
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, August 21, 2025

      

      
        
          	
            Nanotechnology
          
          	8
        

        
          	
            Physics
          
          	11
        

        
          	
            Space and Earth
          
          	13
        

        
          	
            Chemistry
          
          	5
        

        
          	
            Biology
          
          	23
        

        
          	
            Technology
          
          	25
        

        
          	
            Other Sciences
          
          	22
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

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


      
        Upconversion nanoparticles can aid the application of molecular motors
        A research team has developed upconversion nanoparticles to assist in powering molecular motors. The nanoparticles can convert near-infrared radiation, which is capable of penetrating bulk material, into blue or UV light that can efficiently power the motors. As a result, these motors can now be effectively used to make bulk materials responsive or act as molecular switches in biological applications. The results were published last month in the Journal of the American Chemical Society.

      

      
        Angstrom-scale optical microscopy deciphers conformational states of single membrane proteins
        Our remarkable ability to perform complex tasks--such as thinking, observing, and touch--stems from proteins, the tiny nanometer-sized molecules in the body. Despite decades of research, our understanding of the structure and function of such molecular machines within the cellular environment remains limited.

      

      
        Nanobody scaffolds enable cryo-EM imaging of smallest protein structure yet
        A collaborative team from the Rosalind Franklin Institute, the University of Oxford, and Diamond Light Source has developed a breakthrough method that makes it possible to image very small proteins using cryo-electron microscopy (cryo-EM). The results are published in Nature Chemical Biology.

      

      
        Deep learning automates defect detection in 2D materials
        A study published in Molecules and led by researchers from the Changchun Institute of Optics, Fine Mechanics and Physics (CIOMP) of the Chinese Academy of Sciences demonstrated how deep learning can streamline the identification of atomic-scale defects in molybdenum disulfide (MoS2), a promising two-dimensional (2D) material for next-generation electronics.

      

      
        Nanodroplets could speed up the search for new medicine
        Until now, the early phase of drug discovery for the development of new therapeutics has been both cost- and time-intensive. Researchers at KIT (Karlsruhe Institute of Technology) have now developed a platform on which extremely miniaturized nanodroplets with a volume of only 200 nanoliters per droplet--comparable to a grain of sand--and containing only 300 cells per test can be arranged.

      

      
        Nanodroplets could speed up the search for new medicine
        Until now, the early phase of drug discovery for the development of new therapeutics has been both cost- and time-intensive. Researchers at KIT (Karlsruhe Institute of Technology) have now developed a platform on which extremely miniaturized nanodroplets with a volume of only 200 nanoliters per droplet--comparable to a grain of sand--and containing only 300 cells per test can be arranged.

      

      
        Model carrier microparticles for inhaled medicines developed with high-precision 3D laser printing
        They are barely thicker than a human hair--yet they could significantly improve the effectiveness of inhaled medications: carrier particles in dry powder inhalers transport the active ingredient and ensure it can be efficiently inhaled into the lungs. How well this works depends strongly on their shape.

      

      
        Robust isolated quantum spins established on a magnetic substrate
        Establishing robust isolated spins on solid surfaces is crucial for fabricating quantum bits or qubits, sensors, and single-atom catalysts. An isolated spin is a single spin that is shielded from external interactions. Because isolated spins can maintain their state for long periods, they are ideal for use as qubits, the basic units of quantum computation, and for ultrafast spintronic memory.
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                Graphical abstract. Credit: Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c07953
            
        

    


A research team has developed upconversion nanoparticles to assist in powering molecular motors. The nanoparticles can convert near-infrared radiation, which is capable of penetrating bulk material, into blue or UV light that can efficiently power the motors. As a result, these motors can now be effectively used to make bulk materials responsive or act as molecular switches in biological applications. The results were published last month in the Journal of the American Chemical Society.



										      
																																	The collaboration included Prof. Ben Feringa at Groningen University, Prof. Hong Zhang and his Ph.D. graduate Dr. Kefan Wu at the University of Amsterdam's Van 't Hoff Institute for Molecular Sciences.

The upconversion nanoparticles solve a pressing problem of the real-life application of molecular motors: they are most effectively powered by blue or UV light. When integrated into bulk materials or when applied to devices used in biological tissues, the short penetration depth of blue or UV light hinders effective activation of the motors. Moreover, UV radiation can be quite harmful.

