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        Inhalable therapy uses mussel-inspired nanoparticles to target lung cancer cells
        Researchers from POSTECH and Kyungpook National University have developed a novel inhalable therapeutic delivery system for lung cancer, leveraging mucoadhesive protein nanoparticles inspired by the adhesive properties of marine mussels.

      

      
        Janus graphene nanoribbons poised to advance quantum technologies
        Researchers from the National University of Singapore (NUS) have recently achieved a significant breakthrough in the development of next-generation carbon-based quantum materials, opening new horizons for advancements in quantum electronics.

      

      
        Domain wall fluctuations in 2D materials reveal a new mechanism of superconductivity
        Two-dimensional (2D) van der Waals are made of atomically thin layers, held together by weak van der Waals forces. These materials have been the focus of numerous studies, as their unique properties make them ideal for studying various exotic and rare physical phenomena.

      

      
        Decoding 2D material growth: White graphene insights open doors to cleaner energy and more efficient electronics
        A breakthrough in decoding the growth process of hexagonal boron nitride (hBN), a 2D material, and its nanostructures on metal substrates could pave the way for more efficient electronics, cleaner energy solutions and greener chemical manufacturing, according to new research from the University of Surrey published in the journal Small.

      

      
        Micro, modular, mobile--DNA-linked microrobots offer new possibilities in medicine and manufacturing
        When robots are made out of modular units, their size, shape, and functionality can be modified to perform any number of tasks. At the microscale, modular robots could enable applications like targeted drug delivery and autonomous micromanufacturing; but building hundreds of identical robots the size of a red blood cell has its challenges.
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Inhalable therapy uses mussel-inspired nanoparticles to target lung cancer cells

										

    
        
            [image: A new turning point in lung cancer treatment, inspired by mussels]
             
                Schematic Diagram of Inhalable Mucoadhesive Nano-anticancer Drug Based on Mussel Adhesive Proteins (Top) and Treatment Results in Lung Cancer Animal Model (Bottom). Credit: POSTECH
            
        

    


Researchers from POSTECH and Kyungpook National University have developed a novel inhalable therapeutic delivery system for lung cancer, leveraging mucoadhesive protein nanoparticles inspired by the adhesive properties of marine mussels.



										      
																																	Lung cancer remains one of the deadliest cancers globally. Non-small cell lung cancer (NSCLC), which accounts for 85% of all lung cancer cases, is particularly challenging to treat due to difficulties in early detection. Current anticancer treatments are predominantly administered intravenously, impacting both malignant and healthy tissues, often leading to severe adverse effects.

As a result, inhalable therapeutics have emerged as a promising alternative, enabling localized drug delivery directly to the lungs. However, the efficacy of this approach has been significantly hindered by the lung's mucosal barriers and immune cells. Building on this context, collaborative research has culminated in the development of a mucoadhesive protein nanoparticle designed for lung cancer treatment.

The study is published in the journal Biomaterials.

The approach leverages the remarkable adhesive properties of marine mussel proteins, renowned for their underwater adhesion. Drawing inspiration from the oxidation-reduction mechanisms of foot protein type 6 (fp-6), the researchers engineered foot protein type 1 (fp-1) by integrating cysteine, creating a biomaterial with enhanced adhesive strength and precise drug delivery capabilities within the lung cancer microenvironment.


																																						
    
     




																																			These nanoparticles exhibit exceptional therapeutic efficacy by enabling selective payload release while effectively inhibiting release in healthy tissues to minimize adverse effects.

Moreover, the intrinsic biocompatibility, biodegradability, and immunocompatibility of marine mussel proteins ensure superior biological safety and substantially prolong the retention of anticancer drugs, thereby amplifying their therapeutic impact.

In animal models of lung cancer, the nanoparticles developed by the research team and contained anti-cancer drugs showed effectiveness in inhibiting cancer cell metastasis and invasion after being delivered to the lungs through a nebulizer and adhering to the mucosa for extended periods.

This advancement holds the potential to enhance patient access to lung cancer treatment, as the simplified inhalation-based drug administration could be self-managed at home. Furthermore, this approach may significantly improve patients' quality of life by reducing the need for hospital visits.

Professor Hyung Joon Cha stated, "The findings from our study have the potential to substantially enhance both the precision and efficacy of lung cancer treatments, while significantly improving patients' quality of life."

This effort was spearheaded by Professor Cha (Department of Chemical Engineering and Graduate School of Convergence Science and Technology with a specialization in Medical Science) and Dr. Yeonsu Jeong (Department of Chemical Engineering) at POSTECH, in collaboration with Professor Yun Kee Jo (Department of Biomedical Convergence Science and Technology, Advanced Institute of Science and Technology) at Kyungpook National University.


																																																					
																				
																						More information:
												Yeonsu Jeong et al, Redox-activatable inhalable mucoadhesive proteinic nanotherapeutics for targeted treatment of lung cancer, Biomaterials (2024). DOI: 10.1016/j.biomaterials.2024.123004
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                An atomic model of the Janus graphene nanoribbons (left) and its atomic force microscopic image (right). Credit: National University of Singapore
            
        

    


Researchers from the National University of Singapore (NUS) have recently achieved a significant breakthrough in the development of next-generation carbon-based quantum materials, opening new horizons for advancements in quantum electronics.



