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


      
        From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials
        Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, report in Small, on how short peptides self-assemble linearly on atomically-thick solid surfaces, such as graphite and MoS2.

      

      
        Gene therapy delivery device could allow for personalized nanomedicines on-demand
        A new gene therapy delivery device could let hospital pharmacies make personalized nanomedicines to order. This democratized approach to precision medicine, as published in Frontiers in Science, could revolutionize how hospitals treat rare diseases, even in low-resource settings.

      

      
        Nanobody hitchhikers boost immunotherapy potency in cancer treatment
        Researchers led by John T. Wilson, Vanderbilt University associate professor of chemical and biomolecular engineering and biomedical engineering, have developed a new approach using a molecularly designed nanobody platform that seeks to make immunotherapy more effective in the treatment of cancer.

      

      
        Biomimetic nanotherapy shows promise for treating fatal lung scarring disease
        Chinese scientists have developed a novel nanotherapy known as biomimetic extracellular vesicle spherical nucleic acids (BEV-SNAs), which has shown efficacy in treating idiopathic pulmonary fibrosis (IPF). The study was published in the journal Aggregate.

      

      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

    

  
	
	Articles
	Sections
	Next



From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials

										

    
        
            [image: From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials]
             
                Molecular assembly structure of YH dipeptides on graphite and MoS2; associated three-dimensional hydration structures surrounding peptide assemblies; simulated assembly structure and water density distribution near the assembled peptides. Credit: 2025 Yurtsever, et al., Small published by Wiley-VCH GmbH
            
        

    


Researchers at the Nano Life Science Institute (WPI-NanoLSI), Kanazawa University, report in Small, on how short peptides self-assemble linearly on atomically-thick solid surfaces, such as graphite and MoS2.



										      
																																	The research addresses a longstanding challenge in materials science: understanding the complex, sequence-specific interactions between peptides and solid substrates, and the critical role of local hydration structures in guiding nanoarchitecture formation. This work offers new strategies for integrating biomolecules with advanced materials in future bioelectronics and sensor devices.

Biotechnological applications typically exploit the properties and functionalities of biological molecules. For practical biotechnology devices, it is essential to assemble biomolecules on non-biological substrates. Fortunately, specifically designed biomolecules can achieve structural ordering and enable potent bionano-hybrid applications through spontaneous self-organization on such substrates.

Still, the mechanisms behind on-substrate self-assembly are not well understood. Indeed, biomolecular self-assembly is not only governed by the structural features of the molecules and the substrate, but also by the solvent in which the process takes place.

Recently, a team of researchers led by Ayhan Yurtsever, Takeshi Fukuma, and Linhao Sun from Kanazawa University, in collaboration with Yuhei Hayamizu at the Institute of Science Tokyo and Mehmet Sarikaya from DMXi Dentomimetix, Inc., Washington, U.S., performed a detailed investigation of the assembly process of peptides on inorganic substrates. By employing state-of-the-art visualization techniques and computer simulations led by Fabio Priante and Adam S. Foster from Aalto University, Finland, the team provided new insights into the mechanisms involved, particularly highlighting the critical role of water as the solvent.


																																						
    
     




																																			The researchers designed short and simple dipeptides, mainly consisting of alternating amino acids with aromatic side groups, tyrosine (Y) and histidine (H). The former is hydrophobic residue, which provides water-repelling environment, whereas the latter is hydrophilic, creating a water-attractive background. By varying the number of repeating YH units (3, 4, and 5), the team systematically investigated how these peptides form linear, crystalline structures aligned with the underlying atomic lattice on 2D crystallographic interfaces such as graphite and MoS2.



    
        
            [image: From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials]
             
                Molecular characteristics of nr-YH peptides (n=3, 4, 5). The molecular structure of the peptide contains two amino acids: Tyrosine, with a phenol side chain, and Histidine with imidazole ring. The schematic represents the sequences of the peptides and their lengths in their unfolded conformations. Credit: 2025 Yurtsever, et al., Small published by Wiley-VCH GmbH
            
        

    



Using frequency modulated atomic force microscopy (FM-AFM), a technique for visualizing surfaces, the team visualized the assembly of Tyr-His (YH) dipeptides with tandem repeats on cleaved graphite and MoS2. Their findings showed that peptides adopt fully extended, linear conformations aligned with the specific crystallographic orientations of the underlying substrate.

Remarkably, the measured lengths of these assemblies, including their hydration layers, matched the peptides' unfolded states. These findings highlight the critical interplay between aromatic interactions and solvation effects in guiding peptide self-assembly.

Yurtsever and colleagues emphasize that water molecules not only facilitate intermolecular hydrogen bonding but also provide the conformational flexibility necessary for peptides to adapt during assembly, thereby enabling subtle structural adjustments that support the overall assembly process. Computer simulations further revealed that hydrophobic interactions between the peptide molecules and the substrate, along with specific intermolecular interactions, stabilize the observed dipeptide arrangements.
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																																			The scientists then performed advanced 3D-AFM measurements to probe the 3D structure of the water around the peptide assemblies. They discovered that peptide-water interactions lead to the formation of heterogeneous hydration shells, which encapsulate the peptide assemblies and create specific binding pockets.