A solution would be to make the motors susceptible to near infrared radiation, which provides superior penetration depth and is relatively benign. However, this would require the motors to be adorned with additional molecular groups, complicating their synthesis. Furthermore, it is quite a challenge to realize adequate photo-efficiencies in molecular motors that are directly driven by infrared radiation.

An effective transfer mechanism of radiative energy

In their paper, the Groningen/Amsterdam research team now reports a novel strategy to power molecular motors with high efficiency using near infrared radiation. It builds upon the expertise of Prof. Hong Zhang in spectrally tunable upconversion nanoparticles (UCNPs) that effectively provide a radiative energy transfer mechanism.


																																						
    
     




																																			In detail, UCNPs consisting of sodium yttrium fluoride doped with various lanthanide ions act as nanometer-scale transducers, converting NIR light into UV/visible photons. Upon absorption by molecular motors, these photons trigger unidirectional rotational motion in a way that is comparable to direct excitation by UV/visible light.

A series of experimental results on molecular motors demonstrate the efficacy of this strategy in substituting direct UV/visible irradiation. It is especially useful in biological settings that demand deep light penetration and reduced phototoxicity, and in UV/visible-light-sensitive systems like bulk solids. In addition, no complicated pre-functionalization of molecules is needed.

According to the team, the approach exhibits high generality and scope in activating molecular motors with NIR light. This holds significant potential for real applications using molecular machines in dynamic and smart materials, in particular in the biological domain.


																																	
																														
																				
																						More information:
												Jinyu Sheng et al, Highly Efficient Near-Infrared Light-Driven Molecular Motor Rotation Enabled by Upconversion Nanoparticles as Nanoscale Light Sources, Journal of the American Chemical Society (2025). DOI: 10.1021/jacs.5c07953
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Angstrom-scale optical microscopy deciphers conformational states of single membrane proteins
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                Fluorescent image of PIEZO1 in native cell membrane (left) and an artistic representation of its conformational states resolved with Angstrom precision (right). Credit: Hisham Mazal
            
        

    


Our remarkable ability to perform complex tasks--such as thinking, observing, and touch--stems from proteins, the tiny nanometer-sized molecules in the body. Despite decades of research, our understanding of the structure and function of such molecular machines within the cellular environment remains limited.



										      
																																	In a new work that appeared in Science Advances, scientists at the Max Planck Institute for the Science of Light (MPL) show that optical microscopy under cryogenic conditions can resolve specific sites within the mechanosensitive protein PIEZO1 with Angstrom precision - even within native cell membranes.

Traditionally, protein structure has been investigated by methods such as X-ray diffraction and high-end electron microscopy. The former has an excellent resolution but requires proteins to be crystallized. The latter method can be performed at the single-protein level, but it has a weak contrast and performs poorly when the protein is surrounded by other biomolecules.

Optical microscopy of samples preserved in their near native state represents a promising alternative because it can reach Angstrom precision. This is being investigated by a team from the Nano-Optics division headed by MPL Director Prof. Vahid Sandoghdar. The methodological breakthrough is particularly important for studying membrane proteins, which sit on the surface of cells and act as sensors and communicators.

One such protein, PIEZO1, plays a crucial role in touch and force sensation in mammals. Previous studies using cryo-electron microscopy (cryo-EM) have revealed that PIEZO1, reconstituted in a synthetic membrane, forms a triple-bladed, dome-like structure that bends the membrane.



    
    
    
        
        
    
            
            Step-by-step transfer of vitrified samples at high vacuum and cryogenic temperature. Credit: Science Advances (2025). DOI: 10.1126/sciadv.adw4402
  

In the new work, the research team tagged the protein with fluorescent markers and could image it in a near-native state in a cell membrane at 8 K. The experiment allowed the team to uncover several distinct configurations of the PIEZO1 blades, thus shedding light on how the protein flexes and expands in response to mechanical stimuli.


																																						
    
     




																																			"The key innovation was rapid freezing in a liquid cryogen--a process so fast that water molecules don't crystallize, thus keeping the protein's structure intact," stated the first author, Dr. Hisham Mazal. The shock-frozen sample had to be transferred to a cryostat that housed the microscope while making sure that it stays cold and never gets exposed to air.

