium oxide nanostructuring has the potential for wide application. Medical implants could be coated with nanotubes that release drugs into the body in a controlled manner, improving biocompatibility.


																																						
    
     




																																			By skillfully selecting the size and density of the nanotubes, it is possible to control the photoactivity of titanium oxide interacting with ultraviolet radiation, which encourages applications related to photovoltaic cells or the control of chemical reactions. It is also known that the surface of titanium oxide changes its properties depending on the adsorption of even small amounts of hydrogen, so new, more sensitive detectors than those currently available are also being considered.

Interesting prospects are emerging in the miniaturization of memristors, i.e., electronic components whose resistance depends on the history of the current flowing through them. Currently, memristors, which are promising components of new types of memory and artificial synapses, are tens of micrometers in size. Meanwhile, their function could be taken over by single nanotubes--objects at least a hundred times smaller.

"There are no physical, chemical, or technical obstacles to adapting our method to the nanostructuring of surfaces made of transition metals other than titanium, such as iron, aluminum, or tantalum. It all depends on the needs," Dr. Chojenka concludes.


																																	
																														
																				
																						More information:
												Juliusz Cezar Chojenka et al, Controlling the photoactivity of the nanopatterned titanium dioxide, Acta Materialia (2025). DOI: 10.1016/j.actamat.2025.121236
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pH-responsive graphene nanocarriers improve precision in cancer drug delivery

										

    
        
            [image: pH-responsive graphene-based nanocarriers: A breakthrough for cancer drug delivery]
             
                Researchers develop a pH-responsive graphene oxide/polyglycerol/DMMA nanomaterial that changes its charge in an acidic environment, enabling tumor-specific attachment for cancer drug delivery. Credit: Professor Yuta Nishina from Okayama University
            
        

    


Cancer remains one of the leading causes of death worldwide, and despite advancements in diagnosis and treatment, it continues to impose a significant health burden globally. Researchers have now started exploring various innovative methods, such as engineered nanomaterials (ENMs) that can enable targeted drug delivery to cancer cells. While promising, the in vivo behavior of pH-responsive ENMs, which continuously interact with body fluids once administered, remains poorly understood.



										      
																																	To address this research gap, a team of researchers led by Professor Yuta Nishina from the Research Institute for Interdisciplinary Science, Okayama University, Japan, in collaboration with Assistant Professor Yajuan Zou from the same institution and Professor Alberto Bianco from CNRS, University of Strasbourg, France, aimed to investigate how pH-responsive ENMs convert their properties into dynamic interactions with proteins and cells in vivo. Their findings were published online in the journal Small on June 1, 2025.

Graphene oxide--a carbon-based nanomaterial obtained from graphite--has recently gained popularity in nanotechnology due to its structural properties and its ability to accumulate in tumors through the enhanced permeability and retention effect. However, it faces limited applications because the immune system rapidly removes it from the circulation, resulting in inefficient uptake by cancer cells.

To overcome this barrier, the researchers designed a "charge-reversible" graphene material by attaching a hyperbranched polymer called amino-rich polyglycerol (hPGNH2) to graphene oxide sheets and then adding an dimethylmaleic anhydride (DMMA) moiety to make the surface pH-responsive.


																																						
    
     




																																			"When the material is in the neutral pH of the bloodstream, its surface remains negatively charged, avoiding detection by the immune system," explains Prof. Nishina. "But when it enters the slightly acidic environment of a tumor, its surface becomes positively charged, helping it bind to and enter cancer cells."

The team analyzed three versions of this graphene oxide-polyglycerol-DMMA (GOPG-DMMA) material by varying the densities of amino groups in hPGNH2. These groups included GOPGNH115, GOPGNH60, and GOPGNH30. The difference in amine groups altered the resultant positive charge and thereby affected the attachment of the GOPG-DMMA material.

According to the results, the GOPGNH60-DMMA variant worked best, achieving the right balance of safety in the bloodstream and optimal positive charge in the acidic tumor environment. This balance allowed the material to reach and enter the tumor cells more efficiently while avoiding binding to healthy cells and blood proteins. Moreover, it led to higher accumulation of nanomaterials in tumor sites with fewer side effects, which was confirmed through mouse models.

