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J&K; Scientific supplies high-purity cadmium-free
InP and perovskite QD reagents for QLEDs,
bioimaging, and solar cells.

Perovskite QD memristor improves low-light
artificial vision by 10%, enabling flexible
neuromorphic systems.

RMIT develops magnetic nano-adsorbent
removing over 95% microplastics and PFAS from
wastewater in one hour.

Forbes highlights space tech convergence with
Al, quantum, nanotech, accelerating drug
discovery in microgravity.

EFSA integrates NAMs into risk assessment,
accelerating non-animal testing for chemicals,
including nanomaterials.

Nano Tech 2026 in Tokyo will drive
nanotechnology's societal implementation and
future tech innovation.

Exosens acquires Emberion to boost advanced
imaging with quantum dot SWIR sensors for
defense and industrial uses.

TiO2 nanowires achieve 99.9% removal of lake
water pollutants and E. coli under UV for
sustainable water treatment.

Canadian OHS advises treating biotech/nanotech
hazards as systemic workplace safety concerns,
requiring specific protocols.

CXI TUL integrates nanofiber-core beads into
MBR/MBBR to enhance ammonia nitrogen
removal in wastewater treatment.

IBM/Qedma achieve 'quantum advantage' in
74-qubit physical modeling using QESEM error
mitigation software.

VIVOLTA's EC-CLI electrospinning machine
revolutionizes nanofiber production for diverse
applications like filtration and smart textiles.

Drexel develops soft, sticky, stretchable hydrogel
biosensors with tunable shapes for diverse
biomedical applications.

Kavli Prize awarded for graphene 'twistronics,'
enabling new quantum state design by twisting
atomic layers.

Pure-green spin-LEDs achieved at room
temperature using FAPbBr3 QDs, impacting
future optoelectronics and quantum tech.

Nano-based water filtration market to reach
$910.4B by 2035 (14.57% CAGR) due to water
scarcity.

China's nanometer titania market to reach $939M
by 2034 (7.8% CAGR), driven by cosmetics and
environmental remediation.

Electrospun bio-based PLA nanofiber coatings
show promise as multifunctional, biodegradable,
bioactive layers for biomedical applications.

Cal Nano reports 28% revenue increase, expands
into SMR nuclear energy sector with advanced
materials.
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I Three Questions That Demand Your Decision This Week

@ Does 'quantum advantage' make your classical simulations obsolete?

IBM and Qedma demonstrated quantum advantage in physical modeling for 74-qubit systems, solving complex
quantum dynamics beyond classical capabilities. This breakthrough (Article #23) could revolutionize materials
science and drug discovery. Is your R&D; equipped to leverage this, or will competitors gain an insurmountable
lead?

@® Is your water treatment portfolio ready for nano-adsorbent disruption?

RMIT University developed a magnetic nano-adsorbent removing over 95% of microplastics and PFAS from
wastewater in one hour (Article #15). With the nano-based water filtration market projected to reach $910.4B
by 2035 (Article #28), traditional methods face obsolescence. How will you integrate or compete with these
highly efficient, sustainable solutions?

© Are your next-gen display and imaging roadmaps leveraging QDs effectively?

Samsung Display's $10.8B QD-OLED investment (Article #04) and Exosens' acquisition for QD SWIR sensors
(Article #19) signal a major market shift. New QD technologies like QDSLs (Article #08) and room-temp
spin-LEDs (Article #27) promise superior performance. Are your product development and M&A; strategies
aligned with this rapid QD evolution?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies
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® MWCNT Opp. Battery perf. —

® BioNano Opp. Eco-friendly DDS =
® Thermal Opp. Better cooling —
® EFSA Threat — Compliance risk

Nanotechnology Weekly Intelligence Report | 2026-08-02 | Page 5



I Deep Dive @ — Quantum Advantage in Physical Modeling

#23 ] 2026/07/30 | PR Newswire | Tech Novelty® ® ® ® ® Proximity ® ® OOO Market Impact® ® ® ® ® Data

Reliability® ® ® ® O US/EU Relevancceo ® ® ® ®

IBM and Qedma achieved 'quantum advantage' in physical modeling for 74-qubit systems using QESEM error
mitigation software. This marks the first reliable quantum computation for advanced materials like ultrafast
optoelectronics with commercially available hardware and software.

The QESEM software effectively mitigates noise in quantum computers, enabling accurate simulation of
complex quantum dynamics previously impossible for classical supercomputers. This opens new avenues for

designing and optimizing innovative materials across diverse fields.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The claim of 'quantum advantage' with commercially available
hardware/software for physical modeling is a significant leap, potentially more impactful than
previous demonstrations on abstract problems. However, 'reliable’ quantum computation still
faces challenges in scalability and error rates for truly complex industrial problems.
[Opportunity] for US/EU materials science, pharma, and electronics firms to gain
unprecedented design capabilities. [Threat] for those relying solely on classical simulation,
risking rapid obsolescence in R&D.; Next actions: [R&D;] immediately evaluate QESEM or
similar platforms for internal projects, [Executive] assess long-term quantum strategy by Q4
2026.

I Deep Dive @ — Magnetic Nano-Adsorbents for Water Treatment

#15 | 2026/07/24 | AZo Materials (RMITAXZF K D) | Tech Novelty® ® ® ® O Proximity® @ ® OO Market Impacte ® @ ® ®
Data Reliability® ® ® ® O US/EU Relevance® ® ® ® O

RMIT University developed a magnetic nano-adsorbent material capable of removing over 95% of
microplastics, nanoplastics (down to 30nm), and PFAS from wastewater in one hour. A prototype system

confirmed efficient material recovery and reuse.

This innovation offers a powerful solution to pressing environmental pollution issues, outperforming
conventional methods. Its high efficiency, rapid treatment, and reusability make it highly promising for

textile, industrial, and urban wastewater treatment globally.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported 95%+ removal efficiency within an hour for
microplastics and PFAS is highly impressive and realistic given the advancements in
nano-adsorption. The prototype system for recovery is crucial for commercial viability.
Technical barriers include scaling up production of the nano-adsorbent and ensuring long-term
stability/regeneration cycles in diverse real-world wastewater matrices. [Opportunity] for
US/EU water treatment companies to license or acquire this technology, and for materials
suppliers to develop scalable manufacturing. [Threat] for incumbent water treatment providers
who fail to integrate such high-efficiency solutions, risking market share loss and regulatory
non-compliance. Next actions: [Business Dev] initiate contact with RMIT for licensing
discussions by Q3 2026, [R&D;] begin internal evaluation of nano-adsorbent materials for
water purification by end of month.
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I Deep Dive ® — Exosens Acquires Emberion for QD SWIR Imaging

#19 | 2026/07/28 | Exosens | Tech Novelty® ® ® OO Proximity® ® ® ® ® Market Impact® @ ® ® O Data

Reliability® ® ® ® O US/EU Relevancco ® ® ® ®

Exosens acquired Emberion to bolster its position in advanced imaging with quantum dot (QD) Short-Wave
Infrared (SWIR) sensor technology. This move integrates cost-effective, high-performance SWIR sensors for
defense, surveillance, and industrial control applications.

QD-based SWIR sensors offer high-resolution, low-noise imaging in challenging environments, crucial for
target identification and semiconductor inspection. This acquisition positions Exosens at the forefront of
next-generation imaging technologies.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: Exosens' acquisition of Emberion is a strong strategic move,
leveraging QD technology to address critical market needs in defense and industrial inspection.
The 'cost-effective' and 'high-performance' claims for QD SWIR sensors are plausible, as QDs
offer tunable absorption and high quantum efficiency. Technical barriers include integration
challenges and scaling Emberion's technology for mass production. [Opportunity] for US/EU
defense contractors and industrial inspection firms to partner with Exosens for advanced
imaging solutions. [Threat] for existing SWIR sensor manufacturers who rely on traditional,
more expensive technologies, as QD solutions could disrupt their market. Next actions:
[Procurement] evaluate Exosens' new QD SWIR product lines upon launch, [Strategy] analyze
competitive landscape in SWIR imaging and potential M&A; targets by Q4 2026.

I Other Notable Articles

Quantum Dot Superlattices Pave Way for Next-Gen Technologies, MOCVD Identified for Scalable Industrial Production (ACS Publications (Matter
journal))
Tech Novelty® ® @ ® O Proximity® @ OOO Market Impacte ® @ ® O

QDSLs promise enhanced performance for displays/optoelectronics; MOCVD is key for scalable production.

Continuous-Flow Nanocatalyst Synthesis Revolutionizes Manufacturing: Integrating Reaction Engineering for Scalable Production (OAE Publishing Inc.
(Nanomaterials journal))

Tech Novelty® ® ® ® O Proximity® @ OOO Market Impacte @ @ @ O
Continuous-flow synthesis offers precise control for scalable, high-quality nanocatalyst manufacturing.

Drexel University Develops Soft, Sticky, Stretchable Hydrogel Biosensors for Diverse Biomedical Applications (Drexel University)
Tech Novelty® ® ® ® O Proximity® ® OOO Market Impacte @ @ @ O

New hydrogel biosensors offer tunable, skin-friendly, high-precision monitoring for wearable medical devices.

Tokyo Tech Researchers Unveil Ultrafast Photoinduced Hidden State Formation in Metal-Organic Frameworks via Intermediate Electronic State in 30
Femtoseconds (EurekAlert! BRREIFEAZLD))
Tech Novelty® ® ® ® ® Proximity® OOOO Market Impact® @ ® OO

Ultrafast hidden state in MOFs (30 fs) opens new possibilities for optoelectronic devices and sensors.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

I Immediate (this week)

e [R&D;] Review IBM/Qedma's QESEM software for quantum simulation capabilities in materials
science. (Ref: #23)

e [Strategy] Assess the immediate impact of EFSA's NAMs on nanomaterial product development and
regulatory timelines. (Ref: #10)

e [Procurement] Identify and engage with suppliers offering high-purity cadmium-free InP and
perovskite QD reagents. (Ref: #13)

| Short-term (1 month)

¢ [R&D;] Initiate internal investigation into magnetic nano-adsorbent materials for microplastic/PFAS
removal from wastewater. (Ref: #15)

¢ [Business Dev] Evaluate market opportunities for advanced thermal management solutions (hBN,
BNNT) in high-performance electronics. (Ref: #02, #05)

e [Strategy] Analyze competitor investments and product roadmaps in Quantum Dot (QD) display
technologies and SWIR imaging. (Ref: #04, #19)

| Medium-long term (quarter+)

e [Executive] Develop a long-term strategy for integrating quantum computing into materials R&D; and
drug discovery pipelines. (Ref: #23, #07)

¢ [R&D;] Launch projects on green synthesis of nanomaterials for sustainable nanomedicine and drug
delivery systems. (Ref: #09)

¢ [Procurement] Explore continuous-flow synthesis methods for scalable and cost-effective nanocatalyst
production. (Ref: #11)

e [R&D;] Research and prototype flexible hydrogel biosensors for next-generation wearable medical
devices and diagnostics. (Ref: #25)

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-08-02
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#01 Electrospun Nanofiber Scaffolds Offer Versatile 3D
Structures for Tissue Regeneration, Overcoming
Autograft Limitations in Bone Repair

Published 2020-00-00 JMST China

| overview

Electrospun nanofiber scaffolds are demonstrating promising advancements in
diverse tissue engineering applications by mimicking the native extracellular matrix
with their unique 3D network structures. This technology is particularly highlighted for
its potential to overcome the limitations of autologous bone grafting in bone tissue
regeneration. These nanofibers promote cell adhesion, proliferation, and
differentiation, accelerating the development of novel regenerative medicine

therapies.



| N DEPTH

Key Findings

In the field of tissue engineering, electrospun nanofiber scaffolds are emerging as highly
versatile 3D networks that closely mimic the structure and function of the native
extracellular matrix (ECM). This innovation is particularly impactful in bone tissue
regeneration, where it shows groundbreaking potential to overcome the existing
limitations associated with autologous bone grafting, paving the way for more effective

and patient-friendly therapeutic solutions.