"To achieve this, we had to devise and construct an elaborate apparatus, including a cryogenic optical microscope and a dedicated vacuum shuttle," said Prof. Sandoghdar.

This approach not only preserves the native structure of the protein and its surrounding membrane, but it also dramatically extends the lifespan of fluorescent markers so that many more photons could be collected from each fluorescent molecule.

"This allows us to determine the position of each molecule with a remarkable precision of just a few Angstroms, corresponding to the diameter of a few atoms," continued Sandoghdar.

For the future, the team plans to combine this technique with high-resolution cryo-EM. "This development opens a new frontier in structural biology and brings us an important step closer to a quantitative understanding of the molecular machinery of life," emphasized Dr. Mazal.


																																	
																														
																				
																						More information:
												Hisham Mazal et al, Cryo-light microscopy with angstrom precision deciphers structural conformations of PIEZO1 in its native state, Science Advances (2025). DOI: 10.1126/sciadv.adw4402
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Nanobody scaffolds enable cryo-EM imaging of smallest protein structure yet
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                Di-gembody synthesis and application workflow. Credit: Nature Chemical Biology (2025). DOI: 10.1038/s41589-025-01972-7
            
        

    


A collaborative team from the Rosalind Franklin Institute, the University of Oxford, and Diamond Light Source has developed a breakthrough method that makes it possible to image very small proteins using cryo-electron microscopy (cryo-EM). The results are published in Nature Chemical Biology.



										      
																																	By designing new bifunctional, bispecific nanobody scaffolds, the researchers have overcome one of the biggest challenges in the field: visualizing proteins under 50 kDa in size. Using this approach, the team solved the structure of hen egg white lysozyme--at just 14 kDa, the smallest protein ever resolved by cryo-EM.

This advance is highly significant, as nearly 75% of human protein-coding genes produce proteins within this small size range. Many of these proteins are critical to cell function and play key roles in health and disease.

In recent years, single-particle cryo-EM has become a mainstream method for determining protein structures. One of the technique's main advantages is the ability to show the molecular details of structures in a near native state.

However, imaging small proteins has remained challenging due to their low signal-to-noise ratio, which leads to difficulty during data processing with particle picking and alignment, and ultimately historically leading to low resolution reconstructions.
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                Synthesis of heteroDiGbs enables simultaneous high-resolution structure solution of two different small proteins. Credit: Nature Chemical Biology (2025). DOI: 10.1038/s41589-025-01972-7
            
        

    



The new nanobody scaffold overcomes these data processing challenges by bonding the small proteins to the ends of bifunctional, bispecific nanobodies, which increases apparent size and gives them a distinct geometry.

"This has been the biggest challenge I've ever faced, and it has also been a valuable learning experience on my path to becoming an independent researcher. This new technique has immense potential to become a universally applicable tool--not only in structural research but across many other fields, reasoned by its bispecific capabilities," says co-author Gangshun Yi, eBIC postdoctoral research assistant.


																																						
    
     




																																			Dimitrios Mamalis, a joint Ph.D. student between the University of Oxford and the Franklin, explains how this work got started: "It started as a Friday afternoon experiment, which means that it wasn't the main focus of our research at the time, but it has ended up in a great result.

"Mingda Ye was originally working on gembodies for crystallography and then we wondered if we could transfer this method to cryo-EM if we could conjugate the gembodies in solution. This was when I started to find the method and optimize the reactions and conditions, linking up with Gangshun Yi to get the structures solved."

Unlike many similar approaches, the method is modular and does not require laborious re-optimization for each new protein target. It also allows two proteins to be studied simultaneously, even if they are of different sizes, by attaching them to opposite ends of the scaffold.

Professor Ben Davis, science director at the Franklin and co-author of the study, highlighted the power of this collaborative work: "This was a wonderful, organic collaboration that grew out of parallels between crystallization and covalent trapping of proteins in solution. The sidechain-to-sidechain conjugation worked remarkably well, and the efficiency of the method is striking. It's an exciting and pragmatic new way to study proteins."


