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        Adaptive MoS2-based interface boosts ion sensing stability and accuracy
        A research team led by Professor Huang Xingjiu at the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has developed a highly stable adaptive integrated interface for ion sensing. The study was published as an inside front cover article in Advanced Materials.

      

      
        Smart mRNA drugs listen to the body, adjusting protein production based on disease-related signals
        A research team from The University of Osaka and the Institute of Science Tokyo has developed a class of mRNA medicines that can sense changes in the body and autonomously adjust their therapeutic effect. This innovation paves the way for precision treatments that are not only more effective, but also safer--by producing just the right amount of medicine based on real-time biological signals. The research is published in the journal NPG Asia Materials.
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        Three-dimensional immunohistochemistry (3D-IHC) has transformed our ability to visualize the spatial arrangement of cells and molecules in intact tissues. However, traditional methods are often time-consuming and suffer from poor antibody penetration, which limits their effectiveness in deep tissues. This bottleneck has posed significant challenges in neuroscience, pathology, and biomedical imaging, where rapid and detailed mapping of large tissue volumes is essential.
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        A gene-editing delivery system developed by UT Southwestern Medical Center researchers simultaneously targeted the liver and lungs of a preclinical model of a rare genetic disease known as alpha-1 antitrypsin deficiency (AATD), significantly improving symptoms for months after a single treatment, a new study shows. The findings, published in Nature Biotechnology, could lead to new therapies for a variety of genetic diseases that affect multiple organs.
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        A research team has successfully visualized the ultrafast dynamics of quasi-particles known as excitons, which are generated in carbon nanotubes (CNTs) upon light excitation.

      

      
        How to suspend one liquid inside another: Programmable droplets show potential for carbon capture
        Researchers led by a team at the University of Waterloo have developed a way to create tiny droplets of one liquid inside another liquid without mixing the two together.

      

      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

    

  
	
	Articles
	Sections
	Next



Adaptive MoS2-based interface boosts ion sensing stability and accuracy
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                The inside front cover article in Advanced Materials. Credit: Advanced Materials (2025). DOI: 10.1002/adma.202501749
            
        

    


A research team led by Professor Huang Xingjiu at the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has developed a highly stable adaptive integrated interface for ion sensing. The study was published as an inside front cover article in Advanced Materials.



										    
																					All-solid-state ion-selective electrode serves as a fundamental component in the ion sensing of intelligent biological and chemical sensors. While the researchers had previously developed several transducer materials with a sandwich-type interface to detect common ions, the performance of such sensors was often limited by interface material and structure.

To overcome these challenges, the team introduced a novel interface using lipophilic molybdenum disulfide (MoS2) regulated by cetyltrimethylammonium (CTA+). This structure enables spatiotemporal adaptive integration--assembling single-piece sensing layers atop efficient transduction layers.

Electrochemical simulations confirmed the superior stability of the new interface, demonstrating high charge transfer efficiency and low diffusion current. X-ray Absorption Fine Structure analysis revealed a mixed-capacitance mechanism driven by TFPB[?] anion adsorption.

When applied to cadmium ion (Cd2+) detection, the sensor exhibited excellent stability and maintained high accuracy in real-world testing scenarios, including industrial wastewater environments.

The interface was successfully extended to sensors for detecting a range of ions, including K+, Na+, Ca2+, Mg2+, Pb2+, Cd2+, and Cu2+. All showed near-Nernstian responses with significantly enhanced stability.

This work provides a valuable strategy for designing next-generation high-performance ion sensors.