Technical / Clinical Details

The electrospinning process involves applying a high voltage to a polymer solution or
melt, generating ultra-fine fibers that range from nanometers to micrometers in
diameter. These fibers assemble into 3D scaffolds characterized by high porosity and an
exceptional surface-area-to-volume ratio, providing an ideal microenvironment for cell
adhesion, proliferation, and differentiation. For bone tissue regeneration, studies both in
vitro and in vivo have demonstrated that nanofiber scaffolds can induce osteogenic
differentiation and support the formation of new bone tissue, positioning them as a
promising alternative to autologous grafts. The technology offers unparalleled control
over fiber orientation, size, mechanical properties, and the incorporation of bioactive
molecules, allowing for precise customization of scaffolds to meet specific tissue

requirements.

Background & Context

Traditional approaches to tissue regeneration, such as autologous bone grafting, face
challenges including donor site morbidity, limited supply, and complex surgical
procedures. Electrospun nanofibers offer a potential solution to these issues by
providing a biodegradable and biocompatible platform that can be engineered to deliver
therapeutic agents. The ability to integrate drugs or growth factors directly into the
nanofiber matrix allows for controlled release, enhancing tissue regeneration and
modulating inflammatory responses. This nuanced control over the biological and
mechanical properties of the scaffold makes it a superior option for addressing complex

regenerative challenges.



Strategic Significance & Outlook

To accelerate the clinical adoption of electrospun nanofiber scaffolds, key challenges
include developing scalable manufacturing processes, conducting rigorous long-term in
vivo safety and efficacy studies, and navigating regulatory approvals. As personalized
medicine advances, the development of customized nanofiber scaffolds tailored to
individual patient needs is poised to become a major trend, shaping the future of tissue
engineering. Beyond bone, this technology holds broad promise for regenerating other
hard and soft tissues, including skin, nerves, heart, and blood vessels, potentially

revolutionizing the landscape of regenerative medicine globally.

Source: https://www.jmst.org/article/2020/1005-0302/1005-0302-59-0-243.shtml

Collected: July 31, 2026 | Automated Research System (Gemini API)
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#02 Reinste Highlights Hexagonal Boron Nitride (hBN)
Revolutionizing LED Thermal Management for
Enhanced Efficiency and Reliability

Published Date unknown Reinste International

| overview

Reinste's guide emphasizes the potential of hexagonal boron nitride (hBN) to
revolutionize thermal management in LED lighting systems, achieving efficient heat
dissipation through its high thermal conductivity and excellent electrical insulation.
hBN's chemical inertness and high-temperature stability position it as an ideal
material for significantly improving the lifespan and reliability of sensitive electronic
components like LEDs. Its application as a thermal interface material (TIM) is already

commercialized in industrial uses, contributing to resolving critical thermal issues.



| N DEPTH

Key Findings

Reinste's published guide unequivocally demonstrates that hexagonal boron nitride
(hBN) is poised to revolutionize thermal management in LED lighting systems.
Leveraging its superior thermal conductivity and excellent electrical insulation, hBN
significantly enhances LED efficiency and reliability. It is highlighted as an ideal material

for dissipating heat efficiently from sensitive electronic components.

Technical / Clinical Details

hBN is a unique nanomaterial that combines exceptionally high thermal conductivity,
second only to diamond, with outstanding electrical insulation, chemical inertness, and
high-temperature stability. In LED devices, efficient heat removal is crucial for
maintaining light output, lifespan, and overall reliability. When utilized particularly as a
Thermal Interface Material (TIM), hBN effectively reduces the thermal resistance between
the LED chip and the heatsink, thereby maximizing heat transfer efficiency. This leads to
effective management of the LED's junction temperature, inhibiting degradation and
consequently contributing to extended device lifespan and sustained performance. In
industrial applications, hBN-filled polymer composites and thermal greases have already

been developed and are in practical use, underscoring its proven capabilities.

Background & Context

High-power LEDs have rapidly gained market dominance in lighting due to their superior
energy efficiency and long operational life. However, a significant portion of the energy
consumed by LEDs is dissipated as heat, and without proper thermal management, this
leads to reduced light output, color shift, and premature device failure. Traditional
thermal management materials have reached their performance limits, creating a
demand for more advanced solutions. hBN has emerged to meet these requirements,
and its multifunctional properties are expanding its potential beyond LEDs to high-

performance semiconductors, power electronics, and even aerospace applications.



Strategic Significance & Outlook

The prospects for hBN in thermal management are vast, with future research and
development focusing on reducing manufacturing costs, optimizing integration
techniques for diverse materials, and exploring new application frontiers. As smaller,
more powerful devices like flexible electronics and wearable technology become
ubiquitous, the demand for advanced thermal management materials such as hBN is
expected to surge. This will push the performance boundaries of electronic devices,
contributing significantly to sustainable and energy-efficient technological innovation

globally.

Source: https://updates.reinste.com/hexagonal-boron-nitride/hbn-thermal-management-the-ultimate-

guide-to-cooling-high-power-leds/

Collected: July 31, 2026 | Automated Research System (Gemini API)
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#03 Cheap Tubes’ MWCNT Conductive Additive Boosts

LFP/NMC Battery Energy Density by 1-4% with Only
20% Carbon Black Loading

Published Date unknown Cheap Tubes USA

.,-_‘2 ‘.-._

| overview

According to Cheap Tubes, multi-walled carbon nanotube (MWCNT) conductive
additives demonstrate superior performance in lithium-ion battery LFP and NMC
cathodes. MWCNTs form equivalent conductive networks at approximately 20% of the
loading of traditional carbon black, increasing active material mass by up to 4% and
consequently improving cell-level energy density by 1-4%. Additionally, the MWCNT
network provides mechanical reinforcement to the cathode coating during cycling,

enhancing battery durability.



| N DEPTH

Key Findings

As per Cheap Tubes' product information, multi-walled carbon nanotube (MWCNT)
conductive additives in lithium-ion battery lithium iron phosphate (LFP) and nickel
manganese cobalt (NMC) cathodes are shown to form equivalent conductive networks
with only approximately 20% of the loading required for traditional carbon black. This
enables an increase in active material mass by up to 4%, resulting in a 1-4%
improvement in cell-level energy density, marking a significant breakthrough in battery

performance enhancement.

Technical / Clinical Details

MWCNTs, owing to their high aspect ratio and excellent electrical conductivity, construct
highly efficient electron pathways between active material particles in electrodes. This
‘percolation network' can be achieved with significantly less material compared to
carbon black. Specifically, the minimal addition of MWCNTs allows for a reduction in the
proportion of inactive materials in the electrode, increasing the mass of active material
by up to 4%. This increased active material directly contributes to the observed 1-4%
improvement in energy density at the cell level. Furthermore, the fibrous structure of
MWCNTs provides mechanical reinforcement to the cathode coating, suppressing micro-
damage and delamination caused by volume changes during charge and discharge
cycles. This contributes to improved long-term cycle stability and reliability of the

battery.

Background & Context

Enhancing lithium-ion battery performance is critical for the evolution of electric vehicles
(EVs) and portable electronic devices. Key challenges in battery development include
increasing the energy density of cathode materials and extending their cycle life.
Cathode materials such as LFP and NMC offer respective advantages in cost and energy
density, but optimizing conductive additives is crucial to maximize their performance.
MWCNTs provide a cost-effective solution to these challenges, serving as a next-
generation conductive additive alternative to traditional carbon black, thereby boosting

competitiveness in the battery market.



Strategic Significance & Outlook

The innovation in MWCNT conductive additives will significantly impact the battery
industry, accelerating the adoption of higher energy density and longer-lasting batteries.
Future R&D is likely to focus on further reducing MWCNT manufacturing costs,
improving dispersion technologies, and achieving stronger interfacial interactions with
electrode materials. This promises substantial improvements in battery performance
across a wide range of applications, including extended EV driving ranges and longer
operating times for drones and smart devices. MWCNTs are poised to become an

indispensable component in shaping the future of sustainable energy storage solutions.

Source: https://www.cheaptubes.com/resources/cnt-cathode-conductive-additive-batteries/
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#04 Samsung Display Leads QD Display Tech with
$10.8B QD-OLED Production Shift and QNED
Development

Published Date unknown  Wikipedia International

| overview

Quantum dot (QD) display technology is making remarkable progress, with QD-OLED
leading the industry by combining blue emitters with red-green conversion layers for
improved efficiency and color gamut. Samsung Display announced a massive $10.8
billion investment from 2019 to 2025 to convert all its 8G panel factories to QD-OLED
production. Furthermore, the company is advancing research into QNED displays,
which replace the blue OLED layer with InGaN/GaN blue nanorod LEDs, expanding

the outlook for next-generation display technology.
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Key Findings

Quantum dot (QD) display technology, particularly in the QD-OLED sector, is
experiencing significant advancements. Samsung Display has announced a monumental
investment of $10.8 billion from 2019 to 2025 to comprehensively convert its existing
8th-generation (8G) panel factories to QD-OLED production. This strategic move
solidifies the dominance of QD technology in the display industry, delivering enhanced

color gamut and improved efficiency.

Technical / Clinical Details

QD-OLED displays represent a hybrid technology that combines a blue emissive organic
light-emitting diode (OLED) layer with quantum dot layers designed to convert blue light
into red and green. This architecture enables precise pixel-level color conversion,
achieving high purity color reproduction and an expansive color gamut. It overcomes the
challenges of conventional OLEDs, such as short blue emitter lifespan and luminance loss
due to color filters, by providing higher brightness and efficiency. Samsung Display's
substantial investment is aimed at transitioning its 8G panel production lines from legacy
LCD to QD-OLED, signifying a shift towards large-scale manufacturing. Moreover,
research into QNED (Quantum Dot NanoLED) displays, the next evolution of QD-OLED,
seeks to replace the blue OLED layer with InGaN/GaN-based blue nanorod LEDs. This
aims to dramatically improve the lifespan and stability of blue emitters, paving the way
for displays with even higher efficiency and reliability. Nanorod LEDs offer higher
brightness and longer operational life than traditional OLEDs, and their combination with
the superior color conversion capabilities of QDs promises to achieve ultimate display

performance.



Background & Context

The display market continuously seeks advancements in visual experience across all
electronic devices, including televisions, smartphones, and PC monitors. Quantum dot
technology holds the potential to surpass conventional liquid crystal displays (LCDs) and
early OLED technologies in terms of color purity, brightness, and power efficiency. Major
players like Samsung Display making such significant investments in QD-OLED
underscore a strong conviction that this technology will become mainstream in the
future display market. Furthermore, with increasing environmental regulations, the
development of cadmium-free quantum dot materials is also progressing, emphasizing a

direction that balances sustainability with high performance.

