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      Nanotechnology

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


      
        Fundamental quantum model recreated from nanographenes
        The smallest unit of information in a computer is the bit: on or off, 1 or 0. Today, the world's entire computing power is built on the combination and interconnection of countless ones and zeros. Quantum computers have their own version of the bit: the qubit. It, too, has two basic states. The main difference: Quantum effects allow a superposition of the two states, so that the qubit is not either 1 or 0, but both at the same time. With different proportions of 0 and 1, the qubit can theoretical...

      

      
        Mesoporous MoS2 strategy boosts efficiency and stability of perovskite solar cells
        The efficiency and performance of photovoltaics (PVs) have improved significantly over the past decades, which has led to an increase in the adoption of solar technologies. To further enhance the performance of solar cells, energy researchers worldwide have been devising and testing alternative design strategies, leveraging different materials and cell structures.

      

      
        Scientists develop starch nanocomposite films that pave the way for green electronics
        Queen Mary University of London researchers have developed new nanocomposite films using starch instead of petroleum-based materials, marking a significant advancement in the field of sustainable electronics.

      

      
        Experiments demonstrate precise delivery of nanoparticles to lung via caveolae pumping system
        In recent years, bio-medical engineers have been developing promising techniques that could help diagnose diseases or precisely target specific regions inside the human body. Among these promising therapeutic strategies are methods that rely on the use of nanoparticles (NPs), tiny particles between 1 and 100 nm in size.

      

      
        Accelerating 3D nanofabrication using a sensitive cationic photoresist
        Two-photon laser direct writing lithography or TPL is a cutting-edge technique used for creating nanoscale structures. It works by leveraging specific materials known as photoresists, which change their chemical properties when exposed to light. These materials absorb laser light in a unique way, enabling precise control during exposure to laser beams.

      

      
        Researchers observe stick-slip phenomenon in carbon nanotube fibers
        The shapes of simple polyatomic molecules such as carbon dioxide and methane are characterized by a specific symmetry depending on the manner of linking of the atoms. Nano- to micrometer-sized particles that mimic the shapes of such polyatomic molecules are referred to as colloidal molecules, which can form soft materials. However, conventionally synthesizing colloidal molecules with such specific symmetry requires a multi-step synthetic process.

      

      
        Nanofibrils study successfully measures strength of spider web 'super fibers'
        How small is "small?" Spider silk nanofibrils are just a few molecular layers thick, equivalent to approximately one ten-thousandth the diameter of a human hair. They're invisible to the naked eye and cannot be seen under an ordinary microscope.

      

      
        Eco-friendly nanofibrous cellulose matrix has diverse applications ranging from textiles to medical devices
        The efficient use of cellulose--the primary plant scaffold and a major natural building block--could address many issues associated with petroleum-based polymers across various industries. In the search for more sustainable uses of cellulose, Lithuanian scientists have developed a production method for a nanofibrous cellulose matrix, which has the potential to replace non-renewable industrial even in biomedical applications.
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                Realization of AH model in goblet chains. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01805-z
            
        

    


The smallest unit of information in a computer is the bit: on or off, 1 or 0. Today, the world's entire computing power is built on the combination and interconnection of countless ones and zeros. Quantum computers have their own version of the bit: the qubit. It, too, has two basic states. The main difference: Quantum effects allow a superposition of the two states, so that the qubit is not either 1 or 0, but both at the same time. With different proportions of 0 and 1, the qubit can theoretically assume an infinite number of states.



										      
																																	This ambiguity should give quantum computers true "superpowers." At least in theory, quantum-based computers can perform calculations in fractions of a second that stump today's best supercomputers. However, quantum computing is not yet fully developed. One of the biggest challenges is linking the qubits--since one single (qu)bit is not much of a computer.

One way to realize the 0 and the 1 of the qubit is via the alignment of the so-called electron spin. The spin is a fundamental quantum mechanical property of electrons and other particles, a kind of torque that, put simply, can point "up" (1) or "down" (0).

When two or more spins are quantum-mechanically linked, they influence each other's states: Change the orientation of one, and it will also change for all the others. This is therefore a good way to make qubits "talk" to each other. However, like so much in quantum physics, this "language," i.e. the interaction between the spins, is enormously complex.

Although it can be described mathematically, the relevant equations can hardly be solved exactly even for relatively simple chains of just a few spins. Not exactly the best conditions for putting theory into practice...