										
																														
																				
																						More information:
												Xin Cai et al, Generalized Adaptive Cation-Selective Interfaces Exhibiting High Stability: Integrating Transduction Materials and Uniform Ion-Selective Membranes via One-Step Fabrication, Advanced Materials (2025). DOI: 10.1002/adma.202501749
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Smart mRNA drugs listen to the body, adjusting protein production based on disease-related signals

										

    
        
            [image: Smart mRNA drugs that listen to the body: A new era in precision medicine]
             
                Schematic representation of extracellular ligand-inducible translational regulation based on an engineered receptor and translational regulator protein. Credit: NPG Asia Materials (2025). DOI: 10.1038/s41427-025-00607-6
            
        

    


A research team from The University of Osaka and the Institute of Science Tokyo has developed a class of mRNA medicines that can sense changes in the body and autonomously adjust their therapeutic effect. This innovation paves the way for precision treatments that are not only more effective, but also safer--by producing just the right amount of medicine based on real-time biological signals. The research is published in the journal NPG Asia Materials.



										      
																					The new mRNA medicine works by responding to specific "humoral factors," such as hormones or inflammation-related molecules, which signal the state of disease in the body. When these factors are present, the mRNA adjusts how much therapeutic protein is produced. This allows the medicine to adapt to changes in the body--just like a smart thermostat adjusts room temperature.

To achieve this, the team designed a system using three synthetic mRNAs:


	An mRNA that produces a receptor protein to detect disease signals

	An mRNA that makes a regulatory protein to control translation

	A therapeutic mRNA that encodes the protein drug itself



These components work together like a logic circuit. When a target molecule like a hormone or inflammatory signal is detected, the system activates the therapeutic protein.

The team demonstrated that this system could respond to various disease-related molecules, such as arginine vasopressin (a hormone related to water balance), prostaglandin E2 (a marker of inflammation), and bradykinin (linked to pain). In one experiment, the system was able to suppress inflammatory signals by producing anti-inflammatory proteins only when the inflammatory marker was detected.

Traditional drugs deliver a fixed dose, regardless of the patient's condition at any given moment. Overdosing can lead to side effects, while underdosing may reduce effectiveness. This new self-regulating system offers a solution--a drug that tunes itself in real time to match what the body needs.

This technology could be particularly useful for conditions that change frequently, like chronic pain or inflammatory diseases. It could also be used to improve the safety and effectiveness of mRNA vaccines by adjusting immune responses as needed.

"This is a major step toward precision mRNA therapy," said Hideyuki Nakanishi, one of the lead researchers. "One key feature of our system is that all components are made entirely of mRNA. By integrating sensing and response into the medicine itself, we can reduce side effects and optimize treatment--all without external control."


										
																														
																				
																						More information:
												Hideyuki Nakanishi et al, Extracellular ligand-responsive translational regulation of synthetic mRNAs using engineered receptors, NPG Asia Materials (2025). DOI: 10.1038/s41427-025-00607-6
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Nanobody-based 3D immunohistochemistry allows rapid visualization in thick tissue samples
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                New nanobody-based method, POD-nAb/FT-GO 3D-IHC, enables ultra-fast, high-resolution labeling of neurons and glia deep within 1-mm-thick brain tissue, revealing cellular structures in just three days. Credit: Communications Biology (2025). DOI: 10.1038/s42003-025-08317-z
            
        

    


Three-dimensional immunohistochemistry (3D-IHC) has transformed our ability to visualize the spatial arrangement of cells and molecules in intact tissues. However, traditional methods are often time-consuming and suffer from poor antibody penetration, which limits their effectiveness in deep tissues. This bottleneck has posed significant challenges in neuroscience, pathology, and biomedical imaging, where rapid and detailed mapping of large tissue volumes is essential.



										      
																																	To address these issues, researchers at Juntendo University in Tokyo, Japan, Assistant Professor Kenta Yamauchi and Professor Hiroyuki Hioki, have developed a new 3D-IHC technique that dramatically improves the speed, depth, and sensitivity of immunolabeling in thick tissue samples.

The study--titled "A three dimensional immunolabeling method with peroxidase-fused nanobodies and fluorochromized tyramide-glucose oxidase signal amplification," published on June 18, 2025, in Communications Biology--employs a method called POD-nAb/FT-GO 3D-IHC, which combines nanobodies fused with peroxidase (POD-nAbs) and a fluorescent signal amplification system known as Fluorochromized Tyramide-Glucose Oxidase (FT-GO).