Strategic Significance & Outlook

Samsung Display's aggressive investment and research into next-generation
technologies like QNED will drive further growth in the QD display market. QD-OLED and
QNED are expected to maintain significant competitiveness in the premium display
market, where high resolution, wide color gamut, and high contrast are paramount.
Other display manufacturers are also likely to accelerate the adoption of QD technology,
fostering overall market innovation and product diversity. These technologies are
anticipated to find new applications in areas such as VR/AR devices, automotive displays,
and medical displays, holding the transformative potential to fundamentally change

visual experiences in the digital society.

Source: https://en.wikipedia.org/wiki/QD-OLED?referrer=grok.com
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#05 Lehigh University Research: BNNT
Functionalization Boosts Polymer Nanocomposite
Thermal Conductivity by up to 250%

Published Date unknown  University of Hawaii at Manoa (Lehigh Preserve abstract provided in
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| overview

Internal structural design of polyethylene oxide (PEO) nanofibers and polymer
nanocomposites incorporating boron nitride nanotubes (BNNTs) showed promising
advancements for high thermal conductivity requirements in electronic packaging
and thermal interface materials. Notably, surface functionalization of BNNTs improved
dispersion in the epoxy matrix, leading to up to a 250% increase in the thermal
conductivity of polymer-based materials. This expands the application range of high-

thermal-conductivity polymer materials.
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Key Findings

Research focusing on the internal structural design of polyethylene oxide (PEO)
nanofibers and polymer nanocomposites incorporating boron nitride nanotubes (BNNTSs)
as thermal conductive fillers in an epoxy matrix has yielded significant success. By surface
functionalizing the BNNTs, their dispersion was substantially improved, leading to a
remarkable increase in the thermal conductivity of the polymer-based material by up to
approximately 250%. This breakthrough dramatically broadens the application scope for

high-thermal-conductivity polymer materials.

Technical / Clinical Details

The study initially involved the precise design of the internal structure of PEO nanofibers
to optimize their thermal transport properties. Subsequently, polymer nanocomposites
were fabricated using epoxy resin and BNNTs. While BNNTs inherently possess very high
thermal conductivity, their tendency to aggregate within polymer matrices has
historically limited their efficacy in enhancing composite thermal conductivity. This
research adopted a chemical surface functionalization strategy for BNNTSs, significantly
improving their compatibility with the epoxy matrix. This led to a uniform dispersion of
BNNTs throughout the matrix, reducing phonon scattering (the quantum of heat) and
establishing efficient thermal pathways. This enhanced dispersion and interfacial
bonding directly contributed to the dramatic increase in the nanocomposite's thermal
conductivity, achieving up to a 250% improvement. The critical influence of interface
quality on thermal conductivity was thoroughly discussed, and the engineered materials

exhibited superior thermal management characteristics.



Background & Context

As modern electronic devices become increasingly miniaturized and powerful, managing
the generated heat is a critical challenge. High-thermal-conductivity materials are
essential for ensuring device reliability and longevity, particularly in electronic packaging
and thermal interface materials (TIMs). However, enhancing thermal conductivity while
maintaining electrical insulation has been a significant dilemma in material development.
Polymer-based materials are widely used due to their lightweight properties and ease of
processing, but their inherently low thermal conductivity has been a bottleneck. The
functionalization of BNNTs to boost thermal conductivity resolves this dilemma, marking

a crucial step towards further advancements in high-performance electronics.

Strategic Significance & Outlook

These research findings hold the potential to expand the applications of high-thermal-
conductivity polymer-based materials beyond electronic thermal management to various
sectors such as aerospace, automotive, and energy storage systems. Moving forward,
reducing manufacturing costs for functionalized BNNTs, scaling up production, and
evaluating long-term stability will be critical steps toward commercialization.
Furthermore, the development of even higher-performance hybrid materials through
combinations with different polymer systems and nanofillers is anticipated. This
technology is expected to contribute to improved device performance, miniaturization,
and enhanced energy efficiency, thereby propelling sustainable technological innovation

globally.

Source: https://scholarspace.manoa.hawaii.edu/items/3ab25106-8702-4536-859d-e8a38bb138c4
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#06 Nanotechnology's 2026 Trends: Precision Drug
Delivery, Early Cancer Detection, Advanced Water
Purification, and Next-Gen Electronics Drive Innovation

Published July 28, 2026  Vertex Al Search (cloud.google.com)  Unknown
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| overview

Nanotechnology is rapidly advancing in healthcare, environmental, and electronics
sectors in 2026, highlighted by precision drug delivery, early cancer detection, and
highly efficient water purification systems. Nanoparticles are enabling targeted drug
delivery, ultra-early cancer diagnostics, tissue regeneration, and artificial organs, while
advanced nanofiber membranes effectively remove diverse pollutants from water with
significant energy savings. Nanoelectronics is concurrently paving the way for smaller,

faster, and more energy-efficient computing devices.
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Key Findings

In 2026, nanotechnology is demonstrating transformative advancements across
healthcare, environmental management, and electronics, with particular breakthroughs
in targeted drug delivery, early cancer detection, sophisticated water purification
systems, and next-generation nanoelectronics. These innovations are poised to
overcome traditional limitations, significantly enhancing quality of life and industrial

efficiency.

Technical & Clinical Details

In healthcare, nanoparticle-based targeted drug delivery systems precisely transport
therapeutics to specific disease cells, dramatically reducing side effects and maximizing
treatment efficacy. For early cancer detection, nanotechnologies enable the identification
of minute biomarkers at the nanoscale, facilitating unprecedented early diagnosis and
timely intervention. Furthermore, nanotechnology is pivotal in tissue regeneration and
the development of artificial organs, aiding in the restoration of lost functions and life
support. Water purification systems leverage advanced nanofiber membranes capable of
efficiently removing a broad spectrum of contaminants, including heavy metals, bacteria,
viruses, microplastics, and chemical pollutants. This technology offers substantial energy
savings compared to conventional purification methods, contributing to sustainable
water resource management. In electronics, nanoelectronics is fundamental to the
miniaturization, acceleration, and increased efficiency of devices, serving as a critical
foundation for performance enhancements in smartphones, Al chips, and quantum

computing.

Background & Context

Nanotechnology, the manipulation of matter at atomic and molecular scales to create
materials with novel functions and properties, has attracted substantial investment from
governments and industries worldwide due to its broad application potential. Key drivers
include the urgent need for precise drug delivery systems and diagnostic tools in
personalized medicine, solutions for water scarcity and pollution, and the development
of new materials and structures to overcome the limits of Moore's Law in electronics.

Nanotechnology is seen as a promising solution to these pressing global challenges.



Strategic Significance & Outlook

Moving forward, nanotechnology is expected to deepen its convergence with other
fields, particularly Al and biotechnology, to catalyze new breakthroughs. Its role will
become increasingly critical in the evolution of personalized medicine, the proliferation
of 10T devices, and the advancement of clean energy technologies. The global
expectation for nanotechnology's innovative solutions to achieve a sustainable society

continues to grow.

Source: https://electrospintek.com/top-nanotechnology-trends-shaping-the-future-in-2026/
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#07 IBM and RIKEN Achieve Quantum Supercomputing
Record in Iron-Sulfur Molecule Simulation; NSF Invests
$100M in Quantum-Nanotech Infrastructure

Published July 25, 2026  Quantum Computing Report  USA

| overview

RIKEN and IBM have established a new record in simulating the electronic structure of
iron-sulfur molecules using quantum-centric supercomputing, pushing the
boundaries of computational science. Concurrently, the U.S. National Science
Foundation (NSF) announced a $100 million investment in its National Quantum and
Nanotechnology Research Infrastructure (NQNI) program. Private sector activity also
saw Monarch Quantum secure $55 million for integrated photonics and PsiQuantum

integrate NVIDIA CUDA-Q to accelerate quantum simulations.
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Key Findings

The year 2026 has witnessed significant breakthroughs at the intersection of quantum
computing and nanotechnology. Most notably, a collaboration between RIKEN and IBM
has established a new record in simulating the electronic structure of iron-sulfur
molecules using a novel quantum-centric supercomputing approach. This achievement
demonstrates the potential of quantum computation to surpass traditional

supercomputing limitations in understanding complex molecular systems.

Technical / Clinical Details

The RIKEN-IBM collaboration leveraged a '‘quantum-centric supercomputing' approach,
integrating advanced quantum algorithms with high-performance classical computing.
This methodology allowed for unprecedented accuracy and speed in simulating the
electronic structures of challenging systems like iron-sulfur molecules, which are
notoriously complex for conventional computational methods. While specific numerical
improvements in simulation accuracy and speed were not detailed in the summary, the
breakthrough is cited as enabling insights beyond classical capabilities, promising
profound implications for new materials science, catalyst design, and molecular behavior

studies in life sciences.

Parallel to this, the U.S. National Science Foundation (NSF) announced a substantial $100
million investment into its National Quantum and Nanotechnology Research
Infrastructure (NQNI) program. This initiative aims to provide state-of-the-art facilities
and resources to support research and development in quantum technologies and
nanotechnology, fostering the next generation of scientists and engineers. This
investment is anticipated to accelerate the transition from fundamental research to

applied solutions and commercialization.

In the private sector, Monarch Quantum successfully raised $55 million for integrated
photonics production. Integrated photonics, which involves combining light and
electronic components, is a critical technology for developing quantum computing
hardware. Additionally, PsiQuantum integrated NVIDIA CUDA-Q into its quantum
simulation platform, reportedly significantly boosting computational speed and
efficiency. These corporate advancements underscore the accelerating drive towards

practical quantum technology implementation.



Background & Context

Quantum computing and nanotechnology are intertwined fields at the forefront of
information and material sciences. Quantum computers hold the potential to perform
complex calculations impossible for classical machines, thereby accelerating
breakthroughs in nanomaterial design and characterization. Conversely, nanotechnology
is crucial for the physical realization of qubits and the fabrication of quantum devices.
The substantial government funding and vigorous private sector investment highlight
the strategic importance of these fields as key drivers for national innovation and
economic growth. In an increasingly competitive global landscape, strengthening

research infrastructure and nurturing talent are paramount.

Strategic Significance & Outlook

Going forward, international collaborations like that between RIKEN and IBM are
expected to expand the scope of quantum computing applications, leading to new
scientific discoveries. The NSF's investment will bolster the quantum-nano ecosystem in
the U.S., fostering long-term innovation. Developments from companies like Monarch
Quantum and PsiQuantum will accelerate the commercialization of quantum hardware
and software, driving industrial adoption of quantum technologies. These trends firmly
establish quantum nanotechnology as a highly promising field for solving complex
scientific problems, creating new materials, and realizing advanced information

processing capabilities.