"We observed that by adjusting the surface chemistry, we could control how nanomaterials behave inside the body," says Dr. Zou. "The success of this precise control could open new avenues for 'theranostics' that integrates both cancer diagnosis and treatment."

The study marks a milestone in targeted drug delivery and can help fine-tune such pH-responsive nanomaterials for more precision. Insights from the study may also help target drugs inside cells--especially in acidic compartments like lysosomes or endosomes--making treatments more precise and reducing harm to healthy tissue.

The study is part of a growing international collaboration. In 2025, Okayama University and CNRS launched the IRP C3M international research program, which aims to create more smart nanomaterials for health care. In the future, the researchers will continue pushing the limits of nanomaterials for better therapies.

"We now have a concrete guideline for improving the performance of pH-responsive nanomedicines," said Prof. Nishina. "With this discovery, we are one step closer to the future of personalized medicine."


																																	
																														
																				
																						More information:
												Yajuan Zou et al, Polyglycerol-Grafted Graphene Oxide with pH-Responsive Charge-Convertible Surface to Dynamically Control the Nanobiointeractions for Enhanced in Vivo Tumor Internalization, Small (2025). DOI: 10.1002/smll.202503029
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                Atomic orbitals (red & blue), which determine how far electrons can move around their originating atom in a material, can trap those electrons in place--a new source of frustration that researchers can now tap to create quantum behaviors. Credit: Aravind Devarakonda, Columbia University
            
        

    


Chemistry and physics are combining forces at Columbia, and it's leaving everyone frustrated--in a good way. New work, published in Nature Physics, describes a new two-dimensional material capable of complex quantum behaviors that arise from its underlying chemistry, rather than its atomic structure.



										      
																																	"It's a classic Columbia story--multiple groups in physics and chemistry came together to work on this new material, and we found exciting new results about how electrons move," said Aravind Devarakonda, an applied physicist at Columbia Engineering.

The material, Pd5AlI2, exhibits what's known as frustration of electron motion. It's metallic, air-stable, and can be peeled into atom-thin layers, and it represents a simple new starting point in the search for flat bands. These are unique electronic structures that could one day lead to new quantum technologies like better superconductors, rare-earth-free room-temperature magnets, and more.

A new way of thinking about frustration

Many quantum phenomena, like superconductivity and unique forms of magnetism, arise when electrons behave in ways that contradict the laws of classical physics, which declare that these elementary particles repel each other. But there are circumstances in which electrons can be forced to pair up. One means is by introducing frustration.

Frustration occurs when the electrons in a material can't find a stable place to settle with respect to each other's energies. To date, this has been due to geometry: crystals made up of triangles or squares create a physical conflict between electrons and trap them together. Et voila, collective quantum behaviors can manifest--at least in theory; materials with frustrated geometries are rare.


																																						
    
     




																																			Pd5AlI2 brings frustration into the mix by way of its chemistry, rather than its crystal structure alone. "We've found an entirely new way to think about frustration, one that combines how chemists think about chemical bonds with how physicists think about crystal lattices," said Columbia chemist Xavier Roy, whose lab made the new metal.

At a glance, Pd5AlI2's lattice looked pretty straightforward, said Devarakonda, who led the work as a Simons Fellow working with Roy and Columbia physicist Cory Dean. Two members of Roy's group, graduate student Christie Koay (now a postdoctoral researcher at Princeton Chemistry) and postdoctoral researcher Daniel Chica, created it for Dean, who was looking for an air-stable metal that could be peeled into atom-thin layers.

During preliminary measurements, Devarakonda recognized a curious electronic feature that is characteristic of a geometrically frustrated structure called a Lieb lattice. Lieb lattices are made up of squares--and their unusual behavior had yet to be studied outside of theoretical models.

Devarakonda showed the data to theoretical physicist Raquel Queiroz, who made the connection between his observation and Pd5AlI2's chemistry: its orbitals, a fundamental concept in chemistry that determines where an electron can roam around its originating atom, combine into a checkerboard pattern that mimics the geometry of the Lieb lattice, but now, in a real material.