																																	
																														
																				
																						More information:
												Gangshun Yi et al, Covalently constrained 'Di-Gembodies' enable parallel structure solutions by cryo-EM, Nature Chemical Biology (2025). DOI: 10.1038/s41589-025-01972-7
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Deep learning automates defect detection in 2D materials
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                (a) The experimental (decorated) and simulated (gray) STM images. (b) The VS[?]top defect images and structural model. (c) The VS[?]bottom defect images and structural model. (d) The AS defect images and structural model. From left to right, the experimental defect image, the simulated defect image, and the schematic structure of the defect are shown. (e) Experimental STM images of a single isolated monolayer MoS2 island ([?]40-50 nm), clearly showing defects within the film. (f) STM images highlighting various regions with point defects. Credit: Molecules (2025). DOI: 10.3390/molecules30122644
            
        

    


A study published in Molecules and led by researchers from the Changchun Institute of Optics, Fine Mechanics and Physics (CIOMP) of the Chinese Academy of Sciences demonstrated how deep learning can streamline the identification of atomic-scale defects in molybdenum disulfide (MoS2), a promising two-dimensional (2D) material for next-generation electronics.



										    
																					Researchers addressed a critical challenge in materials science: Manually locating and classifying point defects in scanning tunneling microscopy (STM) images is time-consuming and prone to human error. They developed a hybrid approach combining the Segment Anything Model (SAM) for defect localization with a convolutional neural network (CNN) for classification.

The deep learning pipeline was trained on just 198 augmented STM images of MoS2 grown on gold substrates, achieving 95.06% accuracy in distinguishing sulfur vacancies (VS) from interstitials (AS) and Moire patterns.

The key to the approach's success was pre-processing STM images to suppress noise while preserving defect signatures. SAM first segmented candidate regions which were then classified by the CNN. Density functional theory simulations showed that sulfur vacancies created localized mid-gap states visible in STM as hexagonal or triangular features.

The performance of the SAM-CNN integrated approach surpassed traditional tools like OpenCV, particularly in handling small datasets, a limitation in experimental materials science.

This work offers a scalable solution for defect analysis in 2D systems. The proposed approach could accelerate quality control in semiconductor fabrication or the study of defect-engineered quantum materials. Future improvements may involve expanding the training dataset to cover more defect types and material systems.


										
																														
																				
																						More information:
												Shiru Wu et al, Point Defect Detection and Classification in MoS2 Scanning Tunneling Microscopy Images: A Deep Learning Approach, Molecules (2025). DOI: 10.3390/molecules30122644
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                With 200 nanoliters per droplet, up to 1,000 experiments can be conducted on a single chip. The size and number can be further customized. Credit: Liana Bauer, KIT
            
        

    


Until now, the early phase of drug discovery for the development of new therapeutics has been both cost- and time-intensive. Researchers at KIT (Karlsruhe Institute of Technology) have now developed a platform on which extremely miniaturized nanodroplets with a volume of only 200 nanoliters per droplet--comparable to a grain of sand--and containing only 300 cells per test can be arranged.



										      
																																	This platform enables the researchers to synthesize, characterize, and test thousands of therapeutic agents on the same chip, saving time and resources. The research is published in the journal Angewandte Chemie.

Drug discovery for new therapeutic agents currently relies on high-throughput screenings that comprise separate, resource-intensive steps for the synthesis, biological testing, and characterization of new active substances. This method is generally practicable only at major pharmaceutical companies, takes several years of development, incurs costs of hundreds of millions of euros, and requires a large amount of raw materials.

"In particular, academic and smaller industrial research institutions are not able to mobilize these resources," says Professor Pavel Levkin from KIT's Institute of Biological and Chemical Systems (IBCS). "Our technology removes this barrier and could open the door for many more players to contribute to drug discovery."

1,000 times smaller droplets in experimental settings

To accelerate drug discovery for cancer therapy, researchers from the Department of Biofunctional Materials headed by Levkin developed the integrated nanodroplet array platform. "It combines the previously separate processes for the development of new anti-cancer drugs on a single chip--using a single, miniaturized workflow," says Levkin.

The scientists managed to scale down the experiments by a factor of 1,000, i.e., from the microliter to the nanoliter range. "Thanks to our direct-to-biology approach, where direct biological tests of the synthesized molecules are conducted without prior preparation, we are able to reduce the time and resources invested in synthesis and screening drastically by using only 200 nanoliters per droplet and 300 cells for each test--comparable in volume to a grain of sand," says Levkin.

The researchers synthesized and tested various potential MEK inhibitors (mitogen-activated protein kinase inhibitors)--agents that block the MEK enzyme, which is involved in the development of different types of cancer, such as skin and colon cancer.