Source: https://quantumcomputingreport.com/news-archive-2026/
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#08 Quantum Dot Superlattices Pave Way for Next-Gen

Technologies, MOCVD Identified for Scalable Industrial
Production

Published July 23, 2026  ACS Publications (Matter journal) USA

| overview

A review in ACS's Matter journal highlights quantum dot superlattices (QDSLs) as
critical enablers for next-generation technologies, including displays and
optoelectronic devices. The paper details preparation methods like colloidal self-
assembly and epitaxial growth, emphasizing MOCVD as a scalable technique suitable
for industrial production. QDSLs promise to overcome limitations of bulk
semiconductors and disordered QD ensembles, offering enhanced performance

through precise quantum confinement and carrier transport control.
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Key Findings

Quantum Dot Superlattices (QDSLs) hold significant promise as foundational
technologies for next-generation displays, solar cells, and optoelectronic devices due to
their exceptional optoelectronic properties. A recent review published in ACS
Publications' ‘Matter' journal comprehensively outlines the formation, characteristics, and
future challenges associated with QDSLs, highlighting their potential to revolutionize
various industries. Crucially, Metalorganic Chemical Vapor Deposition (MOCVD) is
identified as a highly scalable and promising method for the industrial production of
QDSLs.

Technical / Clinical Details

QDSLs are structures where individual quantum dots are arranged in a highly ordered,
periodic fashion. This precise arrangement enables unique electronic structures and
optical properties that are unattainable in bulk semiconductors or randomly dispersed
quantum dot ensembles. The ordered nature of QDSLs leads to strong inter-dot
coupling, which in turn facilitates superior charge carrier transport and emission
properties, significantly enhancing device performance. The review delves into primary
synthesis methods, including colloidal self-assembly and epitaxial growth. Colloidal self-
assembly offers a relatively straightforward path to forming large-area QDSLs in solution,
but it faces challenges in achieving long-range order and minimizing defects. In contrast,
epitaxial growth, particularly MOCVD, provides atomic-level precision in film thickness
control and high crystal quality, ensuring reproducibility and uniformity essential for
high-performance QDSLs. This scalability is deemed critical for the mass production of

these advanced materials.

The properties of QDSLs are diverse, including tunable quantum confinement effects,
bandgap engineering, and controlled carrier lifetimes. These capabilities allow for the
design of devices with highly pure color emission, superior light absorption efficiency, or
rapid photoresponse speeds. Such characteristics are vital for improving color
reproduction in QLED displays and achieving high-efficiency solar cells. Furthermore,
QDSLs are also gaining attention as fundamental materials in quantum information
science, with potential applications in future quantum computing and quantum

communication technologies.



Background & Context

The advancement of nanotechnology has opened new frontiers in materials science,
enabling the realization of high-performance devices that surpass conventional
technological limits. While quantum dot (QD) technology is already commercialized in
the display industry, QDSLs offer an even more advanced level of controlled
nanostructure. Current display and solar cell technologies confront physical material
limitations and manufacturing cost challenges, for which QDSLs present a promising
solution. The establishment of scalable manufacturing techniques like MOCVD is a
decisive factor in accelerating the commercialization of QDSLs. Industries are closely
monitoring the potential performance improvements and cost reductions that QDSLs

can deliver, leading to increased investment in research and development.

Strategic Significance & Outlook

Future research on QDSLs will likely focus on designing more complex multi-layered
structures, achieving defect-free and uniform superlattices, and hybridizing quantum
dots of different compositions to create even more advanced functionalities.
Optimization and cost reduction of MOCVD technology will make industrial production
of QDSLs a reality, accelerating their market introduction. In the long term, QDSLs are
expected to become a core technology for innovative products across a wide range of
fields, including flexible displays, wearable devices, highly sensitive sensors, and next-
generation quantum technologies. Continuous evaluation of safety and environmental

compatibility will also contribute to the sustainable development of nanotechnology.

Source: https://pubs.acs.org/doi/10.1021/acs.chemmater.6c01278
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#09 Green Synthesis of Bio-Based Functional
Nanomaterials Revolutionizes Sustainable

Nanomedicine for Drug Delivery, Cancer Therapy, and
Biosensing

Published July 29, 2026  Frontiers  Switzerland
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| overview

A review in Frontiers highlights the significant potential of green synthesis for
functional nanomaterials using bio-resources like plant extracts and microorganisms
in sustainable nanomedicine. These bio-derived nanoparticles, with enhanced surface
functionalities, are proving crucial for targeted drug delivery, antimicrobial
treatments, cancer therapy, bioimaging, biosensing, and tissue engineering.
Emphasizing the critical role of surface-functionalized magnetic nanoparticles for
specific targeting, the review underscores that safety assessments remain paramount,

irrespective of the eco-friendly synthesis approach.
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Key Findings

The green synthesis of functional nanomaterials, particularly using biological resources
such as plant extracts and microorganisms, represents a significant breakthrough for
realizing sustainable nanomedicine. A review published in the journal Frontiers details
how these bio-derived nanoparticles, owing to their enhanced surface functionalities and
biocompatibility, exhibit superior performance across diverse biomedical applications
including drug delivery, antimicrobial therapy, cancer treatment, bioimaging, biosensing,

and tissue engineering.

Technical / Clinical Details

Green synthesized nanomaterials offer an environmentally friendly and less toxic
alternative to conventional chemical synthesis methods. Biomolecules present in plant
extracts or microbial metabolites act as reducing and stabilizing agents, facilitating
nanoparticle formation. This approach enables the synthesis of various functional
nanomaterials, such as gold, silver, and titanium dioxide nanoparticles. These
nanomaterials interact efficiently with biological systems due to their high surface-to-

volume ratio and tunable physicochemical properties.

Specific applications include drug delivery systems, where surface-functionalized
magnetic nanoparticles are demonstrated to efficiently transport drugs to specific target
cells or tissues, minimizing side effects while enhancing therapeutic efficacy. For cancer
treatment, nanoparticles can be loaded with anticancer drugs and selectively
accumulated at tumor sites, increasing local drug concentration and reducing systemic
toxicity. In antimicrobial therapies, bio-derived nanoparticles exhibit effective
antimicrobial activity by damaging bacterial cell membranes or inhibiting metabolic
pathways. For bioimaging and biosensing, nanoparticles serve as fluorescent probes or
provide highly sensitive detection platforms, contributing to early disease diagnosis and
real-time biomolecule monitoring. In tissue engineering, nanostructured scaffolds
promote cell proliferation and differentiation, aiding in the regeneration of damaged

tissues.



However, the review stresses that even with green synthesis, the safety of nanomaterials
critically depends on their physicochemical properties (size, shape, surface charge, etc.)
and long-term in-vivo behavior, degradability, and toxicity. Therefore, rigorous safety
assessments and standardized testing protocols are indispensable for advancing their

application in nanomedicine.

Background & Context

With growing global emphasis on Sustainable Development Goals (SDGs), there is an
increasing demand for environmentally conscious materials science, especially in
nanomaterial synthesis based on green chemistry principles. Traditional nanomaterial
synthesis often involves the use of hazardous chemicals and high energy consumption,
posing significant environmental burdens. Green synthesis addresses these challenges by
offering cleaner and more sustainable manufacturing processes, thereby enhancing the
societal acceptance of nanotechnology. The pharmaceutical and medical device
industries are constantly seeking safer and more efficient therapeutic and diagnostic

methods, and functional nanomaterials represent a potent tool to meet these needs.

Strategic Significance & Outlook

Moving forward, the green synthesis of bio-derived functional nanomaterials is expected
to evolve towards more efficient and scalable synthesis processes, and the construction
of more complex, multi-functional nanosystems. Research will accelerate on surface
modification techniques to further enhance targeting capabilities for specific diseases
and on material design to optimize biocompatibility. Furthermore, comprehensive
studies on the long-term safety and in-vivo fate of green-synthesized nanomaterials are
crucial to pave the way for clinical applications. These advancements will propel
nanomedicine towards a future that offers greener, more personalized, and effective

treatment options for patients.

Source: https://www.frontiersin.org/journals/chemistry/articles/10.3389/fchem.2026.1890004/pdf
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#10 EFSA Introduces 'New Approach Methodologies
(NAMs)' Certification System for Nanomaterial Safety
Assessment in Food and Feed

Published Published July 24, 2026  EFSA (European Food Safety Authority)  EuropeiE&

| overview

The European Food Safety Authority (EFSA) has introduced a groundbreaking ‘New
Approach Methodologies (NAMs) Certification System' to enhance the safety
assessment of nanomaterials in food and feed, aiming to replace traditional animal
testing. This innovative framework utilizes advanced in vitro tests, computational
modeling, and omics technologies to evaluate unique nano-specific interactions and
cellular responses, providing a more ethical and efficient pathway for risk assessment.
Already integrated into EFSA's safety assessments for various products and bolstered
by the NAMs4NANO project, this initiative sets a new global standard for safe

nanotechnology development and regulatory harmonization.
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Background

Advances in nanotechnology have expanded the potential for nanomaterials to be used
in various products, including food, feed, and packaging materials. However, their
innovative properties also raise concerns about potential impacts on human health and
the environment. The European Union (EU) has a strong commitment to the phasing out
of animal testing, and the introduction of NAMs in risk assessment aligns perfectly with
this objective. As a food safety authority, EFSA is responsible for making science-based,
efficient regulatory decisions while ensuring consumer trust. The adoption of NAMs has
the potential to enhance the transparency of safety assessments and enable faster

approval processes, thereby also fostering industrial innovation.

Key Findings

The European Food Safety Authority (EFSA) has developed a groundbreaking ‘New
Approach Methodologies (NAMs) Certification System' to significantly improve the
safety assessment of nanomaterials in food and feed, serving as an alternative to animal
testing. This innovative system is designed to evaluate critical aspects such as the
biological uptake of nanomaterials in specific cell models, aiming for a more efficient and

ethical risk assessment process.

Technical / Clinical Details

NAMs represent modern risk assessment approaches that are independent of animal
testing, combining in vitro tests, computational modeling, and omics technologies. For
nanomaterial assessment, conventional chemical substance evaluation methods are
often insufficient due to the unique physicochemical properties (size, shape, surface area,
chemical composition) of nanomaterials that significantly influence their biological
interactions. EFSA's NAMs certification system is specifically designed to address these
nano-specific aspects. It utilizes cell culture models to analyze in detail how
nanomaterials are taken up by cells and what cellular responses they induce. This allows
for the identification of initial toxicity mechanisms and the assessment of potential

extrapolation to human health risks.



EFSA's Scientific Committee has already integrated guidance from these NAMs into the
safety assessments of food additives, novel foods, and food contact materials. This marks
a crucial step towards strengthening consumer protection across a wide range of
product categories where nanomaterials may be used. Furthermore, the ‘"NAMs4NANO'
project is underway until 2027, focusing on understanding and overcoming challenges in
applying NAMs to nanomaterial risk assessment (e.g., integrating results from different
NAMs, evaluating complex materials, developing standardized protocols). This project
aims to promote safe innovation in nanomaterials while ensuring scientific robustness

and regulatory harmonization.

Strategic Significance & Outlook

The ongoing development of EFSA's NAMs certification system and the outcomes of the
NAMs4NANO project are expected to further evolve the regulatory framework for
nanomaterials in the food and feed sectors. In the future, it is anticipated that more
NAMs will be validated and certified, enabling highly accurate risk assessments while
significantly reducing the need for animal testing. This approach could influence other
regulatory bodies and international standardization organizations, promoting global
harmonization in nanomaterial safety assessment. This ensures the safe and responsible
development of nanotechnology, allowing its benefits to be widely realized across

society.