"That was our Eureka moment," said Devarakonda. "The lattice may be simple, but it's because of the orbitals that it becomes so interesting."

The signal that Devarakonda observed was a coveted electronic flat band. Flat bands are electronic structures that force electrons to all share the same energy, an inherently unstable position that can give rise to unusual quantum behaviors, like superconductivity.
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																																			Towards a frustrated future

The team continues to probe and prod Pd5AlI2 and similar frustrated materials--Devarakonda, for example, is literally pulling on samples to introduce strain--in efforts to coax out and ultimately control these behaviors. They are excited by the prospects of this new source of frustration.

As a layered crystal, they successfully peeled it down to a single atomic layer in the current publication; this raises the possibility of combining it with other 2D materials to create entirely new kinds of physics, a focus of Dean's lab. The fact that Pd5AlI2 is metallic, one of the first to stably exist while so very thin, also means that he will be able to shrink the stacked structures he creates even further.

Devarakonda also points to potential applications, like creating new quantum sensors and high-temperature magnets. Because the electrons are held in place, it may be possible to record their properties, like the direction they are spinning, to sense changes in their environment.

At a larger scale, most magnets found in, for example, electric motors or wind turbines, require rare-earth elements; insights from Pd5AlI2 could help reduce reliance on increasingly difficult and expensive materials.

However, Pd5AlI2 isn't exactly cheap. So the team plans to incorporate AI techniques to more rapidly identify crystals that might have orbital frustration hiding within their chemical bonds.

"The possibility of frustrated hopping from orbitals was articulated theoretically, but now we have a concrete example. We're now trying to see what other combinations of elements can come together to frustrate electrons," said Devarakonda.

"There are so many models that people have come up with over the decades, but now we can use our newfound insights about lattices and orbitals to chase them from a different angle."


																																	
																														
																				
																						More information:
												Aravind Devarakonda et al, Frustrated electron hopping from the orbital configuration in a two-dimensional lattice, Nature Physics (2025). DOI: 10.1038/s41567-025-02953-2
																						
																						

																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												Chemistry, not just geometry, triggers unusual electron behavior in new quantum material (2025, August 7)
												retrieved 7 August 2025
												from https://phys.org/news/2025-08-chemistry-geometry-triggers-unusual-electron.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-08-chemistry-geometry-triggers-unusual-electron.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Nanoparticles that self-assemble at room temperature could transform vaccine delivery]
             
                Researchers designed nanoparticles that can self-assemble at room temperature and deliver RNA (green) to living cells (nuclei shown in blue), offering a new pathway to vaccine and biologic drug design. Credit: Hossainy et al.
            
        

    


In a discovery that could broaden access to next-generation biologic medicines and vaccines, researchers at the University of Chicago Pritzker School of Molecular Engineering (UChicago PME) have engineered polymer-based nanoparticles that form with a simple temperature shift--no harsh chemicals, no specialized equipment, and no processing needed.



										      
																																	The new nanoparticles, described in Nature Biomedical Engineering, self-assemble at room temperature in water and, because of these gentle conditions, can deliver proteins, which are unstable in many existing nanoparticle formulations.

"What excites me about this platform is its simplicity and versatility. By simply warming a sample from fridge temperature to room temperature, we can reliably make nanoparticles that are ready to deliver a wide variety of biological drugs," said co-senior author Stuart Rowan, the Barry L. MacLean Professor of Molecular Engineering Innovation and Enterprise at UChicago Pritzker Molecular Engineering and a staff scientist at Argonne National Laboratory.

From problem to platform

Nanoparticles are key to protecting delicate drugs like RNA and proteins from being degraded in the body before they reach the right cells. Lipid nanoparticles (LNPs), made of fatty molecules, enabled the COVID-19 mRNA vaccines, for instance. But LNPs rely on alcohol-based solvents and sensitive manufacturing steps--making them poorly suited for protein delivery and hard to scale.

"We wanted to make a delivery system that could work for both RNA and protein therapies--because right now, most platforms are specialized for just one," said first author Samir Hossainy, a UChicago PME graduate student.