This approach enables the detection of proteins in 1-mm-thick brain tissue within three days, a fraction of the time required by conventional techniques.

"POD-nAbs, camelid nAbs fused with POD, enhanced immunolabeling depth and enabled sensitive detections by combining with our original fluorescent tyramide signal amplification system, FT-GO," said Dr. Yamauchi.

The researchers began by addressing a long-standing limitation in 3D tissue immunohistochemistry: the poor penetration of conventional immunoglobulin antibodies, which are large in size (~150 kDa). Nanobodies, derived from camelid antibodies, are only ~15 kDa and therefore diffuse much more efficiently into thick tissues.


																																						
    
     




																																			The team engineered nanobodies fused with horseradish peroxidase, which catalyzes the deposition of fluorescent tyramides via the FT-GO system, enabling high-density labeling of target molecules.

After optimizing tissue permeabilization with a urea-based solution called ScaleA2, the researchers demonstrated that POD-nAbs could achieve nearly uniform labeling across the full depth of 1-mm mouse brain slices. In contrast, conventional antibodies only labeled the tissue periphery. This depth advantage was evident in labeling both exogenously expressed proteins like EGFP and tdTomato, as well as endogenous targets like integrin alpha M/cluster of differentiation molecule 11b, a marker of microglia.

"Quenching of POD activity with NaN3 allowed for multiplex immunolabeling of 3D tissues by POD-nAb/FT-GO reaction, greatly improving versatility," said senior author Dr. Hioki.

The technique also proved effective in a disease model. In brain slices from Alzheimer's disease model mice, the method revealed activated microglia clustering around beta-amyloid plaques--an important hallmark of neuroinflammation and disease progression. This shows promise for applying the method in studying neurodegenerative diseases, tumor microenvironments, and immune cell dynamics in tissues.

Compared to standard fluorescent protein imaging and direct labeling with synthetic fluorophore-conjugated nanobodies, the POD-nAb/FT-GO protocol provided up to nine-fold greater signal intensity at tissue depths of 500 microns. This substantial signal amplification reduces the need for prolonged imaging sessions, making the method particularly suited for high-throughput analysis.
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																																			Despite its advantages, the method has some limitations. The authors note that signal homogeneity decreases in tissues thicker than 1 mm. Additionally, quantitative comparisons of antigen expression are challenging due to the non-linear nature of enzymatic signal amplification. Another hurdle is the limited availability of nanobodies suitable for histochemical labeling, though this is expected to improve as more nanobody sequences become publicly available.

Still, the researchers are optimistic about the broader impact of their technique. By overcoming major barriers in antibody penetration and signal detection, POD-nAb/FT-GO 3D-IHC could set a new standard in volumetric imaging of biological tissues. This innovative protocol not only opens new doors for basic neuroscience but also holds potential for advancing clinical diagnostics and drug discovery. With growing demand for rapid, high-resolution tissue imaging, particularly in brain research and cancer biology, the method provides a timely and scalable solution.


																																	
																														
																				
																						More information:
												Kenta Yamauchi et al, A three dimensional immunolabeling method with peroxidase-fused nanobodies and fluorochromized tyramide-glucose oxidase signal amplification, Communications Biology (2025). DOI: 10.1038/s42003-025-08317-z
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Lanthanide-doped nanomaterials unlock new horizons for advanced imaging and photonics
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                Schematic illustration of the photon avalanche mechanism in lanthanide-doped nanocrystals. The process involves ground-state absorption (GSA), followed by excited-state absorption (ESA) and cross-relaxation (CR). A positive feedback loop between ESA and CR leads to an exponential buildup of excited-state population and results in highly nonlinear emission output. Credit: National University of Singapore
            
        

    


Researchers from the National University of Singapore (NUS) have developed a new class of lanthanide-doped nanomaterials that exhibit extraordinarily high optical nonlinearity, exceeding a magnitude of 500. This achievement establishes a new global benchmark for photon avalanche nanophotonics. The paper is published in Nature.