Source: https://www.efsa.europa.eu/en/topics/topic/nanotechnology
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#11 Continuous-Flow Nanocatalyst Synthesis
Revolutionizes Manufacturing: Integrating Reaction
Engineering for Scalable Production

Published July 30, 2026  OAE Publishing Inc. (Nanomaterials journal)  Global

| overview

A paper in OAE Publishing Inc.'s Nanomaterials journal introduces a transformative
continuous-flow approach for nanocatalyst synthesis, emphasizing precise control
over nanostructure formation for scalable manufacturing. This method dramatically
expands the design space for catalytic materials by improving control over residence
time, reactant feeding, and interfacial confinement. The review extends beyond
nanoparticle synthesis to structural integration, process stability, and industrially
relevant catalyst production, providing a conceptual framework that bridges reaction

engineering and nanocatalyst design.
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Key Findings

Continuous-flow synthesis is emerging as an innovative approach in nanocatalyst
manufacturing, enabling the precise formation of nanostructures for scalable production
by integrating reaction engineering and nanocatalyst design. Recent research published
in OAE Publishing Inc.'s ‘Nanomaterials' journal details how this technology significantly
expands the design space for catalytic materials through enhanced control over key

parameters such as residence time, reactant feeding, and interfacial confinement.

Technical / Clinical Details

In continuous-flow synthesis systems, reactants are continuously introduced, and
nanoparticles are formed as they pass through a reaction zone. This process offers a
significant advantage over batch synthesis by providing far stricter control over reaction
conditions, including temperature, pressure, concentration, and mixing efficiency.
Crucially, the nanostructural features that determine nanocatalyst performance—such as
size, shape, crystallinity, and surface area—can be precisely tuned by controlling reactant
feed rates, residence time in the reaction zone, and interfacial confinement through
reactor design. For instance, maintaining a uniform reaction environment with short
residence times allows for the high-efficiency synthesis of uniformly sized nanoparticles.
Furthermore, utilizing devices like microreactors improves reactant mixing efficiency,

leading to nanoparticles with narrower size distributions.

This review extends beyond mere nanoparticle synthesis, focusing also on structural
integration to maximize catalyst activity and selectivity. This includes methods for
uniformly dispersing nanoparticles onto support materials and forming composite
nanostructures to achieve synergistic multi-functionality. Moreover, considering
industrial implementation, challenges such as process stability, reproducibility, and long-
term catalyst durability during continuous operation are discussed. Continuous-flow
synthesis offers robust solutions to these challenges through automated control and
optimization of reaction parameters, enabling the sustainable production of high-quality

nanocatalysts.



Background & Context

Catalysts play an indispensable role across diverse fields, including the chemical industry,
energy conversion, and environmental protection. Nanocatalysts, in particular, offer
significantly superior activity and selectivity compared to conventional catalysts due to
their high surface area and unique quantum effects. However, nanocatalyst synthesis has
historically faced challenges related to low reproducibility, difficulty in scale-up, and high
production costs. Continuous-flow synthesis technology is gaining attention as a critical
means to overcome these hurdles and accelerate the commercialization of nanocatalysts.
The development of this technology has the potential to revolutionize various sectors,
including pharmaceutical manufacturing, fine chemical synthesis, clean energy

technologies (e.g., fuel cells, hydrogen production), and exhaust gas treatment.

Strategic Significance & Outlook

The field of continuous-flow nanocatalyst synthesis is expected to experience rapid
development. Key research directions include the application of Al and machine learning
for reaction design and process optimization, and the enhancement of real-time control
through in-line monitoring technologies. Furthermore, advancements will be made in the
synthesis of more complex multi-component nanocatalysts and the development of
novel reactor designs that enable precise structural control. These developments will
facilitate the more efficient and sustainable production of nanocatalysts with high
activity, selectivity, and durability, powerfully driving innovation across various industrial
sectors. Ultimately, this technology is poised to contribute to improved energy efficiency,
reduced environmental impact, and the creation of new products, making it

indispensable for achieving a sustainable society.

Source: https://www.oaepublish.com/articles/enginfuture.2026.02
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#12 BOE Technology's ZnMgO Thermal Engineering
Triples QLED Device Lifetime to 20,000 Hours, Exceeds
60,000 cd/m? Brightness

Published Published July 29, 2026  EurekAlert! (Nano Research, Tsinghua University Pressd& D &5
&) China

| overview

BOE Technology Group researchers have pioneered a thermal engineering method for
zinc magnesium oxide (ZnMgO) nanoparticles, dramatically boosting Quantum Dot
Light-Emitting Diode (QLED) performance. This technique triples device lifetime to
20,000 hours and achieves over 60,000 cd/m? brightness by reducing oxygen
vacancies and optimizing nanoparticle size. Crucially, it resolves critical acid-induced

aging, paving the way for QLED's widespread industrial deployment.
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Background

Quantum Dot Light-Emitting Diode (QLED) technology is widely regarded as a promising
candidate for next-generation displays, celebrated for its excellent color reproduction,
high brightness, and wide viewing angles. However, its path to widespread
commercialization has been significantly challenged by shorter device lifetimes and
reliability concerns, particularly when compared to established organic light-emitting
diode (OLED) displays. A critical issue has been brightness degradation over extended
periods of operation, a major concern for both consumers and a significant technical
barrier for manufacturers. As a leading global display manufacturer, BOE Technology
Group has invested heavily in research and development in this field. The success of this
ZnMgO thermal engineering method directly addresses a fundamental weakness of
QLED technology, thereby opening the door for its more widespread commercial

deployment.

Key Findings

Researchers at BOE Technology Group Co., Ltd. have pioneered a groundbreaking
thermal engineering method for zinc magnesium oxide (ZnMgQO) nanoparticles,
significantly enhancing the reliability and operational lifetime of Quantum Dot Light-
Emitting Diodes (QLEDs). This novel technique has extended QLED device lifetimes by
over three times, from a previous 5,400 hours to 20,000 hours, while maintaining a high
peak brightness exceeding 60,000 cd/m?. This breakthrough effectively resolves the
critical issue of 'uncontrollable acid-induced positive aging,' a major hurdle for the

industrial application of QLED displays.



Technical Details

The thermal engineering method developed by the research team focuses on precisely
modifying the structure and composition of the ZnMgO nanoparticles integrated into
QLEDs. Specifically, this thermal treatment resulted in a remarkable 25% reduction in
oxygen vacancies within the ZnMgO nanoparticles. Oxygen vacancies are well-known
defects that degrade material stability and accelerate device aging, so their successful
reduction directly contributes to an extended operational lifespan. Furthermore, an
approximate 30% increase in the average size of the nanoparticles was observed.
Nanoparticle size and crystallinity are intrinsically linked to the emission efficiency and
long-term stability of quantum dots, with appropriate size tuning enhancing overall

device robustness.

This modification of ZnMgO nanoparticles is particularly crucial for addressing the ‘acid-
induced positive aging' problem. In QLED devices, acidic environments can be generated
during operation, which are known to damage the quantum dots and surrounding
materials in the emissive layer, leading to brightness degradation and shortened
lifetimes. The enhanced stability of the modified ZnMgO nanoparticles improves their
intrinsic resistance to this acidic environment, thereby increasing the overall durability of
the device. This led to the device lifetime being significantly extended from 5,400 hours
to 20,000 hours, representing a revolutionary advancement in meeting the stringent
reliability standards required for modern display products. The simultaneous
achievement of extended lifetime and ultra-high brightness (over 60,000 cd/m?) is a
decisive factor that significantly boosts QLED technology's competitiveness in the large-

format, high-definition display market.



Strategic Significance and Outlook

This thermal engineering method developed by BOE Technology Group Co., Ltd. has the
potential to significantly accelerate the mass production and market introduction of
QLED displays. Moving forward, this technology is anticipated to be broadly applied
across various display products, including advanced televisions, smartphones, and
wearable devices. The extended lifespan and significantly increased brightness will serve
as crucial differentiators, enabling QLEDs to gain a competitive edge in the highly
saturated display market. Furthermore, this ZnMgO modification technology holds
broader promise, potentially finding applications in other quantum dot-based
optoelectronic devices and advanced sensor technologies, thereby driving further
advancements in nanomaterial science. As the global demand for energy-efficient, high-
reliability displays continues to grow in the pursuit of a sustainable society, this
technology is poised to make a substantial contribution to meeting those evolving

needs.

Source: https://www.eurekalert.org/news-releases/1137985
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#13 J&K Scientific Provides High-Purity Cadmium-Free
InP and Perovskite QD Reagents, Supporting QLED
Displays, Bioimaging, and Solar Cells

Published July 24, 2026  J&K Scientific LLC  USA

| overview

J&K Scientific LLC offers high-purity quantum dot (QD) synthesis reagents for diverse
applications, including QLED displays, bioimaging, solar cells, and sensors. Their
portfolio features cadmium-free InP QD precursors to meet environmental
regulations and high-performance perovskite QD precursors. Emphasizing thermal
stability and chemical robustness, these reagents, backed by customized bulk pricing
and global supply chain support, ensure lot-to-lot consistency from R&D to scale-up,

accelerating high-quality QD product development.
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Key Findings

J&K Scientific LLC is comprehensively addressing the demand in the quantum dot (QD)
synthesis market by offering a wide range of high-purity and reliable synthesis reagents
for cutting-edge applications such as QLED displays, bioimaging, solar cells, and sensors.
The company is particularly strengthening its supply of environmentally compliant
cadmium-free InP quantum dot precursors and high-performance perovskite quantum
dot precursors, providing robust support for the development of next-generation

technologies.

Technical / Clinical Details

The QD synthesis reagents supplied by J&K Scientific guarantee the performance and
reproducibility of synthesized quantum dots through their high purity and stringent
quality control. Cadmium-free InP quantum dot precursors comply with environmental
regulations like the EU RoHS Directive, reducing toxicity risks while achieving excellent
color purity and luminescence efficiency. This offers a safer and more sustainable

alternative to traditional CdSe (cadmium selenide)-based quantum dots.

Conversely, perovskite quantum dot precursors, known for their high photoluminescence
quantum yield and wide color gamut coverage, are particularly promising for
applications in QLED displays requiring high brightness and color purity, as well as in
high-efficiency solar cells. These reagents are designed with an emphasis on thermal
stability and chemical robustness, ensuring stable performance even in complex
synthesis processes. Through these reagents, J&K Scientific supports researchers in

developing higher-quality quantum dots and accelerating their practical application.

The company provides customized bulk pricing and global supply chain support,
catering from research and development stages to mass production scale-up. This
ensures customers receive the necessary quantities of reagents in a timely manner, with
guaranteed lot-to-lot consistency, which improves product development efficiency and
shortens time-to-market. This comprehensive support system is a critical element in the

commercialization of QD technology.



Background & Context

Quantum dot technology is rapidly gaining widespread adoption in displays, lighting,
biomedicine, and energy sectors due to its superior emissive properties, high efficiency,
and tunable bandgap. The expansion of the QLED display market and increasing demand
for eco-friendly bioimaging probes specifically drive the need for high-quality QD
synthesis reagents. The transition to cadmium-free materials aligns with global
regulatory trends restricting hazardous substances in consumer products, acting as a
driving force for sustainable technological development. Reagent suppliers like J&K
Scientific are indispensable in underpinning this ecosystem, enabling advancements in

R&D and product commercialization.