"We also wanted to make it scalable, without needing toxic solvents or complicated microfluidics."

Hossainy hypothesized that polymer-based nanoparticles could offer a more robust, customizable alternative. He outlined the required characteristics; the immune system will only respond to particles with certain sizes, shapes, and charges. Then, he used chemical tools to begin designing new nanoparticles from scratch.

After trying, and fine-tuning, more than a dozen different materials, he found one that worked. In cold water, the polymer--and any desired protein--remained dissolved. But when heated to room temperature, the polymer self-assembled into uniformly sized nanoparticles (or "polymersomes") surrounding the protein molecules.

"Our particle size and morphology is dictated only by the chemistry of the polymers that I designed from the bottom up," explained Hossainy. "We don't have to worry about different particle sizes forming, which is a challenge with a lot of today's nanoparticles."


    
        
            [image: Nanoparticles that self-assemble at room temperature could transform vaccine delivery]
             
                First author Samir Hossainy, a UChicago PME graduate student, works in the lab of Prof. Stuart Rowan. Credit: Jason Smith
            
        

    





																																						
    
     




																																			Carrying versatile cargo

To test the new polymersomes, Hossainy worked with colleagues in Rowan's lab as well as with former UChicago PME Prof. Jeffrey Hubbell, now at New York University. First, they showed that the particles can encapsulate more than 75% of protein and nearly 100% of short interfering RNA (siRNA) cargo--far higher than most current systems--and they can be freeze-dried and stored without refrigeration until needed.

In the context of vaccination, Hossainy and his collaborators found that the polymersomes could effectively carry a protein and, when injected into mice, lead the animals' immune systems to generate long-lasting antibodies against that protein.

Another experiment showed that the nanoparticles could also carry proteins designed to prevent an immune response in the context of allergic asthma. And a third showed that injecting polymersomes into tumors could block cancer-related genes and suppress tumor growth in mice.

"The exciting thing is that we didn't need to tailor a different system for each use case," said Hossainy. "This one formulation worked for everything we tried--proteins, RNA, immune activation, immune suppression, and direct tumor targeting."

A scalable solution for worldwide vaccines

One of the biggest advantages of the new polymersomes over current LNPs is the potential for low-tech, decentralized production. Hossainy says he imagines being able to ship freeze-dried formulations of the nanoparticles to anywhere in the world. When they need to be used, they can be mixed in cold water, warmed up, and will be ready to deliver to patients.

"Being able to store these dry drastically improves the stability of the RNA or protein," said Hossainy.

The group is continuing to work on fine-tuning the particles to carry more types of cargo, including messenger RNA like that used in the COVID-19 vaccines (generally much larger than the siRNA used in the current trial).

They also plan to collaborate on pre-clinical trials to apply the polymersomes to real-world vaccine or drug delivery challenges.


																																	
																														
																				
																						More information:
												Samir Hossainy et al, Thermoreversibly assembled polymersomes for highly efficient loading, processing and delivery of protein and siRNA biologics, Nature Biomedical Engineering (2025). DOI: 10.1038/s41551-025-01469-7
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                The above environmental transmission electron microscopy images show how the size of catalytic nanoparticles determines their shape and structure as they convert carbon dioxide into useful fuel. When cobalt oxide nanoparticles smaller than 2 nanometers are exposed to carbon dioxide gas, they rearrange from a 3D, pyramidal shape into a 2D, single layer of particles attached to the cerium oxide base. Larger cobalt oxide particles, on the other hand, maintain their 3D structure in the presence of carbon dioxide gas. Credit: Brookhaven National Laboratory
            
        

    


Researchers from the U.S. Department of Energy's (DOE) Brookhaven National Laboratory have discovered that the size of catalytic nanoparticles determines how their shape and structure transform during chemical reactions. With insights into the nanoparticles' atomic-scale behavior as they convert carbon dioxide into useful fuel--and a better understanding of how structural changes impact catalytic performance--researchers are newly positioned to design more effective catalysts for industrial applications.