These features are crucial for selective molecular recognition and could mediate interactions with other biomolecules. Molecular dynamics simulations corroborated these findings, offering detailed microscopic insights into the hydrogen-bond network that shapes the structure and stability of the hydration layer.



    
        
            [image: From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials]
             
                Structural characteristics of the self-assembled nr-YH peptide on graphite and molybdenite. (A to C) FM-AFM-recorded molecular resolution images of the self-assembled 3r-, 4r-, and 5r-YH peptides forming 2D lattices on graphite in water and that of 4r-YH on MoS2 (D). (E to H) The corresponding FFT pattern obtained from the peptide assemblies in panels (A-D). The reconstructed images in (I-L) are obtained by executing inverse 2D FFT spectra (E-H). The white arrows show bright contrast features in a given peptide lattice, the number of which is consistent with the repeating YH units for each peptide assembly. (M-P) Crystallographic orientation relationships between the peptide crystals and the solid lattice obtained through matching the molecular lattice of the peptide and the atomic lattice of the solids that give chiral relationship for each peptide. All images were recorded by in situ FM-AFM using 1.5 mM peptide solutions. Credit: 2025 Yurtsever, et al., Small published by Wiley-VCH GmbH
            
        

    



The study by Yurtsever and colleagues provides insights that open new avenues for the rational design and functional control of peptide-based hybrid materials, offering a robust platform for biofunctionalization in biomedical and bionanotechnology applications, including biosensors and bioelectronics. The well-ordered peptide lattices could serve as templates for organizing inorganic nanoparticles with sub-nanometer precision, enabling the exploration of quantum mechanical effects.

Moreover, the spatial arrangement of peptide side chains may facilitate the creation of catalytically active sites that mimic natural enzymes, as well as support the immobilization of biomolecules for molecular recognition studies and high-performance catalytic interfaces in electrochemical applications.

The teams are currently focused on further unraveling the local hydration structures surrounding solid-binding peptides, providing deeper insight into how hydrophobic and hydrophilic sequences influence water organization at interfaces and advancing the understanding of the molecular mechanisms underlying peptide assembly on solid surfaces.


																																	
																														
																				
																						More information:
												Ayhan Yurtsever et al, Supramolecular Assembly and Interfacial Hydration of Tandem Repeat Dipeptides on 2D Nanomaterials: Insights From 3D-AFM Measurements and MD Simulations, Small (2025). DOI: 10.1002/smll.202501785
																						
																						

												
													Journal information:
																											Small
														
															
																
															
														 
																									

											

																					

                               														
																					
                              													                                        
										
										
											 
												Citation:
												From hydration layers to nanoarchitectures: Water's pivotal role in peptide organization on 2D nanomaterials (2025, June 26)
												retrieved 26 June 2025
												from https://phys.org/news/2025-06-hydration-layers-nanoarchitectures-pivotal-role.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/2025-06-hydration-layers-nanoarchitectures-pivotal-role.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: DNA]
             
                DNA, which has a double-helix structure, can have many genetic mutations and variations. Credit: NIH
            
        

    


A new gene therapy delivery device could let hospital pharmacies make personalized nanomedicines to order. This democratized approach to precision medicine, as published in Frontiers in Science, could revolutionize how hospitals treat rare diseases, even in low-resource settings.



										      
																																	Rare diseases affect millions worldwide, yet the one-size-fits-all model of drug development leaves patients with few treatment options. Now a European research project called NANOSPRESSO aims to tip the balance in patients' favor by boosting access to low-cost bespoke gene and RNA therapies.

The prototype NANOSPRESSO device combines two proven technologies--nucleic acid therapeutics and lipid nanoparticles--into a portable manufacturing unit. Hospital pharmacists could use the unit to prepare sterile, injectable nanomedicines tailored to the specific genetic abnormality causing the patient's condition, bypassing the need for centralized drug production.

Most medicines, including gene therapies, are produced in centralized facilities, a model that works for high-volume drugs but not for rare conditions that each affect small numbers of patients. High manufacturing costs and limited demand mean many rare diseases are left untreated.

Led by Prof. Raymond Schiffelers at UMC Utrecht, NANOSPRESSO could subvert these blockers by decentralizing the production of nucleic acid nanomedicines to the local hospital. This could boost access to these therapies, even in low-resource settings.

"Rare diseases collectively rank among our top global health challenges in terms of prevalence. Their combined impact underscores the urgent need for a platform that lets hospitals personalize medicines in-house and on-demand affordably," says Schiffelers.

"By shifting production to the point of care, NANOSPRESSO could help bring life-changing precision medicines within reach of patients."

Rare diseases affect 300 million people worldwide--36 million in the EU alone--with seven in 10 of those beginning in childhood. Although each disease affects only a small population--defined by the European Medicines Agency (EMA) as no more than five in 10,000 people--there are between 5,000 and 8,000 such diseases.

"We're building a path to precision nucleic acid nanomedicine" says first author Dr. Mariona Estape Senti, also from UMC Utrecht. "NANOSPRESSO could revolutionize the way we treat rare diseases by bringing personalized medicine to more patients and faster. The user-friendly, affordable device could let medics treat conditions that conventional approaches can't manage."