Strategic Significance & Outlook

J&K Scientific will continue to focus on developing new cadmium-free materials and
more functional perovskite QD precursors to meet the evolving demands of QD
technology. Future focus areas will include enhancing quantum dot stability, reducing
toxicity, and enabling cost-effective synthesis routes. The company's high-purity
reagents and global supply chain will continue to provide essential infrastructure for
research institutions and companies developing cutting-edge applications such as next-
generation QLED displays, ultra-sensitive biosensors, high-efficiency solar cells, and
quantum computing. This expansion of QD technology's application range is expected to

bring innovation to diverse industries.

Source: https://www.jk-sci.com/blogs/resource-center/quantum-dots-synthesis-reagents
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#14 Perovskite QD-Based Memristor Developed for
Flexible Artificial Vision in Low Light, Achieving Over
10% Recognition Accuracy Improvement

Published July 24, 2026  Semiconductor-Today China

| overview

Researchers from Hebei University of Geosciences and Shijiazhuang Railway
University have developed a flexible photoelectrochemical memristor utilizing stacked
perovskite quantum dots (QDs) and graphene oxide, enabling superior image sensing
and processing even in dim light. This innovative device expands the conductance
range and effectively suppresses noise under low-light conditions, amplifying weak
signals. It demonstrated over 10% improvement in recognition accuracy and a
twofold increase in signal-to-noise ratio in noisy, low-light images, paving the way for

wearable neuromorphic visual systems.
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Key Findings

A research team from Hebei University of Geosciences and Shijiazhuang Railway
University has successfully developed a flexible photoelectrochemical memristor that
integrates perovskite quantum dots (QDs) and graphene oxide (GO), enabling advanced
visual perception and processing capabilities even under dim lighting conditions. This
innovative device achieved over a 10% improvement in recognition accuracy and a
twofold increase in signal-to-noise ratio in low-light environments, marking a significant

step towards realizing next-generation wearable neuromorphic vision systems.

Technical / Clinical Details

The novel memristor is constructed by sequentially stacking perovskite QD and graphene
oxide layers on a flexible substrate. Perovskite QDs, known for their excellent light
absorption properties and high photoluminescence quantum yield, efficiently detect
weak light signals. Graphene oxide, with its high electrical conductivity and flexibility,

ensures reliable signal transmission and mechanical stability of the device.

The core innovation of this device lies in its extended conductance range and superior
noise suppression under low-light conditions. While conventional sensors struggle with
weak signals becoming buried in noise in dim environments, this perovskite QD/GO
memristor exhibits highly sensitive conductance changes even to faint light stimuli. This
performance is attributed to the optimized charge separation and transport efficiency at
the nanoscale interfaces. Specifically, evaluations in noisy, low-light images
demonstrated an improvement in image recognition accuracy by over 10% and a
doubling of the signal-to-noise ratio (SNR) compared to comparable devices. This high
performance is based on neuromorphic computing principles, mimicking the adaptive
capabilities of the human eye to efficiently process incoming light signals and distinguish

useful information from noise.

Its flexible design allows the device to be applied to curved or irregular surfaces, making
it easily integrable into wearable devices and robotics. This opens possibilities for direct
attachment to human skin, similar to biological tissues, or integration into robotic vision

systems.



Background & Context

While current Al technology has seen remarkable advancements, much of it relies on
high-performance processors that consume vast amounts of energy. Visual information
processing, in particular, demands real-time capabilities and energy efficiency, leading to
growing expectations for neuromorphic computing that can process information as
efficiently as the human brain. However, high-precision visual recognition in dim
environments remains a significant challenge across many application areas, including
autonomous driving, surveillance systems, smart homes, and medical diagnostics.
Perovskite quantum dots, owing to their excellent photoelectric properties, are attracting
attention as key materials for next-generation optoelectronic devices, and their
combination with graphene expands the potential for flexible, high-performance device

realization.

Strategic Significance & Outlook

The success of this perovskite QD-based flexible photoelectrochemical memristor
represents a groundbreaking advancement in enabling high-precision visual recognition
under low-light conditions. Moving forward, the research team will likely aim to further
increase the integration density of the device and incorporate more complex image
processing and learning capabilities. Its application in wearable neuromorphic visual
systems holds potential to enrich human lives in diverse fields, such as assistive devices
for the visually impaired, smart glasses, and enhancing environmental perception for
robots. Furthermore, this technology, which allows for high-efficiency information
processing while minimizing energy consumption, is expected to significantly contribute
to the development of Al edge devices and |oT sensors. Establishing long-term stability
and mass production techniques will be the next crucial steps towards practical

implementation.

Source: https://www.perovskite-info.com/perovskite-qds-based-memristor-delivers-flexible-artificial-

vision-low-light
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#15 RMIT University Develops Magnetic Nano-
Adsorbent Material, Removes Over 95% of
Microplastics and PFAS from Wastewater in One Hour

Published Published July 24, 2026 ~ AZo Materials (RMITAZE L D)  Australia

| overview

RMIT University researchers have engineered a novel magnetic nano-adsorbent
material that effectively captures microplastics, nanoplastics (as small as 30nm), and
PFAS compounds from wastewater. This innovative solution boasts over 95% removal
efficiency for plastics, heavy metals, and dyes within just one hour, with a prototype
demonstrating efficient material recovery and reusability. This breakthrough holds
significant promise for sustainable water purification across textile, industrial, and

municipal applications.



| N DEPTH

Key Findings

Researchers at RMIT University have engineered an innovative magnetic nano-adsorbent
material capable of highly efficient removal of microplastics, nanoplastics (down to
30nm), and specific PFAS compounds from wastewater. This novel material
demonstrated over 95% removal efficiency for tested microplastics and nanoplastics
within just one hour, while simultaneously achieving over 95% removal for other
pollutants such as heavy metals and dyes. This breakthrough presents a powerful

solution to critical environmental pollution challenges.

Technical Details

The developed magnetic nano-adsorbent material integrates nanoscale surface
structures with intrinsic magnetic properties. This unique combination enables the
efficient capture of extremely fine waterborne pollutants, including nanoplastics as small
as 30nm, which have historically posed significant challenges for conventional filtration
methods. The material's adsorption mechanism leverages both physical and chemical
interactions, driven by its high specific surface area and specialized functional groups

that form strong bonds with plastic particles and PFAS molecules.

The research team developed a prototype system to validate the material's practical
utility. In this system, the magnetic adsorbent is introduced into wastewater, where it
adsorbs pollutants. Subsequently, an external magnetic field is applied to easily separate
and recover the material. This recovered material can then be regenerated and reused,
contributing to reduced treatment costs and sustainable resource utilization.
Experimental results confirmed over 95% removal efficiency for microplastics and
nanoplastics within a mere one-hour treatment time, representing a substantial
improvement in efficiency and processing speed over conventional technologies. The
material's versatility was further demonstrated by similarly high removal rates for a

variety of heavy metals and dyes.



Background and Context

Water pollution by microplastics and per- and polyfluoroalkyl substances (PFAS) is widely
recognized as a severe global environmental issue, raising significant concerns about its
impact on ecosystems and human health. PFAS, often dubbed 'forever chemicals,' are
particularly problematic due to their extreme resistance to degradation and their
propensity to accumulate in the environment, underscoring the urgent need for effective
removal technologies. Conventional wastewater treatment systems have largely been
ineffective in removing these fine pollutants and recalcitrant substances, necessitating
the development of novel, high-efficiency solutions. The innovative magnetic nano-
adsorbent material developed by RMIT University is garnering substantial attention from
government agencies, industry stakeholders, and the general public as a promising

answer to this critical challenge.

Strategic Significance and Outlook

The magnetic nano-adsorbent material developed by RMIT University is poised for broad
application across textile wastewater treatment, general industrial wastewater treatment,
and urban sewage purification. Its exceptional removal efficiency, rapid treatment
kinetics, and demonstrated reusability are expected to significantly reduce environmental
impact and operational costs. Future research will focus on validating the material's
long-term stability, establishing scalable production techniques, and optimizing its
performance for diverse wastewater compositions. If successfully commercialized, this
technology holds the potential to make a substantial contribution to resolving pressing
global water pollution issues, marking a crucial step towards achieving a sustainable
society. International cooperation and the proactive establishment of supportive

regulatory frameworks will be instrumental in accelerating its widespread adoption.

Source: https://www.azom.com/news.aspx?news|D=65646
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#16 Forbes Highlights Convergence of Space Tech with
Al, Quantum, and Nanotech; Microgravity Research
Accelerates New Drug Discovery and Regenerative
Medicine

Published July 29, 2026  Forbes USA

| overview

A Forbes article emphasizes the synergistic impact of exponential technologies—A|,
guantum computing, and nanotechnology—with increasing reliance on space
infrastructure. Microgravity research, in particular, shows groundbreaking potential to
accelerate new drug discovery and regenerative medicine through improved protein
crystallization and stem cell studies. However, the expanding attack surface created

by these technological advancements necessitates paramount cybersecurity for space

systems.
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Key Findings

A Forbes article highlights the escalating reliance on space infrastructure in modern
society and the innovative opportunities arising from the convergence of exponential
technologies such as Al, quantum computing, and nanotechnology. It specifically
emphasizes that microgravity research holds transformative potential to accelerate new
drug discovery and advance regenerative medicine by dramatically improving protein

crystallization and stem cell studies.

Technical / Clinical Details

Microgravity environments offer unique physical conditions that are difficult to replicate
on Earth. For instance, in microgravity, the effects of gravitational sedimentation and
convection are eliminated during protein crystallization, allowing for the growth of larger
and more perfect crystals. This precision in structural analysis of drug target proteins
enhances the efficiency of new drug development. In stem cell research, microgravity
uniquely influences cell proliferation, differentiation, and three-dimensional tissue
formation, potentially leading to new approaches and therapies in regenerative
medicine. These space-based research outcomes provide invaluable insights
unattainable through terrestrial research, expected to significantly impact the

pharmaceutical and biotechnology industries.

The article also mentions Al's role in analyzing vast amounts of data from space (e.g.,
Earth observation, communications, navigation) to optimize decision-making processes.
Quantum computing offers the potential to surpass conventional computational
capabilities in planning complex space missions, enhancing cryptographic security, or
simulating materials science. Nanotechnology is crucial for developing smaller, lighter,
and higher-performance satellite components, sensors, and propulsion systems, thereby
improving the cost-efficiency and effectiveness of space exploration. The synergistic
interaction of these technologies is causing the space industry to evolve at an

unprecedented pace, leading to the creation of new services and products.



Background & Context

The space industry is rapidly diversifying, shifting from government-led exploration to
commercialized satellite services, space tourism, and resource development. This growth
intensifies dependence on space infrastructure, which is deeply embedded in every
aspect of daily life, including smartphones, GPS, weather forecasting, and internet
connectivity. However, such exponential technological advancements and the
accompanying expansion of space assets create new cybersecurity vulnerabilities.
Cyberattacks by hostile state actors, terrorist groups, or hackers could cripple space
system functionalities, with potentially devastating impacts on terrestrial infrastructure.
Therefore, robust cybersecurity measures to protect these critical space assets are not
merely technical challenges but strategic imperatives directly linked to national security

and economic stability.