										      
																																	Catalysts are substances that speed up chemical reactions. Though they may temporarily shapeshift to accelerate chemical transformations, they are not permanently altered, enabling them to facilitate subsequent reactions.

In a new multimodal study, recently published in the Journal of the American Chemical Society, Brookhaven researchers leveraged several powerful techniques to characterize a catalyst made up of cobalt oxide nanoparticles that sit atop a cerium oxide base. In contrast to commonly used catalyst ingredients, like platinum or palladium, cobalt and cerium are significantly more abundant and less expensive.

"We previously found that this cobalt-cerium oxide nanocatalyst system behaved differently when the cobalt-containing nanoparticles were smaller, but we didn't know why," said Kaixi Deng, first author on the paper who conducted this research at Brookhaven Lab while he was a graduate student at Stony Brook University. Deng is now a postdoctoral researcher at DOE's Argonne National Laboratory.

In some cases, the nanoparticles catalyzed the conversion of carbon dioxide to carbon monoxide. Other times, the reaction yielded methane--and sometimes the researchers observed a combination of both products.

"It's important to control the morphology of the catalyst so reactions can yield the desired products, or ratio of products," explained Jose Rodriguez, leader of the Catalysis: Reactivity and Structure group in Brookhaven's Chemistry Division and co-lead author on the paper. "That's how we optimize catalysts and make them more efficient for different applications."

The research team expected the interface between cobalt and cerium oxide to play an important role in this behavior, and they used standard techniques in catalysis science, like in-situ X-ray absorption spectroscopy (XAS) and infrared spectroscopy, to start exploring this hypothesis.

"There was still an important part missing," said Deng. "That's why we wanted to take more direct measurements of this interface--ones that could show us what was happening during chemical reactions."


																																						
    
     




																																			A multimodal study

A typical electron microscope uses a beam of electrons to visualize nanoscale structures with much higher resolution than light-based microscopes. Electron microscopy experiments, however, are typically conducted in a vacuum because air molecules can interact with the electron beam and hinder the image quality.

The researchers wanted to observe the atomic-scale structure of the catalytic nanoparticles in the presence of carbon dioxide, so they needed a special type of electron microscope that could accommodate gas in the sample area.

"At the Center for Functional Nanomaterials (CFN), we use an environmental transmission electron microscope, or E-TEM, to study samples in gaseous environments and at high temperatures, similar to the working conditions catalysts experience during chemical reactions," said Dmitri Zakharov, co-lead author on the paper and scientist at CFN, a DOE Office of Science user facility at Brookhaven Lab.

"The E-TEM is not a mainstream tool," Zakharov added. "It's only available at a few facilities worldwide, and experiments are really challenging since the core microscope, gas delivery equipment, sample holder, image acquisition system, and sample all have to 'perform' at the same time. The effort, however, is well worth it!"

The E-TEM studies revealed that when cobalt oxide nanoparticles smaller than 2 nanometers are exposed to carbon dioxide gas, they rearrange from a 3D, pyramidal shape into a 2D, single layer of particles attached to the cerium oxide base. Upon removal of the carbon dioxide gas, the nanoparticles returned to their pyramidal shape.
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																																			"The beauty of this whole dynamic system is that the nanoparticles want to bind carbon dioxide, so they rearrange in such a way that creates more sites for carbon dioxide to bind, increasing catalytic activity," said Rodriguez. "We never imagined we would find something like this."

If the particles were larger by even 1 nanometer--that's just one billionth of a meter--they exhibited an entirely different behavior and maintained their 3D structure despite the introduction of carbon dioxide. This varying nanoparticle behavior explains, in part, why the conversion of carbon dioxide can yield different products or combinations of products: Carbon dioxide interacts with the catalytic nanoparticles in different ways, depending on the nanoparticle size and configuration.

"The E-TEM really made it possible to directly visualize the physical changes during a chemical reaction," said Deng. But to fully understand the catalytic nanoparticles--and be able to optimize future catalysts--the researchers also needed to unveil the chemical behavior of the nanoparticles as they catalyzed reactions. So, the team turned to colleagues at the National Synchrotron Light Source II (NSLS-II), another DOE Office of Science user facility at Brookhaven Lab.