																																						
    
     




																																			From blanket to bespoke

Nucleic acid therapies work by specifically targeting the genetic instructions responsible for faulty protein production. They are also highly adaptable. By changing only the sequence of the RNA or DNA used, they can be directed to treat different diseases--from inherited disorders and certain cancers, to disabling crucial proteins in viral or bacterial cells to treat infections. The specificity of the medicine may also reduce the likelihood and severity of side effects.

NANOSPRESSO uses small portable cartridges that pharmacists can load with a combination of lipid components and patient-specific nucleic acid therapies.

These are then mixed onsite using a portable microfluidic device--akin to espresso capsules tailored to consumers' tastes. The lipid nanoparticles in the device protect the nucleic acid cargo and help it reach the right target in the cell.

The result is a precisely formulated, targeted nanomedicine that's ready for injection. Because the system is small, self-contained, and designed for use by hospital pharmacists, it could be deployed in clinics and hospitals around the world, allowing the most advanced medicines to be made-to-order in-hospital.

Challenging the model

NANOSPRESSO raises questions about how the approach might fit within current health care systems and regulatory frameworks.

"The current model doesn't work for millions around the world, and we believe NANOSPRESSO will fill that treatment gap. To that end, we're actively engaging in discussions with regulators and drug developers about how to make this happen for patients," says Schiffelers.
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																																			The authors cite historical precedent in pharmacies: until the 20th century, pharmacists routinely prepared tailored medicines by hand, in a process known as "compounding." They also cite the success of using similar nucleic acid platforms to produce, for example, mRNA vaccines during the COVID-19 pandemic, and say that modern advancements in closed-system microfluidics have enabled such breakthroughs as NANOSPRESSO.

"Our goal is to increase access to these therapies," says Estape Senti. "Although NANOSPRESSO challenges the conventional medical approach, we are also engaging with regulatory authorities to ensure compliance with quality, safety, and efficacy standards, tools, and safeguards."

Prototypes of the system are currently in development, and the team is actively addressing the technological, scientific, medical, and regulatory challenges involved. Future work will explore how NANOSPRESSO could be safely integrated into real-world health care settings.


																																	
																														
																				
																						More information:
												NANOSPRESSO: toward personalized, locally produced nucleic acid nanomedicines, Frontiers in Science (2025). DOI: 10.3389/fsci.2025.1458636
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Nanobody hitchhikers boost immunotherapy potency in cancer treatment

										

    
        
            [image: Nanobody hitchhikers boost immunotherapy potency in cancer treatment]
             
                Design, synthesis and in vitro characterization of an anti-albumin nanobody for site-selective conjugation of STING agonists. Credit: Nature Biomedical Engineering (2025). DOI: 10.1038/s41551-025-01400-0
            
        

    


Researchers led by John T. Wilson, Vanderbilt University associate professor of chemical and biomolecular engineering and biomedical engineering, have developed a new approach using a molecularly designed nanobody platform that seeks to make immunotherapy more effective in the treatment of cancer.



										      
																																	The research, "Potentiating Cancer Immunotherapies with Modular Albumin-Hitchhiking Nanobody-STING Agonist Conjugates," is published in Nature Biomedical Engineering.

Immunotherapy is revolutionizing cancer treatment, but few patients benefit from the treatment, according to researchers. However, Wilson and his Immunoengineering Lab at Vanderbilt, along with collaborators at Vanderbilt University Medical Center, SOMBS, and the College of Arts and Sciences, aim to solve this problem.

The team leveraged nanobodies--small antibody-like molecules that are derived from llamas and other cameloid species--that bind to serum albumin, the most abundant protein in the blood. Once injected, the nanobodies "hitchhike" on endogenous albumin molecules, a process that increases their circulation time but also takes advantage of albumin's natural proclivity to accumulate at tumor sites.

The researchers then connected to this nanobody a molecule that activates the stimulator of interferon genes (STING) pathway. STING has been a promising target for improving cancer immunotherapy, but its effectiveness has been limited because it clears rapidly and doesn't reach tumors well. But, by connecting the STING agonist to the albumin-binding nanobody, researchers were able to strongly improve its antitumor effects.


																																						
    
     




																																			Another advantage of their technology is that it allows for multiple nanobodies to be strung together to introduce additional functionalities. To demonstrate this, the researchers added a second nanobody that binds to PD-L1, a protein expressed by cancer and immune cells that suppresses the killing ability of anti-tumor T cells.

PD-L1 is the target of several clinically approved cancer immunotherapies. By linking the STING agonist to this bivalent nanobody--with one end binding to albumin and the other to PD-L1--they found an increased delivery to tumor tissue and further improvements in effectiveness.

"We discovered this approach inhibited tumor growth in mouse models of breast cancer and melanoma, as well as improved response to currently approved immunotherapies such as immune checkpoint and inhibitors and adoptive T cell therapy," said Wilson, the Ingram Associate Professor of Cancer Research who also co-leads the Host-Tumor Interactions Program of the Vanderbilt-Ingram Cancer Center.