A model becomes reality

Researchers at Empa's nanotech@surfaces laboratory have now developed a method that allows many spins to "talk" to each other in a controlled manner--and that also enables the researchers to "listen" to them, i.e. to understand their interactions.

Together with scientists from the International Iberian Nanotechnology Laboratory and the Technical University of Dresden, they were able to precisely create an archetypal chain of electron spins and measure its properties in detail. Their results have now been published in the journal Nature Nanotechnology.

The theory behind the chain is familiar to all physics students: Take a linear chain of spins in which each spin interacts strongly with one of its neighbors and weakly with the other. This so-called one-dimensional alternating Heisenberg model was described almost 100 years ago by physicist and later Nobel Prize laureate Werner Heisenberg, one of the founders of quantum mechanics. Although there are materials in nature that contain such spin chains, it has not yet been possible to deliberately incorporate the chains into a material.

"Real materials are always much more complex than a theoretical model," explains Roman Fasel, head of Empa's nanotech@surfaces laboratory and co-author of the study.


																																						
    
     




																																			A 'goblet' made of carbon

To create such an artificial quantum material, the Empa researchers used tiny pieces of the two-dimensional carbon material graphene. The shape of these nanographene molecules influences their physical properties, in particular their spin--a kind of nano-sized quantum Lego brick from which the scientists can assemble longer chains.

For their Heisenberg model, the researchers used the so-called Clar's Goblet molecule. This special nanographene molecule consists of eleven carbon rings arranged in an hourglass-like shape. Due to this shape, there is an unpaired electron at each end--each with an associated spin. Although predicted by chemist Erich Clar as early as 1972, Clar's Goblet was only produced in 2019 by Fasel's team at the nanotech@surfaces laboratory.

The researchers have now linked the goblets on a gold surface to form chains. The two spins within a molecule are weakly linked, while the spins from molecule to molecule are strongly linked--a perfect realization of the alternating Heisenberg chain. The researchers were able to precisely manipulate the length of the chains, selectively switch individual spins on and off and "flip" them from one state to another, allowing them to investigate the complex physics of this novel quantum material in great detail.

From theory to practice

Fasel is convinced that, just as the synthesis of Clar's Goblet enabled the production of Heisenberg chains, this study will in turn open new doors in quantum research.


																																			"We have shown that theoretical models of quantum physics can be realized with nanographenes in order to test their predictions experimentally," says the researcher. "Nanographenes with other spin configurations can be linked to form other types of chains or even more complex systems."

The Empa researchers are leading by example: In a second study, which is about to be published, they were able to recreate a different type of Heisenberg chain in which all spins are equally linked.

To be at the forefront of applied quantum physics, theoretical and experimental scientists from different disciplines need to work together. Chemists at Dresden University of Technology provided Empa researchers with the starting molecules for their synthesis of Clar's Goblets. And researchers from the International Iberian Nanotechnology Laboratory in Portugal contributed their theoretical expertise to the project.

The theory needed for such breakthroughs is not (just) what you find in physics textbooks, Fasel emphasizes, but a sophisticated transfer between the quantum physics model and the experimental measurements.


																																																					
																				
																						More information:
												Chenxiao Zhao et al, Tunable topological phases in nanographene-based spin-1/2 alternating-exchange Heisenberg chains, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01805-z
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Mesoporous MoS2 strategy boosts efficiency and stability of perovskite solar cells

										 by Ingrid Fadelli										 										 , Phys.org
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                Synthesis and characterization of mesoporous MoS2. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01799-8.
            
        

    


The efficiency and performance of photovoltaics (PVs) have improved significantly over the past decades, which has led to an increase in the adoption of solar technologies. To further enhance the performance of solar cells, energy researchers worldwide have been devising and testing alternative design strategies, leveraging different materials and cell structures.



										      
																																	A class of solar cells that have been found to attain promising results are those based on organic-inorganic hybrid perovskites, materials with various advantageous properties. While these cells have achieved efficiencies of over 25%, they are often unstable and sensitive to various external stimuli (e.g., UV light and oxygen), which hinders their large-scale deployment.

Researchers at the Ulsan National Institute of Science and Technology, Korea University and other institutes recently introduced a new possible strategy to boost the efficiency and stability of perovskite solar cells. This strategy, outlined in a paper published in Nature Nanotechnology, entails the use of mesoporous structured molybdenum disulfide (MoS2) as an electron transport layer (ETL) in perovskite solar cells.

"Mesoporous structured electron transport layers (ETLs) in perovskite solar cells (PSCs) have an increased surface contact with the perovskite layer, enabling effective charge separation and extraction, and high-efficiency devices," Donghwan Koo, Yunseong Choi and their colleagues wrote in their paper.