										      
																																	Photon avalanche is an exceptionally rare and powerful photophysical effect characterized by its nonlinear response to light excitation. In conventional fluorescence, the intensity of emitted light typically increases proportionally to the excitation intensity, reflecting a linear input-output relationship. However, photon avalanche systems display an abrupt, nonlinear behavior: once the excitation intensity surpasses a critical threshold, even a minor increase leads to a sudden, exponential surge in emission output.

This effect is known as an "avalanche" because it behaves like a runaway chain reaction, driven by energy transfer processes within the material, which rapidly amplify the light output. Thus, photon avalanche materials can turn tiny changes in light input into large increases in emission intensity, making them ideal for ultrasensitive detection and advanced imaging.

The research team led by Professor Liu Xiaogang from the NUS Department of Chemistry in collaboration with Professor Liang Liangliang from Xiamen University, China, discovered that modifying the structure of lanthanide-doped nanocrystals, specifically by substituting lutetium into the crystal lattice to introduce pronounced local crystal field distortions, greatly boosted photon avalanche nonlinearity.


																																						
    
     




																																			Scientifically, this occurs through a positive feedback loop involving excited-state absorption and energy transfer between lanthanide ions such as Tm3+. These processes mutually reinforce each other, enabling ultrahigh-order nonlinear optical responses that are orders of magnitude more sensitive than traditional fluorophores.

As a result, photon avalanche materials can act as optical amplifiers, where even subtle changes in input, such as light intensity, temperature or environmental conditions, can produce dramatic shifts in emission.

By engineering these materials at the nanoscale, the research team introduced local distortions in the crystal lattice that enhanced energy transfer interactions, particularly cross-relaxation among thulium ions. This approach led to a very high optical nonlinearity (over 150 in 27 nm nanocrystals), making it possible to achieve super-resolution imaging using just a single light beam.

The resolution reached 33 nm across and 80 nm deep, similar to what Stimulated Emission Depletion Microscopy can do, but without the need for complex instrumentation. When they used a larger 170-nm nanodisk, the nonlinearity increased even further, going beyond 500. Moreover, it revealed spatially distinct nonlinear emission patterns within individual nanocrystals, allowing imaging with resolution beyond the physical dimensions of the emitters themselves.

This work opens up transformative opportunities across optical and biomedical fields, offering a cost-effective route to super-resolution imaging, enabling highly sensitive chemical and biosensing. It also provides a robust platform for quantum photonics applications such as optical switches and light sources, and supports advanced data storage and encryption through spatially and intensity-resolved emission control.

Prof Liu said, "By combining photon avalanche effects with precise nanomaterials design, we are redefining the boundaries of nonlinear optics. This work lays the foundation for a new generation of light-based technologies that are faster, more compact, and more sensitive than ever before."


																																	
																														
																				
																						More information:
												Jiaye Chen et al, Optical nonlinearities in excess of 500 through sublattice reconstruction, Nature (2025). DOI: 10.1038/s41586-025-09164-y
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Electron microscopy technique captures nanoparticle organizations to forge new materials

										

    
        
            [image: Electron microscopy technique captures nanoparticle organizations to forge new materials]
             
                Self-assembled Maxwell lattice from gold nanocubes with structural degeneracy. Credit: Nature Materials (2025). DOI: 10.1038/s41563-025-02253-3
            
        

    


A research team including members from the University of Michigan have unveiled a new observational technique that's sensitive to the dynamics of the intrinsic quantum jiggles of materials, or phonons.



										      
																																	This work will help scientists and engineers better design metamaterials--substances that possess exotic properties that rarely exist in nature--that are reconfigurable and made from solutions containing nanoparticles that self-assemble into larger structures, the researchers said. These materials have wide-ranging applications, from shock absorption to devices that guide acoustic and optical energy in high-powered computer applications.