At NSLS-II, the researchers leveraged the In situ and Operando Soft X-ray Spectroscopy (IOS) and the Inner-Shell Spectroscopy (ISS) beamlines, where they conducted X-ray photoelectron spectroscopy (XPS) and XAS, respectively. The XPS and XAS studies provided information about the chemical composition of the catalyst when it was exposed to different temperatures or gas pressures.


																																						
    
     




																																			"It's great that we have all these powerful characterization techniques right here at Brookhaven Lab," said Zakharov. "I can see both NSLS-II and the chemistry building from CFN. Leveraging such a breadth of tools and expertise all at one lab is hugely beneficial for collaborative, multimodal studies like this one."

The Brookhaven researchers also collaborated with Wenqian Xu at the Advanced Photon Source (APS), a DOE Office of Science user facility at Argonne, to conduct in situ X-ray diffraction (XRD) at APS's Rapid Acquisition Powder Diffraction beamline. The XRD studies offered insights into the catalyst's overall crystalline structure, in contrast to the E-TEM experiments that were focused on local, microscopic structure.

As this was the first multimodal study to characterize the cobalt-cerium oxide nanocatalyst system while it converted carbon dioxide, theorists are eager to use the findings to build better models of catalysts. Such theoretical models could help discern why nanoparticles spread out on the cerium surface--and why their size determines their behavior.

Researchers who specialize in catalyst preparation plan to leverage the findings to guide the development of future catalysts. In some cases, they may desire increased methane production. So, they can modify catalyst synthesis techniques to ensure that the nanoparticles are small enough to flatten against the cerium base. For other industrial applications, they may prepare the catalyst differently to increase the likelihood of different reaction products, like carbon monoxide.

"This is just one step in understanding the system, but it's an essential step," said Rodriguez. "These findings, especially the E-TEM images, will serve as the new guiding direction for researchers working to figure out how this type of catalyst works."


																																	
																														
																				
																						More information:
												Kaixi Deng et al, Visualizing Size-Dependent Dynamics of CeO2[?]d{100}-Supported CoOx Nanoparticles Under CO2 Hydrogenation Conditions, Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c04901
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A team of physicists has discovered a method to temporarily halt the ultrafast melting of silicon using a carefully timed sequence of laser pulses. This finding opens new possibilities for controlling material behavior under extreme conditions and could improve the accuracy of experiments that study how energy moves through solids.



										      
																																	The research, published in the journal Communications Physics, was led by Tobias Zier and David A. Strubbe of the University of California, Merced, in collaboration with Eeuwe S. Zijlstra and Martin E. Garcia from the University of Kassel in Germany. Their work focuses on how intense, ultrashort laser pulses affect the atomic structure of silicon--a material widely used in electronics and solar cells.

Using advanced computer simulations, the researchers showed that a single, high-energy laser pulse typically causes silicon to melt in a fraction of a trillionth of a second.

This process, known as nonthermal melting, happens so quickly that atoms lose their orderly structure before they even have time to heat up. However, by splitting the laser energy into two pulses and timing them precisely, the team was able to "pause" this melting process and stabilize the material in a new, metastable state.

The simulations were performed using a technique called ab initio molecular dynamics, which models the behavior of atoms and electrons from first principles.


																																						
    
     




																																			The researchers found that the first laser pulse sets the atoms in motion, while the second pulse--delayed by just 126 femtoseconds--interferes with that motion in a way that prevents the atoms from becoming disordered. This creates a temporary state where the material remains solid, even though it has absorbed enough energy to melt.

Interestingly, this metastable state retains many of the electronic properties of the original crystal, including a slightly reduced band gap, which is important for how the material conducts electricity.

The researchers also observed that the atomic vibrations, or phonons, in this state were cooler and more stable than expected, suggesting that the second pulse effectively "freezes" the atomic motion.

The study concludes that this method of using timed laser pulses could be applied to other materials that exhibit similar behavior, potentially enabling the creation of new phases of matter or improving the precision of experiments that measure how energy is transferred between electrons and atoms.