One well-known MEK inhibitor, mirdametinib, is already used for treating rare, inoperable tumors. Based on its molecular structure, the research group produced a library of potential novel MEK inhibitors. "Using the new nanodroplet method, we produced 325 potential MEK inhibitors in just seven days--and found that 46 of them worked as well as mirdametinib in lab tests," says Levkin.


																																						
    
     




																																			Cell-based tests in miniature format

The researchers examined the activity of the newly produced molecules using live cells. "In this process, we investigated the viability of the colon cancer cell line HT-29, which is vulnerable to MEK inhibitors," says Liana Bauer, doctoral researcher at the IBCS-FMS and lead author of the published study.

For characterization of the molecules, the team used the MALDI-MSI method (matrix-assisted laser desorption/ionization-mass spectrometry imaging). This technology allows the researchers to analyze the chemical composition of samples and visualize their spatial distribution. The analysis was conducted in cooperation with a research group led by Professor Carsten Hopf from the Center for Mass Spectrometry and Optical Spectroscopy (CeMOS) at TH Mannheim (Technical University of Applied Sciences).

With the new array, it was possible to analyze all 325 products in triplicate, a total of 975 single samples, directly on the chip. "We were able to show that this method also works at an extremely small scale with nanodroplets," explains Bauer.

By combining molecule synthesis, testing, and analysis on a single platform, the new approach could make high-throughput drug discovery more accessible to academic labs and smaller biotech companies. "This is a big step toward faster, cheaper, and more efficient discovery of urgently needed new drugs," says Levkin.


																																	
																														
																				
																						More information:
												Maximilian Seifermann et al, Nanodroplet Array Platform for Integrated Synthesis and Screening of MEK Inhibitors: a Miniaturized Approach to Early Drug Discovery, Angewandte Chemie International Edition (2025). DOI: 10.1002/anie.202507586
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Until now, the early phase of drug discovery for the development of new therapeutics has been both cost- and time-intensive. Researchers at KIT (Karlsruhe Institute of Technology) have now developed a platform on which extremely miniaturized nanodroplets with a volume of only 200 nanoliters per droplet--comparable to a grain of sand--and containing only 300 cells per test can be arranged.



										      
																																	This platform enables the researchers to synthesize, characterize, and test thousands of therapeutic agents on the same chip, saving time and resources. The research is published in the journal Angewandte Chemie.

Drug discovery for new therapeutic agents currently relies on high-throughput screenings that comprise separate, resource-intensive steps for the synthesis, biological testing, and characterization of new active substances. This method is generally practicable only at major pharmaceutical companies, takes several years of development, incurs costs of hundreds of millions of euros, and requires a large amount of raw materials.

"In particular, academic and smaller industrial research institutions are not able to mobilize these resources," says Professor Pavel Levkin from KIT's Institute of Biological and Chemical Systems (IBCS). "Our technology removes this barrier and could open the door for many more players to contribute to drug discovery."

1,000 times smaller droplets in experimental settings

To accelerate drug discovery for cancer therapy, researchers from the Department of Biofunctional Materials headed by Levkin developed the integrated nanodroplet array platform. "It combines the previously separate processes for the development of new anti-cancer drugs on a single chip--using a single, miniaturized workflow," says Levkin.


																																						
    
     




																																			The scientists managed to scale down the experiments by a factor of 1,000, i.e., from the microliter to the nanoliter range. "Thanks to our direct-to-biology approach, where direct biological tests of the synthesized molecules are conducted without prior preparation, we are able to reduce the time and resources invested in synthesis and screening drastically by using only 200 nanoliters per droplet and 300 cells for each test--comparable in volume to a grain of sand," says Levkin.

The researchers synthesized and tested various potential MEK inhibitors (mitogen-activated protein kinase inhibitors)--agents that block the MEK enzyme, which is involved in the development of different types of cancer, such as skin and colon cancer.

One well-known MEK inhibitor, mirdametinib, is already used for treating rare, inoperable tumors. Based on its molecular structure, the research group produced a library of potential novel MEK inhibitors. "Using the new nanodroplet method, we produced 325 potential MEK inhibitors in just seven days--and found that 46 of them worked as well as mirdametinib in lab tests," says Levkin.