"However, the most widely used ETL material in PSCs, TiO2, requires a sintering temperature of more than 500 degC and undergoes photocatalytic reaction under incident illumination that limits operational stability. Recent efforts have focused on finding alternative ETL materials, such as SnO2."


																																						
    
     




																																			Building on previous research efforts, Koo, Choi and their colleagues set out to improve the performance of perovskite solar cells using ETLs with a mesoporous structure. This essentially means that the material used for these layers has tiny pores (ranging from 2 to 50 nm in size).

They specifically used mesoporous MoS2, a versatile material with optoelectronic properties that has previously been used to develop batteries, photodetectors, light-emitting diodes (LEDs) and other technologies. The researchers found that introducing a mesoporous MoS2 ETL yielded solar cells exhibiting an efficiency above 25% and good stability.

"The MoS2 interlayer increases the surface contact area with the adjacent perovskite layer, improving charge transfer dynamics between the two layers," wrote Koo, Choi and their colleagues.

"In addition, the matching between the MoS2 and the perovskite lattices facilitates preferential growth of perovskite crystals with low residual strain, compared with TiO2. Using mesoporous structured MoS2 as ETL, we obtain perovskite solar cells with 25.7% (0.08 cm2, certified 25.4%) and 22.4% (1.00 cm2) efficiencies."

In initial tests, the team's solar cells attained highly promising results, comparing favorably to solar cells with a TiO2 ETL. Notably, the perovskite solar cells with a mesoporous MoS2 were also found to retain their stability and 90% of their initial power conversion efficiency (PCE) after operating under continuous illumination for over 2,000 hours.

These encouraging findings could inform future efforts aimed at boosting the efficiency and stability of organic-inorganic perovskite solar cells by introducing a mesoporous structured MoS2 layer. These efforts could help bring perovskite solar cells' performance up to par with silicon-based PVs, contributing to their future widespread deployment.


																																																					
																				
																						More information:
												Donghwan Koo et al, Mesoporous structured MoS2 as an electron transport layer for efficient and stable perovskite solar cells, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01799-8.
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                Photographs of the Ti3C2Tx/starch films with different filler loadings during biodegrability tests in natural soil. Credit: Advanced Functional Materials (2024). DOI: 10.1002/adfm.202412138
            
        

    


Queen Mary University of London researchers have developed new nanocomposite films using starch instead of petroleum-based materials, marking a significant advancement in the field of sustainable electronics.



										      
																																	The study, published in Advanced Functional Materials, showcases the development of biodegradable, flexible, and electrically conductive materials that hold promise for a wide array of electronic and sensing applications.

These starch nanocomposites offer tunable mechanical and electrical properties, making them an environmentally friendly alternative to petroleum-based materials.

With a growing global need for sustainable solutions in electronics, this breakthrough presents a major step toward reducing e-waste and promoting eco-friendly electronics. The new nanocomposite films are made from starch, one of the most abundant natural polymers found in plants such as potato, maize, pea and corn, and MXene, a highly conductive 2D material that is manufactured in-house. These films can be tailored for various uses, such as monitoring human body movement, tactile sensing, and electronic smart skins.

A key innovation towards sustainable electronics is the fact that the starch-based films decompose within a month when buried in soil, offering a rapid degradation process that contrasts sharply with conventional non-degradable plastics.

Additionally, by adjusting MXene concentrations, researchers achieved precise control over the films' mechanical properties, electrical conductivity, and sensing capabilities. This allows for customized applications across different industries, from health care to wearable electronics. These composites use natural, abundant materials, with a production process reliant on water as a solvent, further enhancing their sustainability credentials.

Lead researcher Ming Dong, from QMUL's School of Engineering and Materials Science, said, "Our findings have shown that sustainable electronics can be achieved through these starch-based nanocomposites, offering not just an environmentally friendly solution but also practical applications in flexible electronics."

A path toward green electronics

Dimitrios Papageorgiou, lead academic and corresponding author of the study, said, "This work represents a significant leap forward in addressing the global challenge of e-waste. By using abundant and biodegradable materials, we are opening up new avenues for sustainable electronics. These starch-based composites offer a solution that merges environmental responsibility with high-performance sensing and electronics capabilities."

The research team believes these developments can lead to a future where electronic devices are no longer part of the environmental burden but contribute to a more sustainable and circular economy.