"This opens a new research area where nanoscale building blocks--along with their intrinsic optical, electromagnetic and chemical properties--can be incorporated into mechanical metamaterials, enabling emerging technologies in multiple fields from robotics and mechanical engineering to information technology," said Xiaoming Mao, U-M professor of physics and co-author of the new study.

Phonons are natural phenomena that can be thought of as discrete packets of waves that move through the building blocks of materials, whether they are atoms, particles or 3D-printed hinges, causing them to vibrate and transfer energy. This is a quantum mechanical description of common properties observed in various contexts, including the transfer of heat, the flow of sound and even seismic waves formed by earthquakes.

Some materials, both artificial and natural, are designed to move phonons along specific paths, imparting specific mechanical attributes. Two real-life examples of this include materials used in structures to resist seismic waves during earthquakes and the evolution of the rugged, yet lightweight skeletons of deep-sea sponges that enable the organisms to withstand the extreme pressures of deep-water environments.
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                Inspired by the lightweight skeletons of deep-sea sponges, engineers are developing advanced metamaterials that adapt to extreme environments. A new study bridges macro- and nanoscale self-assembly to advance robotics, engineering, and information technology. Credit: NOAA Okeanos Explorer Program, INDEX-SATAL 2010
            
        

    



"Using the liquid-phase electron microscopy technique developed in our lab at Illinois, the new study marks the first time we've been able to observe phonon dynamics in nanoparticle self-assemblies, acting as a new type of mechanical metamaterials," said Qian Chen, professor of materials science and engineering at the University of Illinois.


																																						
    
     




																																			Published in the journal Nature Materials, the study combines nanoparticle assembly with mechanical metamaterial principles, enabling the engineering of mechanical properties through structural design. The project is the result of a four-year collaboration between Chen, who led the materials science and experimental portion, Mao at U-M, who led the theory and mechanical metamaterials portions, and Wenxiao Pan, assistant professor of mechanical engineering at the University of Wisconsin who led the simulation portion.

"Metamaterials design is a very active field," Chen said. "Most research has focused on the macroscale realm, where it is easier to control the geometry and structure, as well as measure and model the phonon properties."

But Chen and her collaborators work at the nanoscale, where both engineering and theoretical approaches to phonon control are tough. To address this problem, the team employed precise theoretical modeling in conjunction with experiments, observational techniques and machine learning-accelerated simulations to develop a new framework for metamaterials design.

In the lab, using liquid-phase electron microscopy, the team examined the vibrational trajectories of gold nanoparticles to determine the phonon band structures, and then matched these structures to a discrete mechanical model to extract nanoscale springs.

"This work also demonstrates the potential of machine learning to advance the study of complex particle systems, making it possible to observe their self-assembly pathways governed by complex dynamics," Pan said. "It opens new avenues for data-driven inverse design of reconfigurable colloidal metamaterials using machine learning and artificial intelligence."

"We feel we are at a great intersection between disciplines, collaboration and the need for advancement in materials science," Chen said. "With nanoparticle assembly, we can design structures with very controlled geometry, and then with mechanical metamaterials, adapt the theoretical framework in material design."


																																	
																														
																				
																						More information:
												Chang Qian et al, Nanoscale phonon dynamics in self-assembled nanoparticle lattices, Nature Materials (2025). DOI: 10.1038/s41563-025-02253-3
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Gene-editing nanoparticle system targets multiple organs simultaneously
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                Optimized Dual SORT LNPs enabled higher transfection of disease-relevant cells in the liver and lung. Credit: Nature Biotechnology (2025). DOI: 10.1038/s41587-025-02675-z
            
        

    


A gene-editing delivery system developed by UT Southwestern Medical Center researchers simultaneously targeted the liver and lungs of a preclinical model of a rare genetic disease known as alpha-1 antitrypsin deficiency (AATD), significantly improving symptoms for months after a single treatment, a new study shows. The findings, published in Nature Biotechnology, could lead to new therapies for a variety of genetic diseases that affect multiple organs.