Cell-based tests in miniature format

The researchers examined the activity of the newly produced molecules using live cells. "In this process, we investigated the viability of the colon cancer cell line HT-29, which is vulnerable to MEK inhibitors," says Liana Bauer, doctoral researcher at the IBCS-FMS and lead author of the published study.
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																																			For characterization of the molecules, the team used the MALDI-MSI method (matrix-assisted laser desorption/ionization-mass spectrometry imaging). This technology allows the researchers to analyze the chemical composition of samples and visualize their spatial distribution. The analysis was conducted in cooperation with a research group led by Professor Carsten Hopf from the Center for Mass Spectrometry and Optical Spectroscopy (CeMOS) at TH Mannheim (Technical University of Applied Sciences).

With the new array, it was possible to analyze all 325 products in triplicate, a total of 975 single samples, directly on the chip. "We were able to show that this method also works at an extremely small scale with nanodroplets," explains Bauer.

By combining molecule synthesis, testing, and analysis on a single platform, the new approach could make high-throughput drug discovery more accessible to academic labs and smaller biotech companies. "This is a big step toward faster, cheaper, and more efficient discovery of urgently needed new drugs," says Levkin.
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                The four tested particle designs in comparison:
Top left: Pharmacone; top right: Soccerball; bottom left: Sphere; bottom right: Rollingknot. All structures were produced using a high-precision 3D printing method on the micrometer scale. Credit: Communications Materials, Kiel University
            
        

    


They are barely thicker than a human hair--yet they could significantly improve the effectiveness of inhaled medications: carrier particles in dry powder inhalers transport the active ingredient and ensure it can be efficiently inhaled into the lungs. How well this works depends strongly on their shape.



										      
																																	A team led by Professor Regina Scherliess at Kiel University (CAU) has now, for the first time, produced tiny carrier particles with precisely defined geometries and used them to investigate the role of particle shape in the inhalation process--employing a highly precise 3D printing technique.

The researchers discovered that particle shape has a marked impact on the amount of active ingredient that can be inhaled. Of the four designs tested, one variant performed significantly better than the others. The results have been published in Communications Materials.

Millions of identical mini-particles

An innovative 3D printing method made it possible to produce millions of precisely shaped particles in series. Two-photon polymerization is a process that operates with nanometer resolution. A laser selectively activates tiny points in the material, which immediately harden. Thanks to a new printing technology recently advanced at the Karlsruhe Institute of Technology (KIT), 49 structures can now be produced simultaneously--a major step toward speeding up this process.

For each of the four designs tested, the team produced more than 2 million identical particles. In addition, they created three variants of one particular shape with different surface roughness levels--from fine to coarse. They then combined the particles with a model drug, as in real inhalation formulations.

"For the drug to be effective, it has to detach from the carrier when inhaled and reach the lungs with the airflow," explains first author Melvin Wostry. "If it sticks, it is simply swallowed and never reaches its target."

The tests showed that the geometry of the carrier particles had a decisive influence on how much of the active ingredient was released during inhalation. "One shape we call 'Pharmacone' was the clear winner. Its star-like geometry features several protruding tips on the surface," says Scherliess.
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                Pharmacone under the scanning electron microscope: The image shows Pharmacone carrier particles after mixing with the model drug. Credit: Communications Materials, Kiel University
            
        

    



"The fine particle fraction--meaning the portion of the drug in the respirable range below 5 micrometers--was four times higher with this geometry than with the next-best design."

The researchers assume that the distinctive tips of the Pharmacone design increase collisions and rotations between particles, making it easier for the drug to detach. By contrast, surface roughness had no measurable effect on release.

Perspectives for drug development

For now, these tiny carriers are model particles for basic research--they are not suitable for inhalation. Still, the researchers see great potential for future applications. In the long term, such precisely printed structures could serve as biodegradable drug carriers directly integrated into dry powder inhalers.