																																																					
																				
																						More information:
												Ming Dong et al, Transient Starch-Based Nanocomposites for Sustainable Electronics and Multifunctional Sensing, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202412138
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Experiments demonstrate precise delivery of nanoparticles to lung via caveolae pumping system

										 by Ingrid Fadelli										 										 , Phys.org
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                Imaging and quantifying the biodistribution of APP2-targeted PAMAM dendritic NPs. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01786-z.
            
        

    


In recent years, bio-medical engineers have been developing promising techniques that could help diagnose diseases or precisely target specific regions inside the human body. Among these promising therapeutic strategies are methods that rely on the use of nanoparticles (NPs), tiny particles between 1 and 100 nm in size.



										      
																																	These tiny particles could precisely image regions inside the body or deliver drugs to targeted locations. Despite the potential of NPs, for various reasons their therapeutic advantages have so far been limited.

The first main reason is that these tiny particles' size often limits their ability to enter and penetrate key tissues inside the body, rendering them ineffective for delivering drugs at the necessary concentrations. Moreover, when these particles are introduced into the human body, they are often rapidly captured by the reticuloendothelial system (RES), which is responsible for identifying foreign objects and eliminating them from the bloodstream.

Researchers at the Proteogenomics Research Institute for Systems Medicine recently set out to explore the potential of delivering NPs to lung tissue across cellular barriers, leveraging specialized structures known as the caveolae. Their paper, published in Nature Nanotechnology, demonstrates the feasibility of this approach in a series of initial experiments involving adult rats.

"NPs have tremendous yet unmet clinical potential to carry and deliver imaging and therapeutic agents systemically with tissue precision," Tapas R. Nayak, Adrian Charastina and their colleagues wrote in their paper.


																																						
    
     




																																			"But their size contributes to rapid scavenging by the reticuloendothelial system and poor penetration of key endothelial cell (EC) barriers, limiting target tissue uptake, safety and efficacy. We discover the ability of the EC caveolae pumping system to outpace scavenging and deliver NPs rapidly and specifically into the lungs."

The researchers carried out various experiments where they tried to use metallic and dendritic NPs of different sizes to image and deliver drugs to the lungs of rats. To do this, they employed an alternative approach, which relies on the caveolae pumping system (CPS) to extract the particles from the body, as opposed to the RES.

Caveolae are small invaginations on the membrane of cells that can transport molecules across the endothelial cells lining blood vessels. The CPS is the process via which caveolae can transport these molecules to specific tissues, which the team leveraged as part of their study.

"Gold and dendritic NPs are conjugated to antibodies targeting caveolae of the lung microvascular endothelium," wrote Nayak, Charastina and their colleagues. "SPECT-CT imaging and biodistribution analyses reveal that rat lungs extract most of the intravenous dose within minutes to achieve precision lung imaging and targeting with high lung concentrations exceeding peak blood levels."

The initial findings are highly promising, as they found that their proposed method enabled the highly precise imaging of the rats' lungs and the delivery of drugs to targeted lung tissues using NPs, without the issues typically associated with the expulsion of the particles. New studies could further explore the potential of delivering NPs to the lung by targeting the CPS while also shedding light on factors influencing the effectiveness of this approach, such as the size and shape of the particles used.

"These results reveal how much ECs can both limit and promote tissue penetration of NPs and the power and size-dependent limitations of the caveolae pumping system," wrote Nayak, Charastina and their colleagues.

"This study provides a new retargeting paradigm for NPs to avoid reticuloendothelial system uptake and achieve rapid precision nanodelivery for future diagnostic and therapeutic applications."


																																																					
																				
																						More information:
												Tapas R. Nayak et al, Rapid precision targeting of nanoparticles to lung via caveolae pumping system in endothelium, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01786-z.
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Accelerating 3D nanofabrication using a sensitive cationic photoresist
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Two-photon laser direct writing lithography or TPL is a cutting-edge technique used for creating nanoscale structures. It works by leveraging specific materials known as photoresists, which change their chemical properties when exposed to light. These materials absorb laser light in a unique way, enabling precise control during exposure to laser beams.



										      
																																	Unlike conventional ultraviolet (UV) photolithography, which uses light to create images, TPL can directly build complex three-dimensional (3D) shapes that include features like overhangs and suspended elements at a resolution smaller than the width of a human hair. However, the production speed of TPL cannot match that of UV lithography. To speed up the TPL process, highly sensitive photoresists are essential.