										      
																																	"Multi-organ diseases may need to be treated in more than one place. The development of multi-organ-targeted therapeutics opens the door to realizing those opportunities for this and other diseases," said study leader Daniel Siegwart, Ph.D., Professor of Biomedical Engineering, Biochemistry, and in the Harold C. Simmons Comprehensive Cancer Center at UT Southwestern.

Gene editing--a group of technologies designed to correct disease-causing mutations in the genome--has the potential to revolutionize medicine, Dr. Siegwart explained. Targeting these technologies to specific organs, tissues, or cell populations will be necessary to effectively and safely treat patients.

In 2020, the Siegwart Lab reported a new approach called Selective Organ Targeting, or SORT, which uses specific components in the lipid nanoparticles (LNPs) that encapsulate gene-editing molecules to target certain organs. Although the researchers have demonstrated that SORT can edit genes selectively in specific organs, such as the liver, lungs, and spleen, the team had yet to demonstrate that this system could target multiple organs simultaneously.

Genetic therapies aimed at more than one organ will be critical to treat diseases like AATD, in which a mutation that affects a single nucleotide--one "letter" in the genetic code--causes buildup of a toxic protein in the liver. Because the healthy version of this protein also plays a role in inhibiting an enzyme that breaks down a key protein in the lungs, AATD patients' lungs are also affected, leading to a form of emphysema.


																																						
    
     




																																			To correct the causative mutation in both organs simultaneously, Dr. Siegwart and his colleagues re-engineered the SORT nanoparticles to carry large gene-editing proteins necessary to replace the single affected nucleotide with a healthy one. They also developed new formulas for the liver- and lung-targeting nanoparticles, changing their ingredients to more efficiently reach these organs.

Tests in liver cells derived from patients showed these new nanoparticles effectively edited the mutated gene, known as SERPINA1. In a mouse model of AATD that carries the mutated human gene in each cell, a single dose of the liver- and lung-targeting SORT nanoparticles resulted in gene editing of about 40% of liver cells and about 10% of AT2 lung cells--those primarily affected by AATD. Evaluation of liver cells showed that editing remained stable in this organ for at least 32 weeks, reducing levels of the mutated protein by 80%.

Within four weeks of this treatment, aggregates of the toxic protein in the liver had faded away. Although this mouse model doesn't develop the same lung pathology as human patients, the researchers found that the damaging lung enzyme left unchecked in AATD was inhibited by 89%.

Together, Dr. Siegwart said, these results show that SORT can be used to treat multi-organ diseases. He and his colleagues continue to develop SORT into clinical therapies for various diseases through ReCode Therapeutics, which has licensed intellectual property from UT Southwestern. Dr. Siegwart is a co-founder and member of the scientific advisory board of the company. He has financial interests in ReCode Therapeutics, Signify Bio, and Jumble Therapeutics.


																																	
																														
																				
																						More information:
												Minjeong Kim et al, Dual SORT LNPs for multi-organ base editing, Nature Biotechnology (2025). DOI: 10.1038/s41587-025-02675-z
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Catching excitons in motion-ultrafast dynamics in carbon nanotubes revealed by nano-infrared spectroscopy
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                Direct observation of ultrafast local exciton dynamics with an ultrafast infrared near-field optical microscope. Credit: Takashi Kumagai
            
        

    


A research team has successfully visualized the ultrafast dynamics of quasi-particles known as excitons, which are generated in carbon nanotubes (CNTs) upon light excitation.



										      
																																	This was achieved with spatial and temporal resolution beyond the capabilities of conventional techniques, thanks to a cutting-edge instrument called an ultrafast infrared near-field optical microscope. This advanced technique focuses femtosecond infrared pulses into nanoscale regions, enabling the sensitive detection of local light-matter interactions in real space and time.

The work is published in the journal Science Advances.

CNTs are nanometer-scale semiconductor wires with exceptional electrical and optical properties, making them promising candidates for future nanoelectronic and nanophotonic applications.