										      
																																	The innovation involves a novel type of graphene nanoribbon (GNR), named Janus GNR (JGNR). The material has a unique zigzag edge, with a special ferromagnetic edge state located on one of the edges. This unique design enables the realization of a one-dimensional ferromagnetic spin chain, which could have important applications in quantum electronics and quantum computing.

The research was led by Associate Professor Lu Jiong and his team from the NUS Department of Chemistry, in collaboration with international partners, and is published in Nature.

Graphene nanoribbons, which are narrow strips of nanoscale honeycomb carbon structures, exhibit remarkable magnetic properties due to the behavior of unpaired electrons in the atoms' p-orbitals. Through atomically precise engineering of their edge structures into a zigzag arrangement, a one-dimensional spin-polarized channel can be constructed.

This feature offers immense potential for applications in spintronic devices or serving as next-generation multi-qubit systems, which are the fundamental building blocks of quantum computing.

Janus, the ancient Roman god of beginnings and endings, is often depicted as having two faces pointing in opposite directions, representing the past and the future. The term "Janus" has been applied in materials science to describe materials that have different properties on opposite sides. JGNR has a novel structure with only one edge of the ribbon having a zigzag form, making it the world's first one-dimensional ferromagnetic carbon chain.

This design is achieved by employing a Z-shaped precursor design which introduces a periodic array of hexagon carbon rings on one of the zigzag edges, breaking the structural and spin symmetry of the ribbon.

Assoc. Prof Lu said, "Magnetic graphene nanoribbons--narrow strips of graphene formed by fused benzene rings--offer tremendous potential for quantum technologies due to their long spin coherence times and the potential to operate at room temperature. Creating a one-dimensional single zigzag edge in such systems is a daunting yet essential task for realizing the bottom-up assembly of multiple spin qubits for quantum technologies."

The significant achievement is a result of close collaboration among synthetic chemists, materials scientists, and theoretical physicists, including Professor Steven G Louie from UC Berkeley in the United States, Professor Hiroshi Sakaguchi from Kyoto University in Japan and other contributing authors.


																																						
    
     




																																			Creating the Janus graphene nanoribbons

To produce the JGNR, the researchers initially designed and synthesized a series of special "Z-shape" molecular precursors via conventional in-solution chemistry. These precursors were then used for subsequent on-surface synthesis, which is a new type of solid-phase chemical reaction performed in an ultra-clean environment. This approach allowed the researchers to precisely control the shape and structure of the graphene nanoribbons at the atomic level.

The Z-shape design allows for the asymmetric fabrication by independently modifying one of the two branches, thereby creating a desired "defective" edge, while maintaining the other zigzag edge unchanged. Moreover, adjusting the length of the modified branch enables the modulation of the width of the JGNRs.

Characterization via state-of-art scanning probe microscopy/spectroscopy and first-principles density functional theory confirms the successful fabrication of JGNRs with a ferromagnetic ground state exclusively localized along the single zigzag edge.

"The rational design and on-surface synthesis of a novel class of JGNR represent a conceptual and experimental breakthrough for realizing one-dimensional ferromagnetic chain. Creating such JGNRs not only expands the possibilities for precise engineering of exotic quantum magnetism and enables the assembly of robust spin arrays as new-generation qubits.

"Furthermore, it enables the fabrication of one-dimensional spin-polarized transport channels with tunable bandgaps, which could advance carbon-based spintronics at the one-dimensional limit," added Assoc. Prof Lu.


																																																					
																				
																						More information:
												Shaotang Song et al, Janus graphene nanoribbons with localized states on a single zigzag edge, Nature (2025). DOI: 10.1038/s41586-024-08296-x
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Janus graphene nanoribbons poised to advance quantum technologies (2025, January 9)
												retrieved 9 January 2025
												from https://phys.org/news/2025-01-janus-graphene-nanoribbons-poised-advance.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/2025-01-janus-graphene-nanoribbons-poised-advance.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Domain wall fluctuations in 2D materials reveal a new mechanism of superconductivity

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: Researchers predict superconductivity emerging from domain wall fluctuations in sliding ferroelectrics]
             
                Credit: Chaudhary & Martin.
            
        

    


Two-dimensional (2D) van der Waals are made of atomically thin layers, held together by weak van der Waals forces. These materials have been the focus of numerous studies, as their unique properties make them ideal for studying various exotic and rare physical phenomena.



										      
																																	Gaurav Chaudhary and Ivar Martin, two researchers at the University of Cambridge and Argonne National Laboratory, respectively, set out to further investigate a particular type of 2D van der Waals material, namely 2D materials without an inversion center (i.e., a symmetry in which two halves of a material mirror one another).

Their paper, published in Physical Review Letters, unveiled the existence of an intriguing link between ferroelectric domain walls and electron interactions in some of these materials.

"A large number of few-layer van der Waals materials, including boron nitride and transition metal dichalcogenides (TMDs), show the curious phenomenon of sliding ferroelectricity," Chaudhary and Martin told Phys.org.

"Despite being metallic, due to the chemistry and structure of these systems, different layer stackings can have built-in electric polarization, i.e., interlayer electric field and charge imbalance. What is particularly striking is that by applying a moderate external electric field, it is possible to change the stacking on a fairly large scale, thus reversing the direction of polarization."

Different stacks in 2D van der Waals materials affected by this phenomenon, dubbed "sliding ferroelectricity," are related by a large, device-scale shift of two layers by several angstroms. Past studies have shown that this effect can persist at room temperature.