To date, the classic SU-8 epoxy photoresist series remains a popular choice because of its numerous benefits, such as a high depth-to-width ratio, minimal shrinkage, and no issues with oxygen interference during processing. However, cationic photoresists like SU-8 generally take longer to fabricate and result in less detailed structures compared to free-radical-based photoresists, which can limit their applications in creating intricate microdevices.

Recently, a research team headed by Professor Cuifang Kuang from the Zhejiang Lab at Zhejiang University made a significant breakthrough by developing a new type of cationic epoxy photoresist. This innovative material exhibited around 600 times greater sensitivity to two-photon laser exposure than the traditional SU-8 photoresist, thanks to a unique bimolecular sensitization system.

The findings are published in the journal Advanced Functional Materials.


																																						
    
     




																																			Professor Kuang explains, "We demonstrated the 3D fabricated structures with fine features of less than 200 nanometers (nm) and a fast writing speed of 100 millimeters/second (mm/s) using nanolattices to show potential application for high-throughput nanofabrication of microscopic 3D devices."

The bimolecular photosensitized initiation system developed in this research effectively separates the processes of light absorption and energy transfer, enhancing the material's ability to absorb light. The researchers introduced 5-nitroacenaphthene, a photosensitizer that broadens the absorption spectrum, allowing it to capture light wavelengths down to 430 nm.

By combining this photosensitizer with pyrazoline-based sulfonium salt as a photoacid generator (PAG) and polyfunctional epoxy as a building block, the team created a new cationic photoresist called TP-EO. This innovative material can achieve an impressive lithography speed of 100 mm/s and can produce fine features with a minimum width of about 170 nm. The performance of TP-EO in terms of speed and resolution is better than other existing cationic photoresists.

To demonstrate the potential applications of the TP-EO resin, the researchers successfully fabricated a topological liquid diode with nanoscale features.

Professor Kuang says, "Such a high-performance TP-EO photoresist is suitable for the scalable fabrication of complex architectures for various applications, such as optical gratings, diffraction elements, micro-electromechanical systems, microfluidic devices, and tissue engineering scaffolds."


																																																					
																				
																						More information:
												Zhiyuan Ma et al, Highly Sensitive Cationic Photoresist for High-Throughput Two-Photon Nanofabrication, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202409859
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Researchers observe stick-slip phenomenon in carbon nanotube fibers

										

    
        
            [image: Direct observation of the breaking of carbon nanotube fibers caused by molecular slippage]
             
                CNT slipping tests under nearly impurity-free conditions. Credit: Carbon (2024). DOI: 10.1016/j.carbon.2024.119693
            
        

    


The shapes of simple polyatomic molecules such as carbon dioxide and methane are characterized by a specific symmetry depending on the manner of linking of the atoms. Nano- to micrometer-sized particles that mimic the shapes of such polyatomic molecules are referred to as colloidal molecules, which can form soft materials. However, conventionally synthesizing colloidal molecules with such specific symmetry requires a multi-step synthetic process.



										      
																					Carbon nanotubes (CNTs) are known for their exceptional mechanical strength and have good potential for application as impact-resistant materials and construction supplies in the aerospace industry. For practical viability, CNT-based materials must achieve a breaking strength of at least 10 GPa, which is equivalent to the strength required to support 10 kg weight using a fiber as thin as a strand of human hair. However, when CNTs are spun into fibers, intermolecular slippage substantially reduces their strength to approximately 1 GPa.

Researchers at University of Tsukuba investigated the mechanism underlying this slipping phenomenon from experimental and theoretical perspectives. For the first time, they observed the stick-slip phenomenon--a repetitive transition between static and dynamic friction--occurring between CNT molecules. The research is published in the journal Carbon.

The results revealed that this phenomenon considerably influences intermolecular slipping. Their findings also demonstrate that electron irradiation enhances the strength of these CNTs by promoting the formation of stronger bonds between molecules, resulting in more robust CNT bundles.

These findings suggest that nitrogen doping combined with electron irradiation is an effective strategy for fabricating high-strength CNT-based materials. This breakthrough is anticipated to pave the way for new impact-resistant materials and lightweight, high-strength structural components, contributing to the production of safer and lighter vehicles and more efficient infrastructure in the future.