Strategic Significance & Outlook

The convergence of space, Al, quantum computing, and nanotechnology will continue to
accelerate, driving unprecedented innovation. Advancements in microgravity research
are expected to propel the development of new pharmaceuticals and regenerative
medicine techniques for treating intractable diseases, making significant contributions to
human health and welfare. Concurrently, cybersecurity for space systems will remain an
indispensable component to safely harness the benefits these technologies offer.
Governments, industries, and academia must collaborate to build resilient infrastructure
and robust security frameworks in space to maximize the potential of this 'exponential
tech moment." International cooperation will also play a vital role in ensuring the safety

and stability of outer space.

Source: https://www.forbes.com/sites/chuckbrooks/2026/07/29/spaces-exponential-tech-moment-and-

the-need-to-secure-it/
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#17 EFSA Integrates ‘New Approach Methodologies
(NAMs)' into Risk Assessment, Accelerating Transition
to Non-Animal Testing

Published Published July 24, 2026 ~ EFSA (European Food Safety Authority) Europei®E&

| overview

In 2026, the European Food Safety Authority (EFSA) established an advisory group to
integrate New Approach Methodologies (NAMs) into its chemical risk assessment,
accelerating the EU's transition to non-animal testing for industrial chemicals,
pharmaceuticals, and food additives. This strategic shift leverages NAMs to improve
risk assessment for complex substances like nanomaterials, promising a more efficient

and ethical future for safety evaluations.
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Background

Driven by increasing societal awareness of ethical animal treatment and significant
advancements in scientific technology, the European Union has actively championed the
phasing out of animal testing in the safety assessment of cosmetics and industrial
chemicals. This commitment is formalized within the European Commission's 'Chemicals
Strategy for Sustainability," which actively encourages the adoption of New Approach
Methodologies (NAMs) in risk assessment. Concurrently, the rapid evolution of
nanotechnology has led to a proliferation of innovative products across sectors such as
food, medicine, and electronics, creating an urgent demand for robust scientific data and
clear regulatory frameworks concerning nanomaterial safety. EFSA's proactive initiative is
directly aligned with these overarching EU strategies, aiming to address both ethical

imperatives and the need for scientific rigor in emerging technological domains.

Key Findings

In 2026, the European Food Safety Authority (EFSA) established an internal advisory
group specifically tasked with integrating New Approach Methodologies (NAMs) into its
chemical risk assessment processes. This strategic development marks a pivotal step in
the EU's broader objective to accelerate the transition towards safety assessments that
do not rely on animal testing, encompassing industrial chemicals, pharmaceuticals, and

food additives.

NAMs represent a sophisticated suite of advanced assessment tools designed as
alternatives to traditional animal testing. These include cutting-edge techniques such as
(n vitro (test tube) assays, computational toxicology (in silico modeling), high-throughput
screening (HTS), and various ‘omics' technologies (e.g., genomics, proteomics). By
synergistically combining these methodologies, scientists can gain a molecular-level
understanding of chemical substances' effects on cells and biological systems, enabling

more accurate predictions of potential human health risks.



A key focus for EFSA is the application of NAMs to nanomaterials and nanoparticles.
Unlike conventional chemicals, these substances possess unique physicochemical
properties—such as size, shape, surface area, and surface charge—that profoundly
influence their toxicity mechanisms. EFSA plans to leverage NAMs to meticulously
evaluate how nanomaterials are internalized by cells, which intracellular pathways they
disrupt, and whether they induce genotoxicity, inflammatory responses, or oxidative
stress. This detailed approach is anticipated to facilitate the establishment of more
comprehensive and efficient safety profiles for nanomaterials, significantly reducing or

eliminating the need for animal testing.

EFSA's advisory group is mandated to rigorously evaluate the scientific validity of these
NAMs and to develop comprehensive guidance for their seamless integration into
regulatory decision-making. This effort will be instrumental in achieving the EU's
ambitious goal of phasing out animal testing, while also potentially setting new global
standards for chemical and nanomaterial safety assessment. Looking ahead, the scope of
NAMs is expected to broaden to cover an even wider array of chemicals and complex
materials. However, challenges remain, including the effective integration of data from
diverse NAMs, robust extrapolation of findings to human health risks, and achieving
harmonization with international regulatory bodies. To address these, EFSA will foster
stronger collaborations with research institutions, industry partners, and other regulatory
authorities, ensuring the reliability and practical utility of NAMs for a future of

sustainable, ethical, and consumer-protective science-based decision-making.

Source: https://www.efsa.europa.eu/en/topics/new-approach-methodologies-nams
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#18 Nano Tech 2026 to Convene in Tokyo, Driving

Nanotechnology's Societal Implementation and Future
Tech Innovation

Published Published 2026-07 nano tech (R{T&ZE%®) Japan

| overview

Tokyo will host the 26th International Nanotechnology Exhibition and Conference,
'nano tech 2026,' from December 16-18, 2026. This premier event is designed to
accelerate the societal implementation of nanotechnology-driven materials and
devices, fostering future technological and industrial innovation. With an executive
committee comprising leading Japanese institutions and corporations like NIMS, QST,
Toray, and JEOL, the conference underscores Japan's strategic focus on industry-

academia collaboration and global competitiveness in nanotechnology.
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Background

Nanotechnology stands as a pivotal innovative technology of the 21st century, poised to
transform virtually every industrial sector. Japan has consistently demonstrated world-
leading research and development capabilities across nanomaterial science, electronic
devices, and biotechnology. Against this backdrop, the 'nano tech' event series serves as
a crucial international platform for Japan to showcase its technological prowess and
foster global industry-academia collaboration. The executive committee for nano tech
2026 features key figures from national research institutions, including the National
Institute for Materials Science (NIMS) and the National Institutes for Quantum Science
and Technology (QST), alongside prominent Japanese corporations like Toray and JEOL.
This composition underscores the event's significant role in strengthening Japan's
industrial competitiveness and driving innovation. In an era of intensifying global
technological competition, international gatherings such as nano tech 2026 are
indispensable for accelerating technological innovation, unlocking new markets, and

addressing critical challenges for a sustainable society.

Key Findings

The 26th International Nanotechnology Exhibition and Conference, 'nano tech 2026, is
set to convene at Tokyo Big Sight from December 16 to 18, 2026. This marquee
international event is fundamentally geared towards accelerating the societal
implementation of innovative materials and next-generation devices underpinned by
nanotechnology, thereby fueling future technological and industrial innovation.
Positioned as a nexus for Japan's leading nanotechnology advancements, the conference

will operate under the theme 'Bridge to Future Business: Innovating Nanotechnology.'



Attendees can expect a comprehensive showcase spanning nanomaterials, nanobio,
nanoprocessing, nanomeasurement, and the pivotal integration of Al/simulation. The
exhibition floor will feature cutting-edge research and products in critical domains such
as high-performance composite materials, flexible electronics, high-efficiency energy
conversion, precision medical and diagnostic devices, and advanced environmental
purification technologies. Beyond the exhibits, robust technical conferences will bring
together international experts, researchers, and business leaders for intensive
technological exchange, discussions on industry trends, market developments, and
crucial networking. A diverse ecosystem of participants, from startups to multinational
corporations and public research institutions, will converge to explore new business

opportunities and present groundbreaking innovations.

Strategically, nano tech 2026 is designed to be a catalyst for envisioning the future of
nanotechnology, charting new directions for R&D, and fostering novel business models.
Expected outcomes include the formation of new partnerships and collaborative research
initiatives that will propel the practical application of nanotechnology and contribute to
the emergence of next-generation industries. A significant focus will be on the
synergistic integration of nanotechnology with Al, loT, and quantum technologies,
promising to dramatically expand its application landscape. Through this event, Japan
aims to solidify its international leadership in nanotechnology and strengthen its
standing within the global innovation ecosystem, ultimately fostering worldwide
adoption of nanotechnology solutions for pressing global challenges in energy,

environment, and healthcare, thus contributing to a sustainable future.

Source: https://www.nanotechexpo.jp/en/outline2026dec.html
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#19 Exosens Revenue up 15.3%, Acquires Emberion to
Strengthen Advanced Imaging with Quantum Dot
Technology

Published July 28, 2026  Exosens  France

| overview

Exosens reported a 15.3% revenue increase in H1 2026, driven by demand in defense
imaging and night vision. Leveraging this growth, Exosens acquired Emberion on April
24, 2026, to bolster its position in advanced imaging with quantum dot technology.
This acquisition integrates quantum dot-based Short-Wave Infrared (SWIR) sensors
into its portfolio, creating new growth opportunities in high-resolution defense,

surveillance, and industrial control applications like semiconductor inspection.
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Key Findings

Exosens announced robust financial results for the first half of 2026, with a 15.3%
increase in revenue year-over-year, primarily driven by strong demand in defense
imaging and night vision solutions. Capitalizing on this momentum, Exosens strategically
acquired Emberion on April 24, 2026, a company specializing in quantum dot imaging

technology, thereby strengthening its market position in the advanced imaging sector.

Technical / Clinical Details

The acquisition of Emberion provides Exosens with innovative quantum dot (QD)-based
solutions, particularly in Short-Wave Infrared (SWIR) sensor technology. SWIR sensors are
highly valuable across a wide range of applications, including defense, surveillance, and
industrial inspection, because they can provide clear images in environmental conditions
(e.g., fog, smoke, night) that are opaque to visible light. While traditional SWIR sensors
have been expensive and complex to manufacture, Emberion's quantum dot technology

enables the production of more cost-effective, high-performance SWIR sensors.

Quantum dot-based SWIR sensors achieve high-resolution, low-noise image acquisition
due to their tunable absorption wavelengths and high quantum efficiency. This translates
into improved accurate target identification capabilities in challenging environments for
defense applications and continuous day-and-night monitoring for surveillance
applications. In semiconductor inspection, these sensors can penetrate silicon wafers to
detect internal defects, significantly contributing to quality control and yield
improvement in manufacturing processes. The integration of this technology
dramatically enhances the versatility and performance of Exosens' imaging solutions,

offering customers a broader range of options and superior value.



Background & Context

The defense and security markets continue to exhibit a sustained demand for advanced
imaging and sensor solutions, driven by geopolitical tensions and the pursuit of
technological superiority. In parallel, the industrial control sector, especially in high-
precision areas like semiconductor manufacturing, necessitates innovative inspection
technologies to ensure production efficiency and quality. Exosens has built years of
experience and a solid reputation in these markets, and the acquisition of Emberion
represents a strategic investment for the company to address future growth markets and
maintain technological leadership. Quantum dot technology, with its unique
optoelectronic properties, is considered central to next-generation imaging
technologies, and this acquisition positions Exosens at the forefront of this technological

trend.

Strategic Significance & Outlook

The acquisition of Emberion by Exosens is a significant milestone in the company's
growth strategy. Moving forward, Exosens aims to rapidly integrate Emberion's quantum
dot technology into its existing product portfolio and launch new SWIR sensor product
lines into the market. This is expected to expand its market share in key sectors like
defense, surveillance, and industrial control, as well as facilitate entry into new
application areas. Particularly, as quantum dot technology matures and manufacturing
costs decrease, SWIR sensors could become more widely adopted in commercial
applications, contributing to Exosens' long-term revenue growth. This acquisition holds
the potential to shape the future of advanced imaging technology and bring

transformative changes to numerous industries.