																																	
																														
																				
																						More information:
												Blaise R. Kimmel et al, Potentiating cancer immunotherapies with modular albumin-hitchhiking nanobody-STING agonist conjugates, Nature Biomedical Engineering (2025). DOI: 10.1038/s41551-025-01400-0
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Biomimetic nanotherapy shows promise for treating fatal lung scarring disease
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                BEV-SNA-mediated therapy for idiopathic pulmonary fibrosis. Credit: Aggregate (2025). DOI: 10.1002/agt2.70086
            
        

    


Chinese scientists have developed a novel nanotherapy known as biomimetic extracellular vesicle spherical nucleic acids (BEV-SNAs), which has shown efficacy in treating idiopathic pulmonary fibrosis (IPF). The study was published in the journal Aggregate.



										      
																					IPF is a fatal disease characterized by irreversible lung scarring, affecting more than 5 million patients worldwide, with a median survival of only three to five years. Current treatments for IPF, such as nintedanib and pirfenidone, which are approved by the U.S. Food and Drug Administration (FDA), only moderately slow disease progression without significantly extending survival.

Mesenchymal stem cell-derived extracellular vesicles (MSC-EVs) have shown therapeutic potential, but they face challenges like low production yield, functional variability, and poor delivery efficiency to lung tissues, which limits their clinical application.

To address these challenges, researchers from the Ningbo Institute of Materials Technology and Engineering (NIMTE) of the Chinese Academy of Sciences, in collaboration with their partners, have designed and synthesized a lung-penetrating BEV-SNA platform for IPF therapy. The team integrated mechanically produced BEVs from primary mesenchymal stem cells with cholesterol-modified DNA through hydrophobic assembly, leading to a three-dimensional (3D) architecture.

"This dense 3D DNA structure can reduce mucus adhesion, thereby enhancing airway penetration and facilitating efficient cellular uptake in deep lung tissues," said Prof. Wang Kaizhe, a corresponding author of the study.

In this study, the BEV-SNA platform achieved a 17.2-fold increase in vesicle production compared to natural extracellular vesicles.

In mouse models, BEV-SNA demonstrated impressive therapeutic effects at various stages. The treatment effectively cleared reactive oxygen species (ROS) to protect alveolar cells, reduced pro-inflammatory cytokines to suppress inflammation, and inhibited collagen deposition to combat fibrosis. This therapy resulted in a 50% survival rate in treated groups, significantly outperforming untreated controls.

This study presents a dual-action strategy that addresses the ROS-inflammation-fibrosis cycle while enabling effective delivery to deep lung tissues. It may pave the way for innovative treatments for respiratory diseases and advancements in biomimetic nanomedicine design.


										
																														
																				
																						More information:
												Saiyun Lou et al, Lung-Penetrating Biomimetic Extracellular Vesicle Spherical Nucleic Acids for Pulmonary Fibrosis Therapy Through ROS Scavenging and Anti-Inflammatory Effects, Aggregate (2025). DOI: 10.1002/agt2.70086
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        Magnetic chains on superconductors: New heterostructure design advances quantum technology
        Magnetic-superconducting hybrid systems are key to unlocking topological superconductivity, a state that could host Majorana modes with potential applications in fault-tolerant quantum computing. However, creating stable, controllable interfaces between magnetic and superconducting materials remains a challenge.

      

      
        How harmonic mode-locked Mamyshev oscillators build up multiple laser pulses per cycle
        The Mamyshev oscillator (MO) is a type of fiber laser capable of producing high-energy laser pulses at a tunable repetition rate. It is a mode-locked laser which uses light traveling within a closed-loop cavity to produce laser emission. Harmonic mode-locking (HML) is an advanced form of mode-locking process where multiple laser pulses are produced within one round trip of light. MOs employing HML are used for several advanced applications such as optical communication, frequency metrology, and m...

      

      
        Nanometer thin spacer boosts blue OLEDs portability and efficiency
        Organic light-emitting diodes (OLEDs) have transformed display and lighting technology with their vivid colors, deep contrast, and energy efficiency. As demand grows for lighter, thinner, and more energy-saving devices--especially in wearables, foldables, and portable electronics--there's increasing interest in OLEDs that can operate at lower voltages without compromising performance.

      

      
        Researcher discusses trapping single atoms and putting them to work in emerging quantum technologies
        Blink and you might miss it, but if you keep your eye on the monitors in professor Sebastian Will's lab, you'll catch a series of single-second flashes that light up the screen. Each flash is an atom of strontium, a naturally occurring alkaline-earth metal, being briefly captured and held in place by "tweezers" made of laser light. "We can see single atoms," says graduate student Aaron Holman. "Seeing those never gets old."

      

      
        Scientists build first self-illuminating biosensor
        Optical biosensors use light waves as a probe to detect molecules, and are essential for precise medical diagnostics, personalized medicine, and environmental monitoring.
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Magnetic chains on superconductors: New heterostructure design advances quantum technology
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                Schematic Diagram of the Research. Credit: Jiayi Chen, Dandan Guan and Jin-Feng Jia from Shanghai Jiao Tong University.
            
        

    


Magnetic-superconducting hybrid systems are key to unlocking topological superconductivity, a state that could host Majorana modes with potential applications in fault-tolerant quantum computing. However, creating stable, controllable interfaces between magnetic and superconducting materials remains a challenge.