																																						
    
     




																																			"This phenomenon has attracted the interest of scientists trying to understand the microscopic mechanism of these transformations, as well as engineers eager to find applications of this remarkable phenomenon," said Chaudhary and Martin.

"Just like in ferromagnets and bulk ferroelectrics, an energetically efficient way to reverse polarization is by having a domain wall sweep through the system. The spatial dimensionality of a domain wall is one less than that of the material (a 2D surface in the case of 3D bulk materials and 1D for thin films). "

A domain wall is a boundary or interface separating regions inside a material that exhibit different orientations of ferroelectric polarization or other properties. This unique boundary realizes a saddle point of free energy density, as opposed to a minimum.

As a result of this, the properties of domain walls can differ significantly from those of the original bulk materials they are in and of materials with reduced spatial dimensionality. In particular, these interfaces can exhibit a unique form and large in-strength electron-phonon coupling.

"Our project focusing on the interplay between sliding FE and superconductivity came out in the following way," explained Chaudhary and Martin.

"We were thinking about a number of curious aspects of ferroelectricity in bilayers of van der Waals materials, including graphene, which was completely unrelated to superconductivity. However, as we started to gain some understanding of the so-called 'sliding ferroelectric' phenomena, it occurred to us that there could be an interesting coupling with electrons near the ferroelectric domain walls."
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																																			While they were theoretically exploring the underpinnings of "sliding ferroelectricity," the researchers observed hints of this phenomenon in the material MoTe2. Specifically, they found that the superconducting Tc is strongly enhanced in this material at the FE reversal transition.

"The enhancement is 'transient' and it is seen within the hysteresis loop, that is when the system contains domains of both orientations and domain walls separating them," said Chaudhary and Martin.

"So, we followed our curiosity, and luckily, it turned out that the situation near the domain walls is quite suitable for pairing interactions, which are required for superconductivity."

Overall, the findings of the recent work by Chaudhary and Martin demonstrated that the domain wall region in 2D TMD materials is in fact extremely special. In this region, electronic density couples to polarization directly, as it creates a potential drop between the layers of these materials.

"The center of the domain wall is defined by the absence of polarization, and naively, one could expect that there the coupling between polarization and itinerant electrons should vanish," said Chaudhary and Martin.

"This is indeed the case for static coupling; however, superconductivity is driven by dynamical fluctuations. The lattice vibrations in the domain wall region, which affect the relative position of layers (the stacking), lead to fluctuations of polarization (or are equivalent to fluctuations in the position of the domain wall)."


																																						
    
     




																																			After closely studying 2D TMDs, Chaudhary and Martin were able to better understand the 'sliding ferroelectricity' they exhibit. This allowed them to devise a theoretical methodology outlining the physical processes behind this phenomenon.

"Once we understood this system and had a physical picture of what could be happening, the theoretical methodology was straightforward, from the standard treatment of electron-phonon or electron coupling to a soft boson (some kind of low-energy vibrations) in the many-body physics textbooks," explained Chaudhary and Martin.

"It did take us some time to understand what microscopic interactions can look like. The systems are highly irregular in the physical setup with domain walls compared to standard textbook setups of uniform systems."

Notably, the mechanism that gives rise to superconductivity studied by Chaudhary and Martin is unique to 2D TMDs with a few layers. This is because only these materials can support interlayer ferroelectricity while remaining conductive within 2D planes.

"The physical conditions realized within these domain walls are very special, enabling strong electron-electron interactions even if the dynamical glue is more or less standard lattice vibrations," said Chaudhary and Martin. "This makes for a conceptually new mechanism of superconductivity."

Generally, superconductivity arising from the coupling of electrons and phonons is viewed as a conventional physical mechanism. To characterize unconventional mechanisms, on the other hand, physicists seek strong electron-electron interactions. The superconductivity observed by Chaudhary and Martin sits somewhere in between conventional and unconventional mechanisms.


																																			"We showed that places like domain walls, typically associated with irregularities and potentially harmful for things like superconductivity, can indeed be helpful for superconductivity," said the researchers.

This study could soon inspire other research groups to investigate the emergence of superconductivity in 2D TMDs and other bilayer van der Waals materials. Meanwhile, the researchers plan to continue investigating the domain wall-related superconductivity that they uncovered.

"There are plenty of things that need to be figured out, as well as a lot of new opportunities in applications," they said. "First, we still need to think of more direct ways to establish the validity of our theoretical ideas in real systems. These efforts would benefit from microscopic modeling using first-principles methods."

The researchers suggest that indirect signatures of the domain wall fluctuation-related superconductivity may already exist in a recent experimental study carried out by another team at Columbia, UW Madison and the University of Minnesota, focusing on the material MoTe2.

In their next studies, the researchers also plan to investigate the possibility of leveraging this superconductivity to develop various superconducting devices.

"From the application point, we are exploring whether there is a possibility of highly controllable superconducting devices, where manipulating the ferroelectric order switches superconductivity on and off," added Chaudhary and Martin.

"We also anticipate that new superconductors can be designed systematically by putting polar layers on top of each other. We also expect similar mechanisms to be operational in moire systems where domain walls form a regular network."


																																																					
																				
																						More information:
												Gaurav Chaudhary et al, Superconductivity from Domain Wall Fluctuations in Sliding Ferroelectrics, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.246001.
																						