																														
																				
																						More information:
												Samuel Jeong et al, Elucidating slipping behaviors between carbon nanotubes: Using nitrogen doping and electron irradiation to suppress slippage, Carbon (2024). DOI: 10.1016/j.carbon.2024.119693
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Nanofibrils study successfully measures strength of spider web 'super fibers'

										

    
        
            [image: Researchers progress in unraveling mysteries of invisible spider web 'super fibers']
             
                The cribellate capture strand of K. hibernalis. a) Optical image of the cribellate composite. The primary reserve warp (r1) forms helical loops around the central foundation fiber (f). b) Schematic of the cribellate strand. c-e) SEM images displaying the flattened primary reserve warp (r1), cylindrical secondary reserve warp (r2), and fibril mesh (m) components of a capture thread. Credit: Advanced Functional Materials (2024). DOI: 10.1002/adfm.202408409
            
        

    


How small is "small?" Spider silk nanofibrils are just a few molecular layers thick, equivalent to approximately one ten-thousandth the diameter of a human hair. They're invisible to the naked eye and cannot be seen under an ordinary microscope.



										      
																																	At the College of William & Mary, applied science doctoral candidate Jake Silliman recently measured the strength and stretchability of these miniscule nanofibrils, a feat that his advisor, long term researcher of spider silk VMEC Professor Hannes Schniepp, had previously considered nearly impossible.

The findings are published in the journal Advanced Functional Materials.

"Other people have tried," Schniepp said. "Most gave up, but Jake didn't, and he succeeded. If you understand a little bit about what it takes to do what he did, it's really impressive. It's actually kind of crazy to think that it's even possible."

Innovative research like this highlights the promise of W&M's new School of Computing, Data Sciences & Physics. Additionally, the research partnership between Silliman and Schniepp serves as an example of the university's efforts to provide the most personal education of any public university in the United States.

"It's been one of my greater missions to come up with new materials and new technologies that are inspired by nature," said Schniepp, who has been studying spider silk for nearly 15 years. "We humans think we're so great and we can invent things, but if you just take a step outside, you find so many things that are more exciting."

By weight, spider silk is approximately five times stronger than steel, but Schniepp points out that what makes the material even more impressive is its extensibility. The combination of strength and stretchiness allows it to absorb large amounts of energy. If humans find a way to replicate the structure of spider silk, it could be manufactured for use in practical applications.


																																						
    
     




																																			"You could make a super bungee cord from it," said Schniepp. "Or a shield around a structure where you have something incoming at high velocity and you need to absorb a lot of energy. Things like that."

Spider web strands may seem simple to the casual observer, but closer inspection reveals that they're complex structures of interwoven components. Schniepp explained that there are approximately 50,000 different species of spiders, and each produces its own unique silk. The silk of the southern house spider was used for this experiment due to the nanofibril mesh found in its structure.

The spinning apparatus of the southern house spider consists of hundreds of nozzles that--with the help of the spider's back legs--construct a complicated, three-dimensional strand. The core of the strand is composed of two distinct warps that form helical loops around a central foundation fiber. The tiniest fibers, nanofibrils, are simultaneously spun into a mesh that surrounds those supporting structures.

While webs of some spiders capture prey by way of glue drops spaced regularly along strands, cribellate strands like those spun by the southern house spider ensnare prey in the mesh by way of entanglement, van der Waals forces and capillary adhesion.

To find and measure the strength and stretchability of nanofibrils within the mesh of the southern house spider's silk, Silliman used atomic force microscopy (AFM), a powerful technique that can be used to study the physical properties of extremely tiny objects.


																																			Silliman exfoliated nanofibrils from the silk onto a thumb tip-sized silicon disk containing approximately two million holes, each 200 nanometers in diameter. He then probed for fibers stretched over the holes and measured their strength and stretchability.

"Basically you use a needle that's super, super small--just a few nanometers wide at the end of the needle--and you tap it across your sample," he said. "That builds a topographic map pixel by pixel that gives you an image."

Schniepp explained that the tip of the needle is so sharp that at the end it's only a few atoms thick.

"You would not see the end of it in the best optical microscope," he said. "It will just disappear because it's so small that you can't even see it. It's probably one of the highest developed technologies on the planet."

The technology is so sensitive that the basement lab is constructed on top of a concrete slab supported by steel springs and the microscope platform is suspended on bungee cords during measurements. These structural modifications help to isolate the microscope from vibrations.

Because the AFM needle is so small, the process is slow-moving. In an hour, Silliman said, he might be able to scan 30 to 40 of the miniscule holes.

"You just have to keep taking scans over and over and hope that you find a nanofibril that's placed over a hole in such a way that you can actually do that test," he said. "After enough iterations of that, we finally got the chance to do tiny mechanical tests with that same needle. You push on the fiber, and then you can calculate the strength of that fiber from those measurements and other material properties."