When exposed to light, CNTs generate excitons--bound pairs of electrons and holes--that govern key processes such as light absorption, emission, and charge transport. However, since excitons are confined to just a few nanometers and exist for only femtoseconds to picoseconds, capturing their behavior directly has remained a significant experimental challenge.

In this study, the team, led by Dr. Jun Nishida (Assistant Professor), and Dr. Takashi Kumagai (Associate Professor) at the Institute for Molecular Science (IMS)/SOKENDAI, in collaboration with Dr. Taketoshi Minato (Senior Researcher at IMS), Dr. Keigo Otsuka (Assistant Professor at The University of Tokyo) and Dr. Yuichiro K. Kato (Chief Researcher at RIKEN) overcame that challenge by first generating excitons in CNTs using visible light pulses, and then probing their dynamics with ultrafast infrared near-field pulses.


																																						
    
     




																																			This approach enabled direct observation of how excitons evolve in both space and time within individual CNTs. The measurements revealed that subtle structural distortions and interactions with neighboring CNTs--particularly in complex bundled configurations--can largely influence exciton relaxation dynamics.

These findings offer new insights into the role of the local nanoscale environment in shaping exciton behavior.

To interpret the experimental data, the researchers also developed a theoretical model that describes the interaction between excitons and the infrared near-field, taking into account dielectric responses from intra-excitonic transitions. Simulations based on a point-dipole model successfully reproduced the experimental results, offering a strong theoretical foundation for future studies using this technique.

Dr. Nishida says, "The capability to directly observe quantum particles such as excitons in one-dimensional systems like CNTs marks a major advancement in measurement technology."

Prof. Kumagai says, "This achievement paves the way for designing next-generation high-speed nano-optoelectronic devices and quantum photonic technologies based on CNTs."


																																	
																														
																				
																						More information:
												Jun Nishida et al. Ultrafast infrared nano-imaging of local electron-hole dynamics in CVD-grown single-walled carbon nanotubes, Science Advances (2025). DOI: 10.1126/sciadv.adv9584
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How to suspend one liquid inside another: Programmable droplets show potential for carbon capture
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                The proposed universal droplet-templating approach for fabricating droplet-based soft materials. This work showcases structured aerogels, based on 1D and 2D nanoparticles (CNCs, CNFs, graphene, and Ti3C2Tx MXene), can be fabricated using this droplet-templating approach. Credit: Materials Horizons (2025). DOI: 10.1039/D4MH01896F
            
        

    


Researchers led by a team at the University of Waterloo have developed a way to create tiny droplets of one liquid inside another liquid without mixing the two together.



										      
																																	Known as droplet templating, the technique enables the creation of a new class of nanoparticle-based soft materials with potential applications in carbon capture and wastewater treatment. The work is published in the journal Materials Horizons.

The process involves assembling and jamming nanoparticles onto the surface of an aqueous-based droplet, forming a strong outer shell that keeps each droplet intact and distinct. These coated droplets can then be filled with a wide range of nanoparticles and dried to form lightweight, porous aerogel beads.

"This technique allows researchers to create hybrid aerogels by filling each droplet or bead with specific nanomaterials for different targeted uses," said Dr. Milad Kamkar, a professor in Waterloo's Department of Chemical Engineering.

"Researchers can now control not only the composition but also where each droplet is arranged within a liquid, essentially making the droplets and the resulting soft materials and aerogels programmable."

Kamkar added that the droplet templating process could have a significant impact on wastewater treatment. The aerogel beads could be loaded with different nanoparticles, each targeting specific contaminants, and strategically packed in a column to optimize treatment as wastewater flows through it.



    
    
    
        
        
    
            
            The aerogel bead droplets are filled with magnetic particles that can be used to shield against electromagnetic waves. A magnet under the Petri dish helps to attract the droplets into the 'C' position. Credit: University of Waterloo
  

In the fight against climate change, aerogel beads could be infused with metal-organic frameworks and other functional materials to capture carbon dioxide from the air. Potential applications also include sensors, electronics and the aerospace industry.