																						

																					

                               											
																															 
												  (c) 2025 Science X Network
											 

										                                        
										
										
											 
												Citation:
												Domain wall fluctuations in 2D materials reveal a new mechanism of superconductivity (2025, January 9)
												retrieved 9 January 2025
												from https://phys.org/news/2025-01-domain-wall-fluctuations-2d-materials.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2025-01-domain-wall-fluctuations-2d-materials.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Decoding 2D material growth: White graphene insights open doors to cleaner energy and more efficient electronics

										

    
        
            [image: Breakthrough in decoding growth of 2D material opens doors to cleaner energy, next-generation technology ]
             
                a) Diffusion routes of borazine on Ru(0001) illustrate that borazine moves by a pivoting motion alternating between HCP and FCC sites as it diffuses across the surface. In terms of hydrogen removal from borazine, b) shows that B-dehydrogenation is the kinetically favored product, while N-dehydrogenation is thermodynamically favored. Credit: Small (2025). DOI: 10.1002/smll.202405404
            
        

    


A breakthrough in decoding the growth process of hexagonal boron nitride (hBN), a 2D material, and its nanostructures on metal substrates could pave the way for more efficient electronics, cleaner energy solutions and greener chemical manufacturing, according to new research from the University of Surrey published in the journal Small.



										      
																																	Only one atom thick, hBN--often nicknamed "white graphene"--is an ultra-thin, super-resilient material that blocks electrical currents, withstands extreme temperatures and resists chemical damage. Its unique versatility makes it an invaluable component in advanced electronics, where it can protect delicate microchips and enable the development of faster, more efficient transistors.

Going a step further, researchers have also demonstrated the formation of nanoporous hBN, a novel material with structured voids that allows for selective absorption, advanced catalysis and enhanced functionality, vastly expanding its potential environmental applications. This includes sensing and filtering pollutants--as well as enhancing advanced energy systems, including hydrogen storage and electrochemical catalysts for fuel cells.

Dr. Marco Sacchi, lead author of the study and Associate Professor at Surrey's School of Chemistry and Chemical Engineering, said, "Our research sheds light on the atomic-scale processes that govern the formation of this remarkable material and its nanostructures. By understanding these mechanisms, we can engineer materials with unprecedented precision, optimizing their properties for a host of revolutionary technologies."

Working in collaboration with Austria's Graz University of Technology (TU Graz), the team--led by Dr. Marco Sacchi, with the theoretical work performed by Dr. Anthony Payne and Dr. Neubi Xavier--combined density functional theory and microkinetic modeling to map the growth process of hBN from borazine precursors, examining key molecular processes such as diffusion, decomposition, adsorption and desorption, polymerization, and dehydrogenation.

This approach enabled them to develop an atomic scale model that allows for the material to be grown at any temperature.

The insights from the theoretical simulations align closely with experimental observations by the Graz research group, setting the stage for controlled, high-quality production of hBN with specific designs and functionality.

Dr. Anton Tamtogl, lead researcher on the project at TU Graz, said, "Previous studies have neither considered all these intermediates nor such a large parameter space (temperature and particle density). We believe that it will be useful to guide chemical vapor deposition growth of hBN on other metallic substrates, as well as the synthesis of nanoporous or functionalized structures."


																																																					
																				
																						More information:
												Anthony J. R. Payne et al, Unravelling the Epitaxial Growth Mechanism of Hexagonal and Nanoporous Boron Nitride: A First-Principles Microkinetic Model, Small (2025). DOI: 10.1002/smll.202405404
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Micro, modular, mobile-DNA-linked microrobots offer new possibilities in medicine and manufacturing

										

    
        
            [image: Micro, modular, mobile - the future of active colloids ]
             
                The fabrication process of polycarbonate (PC) and Polydimethylsiloxane (PDMS) TASR assembly templates. Credit: Advanced Materials Technologies (2024). DOI: 10.1002/admt.202401584
            
        

    


When robots are made out of modular units, their size, shape, and functionality can be modified to perform any number of tasks. At the microscale, modular robots could enable applications like targeted drug delivery and autonomous micromanufacturing; but building hundreds of identical robots the size of a red blood cell has its challenges.



										      
																																	"At this scale, robots are not big enough to hold a microcontroller to tell them what to do," explained Taryn Imamura, a Ph.D. Candidate in Carnegie Mellon University's Department of Mechanical Engineering.

"Active colloids (the robots) have what we call embodied intelligence, meaning their behavior, including the speed at which they travel, is determined by their size and shape. At the same time, it becomes more difficult to build microrobots that have the same size and structure as they get smaller."

As published in Advanced Materials Technologies, Imamura has found a way for researchers to control the size and structure of active colloids while yielding over 100x the amount created by earlier fabrication methods. She accomplished this, with support from undergraduate student researcher Nicholas Chung, by using physical templates to filter the size of the robotic components and create complex assemblies with fine control over body plan and module arrangement.

"By leveraging material properties of the templates, we've addressed manufacturing challenges so that we can produce these structures in bulk and study how these robots behave at the population level," Imamura said. "We hope to use this technology to answer many outstanding questions about the dynamics and functionality of colloidal microrobots."

Imamura, co-advised by Rebecca Taylor and Sarah Bergbretier, was able to increase the number of microbots assembled without compromising control over microstructure geometry by using materials with high surface energies, such as polycarbonate and polystyrene, for the templates and microspheres. This finding will lead to the assembly of more complex microstructures like microbots for targeted drug delivery and micro rotors for microfluidic mixing.