"Our results show that modern technologies such as high-resolution 3D printing are opening entirely new avenues in pharmaceutical development," says Scherliess. "We can now deliberately influence the behavior of medications through design--a kind of fine-tuning on the micrometer scale."
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												Melvin Wostry et al, Aerodynamic performance of tailored microparticles as carriers in dry powder inhaler formulations made by multi-focus multi-photon 3D laser printing, Communications Materials (2025). DOI: 10.1038/s43246-025-00913-0
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Robust isolated quantum spins established on a magnetic substrate

										

    
        
            [image: Robust isolated quantum spins established on a magnetic substrate]
             
                (a) STM topographic image of the MgO/O/Fe(001) surface after CuPc deposition in a 3D view mode: (5 x 5 nm2, Vs = +0.3 V, It = 500 pA). Lower panel: Schematic diagram of STM zero-bias peak (ZBP) measurement using a single molecular spin in an MTJ system. (b) STM topographic image (10 x 10 nm2, Vs = [?]2.0 V, It = 50 pA) and simultaneously obtained dI/dV maps at [?]1.3 V, 0 V, and +2.0 V. (c) dI/dV spectra measured on a CuPc molecule. Credit: Nanoscale Horizons (2025). DOI: 10.1039/D5NH00192G
            
        

    


Establishing robust isolated spins on solid surfaces is crucial for fabricating quantum bits or qubits, sensors, and single-atom catalysts. An isolated spin is a single spin that is shielded from external interactions. Because isolated spins can maintain their state for long periods, they are ideal for use as qubits, the basic units of quantum computation, and for ultrafast spintronic memory.



										      
																																	Consequently, significant research has been dedicated to identifying materials capable of producing a stable isolated quantum spin. Candidates include single atoms of transition metals such as copper (Cu) in the Cu-phthalocyanine molecule (CuPc), molecular magnets, nitrogen-vacancy centers in diamonds, and two-dimensional layered materials.

One way to detect an isolated spin is by observing a zero-bias peak (ZBP) in the electrical conductance of, for example, a noble metal substrate containing a CuPc molecule. The ZBP results from the interaction between conduction electrons on the substrate and the isolated spin.

So far, the engineering of these ZBPs has been mainly limited to noble metal surfaces, such as gold and silver. These surfaces are rich in conduction electrons, which, while useful for ZBP, can also scatter a spin and flip its state, causing it to disturb the intrinsic spin state. This makes them unsuitable for use as qubits. As a solution, researchers have turned to insulating films, which lack conduction electrons and can host more stable spins.

In a breakthrough, a research team led by Associate Professor Toyo Kazu Yamada from the Graduate School of Engineering at Chiba University, Japan, demonstrated isolated spins on an insulating solid surface laid over a magnetic substrate.

"In this study, we successfully realized isolated spins on an insulating magnesium oxide (MgO) surface placed on a ferromagnetic iron substrate-Fe(001)," explains Dr. Yamada. "Since insulating surfaces do not have conduction electrons, quantum spins can remain more stable. Moreover, the MgO/Fe(001) structure that we used is already widely used in spintronics, making our approach highly accessible."


																																						
    
     




																																			The team also included Mr. Kyoei Ishi, Dr. Nana Nazriq, and Dr. Peter Kruger, also from Chiba University. Their study was published in the journal Nanoscale Horizons on July 30, 2025.

The researchers, in the study, focused on placing a CuPc molecule on a MgO/Fe(001) interface. The first hurdle they faced was to grow an atomically flat MgO layer on an Fe(001) substrate. They found that developing an oxygen coating on Fe(001) can provide an atomically flat surface.

This enabled them to epitaxially grow a flat MgO film on the oxygen-coated Fe(001) substrate using chemical vapor deposition in an ultra-high vacuum. Finally, after trial and error, they successfully adsorbed a CuPc molecule onto the insulating MgO surface.

"A unique feature of our design is the use of a ferromagnetic iron substrate," says Dr. Yamada. "While a magnetic surface would normally interact with and change the state of an isolated spin, the insulating layer between the substrate and the CuPc molecule prevents direct interaction, keeping the spin stable."

To confirm the presence of isolated spins, they conducted scanning tunneling spectroscopy of the fabricated sample and looked for a ZBP. Since MgO lacks conduction electrons, they did not initially expect a ZBP to appear. However, upon close examination, they clearly observed a clear ZBP that emerged via indirect coupling of the isolated spin and conduction electrons in the Fe(001) substrate through the MgO surface.
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																																			This suggests that insulating films can support the formation of isolated spins, even on ferromagnetic substances. Interestingly, the ZBP also appeared on the MgO surface outside the CuPc, which is not found in noble metal surfaces.