Silliman and Schniepp found that the nanofibrils could stretch 11 times their original length, more than twice the amount of any spider silk previously tested.

"As amazing as spider silk as a whole is," said Schniepp, "looking at these tiny fibrils, they are even stretchier. Learning about these structures could lead to production of a material that can absorb a lot of energy, just because it's so, so extremely stretchy. We want to get deeper and deeper into really figuring out what makes spider silk so special, and I think there are more surprises waiting for us."


																																																					
																				
																						More information:
												Jacob Silliman et al, The Cribellate Nanofibrils of the Southern House Spider: Extremely Thin Natural Silks with Outstanding Extensibility, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202408409
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                A scanning electron microscope image of new cellulose nanofiber. Credit: Kaunas University of Technology
            
        

    


The efficient use of cellulose--the primary plant scaffold and a major natural building block--could address many issues associated with petroleum-based polymers across various industries. In the search for more sustainable uses of cellulose, Lithuanian scientists have developed a production method for a nanofibrous cellulose matrix, which has the potential to replace non-renewable industrial even in biomedical applications.



										      
																																	Textile, clothing, toys, and sports equipment made from synthetic petroleum-based materials have a significant negative impact on the environment through their entire life cycle, from production to waste management.

Scientists argue that it is necessary to replace petroleum-based materials with environmentally friendly materials and to demonstrate to consumers that products that have been in use for many years can be replaced while retaining their effectiveness. According to Ingrida Pauliukaityte, a Ph.D. student at Kaunas University of Technology (KTU) and one of the creators of the new environmentally friendly cellulose nanofiber, the invention is a step towards a more sustainable industry.

A paper describing this work is published in the Journal of Biomedical Materials Research Part A.

A unique production method

Cellulose is the Earth's most abundant and widespread natural polysaccharide, commonly found in plant cell walls, algae or synthesized by certain bacteria.

"I chose cellulose as a research object because of its natural origin and favorable properties: its biocompatibility and degradability, variety of chemical strains, and wide range of applications," says the inventor.

The invention was developed using the wet-type electrospinning method, whereby cellulose is dissolved in special solvents--ionic liquids--and the solution is then converted into fibers.

"This is a method that allows the creation of cellulose matrices with a unique gel-like structure, similar to cellulose fibers naturally synthesized by bacteria," says the Ph.D. student at the KTU Faculty of Chemical Technology (CTF).

This method of creating cellulose has an advantage in the market due to its environmental friendliness. In particular, the dissolution method used is more environmentally friendly due to the use of "green solvents."

Also, the raw material for this production process can be either raw cellulose or cellulose waste. Depending on the purity of the material, the resulting fiber can be used for different products. The recycled cellulose can be used to produce new polymer composite products such as toys, sports equipment, household items. If the raw material is pure plant cellulose, biomedical applications have great potential, where this type of nanofibrous structure has unique biocompatibility properties.


																																						
    
     




																																			A significant boost for cancer research

"Our invention--a nanofibrous cellulose matrix--is like a scaffold, a structural support that helps cells to divide and grow," explains Pauliukaityte.

The biocompatibility Pauliukaityte mentions is very important in tissue engineering to prevent the living organism's immune response to a material used for cell reproduction other than the one naturally synthesized by the organism.

"In addition, cellulose has very favorable mechanical properties, so that the fibers developed are strong and can withstand the high stresses that arise when cells proliferate. Since cellulose absorbs water, the use of cellulose fibers in wound healing can control the amount of moisture that occurs during the healing process," says Pauliukaityte.

So far, the applicability of cellulose in tissue engineering has been tested for the reconstruction of cartilage, bone and vascular structures. However, given the biocompatibility, structural and moisture retention properties of cellulose, this polymer has great potential for use in regenerative medicine, which aims to stimulate the body's natural recovery mechanisms and restore lost biological functions, and for organ growth.

In addition, the cellulose nanofibers developed are not only biocompatible and environmentally friendly, but also have the potential to form three-dimensional (3D) cell models that better reflect cell behavior in the natural environment.