    
    
    
        
        
    
            
            Credit: Advanced Materials Technologies (2024). DOI: 10.1002/admt.202401584
  

The team's active colloids are also linked together using compliant DNA nanostructures--an innovation that makes them flexible, agile, and responsive to signals in their environment. Using biopolymers like DNA to construct these robots also lets researchers add sensors already available in the DNA nanotechnology literature to the robots to make a micro-mobile lab.


																																						
    
     




																																			"We've shown that the DNA in our microrobots lets them perform specific actions--like controlled disassembly--when exposed to different stimuli," she explained.

"We can imagine one of these microswimmers carrying a drug to a specific part of the body, and once it reaches its destination, the microswimmer receives a signal to disassemble. Once this happens, the microswimmer won't move any further and the drug will stay in its destination."

Typically, DNA nanotechnology can only be studied using expensive equipment. In this case, because the DNA is attached to micron-scale particles, researchers can observe any nanoscale phenomenon, such as the DNA structures changing shape, in real-time by observing changes in the active colloid's movement under a microscope.

"Beyond creating populations of active colloids that are the same shape, same size, and flexibly linked, we've lowered the barrier of entry to this research," Imamura said.

"I believe that getting more researchers from diverse backgrounds working on these complicated problems will help us go further, and by making this research more accessible, our work will help propel the field forward."


																																																					
																				
																						More information:
												Taryn Imamura et al, Complex Assemblies of Colloidal Microparticles with Compliant DNA Linkers and Magnetic Actuation, Advanced Materials Technologies (2024). DOI: 10.1002/admt.202401584
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        Photoacoustic spectroscopy approach achieves real-time detection of low gas concentrations
        Researchers have developed a new method for quickly detecting and identifying very low concentrations of gases. The new approach, called coherently controlled quartz-enhanced photoacoustic spectroscopy, could form the basis for highly sensitive real-time sensors for applications such as environmental monitoring, breath analysis and chemical process control.

      

      
        Small changes can dramatically boost efficacy of piezoceramics
        In a new study published in Nature, researchers at the Indian Institute of Science (IISc) and collaborators show that the efficacy of a commonly used piezoelectric ceramic material can be dramatically increased just by reducing its thickness and by preventing atomic defects inadvertently formed during manufacturing.

      

      
        Physical signals as fate deciders: How mechanical forces extrude cells from tissues
        Epithelial tissues are in constant interaction with their environment. Maintaining their functionality requires dynamic balance (homeostasis) and that their cell numbers are tightly regulated. This is achieved by cell extrusion programs, a checkpoint mechanism eliminating unwanted or harmful cells.

      

      
        Record cold quantum refrigerator paves way for reliable quantum computers
        Quantum computers require extreme cooling to perform reliable calculations. One of the challenges preventing quantum computers from entering society is the difficulty of freezing the qubits to temperatures close to absolute zero.
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                A new method for real-time detection and identification of very low concentrations of gases adds coherent control to quartz-enhanced photoacoustic spectroscopy, which uses a quartz tuning fork to detect gas absorption. Credit: Florian Sterl, Sterltech Optics GmbH
            
        

    


Researchers have developed a new method for quickly detecting and identifying very low concentrations of gases. The new approach, called coherently controlled quartz-enhanced photoacoustic spectroscopy, could form the basis for highly sensitive real-time sensors for applications such as environmental monitoring, breath analysis and chemical process control.



										    
																																	"Most gases are present in small amounts, so detecting gases at low concentrations is important in a wide variety of industries and applications," said research team leader Simon Angstenberger from the University of Stuttgart in Germany. "Unlike other trace gas detection methods that rely on photoacoustics, ours is not limited to specific gases and does not require prior knowledge of the gas that might be present."

In Optica, the researchers report the acquisition of a complete methane spectrum spanning 3,050 to 3,450 nanometers in just three seconds, a feat that would typically take around 30 minutes.

"This new technology could be used for climate monitoring by detecting greenhouse gases like methane, which is a potent contributor to climate change," said Angstenberger. "It also has potential applications in early cancer detection through breath analysis and in chemical production plants for detecting toxic or flammable gas leaks and for process control."


    
    
    
        
        
    
         
             
         

        To achieve fast detection of low gas concentrations, the researchers combined a laser with an extremely fast tunable wavelength with quartz-enhanced photoacoustic spectroscopy and integrated coherent control for enhanced precision and stability. Credit: Jonas Herbig
  


Adding coherent control

Spectroscopy identifies chemicals, including gases, by analyzing their unique light absorption characteristics, akin to a "fingerprint" for each gas. To detect low gas concentrations quickly, however, requires not only a laser that can be tuned rapidly but also an extremely sensitive detection mechanism and precise electronic control of the laser timing.


																																						
    
     




																																			In the new work, the researchers used a laser with an extremely fast tunable wavelength that was recently developed by collaborators at Stuttgart Instruments GmbH, a spin-off from the university. They also leveraged quartz-enhanced photoacoustic spectroscopy (QEPAS) as the sensitive detection mechanism.

This spectroscopy approach uses a quartz tuning fork to detect gas absorption by electronically measuring its vibrations at a resonant frequency of 12,420 Hz, induced by a laser modulated at the same frequency. The laser heats the gas between the fork's prongs in rapid pulses, causing them to move and generating a detectable piezoelectric voltage.

"While the high quality factor of the tuning fork, which makes it ring for a long time, allows us to detect low concentrations through what scientists call resonant enhancement, it limits acquisition speed," explained Angstenberger. "This is because when we change wavelengths to obtain the fingerprint of the molecule, the fork is still moving. To measure the next feature, we must somehow stop the movement."