The authors suggest that future research could explore how to fine-tune this technique for different materials and use it to better understand the fundamental physics of light-matter interactions.


																																	
																														
																				
																						More information:
												Tobias Zier et al, Pausing ultrafast melting by timed multiple femtosecond-laser pulses, Communications Physics (2025). DOI: 10.1038/s42005-025-02238-3
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Normally, materials expand when heated. Higher temperatures cause atoms to vibrate, bounce around and take up a larger volume. However, for one specific phase of plutonium--called delta-plutonium--the opposite inexplicably occurs: it shrinks above room temperature.



										      
																					As part of its national security mission, Lawrence Livermore National Laboratory (LLNL) aims to predict the behavior of plutonium in all of its phases. Unraveling the mystery behind delta-plutonium's abnormal behavior at high temperatures is an important piece of the picture.

In a new study, published in Reports on Progress in Physics, researchers from LLNL demonstrate a model that can reproduce and explain delta-plutonium's thermal behavior and unusual properties. The model calculates the material's free energy, a quantity that reflects the amount of available or useful energy in a system.

"Free energy fundamentally dictates the state of a material, so it is foundational for understanding it," said LLNL scientist and author Per Soderlind. "An immense amount of effort at LLNL is dedicated to predicting the behavior of plutonium. The confidence in these predictions depends on a deep theoretical understanding of its electronic structure and free energy."

Plutonium's electronic structure is among the most complex of all elemental metals because its electrons are easily influenced by relativity, magnetism and crystal structure. The new free-energy model accounts for magnetic fluctuation effects for the first time.

"Our model is unique and novel because it includes magnetic states that are allowed to fluctuate and depend on temperature," said Soderlind.

Acknowledging those magnetic states in the theory causes it to match the odd experimental observations of contraction at high temperatures.

This methodology could be extended to other materials where dynamic magnetism plays a role, such as iron and its alloys, which are important in geophysics. Going forward, the authors plan to address the impacts of microstructures, defects and imperfections that are present in real-world material.


										
																														
																				
																						More information:
												Per Soderlind et al, First principles free energy model with dynamic magnetism for d-plutonium, Reports on Progress in Physics (2025). DOI: 10.1088/1361-6633/adedb1
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Waiting in line: Why six feet of social distancing may not be enough to stop airborne virus spread
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We all remember the advice frequently repeated during the COVID pandemic: maintain six feet of distance from every other human when waiting in a line to avoid transmitting the virus. While reasonable, the advice did not take into account the complicated fluid dynamics governing how the airborne particles actually travel through the air if people are also walking and stopping. Now, a team of researchers led by two undergraduate physics majors at the University of Massachusetts Amherst has modeled how aerosol plumes spread when people are waiting and walking in a line.



										      
																																	The results, published recently in Science Advances, grew out of a question that many of us may have asked ourselves when standing in marked locations six-feet apart while waiting for a vaccine, to pay for groceries or to get a cup of coffee: what's the science behind six-feet of separation? If you are a physicist, you might even have asked yourself, "What is happening physically to the aerosol plumes we're all breathing out while waiting in a line, and is the six-foot guideline the best way to design a queue?"

To find answers to these questions, two UMass Amherst undergrads, Ruixi Lou and Milo Van Mooy, took the lead.

"We wanted to know how the aerosols we breathe out are transported, but it turns out this is very difficult to do in a real waiting line," says Lou, who is now a graduate student at the University of Chicago.

The ideal situation would be to have real humans standing in a real, moving line to test how their exhalations travel--a far-too risky proposition. Instead, Lou and Van Mooy decided to 3D-print a set of cylinders and human-shaped models and put them on a conveyor belt to see how the plumes moved. Their models "exhaled" colored dyes mimicking sneezes, coughs and regular breathing. They also ran computer simulations in collaboration with the group of Rodolfo Ostilla at the University of Cadiz, in Spain.
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                The study authors created 3D printed models of humans, complete with windpipes, that could sneeze, cough and exhale. Credit: Milo Van Mooy
            
        

    



"What we found was really surprising," says Van Mooy.