"Our study marks a remarkable achievement for research on isolated spins," remarks Dr. Yamada. "Because the MgO/Fe(001) surface is already widely used in tunnel magnetoresistance devices, our findings suggest it may be possible to integrate qubits using existing thin-film fabrication methods."

This study opens a new direction for isolated spin research, posing magnetic substrates, already widely used in spintronic devices, as a new platform for holding and manipulating qubits, paving the way for more accessible quantum computing.
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												Kyosei Ishii et al, Emergence of a zero-bias peak on the MgO/Fe(001) surface induced by the adsorption of a spin-1/2 molecule, Nanoscale Horizons (2025). DOI: 10.1039/D5NH00192G
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Ultrathin metasurface enables high-efficiency vectorial holography

										

    
        
            [image: Ultrathin metasurface enables high-efficiency vectorial holography]
             
                Experimental demonstrations of different vectorial holograms. Target holographic images to be reconstructed: (a) a vectorial clock; (g) a vectorial flower; (m) a vectorial flying bird. Segments and circles denote local polarization states of the images. Panels (b), (h) and (n) depict the experimentally observed patterns as three fabricated metahologram samples are illuminated by left-circular-polarized (LCP) light at 1064 nm, respectively. Panels (c)-(f), (i-l) and (o)-(r) depict the polarization filtered patterns with a rotatable polarizer placed at different angles in front of the charge-coupled device, as three metahologram samples are illuminated by LCP light at 1064 nm, respectively. Credit: T. Liu, C. Dai, D. Wang, et al., doi 10.1117/1.AP.7.5.056004.
            
        

    


Holography--the science of recording and reconstructing light fields--has long been central to imaging, data storage, and encryption. Traditional holographic systems, however, rely on bulky optical setups and interference experiments, making them impractical for compact or integrated devices. Computational methods such as the Gerchberg-Saxton (GS) algorithm have simplified hologram design by eliminating the need for physical interference patterns, but these approaches typically produce scalar holograms with uniform polarization, limiting the amount of information that can be encoded.



										      
																																	To overcome these limitations, researchers from The Hong Kong University of Science and Technology, Fudan University, and the University of Hong Kong have developed a generic strategy for vectorial holography--holograms that encode both intensity and polarization--using ultrathin metasurfaces. As reported in Advanced Photonics, this method works under arbitrary incident polarizations and can generate complex images with spatially varying polarization states, significantly expanding the information capacity of holograms.

The research team achieved this by combining the GS algorithm with a wave-decomposition technique to calculate the scattering properties required for each meta-atom, the building block of the metasurface. These meta-atoms, based on a metal-insulator-metal structure, were engineered to control both phase and polarization conversion.

By adjusting geometric parameters and rotation angles, the researchers achieved precise control over reflection phases and polarization states, leveraging both structural resonances and the Pancharatnam-Berry phase. This approach allows the design of metasurfaces that are ultrathin--about one-quarter of the operating wavelength--and compact, with sample sizes under 200 x 200 mm2, making them ideal for on-chip integration.
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                On-chip imaging based on high-efficiency vectorial metaholograms. Credit: C. Dai, Fudan University; D. Wang, Hong Kong University of Science and Technology.
            
        

    



To demonstrate the concept, the team fabricated metasurfaces using electron-beam lithography and tested them under near-infrared light at 1064 nm. They created two series of vectorial holograms: one with rotational symmetry as a benchmark and another with complex, asymmetric patterns, including a clock, a flower, and a flying bird.


																																						
    
     




																																			Each image displayed distinct polarization states across different regions, and when viewed through a rotating polarizer, the patterns appear to change dynamically, effectively "telling stories" as different parts appear or disappear. This feature suggests potential applications in optical encryption and anticounterfeiting. Importantly, the metasurfaces achieved high efficiency, with one device reaching nearly 68%, outperforming previous vectorial holography systems.

This work introduces a versatile platform for high-efficiency, polarization-independent vectorial holography. Its ultrathin design and compatibility with on-chip photonics make it promising for applications such as secure data storage, next-generation anticounterfeiting, and integrated optical systems. The method is also adaptable to other wavelength ranges and transmissive modes, and future improvements--such as using dielectric materials--could further boost performance.
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												Tong Liu et al, High-efficiency vectorial holography based on ultra-thin metasurfaces, Advanced Photonics (2025). DOI: 10.1117/1.AP.7.5.056004
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