"This is a significant advantage, especially in tissue engineering and cancer research, as 3D cultures allow for more precise experiments and a better understanding of cell growth and interactions," says Pauliukaityte.
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												Ingrida Pauliukaityte et al, Regenerated nanofibrous cellulose electrospun from ionic liquid: Tuning properties toward tissue engineering, Journal of Biomedical Materials Research Part A (2024). DOI: 10.1002/jbm.a.37798
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                The increase in nuclear excitation probability with a single laser pulse. The symbol eta (e) is the relative strength between the interaction energy and the transition energy. The purple dashed line near the top represents a probability of 10%. Credit: Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.152503
            
        

    


Why are there atomic clocks but no nuclear clocks? After all, an atom's nucleus is typically surrounded by many electrons, so in principle it should be less susceptible to outside noise (in the form of light). A nucleus, for high-atomic number atoms, contains more particles than does the element's electrons. It holds nearly the entire mass of the atom while taking up only about 1/100,000th of the atom's space. While the first atomic clock was invented in 1949, no nuclear clock has yet been feasible.



										      
																																	The simple reason is that it takes much more energy to excite a nucleus into a higher energy state than it does an atom. Atomic clocks typically excite cesium atoms with photons of energy 4 x 10-5 electronvolts. The most promising nucleus for a potential nuclear clock is currently thought to be thorium-229, with nuclear excitation states that require photons of about 8 eV, over 200,000 times higher. That's microwaves versus ultraviolet. Furthermore, the interaction between light and the nucleus can be weak.

Now scientists from China have discovered an interaction between light and a nucleus that is much stronger and more efficient--more than 10% of the nuclei of highly ionized thorium-229 can be excited with a single laser pulse. Thorium usually has 90 electrons around its nucleus (its atomic number), and the group removed all but one of them to produce hydrogen-like thorium, with an electronic charge of +89 from all the protons in the nucleus minus the one electron. Their work is published in Physical Review Letters.

Existing atomic clocks work by utilizing the resonant frequencies of atoms. Using a group of atoms that can be in one of two energy states, the lower energy group is radiated with light from a laser of just the right energy to pump as many atoms as possible to the higher energy level.


																																						
    
     




																																			The more precise the radiation's frequency, the more atoms that jump to the higher state. The different types of states are separated, and the high energy atoms decay to the low state, emitting light of the same characteristic frequency, which for cesium-133 atoms is precisely 9,192,631,770 Hertz. The incoming light then pumps the atom up to the higher energy level again, with subsequent decay, etc.

With enough adjustment of the incoming light's frequency, a maximum of lower state atoms resonantly transition to the higher state again. And so on. In this way, the atom can be used as an oscillator, which is the basis of all clocks.

Lead author Hanxu Zhang of the China Academy of Engineering Physics in Beijing, with colleagues, showed that currently available intense lasers and hydrogen-like thorium atoms 229Th89+ may be able to achieve the resonance required for a nuclear analog of an atomic clock. An isomer of this nucleus--a metastable state of the nucleus--can be excited with a probability of 10% by using intense laser pulses of 1021 watts/cm2.

When transitioning back to a lower energy state, these highly ionic thorium atoms emit multiple wavelengths of light that are harmonics (integer multiples of a frequency) of the isomer transition frequency, in about 0.01 seconds. (The transition time for the bare thorium nucleus 229Th90+ is roughly a thousand seconds.)

This gives a new opportunity for nucleus-based coherent light emission--having the same frequency but a constant phase difference between the light from the different transitions, similar to a laser.


																																			The transition probability of 10% is a highly nonlinear change from typical energy transitions of the isomer, with the nuclear hyperfine mixing induced by the magnetic field of the single 1s electron on thorium89+. (The electron's magnetic dipole moment is about 1,000 times larger than the magnetic dipole moments of the nuclear states.)

That strong magnetic field finely alters ("splits") the nuclear energy levels from the isotope with no electrons, Th90+, while significantly reducing the upper states' lifetime by a factor of about 100,000, per the numbers above. This resonance could open the path to a nuclear optical clock.

The team found that increasing the laser's energy intensity by four orders of magnitude changed the probability of excitation (to the isomer state thorium89+) by a single laser pulse from a linear variation with energy to a highly nonlinear variation with an increase of 14 orders of magnitude (see figure above). After that, it does not increase further with higher energy intensity.

In this way, the probability of a nuclear energy transition increases from about 10-15 to 10-1 (10%). Together with the resonant frequency, this vast increase opens the way to a possible nuclear clock.

"These results open up a new frontier of light-matter interaction," the group writes, "offering exciting prospects for manipulating atomic nuclei with light. The discovery of a novel mechanism for nuclear coherent light emission carries broader implications across diverse fields of study."

They note that their results could be readily implemented with experimental setups that exist today, "underscoring their practical relevance and immediate applicability."
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												Hanxu Zhang et al, Highly Nonlinear Light-Nucleus Interaction, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.152503
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