										      
																																	Traditional systems often struggle with lattice mismatches, complex interfacial interactions, and disorder, which can obscure the signatures of topological states or mimic them with trivial phenomena. Achieving precise control over magnetic structures at the atomic scale has been a long-standing challenge in this field.

Published in Materials Futures, the researchers developed a novel sub-monolayer CrTe2/NbSe2 heterostructure. By carefully depositing Cr and Te on NbSe2 substrate, they observed a two-stage growth process: an initial compressed Cr-Te layer forms with a lattice constant of 0.35 nm, followed by the formation of an atomically flat CrTe2 monolayer with a lattice constant of 0.39 nm. Annealing the Cr-Te layer can trigger stress-relief reconstruction, which creates stripe-like patterns with edges that host localized magnetic moments, effectively forming one-dimensional magnetic chains.

Scanning tunneling spectroscopy (STS) confirmed the presence of these moments, along with Yu-Shiba-Rusinov (YSR) states at the edges, highlighting the interplay between the magnetic Cr atoms and the superconducting NbSe2 substrate. This tunable periodic stress-induced structure offers a promising platform for topological quantum computing and the pursuit of Majorana modes.


																																						
    
     




																																			Looking ahead, the team plans to refine this platform by optimizing strain control through annealing, substrate engineering, and dynamic modulation techniques. Future research will explore how these one-dimensional magnetic chains can be tailored for specific quantum applications, potentially enabling the detection of topological superconductivity and Majorana modes. Large-scale statistical studies and advanced spin-resolved measurements could further unravel the intricate relationship between strain, magnetism, and superconductivity in this system.

This work marks a significant step toward practical quantum technologies. By leveraging lattice mismatch to engineer one-dimensional magnetic chains, the CrTe2/NbSe2 heterostructure offers a versatile materials platform for quantum spintronics and topological quantum computing.

The ability to tune magnetic properties at the nanoscale, combined with the robust superconductivity of NbSe2, could lead to breakthroughs in designing next-generation quantum devices. This research opens new avenues for strain-engineered materials in quantum science.


																																	
																														
																				
																						More information:
												Jiayi Chen et al, One-dimensional magnetic chains in sub-monolayer CrTe2 grown on NbSe2, Materials Futures (2025). DOI: 10.1088/2752-5724/ade4e3
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How harmonic mode-locked Mamyshev oscillators build up multiple laser pulses per cycle

										

    
        
            [image: IEEE study reveal the physics of laser emission from Mamyshev oscillator]
             
                Researchers have uncovered the process underlying light buildup and emission in Mamyshev oscillators employing harmonic mode-locking. Credit: Zierkalo riezonatora volokonnogho laziera v tiemnotie (Resonator mirror of Er ZBLAN fiber laser and its working fiber in the dark) by Hius1 at Openverse.org Image source link: https://openverse.org/image/c89c765d-ec5d-4b11-ae74-67eb5d643058?q=fiber+laser&p=14
            
        

    


The Mamyshev oscillator (MO) is a type of fiber laser capable of producing high-energy laser pulses at a tunable repetition rate. It is a mode-locked laser which uses light traveling within a closed-loop cavity to produce laser emission. Harmonic mode-locking (HML) is an advanced form of mode-locking process where multiple laser pulses are produced within one round trip of light. MOs employing HML are used for several advanced applications such as optical communication, frequency metrology, and micromachining.



										      
																																	Despite increasing applications of HML MOs, understanding the light buildup dynamics of HML within these lasers is experimentally challenging. In a recent study published in Journal of Lightwave Technology, researchers from Hunan University, China, have uncovered the buildup dynamics of HML in an all-fiberized erbium-doped MO. They successfully obtained HML pulse outputs of different orders. In these results, the signal-to-noise ratio of all harmonic pulse trains from the all-fiber MO exceeded 80 dB, demonstrating the high stability of the output. Moreover, they investigated the transient dynamics during the startup process of HML in the MO.

"The starting dynamics of HML in the MO, characterized by the time-stretch dispersive Fourier transform technique (TS-DFT) revealed that the generation of HML is not dominated by the splitting effect of the single pulse but the amplification of the multiple seeding pulses in the oscillator," explains author Dr. Ning Li.

Using carefully designed experiments, the researchers identified five distinct ultrafast phases that occur between the injection of seed pulses into the laser cavity and the stable emission of HML pulses from the MO. These phases include relaxation oscillation, multi-pulses operation, pulse collapse reconstruction, unstable HML, and a stable HML state.

Notably, the identified process of stable HML generation was different from the conventional pulse splitting effect thought to result in laser emission dynamics in MOs. The experimental findings were further supported using numerical simulations.


																																						
    
     




																																			Using the TS-DFT technique, they monitored the spectra evolution within the MO cavity in real-time and performed a detailed analysis of the dynamic process during HML initiation. Observations revealed that the generation of HML in the MO was not dominated by the conventional single pulse splitting effect but rather by the amplification of multiple seeding pulses within the oscillator.

"Our experimental and simulation results showed that under these conditions, the initial seed pulses within the cavity evolve into stable independent pulses through processes such as gain amplification and energy redistribution, eventually leading to a stable HML state within the resonator," observes Dr. Li.

"Results from our study can deepen the understanding of HML operation in MOs, and may provide an active way to control the transient pulse dynamics in the high-performance ultrafast laser systems," he adds.