To overcome this problem, the researchers developed a trick called coherent control. This involved shifting the timing of the pulses by exactly half an oscillation cycle of the fork while the laser output power remained at the same frequency.

This causes the laser pulse to arrive at the gas between the fork when its prongs move inwards. This trick dampens the fork oscillation because as the gas gets hot and expands it will act against the movement of the prongs. After a few flashes of laser light--over a few hundred microseconds--the fork stops vibrating and the next measurement can be performed.
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																																			Fast gas identification

"Adding coherent control to QEPAS enables ultra-fast identification of gases using their vibrational and rotational fingerprints," said Angstenberger. "Unlike traditional setups limited to specific gases or single absorption peaks, we can achieve real-time monitoring with a broad laser tuning range of 1.3 to 18 mm, making it capable of detecting virtually any trace gas."

The researchers tested the new method using the laser developed by Stuttgart Instruments and a commercially available QEPAS gas cell to analyze a pre-calibrated methane mixture with 100 parts per million of methane in the gas cell. They showed that with regular QEPAS, scanning too quickly blurs the spectral fingerprint, but with the coherent control method, it stays clear and unchanged.

As a next step, the researchers plan to explore the limitations of the new technology to determine its maximum speed and lowest sensing concentration. They also want to use it to sense multiple gases, ideally at the same time.


																																																					
																				
																						More information:
												Simon Angstenberger et al, Coherent Control in Quartz-Enhanced Photoacoustics: Fingerprinting a Trace Gas at ppm-Level within Seconds, Optica (2024). DOI: 10.1364/OPTICA.544448
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Small changes can dramatically boost efficacy of piezoceramics

										

    
        
            [image: Small changes can dramatically boost efficacy of piezoceramics]
             
                Piezoceramic disks (left); disk bending under an electric field: vertically magnified view (right). Credit: Rajeev Ranjan lab
            
        

    


In a new study published in Nature, researchers at the Indian Institute of Science (IISc) and collaborators show that the efficacy of a commonly used piezoelectric ceramic material can be dramatically increased just by reducing its thickness and by preventing atomic defects inadvertently formed during manufacturing.



										      
																																	Piezoelectric materials deform (stretch or contract) when an electric field is applied, making them suitable for wide-ranging applications, from ultrasound imaging in hospitals to actuators in guided missiles. Single crystals of some synthetic piezoelectrics show large longitudinal electrostrain (>1%), a value that indicates how much the material deforms in the direction of the field.

But such materials are rare, and mass-producing single crystals is costly. They are therefore used only for niche applications. For most commercial applications, the more economical polycrystalline piezoelectric ceramics are used. However, these show much lower longitudinal strain (0.2-0.4%).

"The maximum electrostrain reported in polycrystalline lead-free piezoelectrics is 0.7%," says Gobinda Das Adhikary, first author and former Ph.D. student at the Department of Materials Engineering (MatE), IISc. "Our intention was to increase the strain beyond this."

Every grain in a piezoceramic contains spontaneously polarized regions called domains that switch their orientation towards the electric field in tandem, causing the material to deform as a whole. Grains near the surface of the material are better at deforming because they are freer, whereas deep inside, they are more tightly bound by other grains from all sides and find it difficult to deform.

In commonly used piezoceramic disks (typically 10 mm in diameter and 1 mm thick) most grains deform much less, resulting in an overall low longitudinal strain, explains Rajeev Ranjan, Professor at MatE and corresponding author.


																																						
    
     




																																			While tweaking the size and shape of a widely-known piezoceramic called PZT (lead zirconate titanate), Ranjan's team discovered that when the thickness of a circular PZT disk was reduced from 0.7 mm to 0.2 mm, its electrostrain jumped from 0.3% to 1%.



    
    
    
        
        
    
            
            Bending video of BaTiO3. Credit: Nature (2025). DOI: 10.1038/s41586-024-08292-1
  

Intrigued, they collaborated with scientists at the European Synchrotron Radiation Facility (ESRF) to carry out X-ray diffraction experiments. They found that reducing the thickness made the grains show significantly increased switching of the polarized domains.

"At 0.2 mm, the domains feel that the surface is closer and switch better," Ranjan explains. "This means that by replacing a 1 mm ceramic disk that has 0.3% strain with five 0.2 mm disks stacked on top of each other, you can get a much higher strain."

Most commercial advanced piezoelectrics contain lead, which is cancerous and harmful for the environment. The team discovered that values of >1% electrostrain reported in some lead-free piezoceramics by other groups may actually be off the mark.

Nearly three years ago, Adhikary was testing a lead-free piezoceramic called sodium bismuth titanate when he suddenly measured a strain value of 1.5%. "I was on cloud nine," he recalls.

But his excitement was short-lived. It turned out that the material was not stretching or contracting along the thickness direction, but bending, a completely different phenomenon. When they tested several other materials with reportedly high electrostrain values, all of them turned out to be measures of bending and not longitudinal deformation.
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																																			The team also found a possible cause for the bending. Piezoceramics are generally heated to 1,100-1,300degC during manufacture, which can create positively charged defects called oxygen vacancies. Under an electric field, these vacancies move towards the negatively charged electrode.

"Domains closer to the negative side get pinned by these vacancies and are unable to switch, whereas domains on the positive side are able to switch more," Ranjan says. This imbalance causes the material to bend, which might be mistaken for longitudinal deformation during routine measurement.