																																						
    
     




																																			"This technique allows researchers to create layered, gradient or mixed aerogels, opening up new possibilities for designing multifunctional materials," said Kamkar, who is also director of the Multiscale Materials Design Lab. "Scientists can now control the precise location of components and nanomaterials."

Another potential use case for droplet templating is to shield against electromagnetic waves, which can interfere with sensitive equipment. Aerogel beads filled with magnetic and conductive nanomaterials could be strategically placed in buildings like hospitals to protect patients and equipment from electromagnetic interference.

"In the modern world, we're constantly surrounded by electromagnetic waves from electronics such as cell phones, laptops and Wi-Fi, which can negatively affect the performance of sensitive equipment," Kamkar said.

"These waves can also cause serious health issues, such as cancer. Removing this invisible pollution from our environment is a big challenge, and these aerogel beads could help address it."
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												Shayan Ghasemi et al, Droplet-templating soft materials into structured bead-based aerogels with compartmentalized or welded configurations, Materials Horizons (2025). DOI: 10.1039/D4MH01896F
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        Ultralow loss optical microresonators pave way for miniaturized, tunable photonic systems
        Aston University researchers have developed a new class of optical microresonators, miniature optical devices that strongly confine and enhance light in microscopic dimensions. They are essential components in a wide range of systems, including ultra-precise optical sensors and information processors.
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Ultralow loss optical microresonators pave way for miniaturized, tunable photonic systems
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                Illustration of the experimental setup. Credit: Optica (2025). DOI: 10.1364/OPTICA.565224
            
        

    


Aston University researchers have developed a new class of optical microresonators, miniature optical devices that strongly confine and enhance light in microscopic dimensions. They are essential components in a wide range of systems, including ultra-precise optical sensors and information processors.



										      
																																	The University researchers discovered that unique optical microresonators can be introduced at the intersection of two optical fibers. These devices have potential applications in communication, computing, sensing and more.

The new ultralow loss optical microresonators can be finely tuned by simply rotating two intersecting optical fibers. Unlike current monolithic microresonators, these devices have a widely tunable free spectral range (FSR) and allow for their precise control.

The researchers were led by Professor Misha Sumetsky of Aston Institute of Photonic Technologies. The team's paper "Widely FSR tunable high Q-factor microresonators formed at the intersection of straight optical fibers" has been published in the journal Optica.

Professor Sumetsky said, "This geometry opens the door to miniaturized, tunable photonic systems that were previously difficult or impossible to achieve. It is especially promising for applications like low-repetition-rate frequency comb generators, tunable delay lines and nonlocal optofluidic sensors.

"This work was initiated by the experimental discovery of a microresonator at the optical fiber intersection by Dr. Isha Sharma followed by our detailed investigation of their optical properties and tunability.

"Tiny rotation of a fiber by only a fraction of a degree translates to micron-scale fiber displacements, enabling millimeter-scale changes in the resonator geometry and picometer-scale tuning of its spectral and FSR characteristics. The resulting resonators maintain high-Q factors ([?]2x106), with the potential to reach [?]108 in cleaner environments."


																																						
    
     




																																			The research team demonstrated the new microresonators experimentally and supported their findings with theoretical modeling based on the surface nanoscale axial photonics (SNAP) platform.

One notable discovery is the role of van der Waals forces (the forces that attracts neutral molecules to one another) in keeping the fibers in direct contact, contributing to resonator formation over sub-millimeter regions.

Professor Sumetsky added, "The proposed system is ideally suited for micro-electromechanical systems (MEMS) integration, requiring only minimal actuation force to achieve FSR microresonator tunability. By enabling precision spectral control in chip-scale devices, this innovation holds potential across photonics, sensing and quantum information technologies."
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												Isha Sharma et al, Widely FSR tunable high Q-factor microresonators formed at the intersection of straight optical fibers, Optica (2025). DOI: 10.1364/OPTICA.565224
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