Overall, this study has extended our understanding of light buildup dynamics in MOs, specifically for advanced lasers using HML. Furthermore, the study challenges the conventional understanding of the light buildup and emission process in MOs.

Besides clarifying the underlying physics, the insights offered by the study may lead to improved designs of MOs--advancing their use across several fields.


																																	
																														
																				
																						More information:
												Ning Li et al, Resolving the Buildup Dynamics of Harmonically Mode-Locked Mamyshev Oscillator, Journal of Lightwave Technology (2025). DOI: 10.1109/JLT.2025.3570159
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Nanometer thin spacer boosts blue OLEDs portability and efficiency

										

    
        
            [image: Uncovering the role of spacers in advancing portable, low-voltage OLEDs]
             
                Exciplex OLEDs are a type of organic light-emitting diodes that achieve efficient light emission at lower driving voltages, enabling higher energy efficiency and longer lifetimes. However, finding suitable donor/acceptor material combinations for efficient energy transfer to the emitter restricts material choices and device performance. Now, researchers from Japan have found that adding a tiny, 3-nanometer spacer between donor and acceptor layers in exciplex OLEDs improves energy transfer and boosts light emission. Adding the spacer led to a 77-fold increase in external quantum efficiency, successfully activating devices that previously showed poor energy transfer. Credit: Reprinted (adapted) with permission from doi/10.1021/acsaom.5c00014. 2025 American Chemical Society.
            
        

    


Organic light-emitting diodes (OLEDs) have transformed display and lighting technology with their vivid colors, deep contrast, and energy efficiency. As demand grows for lighter, thinner, and more energy-saving devices--especially in wearables, foldables, and portable electronics--there's increasing interest in OLEDs that can operate at lower voltages without compromising performance.



										      
																																	A new type of OLEDs, known as exciplex upconversion OLEDs (ExUC-OLEDs), has opened newer avenues for making the display and lighting technology more efficient. These devices use a different mechanism to generate excitons, allowing light emission at much lower voltages.

Conventional OLEDs emit light when excitons (bound pairs of electrons and holes) relax to a lower-energy state. The formation of excitons requires a voltage equal to or higher than the bandgap of the emitter material--typically around 3 V for red and 4 V for blue light. In contrast, ExUC-OLEDs generate light via a lower-energy intermediate state called an exciplex, a loosely bound electron-hole pair formed at the interface between donor and acceptor molecules. The exciplex transfers its energy to the emitter's triplet state, enabling triplet-triplet upconversion (TTU) to occur.

In TTU, two triplets combine to produce a high-energy singlet state, which emits visible light. This mechanism allows ExUC-OLEDs to produce blue light at voltages as low as 1.47 V. However, their development has been limited by the need for carefully matched donor and acceptor materials to enable efficient energy transfer, which narrows material choices and hinders device design.

To unlock the full potential of ExUC-OLEDs, researchers from the University of Toyama, Japan, have now proposed a simple yet effective design that can bring ExUC-OLEDs closer to commercialization. By inserting a nanometer (nm)-thin "spacer" layer between the donor and acceptor materials, the team enabled previously incompatible material combinations to function together, resulting in a 77-fold increase in blue light output.


																																						
    
     




																																			The study, led by Associate Professor Masahiro Morimoto and co-authored by Mr. Ryosuke Fukazawa and Professor Shigeki Naka, was published online in the journal ACS Applied Optical Materials on June 4, 2025.

"The OLED industry is already substantial, but ultra-low-voltage drive OLEDs are a game changer because the materials and design concepts are different from those of the past. Using appropriate spacer materials opens up a wider selection of usable materials in ExUC-OLEDs," explains Dr. Morimoto.

The spacer increases the physical separation between donor and acceptor molecules, weakening the Coulombic attraction that stabilizes the exciplex. This, in turn, raises the exciplex energy (EEx), improving its overlap with the triplet energy of the emitter. As a result, energy transfer becomes more efficient, resulting in light emission, even with material combinations that did not previously work.

In their experiments, the team used a blue-emitting donor material, a, b-ADN, and tested two different acceptors: HFl-NDI and PTCDI-C8, both with and without a bathocuproine (BCP) spacer. Without the spacer, the PTCDI-C8 device performed poorly, achieving a blue light emission efficiency of just 0.00083% due to the weak overlap between the exciplex energy level and the triplet excited state of the emitter molecule. However, with a 3-nm-thick spacer, the efficiency of the device increased to 0.064%, marking a 77-fold improvement.
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																																			Moreover, by varying spacer thickness from 0 nm to 9 nm, the researchers found that increasing the distance weakened the Coulombic interaction at the donor-acceptor interface, raising the EEx from 0.06 eV to 0.09 eV. However, a 3-nm spacer provided the best tradeoff, raising the exciplex energy sufficiently while still allowing efficient exciplex formation.

The team also tested spacers made from materials with different permanent dipole moments. Though the electrical properties and exciplex energies were largely unaffected by the spacer material, blue light efficiency varied significantly. High-dipole spacers, such as BCP, resulted in a higher external quantum efficiency of 6.4 x 10-2%, compared to just 7.8 x 10-3% for nonpolar spacers like UGH-2.