"In all lead-free piezoceramics, if we can reduce oxygen vacancies, we can increase the longitudinal strain to 1% or higher, as we demonstrated in PZT," he adds.

His team recently discovered that reducing oxygen vacancies in a lead-free piezoceramic boosted its electrostrain to ~2.5% (results yet to be published). The new insights into bending in piezoceramics from the group can also be useful for designing monolith cantilevers.

The findings emphasize the need to revisit how piezoceramics are made and tested and point to how little is known about what drives electrostrain below a certain thickness, the researchers say. "We need to uncover new mechanisms to explain such anomalous behavior," Adhikary adds.
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												Gobinda Das Adhikary et al, Longitudinal strain enhancement and bending deformations in piezoceramics, Nature (2025). DOI: 10.1038/s41586-024-08292-1
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                Intercellular forces generate distinct patterns of extrusion: high compressive forces (top panel) drive apoptotic cell extrusion toward the upper side, while lower compressive forces (bottom panel) can induce live cell extrusion in either the upper or lower direction. Credit: @ MPL, Susanne Viezens
            
        

    


Epithelial tissues are in constant interaction with their environment. Maintaining their functionality requires dynamic balance (homeostasis) and that their cell numbers are tightly regulated. This is achieved by cell extrusion programs, a checkpoint mechanism eliminating unwanted or harmful cells.



										      
																																	Researchers at the Max-Planck-Zentrum fur Physik und Medizin (MPZPM), Institut Jacques Monod (CNRS, UP Cite, France) and Niels Bohr Institute (Denmark) have now demonstrated how physical signals can have an impact on the fate of extruding cells governing their death or survival. The results recently published in Nature Physics may establish novel paths for understanding tissue properties in both normal and pathological conditions.

Epithelia are dynamic and must constantly deal with cell renewal. Therefore, the removal of cells from a tissue, called apoptotic extrusion, occurs regularly. Its balance is key for epithelia homeostasis. In addition to this role in tissue homeostasis, cell extrusion is a major cause of tissue shape changes and tumor progression.

Therefore, extrusion mechanisms determine cell fates as squeezing out cells either dead or live can lead to fundamentally different biological consequences. This is both particularly important for developmental processes during tissue or organ formation, and plays a significant role in the development of diseases such as cancer.

Despite the importance of cell extrusion in development and aging, as well as its pathological importance in cancer progression, the cues which determine the fate of an extruded cell were previously poorly understood.


    
    
    
        
        
    
            
            Simulation video of an mE-cad KO monolayer with a number of cell extrusions. In our study, we focus on the process of extrusion. After a cell is detached from the monolayer, it no longer interacts with other cells or the substrate, which is the case for extruded cells from epithelial monolayers in our experiments as well. Credit: Nature Physics (2025). DOI: 10.1038/s41567-024-02716-5
  



																																						
    
     




																																			Mechanical intercellular forces determine the fate of extruding cells

Cells within epithelial monolayers exert forces on their neighbors, which can trigger cell detachment and subsequent elimination. While the extrusion of dead cells is essential to removing unfit or unwanted cells, the extrusion of live cells both plays a key role in developmental processes and is often linked to pathological responses.

The team of Prof. Benoit Ladoux, principal investigator of Tissue Mechanobiology at MPZPM, in collaboration with Prof. Amin Doostmohammadi at Niels Bohr Institute and Dr. Rene-Marc Mege from Institut Jacques Monod, hypothesizes that the physical forces within epithelial cells influence how they are extruded and determine their ultimate fate.

The scientists were able to demonstrate that the intensity and duration of the force applied determines whether dead or living cells are extruded. These physical signals are determined by the strength of intercellular contacts, the E-cadherin junctions.

Moreover, they showed that cells are extruded either apically or basally into the tissue, again depending on mechanical intercellular forces. The researchers also reported that, similarly to cell invasion, cells eliminated while alive could be associated significantly more often with extrusion toward the basal part.
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                E-cad KO promotes basal cell extrusion reminiscent of tumor cell extravasation. Credit: Nature Physics (2025). DOI: 10.1038/s41567-024-02716-5
            
        

    



Ladoux's, Mege's and Doostmohammadi's teams combined the physical modeling of three-dimensional cell assemblies with experiments involving cells expressing varying levels of specific proteins. These proteins connect cells and serve as mechano-sensors (E-cadherin-based) regulating cell-cell interactions.
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																																			Their joint efforts in collaboration with Dr. Philippe Chavrier's team (Curie Institute) were thereby able to show that altered transmission of force via cell-cell junctions (adhesion junctions) alters apoptotic cell death during extrusion. The scientists also demonstrated that the altered force transmission promotes a shift in the extrusion mode from the apical to the basal side, influencing the fate of the extruded cells.

"Our work demonstrates that different modes of cell extrusion processes are attributed to alterations in the generation, exertion, and transmission of mechanical forces within the tissue leading to genetic and protein level changes," says Ladoux. "Thus, intercellular force transmission regulated by cell-cell communication is crucial in cell extrusion mechanisms with potential implications during morphogenesis and invasion of cancer cells."