Since warm air rises, there is a slight updraft surrounding our bodies--and so the team expected to see the aerosol plumes rising. But instead, they observed a "downwash" effect, where the simple act of walking and waiting in a line caused the plumes to sink.


																																						
    
     




																																			Even more surprising was that, if the ambient temperature is close to our body temperature, as would be the case in a non-air-conditioned room in summer, those aerosols could be pushed toward the floor due to air currents. However, in a climate-controlled room, the difference in temperature between what we exhale and the ambient conditions are enough to drive those plumes aloft. If the temperature is in an intermediate range, it is quite possible that the aerosols can hover at just the right height for the next person in the line to inhale them as the line moves forward.

"Ultimately, there are no hard-and-fast rules about social distancing that will keep us safe or unsafe," says senior author Varghese Mathai, assistant professor of physics at UMass Amherst. "The fluid dynamics of air are marvelously complex and general intuition often misleads, even for something as simple as standing in a line. We need to take space and time into account as we come up with our public health guidelines."
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												Fluid Dynamical Pathways of Airborne Transmission while Waiting in a Line, Science Advances (2025). DOI: 10.1126/sciadv.adw0985
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                An artist's impression of the "Cosmic Grapes" galaxy, composed of at least 15 massive star forming clumps--far more than current theoretical models predict could exist within a single rotating disk at this early time. Credit: NSF/AUI/NSF NRAO/B. Saxton
            
        

    


Astronomers have discovered a remarkably clumpy rotating galaxy that existed just 900 million years after the Big Bang, shedding new light on how galaxies grew and evolved in the early universe. Nicknamed the "Cosmic Grapes," the galaxy appears to be composed of at least 15 massive star-forming clumps--far more than current theoretical models predict could exist within a single rotating disk at this early time.



										      
																																	The discovery, published in Nature Astronomy, was made possible by an extraordinary combination of observations from the Atacama Large Millimeter/submillimeter Array (ALMA) and the James Webb Space Telescope (JWST), all focused on a single galaxy that happened to be perfectly magnified by a foreground galaxy cluster through gravitational lensing. In total, more than 100 hours of telescope time were dedicated to this single system, making it one of the most intensively studied galaxies from the early universe.

Although the galaxy had appeared as a smooth, single disk-like object in previous Hubble images, the powerful resolution of ALMA and JWST, enhanced by gravitational lensing, revealed a dramatically different picture: a rotating galaxy teeming with massive clumps, resembling a cluster of grapes. The finding marks the first time astronomers have linked small-scale internal structures and large-scale rotation in a typical galaxy at cosmic dawn, reaching spatial resolutions down to just 10 parsecs (about 30 light-years).



    
    
    
        
        
    
            
            The Cosmic Grapes initially appeared in past HST data as a typical galaxy with a smooth stellar disk (left). However, deep, high-resolution follow-up observations by JWST (middle) and ALMA (right) revealed that it actually consists of numerous compact stellar clumps embedded within a smooth, rotating gas disk. The red and blue colors in the right panel represent redshifted and blueshifted gas motions, respectively, tracing the rotation of the disk. Credit: Data images noted from specific instruments, assemble by NSF/AUI/NSF NRAO/B.Saxton
  

This galaxy does not represent a rare or extreme system. It lies squarely on the "main sequence" of galaxies in terms of its star forming activity, mass, size, chemical composition--meaning it is likely representative of a broader population. If so, many other seemingly smooth galaxies seen by current facilities may actually be made up of similar unseen substructures, hidden by the limits of current resolution.

Because existing simulations fail to reproduce such a large number of clumps in rotating galaxies at early times, this discovery raises key questions about how galaxies form and evolve. It suggests that our understanding of feedback processes and structure formation in young galaxies may need significant revision.
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The Cosmic Grapes now offer a unique window into the birth and growth of galaxies--and may be just the first of many. Future observations will be key to revealing whether such clumpy structures were common in the universe's youth.


																																	
																														
																				
																						More information:
												S. Fujimoto et al, Primordial rotating disk composed of at least 15 dense star-forming clumps at cosmic dawn, Nature Astronomy (2025). DOI: 10.1038/s41550-025-02592-w
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