With this straightforward, scalable design for enhancing ExUC-OLEDs, this study marks a significant turning point in OLED technology. It expands the selection of usable materials and brings us closer to achieving ultra-low-voltage, energy-efficient OLEDs suitable for displays, wearables, and lighting systems.

"ExUC-OLEDs can be driven at ultra-low voltages; expanding the freedom of material selection could lead to a wider range of device applications, paving the way for future, energy-saving light-emitting devices beyond just OLEDs," concludes Dr. Morimoto, optimistically.
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												Ryosuke Fukazawa et al, Improved Freedom of Material Selection for Exciplex Upconversion-Type Organic Light-Emitting Diodes by Controlling Energy Transfer at the Donor/Acceptor Interface, ACS Applied Optical Materials (2025). DOI: 10.1021/acsaom.5c00014
																						
																					


                               														
																					
                              													                                        
										
										
											 
												Citation:
												Nanometer thin spacer boosts blue OLEDs portability and efficiency (2025, June 26)
												retrieved 26 June 2025
												from https://phys.org/news/2025-06-nanometer-thin-spacer-boosts-blue.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/2025-06-nanometer-thin-spacer-boosts-blue.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: How to Catch an Atom]
             
                Credit: Columbia University
            
        

    


Blink and you might miss it, but if you keep your eye on the monitors in professor Sebastian Will's lab, you'll catch a series of single-second flashes that light up the screen. Each flash is an atom of strontium, a naturally occurring alkaline-earth metal, being briefly captured and held in place by "tweezers" made of laser light. "We can see single atoms," says graduate student Aaron Holman. "Seeing those never gets old."



										      
																																	The lab saw its first atom at the end of 2022, after two years of constructing the experimental setup--a complicated and carefully calibrated series of atomic sources, vacuum chambers, magnets, electronics, and lasers that trap individual atoms and place them into custom arrangements--from scratch.

Holman, currently a 5th-year Ph.D. student in Physics, helped build the "TweeSr" project, as it's referred to in the lab, from the ground up. A pure atomic, molecular, and optical (AMO) physicist at heart, he's now working on ways to turn fundamental research on how atoms, molecules, and light interact into new technologies with collaborators at Columbia Engineering. He's also heading toward bigger scales as part of a quantum network that is currently under construction.

The network, dubbed SCY-QNet and led by researchers at Stony Brook University, will eventually stretch from Brookhaven National Laboratory on Long Island and through Manhattan by way of Columbia before terminating in New Haven, Connecticut, at Yale.

In this Q&A, Holman explains the "TweeSr" project and how interdisciplinary collaborations make him a better scientist.

How did you come to atomic, molecular, and optical (AMO) physics?

During my undergraduate degree at the University of Chicago, I did a double major in molecular engineering and physics that was very AMO-adjacent: I studied things like quantum networks and materials "doped" with rare-earth ions for use in telecommunications technology. But for graduate school, I decided to switch to pure atomic work. AMO physics is pristine in the sense that we build everything from the ground up. Our systems are exactly what we want them to be.


																																						
    
     




																																			Can you explain the TweeSr project?

It's a play on "tweezers" combined with the element we work with, strontium. We use a very strong laser that can trap atoms very, very tightly. It's a green laser that can trap atoms within just 520 nanometers. With my fellow grad student, Ximo Sun, and a postdoc in the lab, Bojeong Seo, we've engineered the traps such that we can put one single atom in each tweezer.

We're also collaborating with engineering professor Nanfang Yu's lab. We use their holographic metasurfaces, which are flat optical devices that manipulate light in an extremely precise manner, to create many tweezers from a single laser beam. With the metasurfaces, we can arrange the tweezers in any shape or pattern we want. We can also place single atoms very close together, which is difficult in conventional tweezer experiments.

Because metasurfaces allow us to engineer the atomic system with exact precision, we can study physics that no one has before.


    
    
    
        
        
    
            
            Those flashes? Individual Strontium atoms captured by the optical tweezers in the Will Lab. Credit: Aaron Holman
  


What might come from that new physics?

By placing single atoms close together, we modify how light interacts with them. This collective behavior has not been well explored in systems such as ours. If we arrange atoms in a particular configuration, we can study what's known as superradiance, atoms emitting photons very quickly, or subradiance, atoms emitting photons very slowly. If we think of applications of these phenomena, the former can increase our system's processing bandwidth while the latter can create a new form of quantum memory. Both are exciting prospects for a quantum network!
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																																			So the TweeSrs might make their way into New York's quantum network too?

Yes, to have a network, you need to have a start and an end somewhere. The network is going to connect quantum processing units located across all of the participant institutions via quantum entanglement. Columbia is a hardware node: our atoms will send or receive photons within the network while also providing processing power to manipulate that same quantum information. A particularly difficult task is that we need to do this at the single-photon level: there is very little room for error to efficiently connect our system to the network.

That's forcing us to think beyond our own experimental setup. If we want to link our TweeSrs to a fiber that will run out to Long Island, how exactly will we do that? It's also a fun change in scale and perspective. Our experiment takes up a whole room, but now we're talking about laying miles and miles of fiber and data centers connecting different institutions.

What makes the network 'quantum?'