"Our work also shows the importance of force transmission to be regulated by the ability of epithelial tissues to interact with each other through adherens junctions with potential in understanding the role of adherens junctions in different types of cancer tissues," add Dr. Lakshmi Balasubramaniam and Dr. Siavash Monfared, co-first authors of the paper.
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												Lakshmi Balasubramaniam et al, Dynamic forces shape the survival fate of eliminated cells, Nature Physics (2025). DOI: 10.1038/s41567-024-02716-5
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                The new quantum refrigerator--the square object in the center of the qubit in the image--is based on superconducting circuits and powered by heat from the environment. It can autonomously cool qubits to record low temperatures, paving the way for more reliable quantum computers. The device was fabricated in the nanofabrication lab Myfab at Chalmers University of Technology in Sweden. Credit: Chalmers University of Technology | Lovisa Hakansson
            
        

    


Quantum computers require extreme cooling to perform reliable calculations. One of the challenges preventing quantum computers from entering society is the difficulty of freezing the qubits to temperatures close to absolute zero.



										      
																																	Now, researchers at Chalmers University of Technology, Sweden, and the University of Maryland, U.S., have engineered a new type of refrigerator that can autonomously cool superconducting qubits to record low temperatures, paving the way for more reliable quantum computation.

Quantum computers have the potential to revolutionize fundamental technologies in various sectors of society, with applications in medicine, energy, encryption, AI, and logistics. While the building blocks of a classical computer--bits--can take a value of either 0 or 1, the most common building blocks in quantum computers--qubits--can have a value of 0 and 1 simultaneously.

The phenomenon is called superposition and is one of the reasons why a quantum computer can perform parallel computations, resulting in enormous computational potential. However, the time a quantum computer can work on a calculation is still significantly constrained, because it spends a lot of time correcting errors.

"Qubits, the building blocks of a quantum computer, are hypersensitive to their environment. Even extremely weak electromagnetic interference leaking into the computer could flip the value of the qubit randomly, causing errors--and subsequently hindering quantum computation," says Aamir Ali, research specialist in quantum technology at Chalmers University of Technology.
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                A dilution refrigerator is a cooling system that encloses a quantum computer and brings the qubits down to about 50 millikelvin, that is minus 273.1 degrees. When the cooling system is supplemented with a newly developed quantum refrigerator, which fits on a small chip, it is possible to reach record-low temperatures and bring the qubits down to about 22 millikelvin, which corresponds to minus 273.13 degrees. In the photo, the outer shells of the dilution refrigerator have been removed. Credit: Chalmers University of Technology
            
        

    





																																						
    
     




																																			Demonstrates record low temperatures

Today, many quantum computers are based on superconducting electrical circuits that have zero resistance and therefore preserve information very well. For qubits to work without errors and for longer periods in such a system, they need to be cooled to a temperature close to absolute zero, equivalent to minus 273.15 degrees Celsius or zero Kelvin, the scientific unit of temperature.

The extreme cold puts the qubits into their lowest-energy state, the ground state, equivalent to value 0, a prerequisite for initiating a calculation.

The cooling systems used today, so-called dilution refrigerators, bring the qubits to about 50 millikelvin above absolute zero. The closer a system approaches to absolute zero, the more difficult further cooling is. In fact, according to the laws of thermodynamics, no finite process can cool any system to absolute zero.

Now, researchers at Chalmers University of Technology and the University of Maryland have constructed a new type of quantum refrigerator that can complement the dilution refrigerator and autonomously cool superconducting qubits to record-low temperatures.

The quantum refrigerator is described in an article titled "Thermally driven quantum refrigerator autonomously resets a superconducting qubit" in the journal Nature Physics.

"The quantum refrigerator is based on superconducting circuits and is powered by heat from the environment. It can cool the target qubit to 22 millikelvin, without external control. This paves the way for more reliable and error-free quantum computations that require less hardware overload," says Aamir Ali, lead author of the study and continues:

"With this method, we were able to increase the qubit's probability to be in the ground state before computation to 99.97%, which is significantly better than what previous techniques could achieve, that is, between 99.8 and 99.92%. This might seem like a small difference, but when performing multiple computations, it compounds into a major performance boost in the efficiency of quantum computers."
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																																			Powered naturally by the environment

The refrigerator utilizes interactions between different qubits, specifically between the target qubit to be cooled and two quantum bits used for cooling. Next to one of the qubits, a warm environment is engineered to serve as a hot thermal bath. The hot thermal bath gives energy to one of the quantum refrigerator's superconducting qubits and powers the quantum refrigerator.

"Energy from the thermal environment, channeled through one of the quantum refrigerator's two qubits, pumps heat from the target qubit into the quantum refrigerator's second qubit, which is cold. That cold qubit is thermalized to a cold environment, into which the target qubit's heat is ultimately dumped," says Nicole Yunger Halpern, NIST Physicist and Adjunct Assistant Professor of Physics and IPST at the University of Maryland, U.S..

The system is autonomous in that, once it is started, it operates without external control and is powered by the heat that naturally arises from the temperature difference between two thermal baths.

"Our work is arguably the first demonstration of an autonomous quantum thermal machine executing a practically useful task. We originally intended this experiment as a proof of concept, so we were pleasantly surprised when we found out that the performance of the machine surpasses all existing reset protocols in cooling down the qubit to record-low temperatures," says Simone Gasparinetti, Associate Professor at Chalmers University of Technology and lead author of the study.

The studied device was fabricated in Myfab, Chalmers University of Technology in Sweden, a nanofabrication laboratory.
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												Thermally driven quantum refrigerator autonomously resets a superconducting qubit, Nature Physics (2025). DOI: 10.1038/s41567-024-02708-5
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