With classical bits, information is binary: it's either a 1 or 0. We have become extremely good at storing, moving, and manipulating this information with classical methods. However, with quantum bits (qubits), which have additional properties such as superposition, coherence, and entanglement, the same technologies developed for classical bits just don't work. It's an open question how exactly we should build a quantum network, one we are attempting to answer through the new collaboration.

Different quantum systems can be good at different tasks related to storing, moving, and manipulating quantum information, which is one argument for why a quantum network is useful. However, we must now solve the challenge of getting disparate quantum systems to talk to one another--not an easy task! That's one of the questions professor Alex Gaeta's lab here at Columbia is working on. They study frequency conversion and how to get two different quantum sources of information to match up.

How do you like all these interdisciplinary efforts?

I'm working on a proper AMO platform, but I have learned so much from interdisciplinary projects. That's shaped me as a researcher and scientist, and it wasn't something I was initially seeking coming into graduate school. For example, the way I, an AMO physicist, think about light is so different from how an optical engineer thinks about it. It's amazing how much you can improve designs with collaborations. They force you to really look around and see what other groups are doing, and how that can inform your own research.

You don't want to be too siloed--what good is it if in 15 or 20 years we have all these well-developed technologies, but none of them interact with each other?
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                Illustration of the self-illuminating biosensor: A metasurface of gold nanowires drives quantum light emission and concentrates the resulting light waves to detect biomolecules. Credit: 2025 Ella Maru Studio/BIOS EPFL CC BY SA 4.0
            
        

    


Optical biosensors use light waves as a probe to detect molecules, and are essential for precise medical diagnostics, personalized medicine, and environmental monitoring.



										      
																																	Their performance is dramatically enhanced if they can focus light waves down to the nanometer scale--small enough to detect proteins or amino acids, for example--using nanophotonic structures that "squeeze" light at the surface of a tiny chip. But the generation and detection of light for these nanophotonic biosensors requires bulky, expensive equipment that greatly limits their use in rapid diagnostics or point-of-care settings.

So, how do you make a light-based biosensor without an external light source? The answer is: with quantum physics.

By harnessing a quantum phenomenon called inelastic electron tunneling, researchers in the Bionanophotonic Systems Laboratory in EPFL's School of Engineering have created a biosensor that requires only a steady flow of electrons--in the form of an applied electrical voltage--to illuminate and detect molecules at the same time.

The work has been published in Nature Photonics in collaboration with researchers at ETH Zurich, ICFO (Spain), and Yonsei University (Korea).

"If you think of an electron as a wave, rather than a particle, that wave has a certain low probability of 'tunneling' to the other side of an extremely thin insulating barrier while emitting a photon of light. What we have done is create a nanostructure that both forms part of this insulating barrier and increases the probability that light emission will take place," explains Bionanophotonic Systems Lab researcher Mikhail Masharin.


																																						
    
     




																																			Trillionth-of-a-gram detection

In short, the design of the team's nanostructure creates just the right conditions for an electron passing upward through it to cross a barrier of aluminum oxide and arrive at an ultrathin layer of gold. In the process, the electron transfers some of its energy to a collective excitation called a plasmon, which then emits a photon.

Their design ensures that the intensity and spectrum of this light changes in response to contact with biomolecules, resulting in a powerful method for extremely sensitive, real-time, label-free detection.

"Tests showed that our self-illuminating biosensor can detect amino acids and polymers at picogram concentrations--that's one-trillionth of a gram--rivaling the most advanced sensors available today," says Bionanophotonic Systems Laboratory head Hatice Altug.

A dual-purpose metasurface

At the heart of the team's innovation is a dual functionality: their nanostructure's gold layer is a metasurface, meaning it exhibits special properties that create the conditions for quantum tunneling, and control the resulting light emission.

This control is made possible thanks to the metasurface's arrangement into a mesh of gold nanowires, which act as "nanoantennas" to concentrate the light at the nanometer volumes required to detect biomolecules efficiently.


																									
    
        Discover the latest in science, tech, and space with over 100,000 subscribers who rely on Phys.org for daily insights.
        Sign up for our free newsletter and get updates on breakthroughs,
        innovations, and research that matter--daily or weekly.
    


    


																																			"Inelastic electron tunneling is a very low-probability process, but if you have a low-probability process occurring uniformly over a very large area, you can still collect enough photons. This is where we have focused our optimization, and it turns out to be a very promising new strategy for biosensing," says former Bionanophotonic Systems Lab researcher and first author Jihye Lee, now an engineer at Samsung Electronics.

In addition to being compact and sensitive, the team's quantum platform, fabricated at EPFL's Center of MicroNanoTechnology, is scalable and compatible with sensor manufacturing methods. Less than a square millimeter of active area is required for sensing, creating an exciting possibility for handheld biosensors, in contrast to current table-top setups.

"Our work delivers a fully integrated sensor that combines light generation and detection on a single chip. With potential applications ranging from point-of-care diagnostics to detecting environmental contaminants, this technology represents a new frontier in high-performance sensing systems," summarizes Bionanophotonic Systems Lab researcher Ivan Sinev.
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												Jihye Lee et al, Plasmonic biosensor enabled by resonant quantum tunnelling, Nature Photonics (2025). DOI: 10.1038/s41566-025-01708-y
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