Source: https://www.exosens.com/news/h1-2026-exosens-results

Collected: July 31, 2026 | Automated Research System (Gemini API)


https://www.exosens.com/news/h1-2026-exosens-results

#20 MMU Press Study Achieves 99.9% Removal of Lake
Water Pollutants and E. coli with TiO2 Nanowires,
Advancing Sustainable Water Treatment

Published July 30, 2026 MMU Press (International Journal on Robotics, Automation and

Sciences) Malaysia

| overview

A study published by MMU Press demonstrates that photocatalytic titanium dioxide
(TiO2) nanowires achieve exceptionally high efficiency in treating agricultural and
industrial wastewater, specifically in lake water purification and E. coli removal. Under
UV irradiation, this technology achieved up to 99.9% pollutant removal efficiency and
significantly enhanced antibacterial activity compared to TiO2 nanoparticles or
standalone samples. This innovation substantially contributes to sustainable water
treatment solutions, supporting the achievement of SDG 6 (Clean Water and

Sanitation).
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Key Findings

A recent study published by MMU Press in Malaysia demonstrates that photocatalytic
titanium dioxide (TiO2) nanowires have achieved groundbreaking efficiency in lake water
purification and E. coli removal. In experiments under UV irradiation, these TiO2
nanowires exhibited up to 99.9% pollutant removal efficiency and significant
antibacterial activity compared to conventional TiO2 nanoparticles or standalone

samples, indicating immense potential as a sustainable water treatment technology.

Technical / Clinical Details

The research team significantly enhanced the photocatalytic activity of titanium dioxide
by fabricating it into a nanowire structure. TiO2, upon absorbing ultraviolet light,
generates electrons and holes. These carriers then produce reactive oxygen species that
can decompose organic pollutants in water or damage the cell walls of microorganisms.
The nanowire structure provides a high surface-area-to-volume ratio, maximizing light
absorption efficiency and the number of catalytic reaction sites. This enables the
photocatalytic reaction to proceed more efficiently, accelerating the degradation rate of

pollutants.

In experiments, TiO2 nanowires were added to lake water samples and E. coli-
contaminated samples, and treated under UV irradiation. The system utilizing TiO2
nanowires showed a significant advantage in pollutant removal efficiency compared to
systems using TiO2 nanoparticles or UV irradiation alone under the same conditions.
Specifically, concentrations of total organic carbon (TOC) and specific pollutants were
reduced by up to 99.9%. Furthermore, antibacterial activity against E. coli dramatically
improved, confirming nearly complete removal of bacteria. This superior performance is
attributed to the combination of the nanowires' excellent catalytic activity and their

ability to inflict physical and chemical damage to bacterial cells.

This technology is applicable to the removal of various organic pollutants and pathogens
found in agricultural and industrial wastewaters, making it highly promising for

addressing lake eutrophication and reducing the risk of waterborne diseases.



Background & Context

In many parts of the world, the scarcity of safe drinking water and water pollution are
critical challenges, driving a strong demand for technological innovations to achieve UN
Sustainable Development Goal 6, 'Clean Water and Sanitation.' Conventional water
treatment technologies have faced issues such as high costs, limitations in treatment
efficiency, and the generation of secondary pollutants. Nanotechnology, particularly
photocatalytic nanomaterials, holds great promise as a cost-effective and
environmentally friendly solution to these challenges. TiO2 has long been studied as a
photocatalyst for water treatment due to its chemical stability, non-toxicity, and powerful
oxidative capabilities; its performance has now been dramatically improved through

nanowire structuring, marking a significant milestone in this field.

Strategic Significance & Outlook

The TiO2 nanowire technology demonstrated in this study has the potential to
profoundly transform the future of sustainable water treatment. Future research will
focus on reducing the manufacturing cost of nanowires, establishing large-scale
production techniques, and optimizing them for various water quality conditions. Further
enhancing solar energy utilization efficiency and evaluating removal performance against
other pollutants will also be crucial research topics. If commercialized, this technology is
expected to significantly contribute to improving the safety of community drinking water
supplies, reusing agricultural water, and reducing the environmental impact of industrial
wastewater, opening the path to solving global water resource problems. International
cooperation and policy support will also be essential to accelerate its widespread

adoption.

Source: https://journals.mmupress.com/index.php/ijoras/article/view/2766
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#21 Canadian OHS Professionals Advised to Treat
Biotechnology and Nanotech Hazards as 'Systemic
Workplace Safety Concerns' in 2026

Published July 28, 2026  Canadian Occupational Safety (COS) Canada

| overview

Canadian Occupational Safety (COS) advises OHS professionals to address
biotechnology and nanotechnology hazards in 2026 not as niche issues but as
'systemic workplace safety concerns.' Nanomaterials' behavior varies by form (dry,
suspended, embedded), necessitating role-specific training, clear waste disposal
protocols, and verified exposure management. OHS committees must consider that

changes in process scale or material form could trigger new hazard assessments.
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Key Findings

Canadian Occupational Safety (COS) is urging Occupational Health and Safety (OHS)
professionals in Canada to recognize and proactively address hazards stemming from
biotechnology and nanotechnology not as 'niche issues' but as 'systemic workplace
safety concerns' from 2026 onwards. This recommendation highlights the diverse
behaviors of nanomaterials and the critical need for comprehensive safety management

in response.

Technical / Clinical Details

Nanomaterials, due to their extremely small size (1-100 nanometers) and high surface-
area-to-volume ratio, exhibit unique physical, chemical, and biological properties distinct
from their conventional bulk counterparts. While these properties enable innovative
applications across industrial, medical, and energy sectors, they also introduce new
potential risks to human health and the environment. Crucially, the form of
nanomaterials (e.g., dry powders, suspensions in liquids, or embedded within composite

materials) can significantly alter their toxicity, in-vivo behavior, and exposure pathways.

The COS article recommends that OHS professionals implement the following specific

elements for safety measures in workplaces handling nanomaterials:

¢ Role-specific training: Provide specialized training tailored to each employee's role
and exposure level regarding the physicochemical properties of nanomaterials, their
potential hazards, appropriate handling procedures, and the correct use of personal

protective equipment (PPE).

¢ Clear waste disposal protocols: Establish clear procedures for the collection,
storage, transport, and disposal of nanomaterial-containing waste to prevent

environmental release and minimize worker exposure.

o Verification of exposure controls: Regularly monitor and verify that engineering
controls, such as local exhaust ventilation (LEV), general ventilation systems, and

isolators, are functioning effectively.



Furthermore, the OHS committee stresses that new hazard assessments must be
promptly conducted, and existing safety protocols reviewed whenever the scale of
manufacturing processes increases or the form of nanomaterials changes. This is based
on the recognition that nanotechnology is a rapidly evolving field, with new materials
and applications constantly emerging, meaning risk assessment should also be a

dynamic process.

Background & Context

Biotechnology and nanotechnology are driving innovation in numerous industrial
sectors, including pharmaceuticals, diagnostics, materials science, and electronics.
However, the introduction of these technologies presents new challenges for workplace
safety. In particular, the long-term impacts of nanomaterials on human health are still
largely unexplored, making a precautionary approach essential. In many countries,
including Canada, the regulatory framework for nanomaterials is still evolving, and OHS
professionals bear the responsibility of integrating existing regulatory guidelines with the
latest scientific knowledge to implement proactive risk management. This COS warning
serves as a crucial guideline for the industry to ensure the safe introduction and

operation of these emerging technologies.

Strategic Significance & Outlook

Moving forward, the OHS field will likely see accelerated development of expertise in
biotechnology and nanotechnology. International research collaboration on
nanomaterial toxicology is expected to advance, leading to the establishment of more
standardized risk assessment methodologies and safety management guidelines. The
evolution of wearable sensor technologies holds the potential to provide real-time
monitoring of worker nanomaterial exposure and early warning systems. Ultimately,
there is a need to build robust regulatory environments and safety cultures that balance
technological innovation with occupational health and safety, ensuring that society can
safely reap the benefits of nanotechnology. Canadian OHS professionals will play a

critical role in this transformative period.

Source: https://ohsinsider.com/emerging-biotechnology-and-nanotech-hazards-canadian-ohs-
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#22 CXI TUL Researchers Integrate Nanofiber-Core
Beads into MBR/MBBR to Enhance Ammonia Nitrogen
Removal in Wastewater Treatment

Published Published July 31, 2026  LabRulez LCMS (CXI TULD# U P F)LEgE L D) Fx 3

| overview

Led by Karel Havlicek at CXI TUL, the HYMNA project has developed a
groundbreaking hybrid wastewater treatment system. This innovation integrates
nanofiber biomass carriers into existing Membrane Bioreactor (MBR) and Moving Bed
Biofilm Reactor (MBBR) technologies, significantly enhancing ammonia nitrogen
removal. Demonstrating a modular and highly effective solution, this system holds
substantial potential for improving water purification and mitigating environmental

impact from harmful nitrogen compounds.
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Background

Water pollution from nitrogen compounds, such as ammonia and nitrates, poses a
severe global challenge, exacerbated by population growth and industrialization. These
compounds contribute to eutrophication, devastating aquatic ecosystems and
necessitating increasingly stringent nitrogen removal standards in wastewater treatment.
Consequently, there is an urgent need for high-efficiency, sustainable water treatment
technologies. Nanotechnology, especially nanofiber materials, has emerged as a
promising solution due to its unique physicochemical properties, offering a pathway to
significantly enhance existing wastewater treatment methods like Membrane Bioreactors
(MBR) and Moving Bed Biofilm Reactors (MBBR).

Key Findings

Led by Karel Havlicek and his team at CXI TUL in the Czech Republic, the HYMNA project
has pioneered a hybrid system that integrates novel nanofiber biomass carriers with
established Membrane Bioreactor (MBR) and Moving Bed Biofilm Reactor (MBBR)
wastewater treatment technologies. This innovative approach promises to significantly
enhance ammonia nitrogen removal, offering a powerful solution to mitigate the
environmental impact of harmful nitrogen compounds in aquatic ecosystems and

potentially revolutionize current wastewater treatment paradigms.

Technical Details

The HYMNA project's hybrid system capitalizes on the strengths of both MBR and MBBR
technologies while mitigating their respective drawbacks. MBR systems deliver high-
quality effluent via fine membrane filtration but are susceptible to membrane fouling.
Conversely, MBBR systems achieve efficient biological treatment using microorganisms

immobilized on bio-carriers, though these carriers can necessitate maintenance.



The core innovation lies in the integration of nanofiber biomass carriers. These
nanofibers, characterized by their exceptionally high specific surface area and porosity,
create an optimal microenvironment for microbial adhesion and proliferation. This
fosters the rapid development of active microbial layers, accelerating the nitrification
process (converting ammonia nitrogen to nitrate nitrogen) and subsequent
denitrification (converting nitrate to inert nitrogen gas). Crucially, the nanofibers offer
physical protection to the microorganisms, leading to more stable biofilm formation and
enhanced biological treatment capacity. These 'nanofiber-core beads' are engineered for
modularity, allowing for seamless integration into existing MBR/MBBR infrastructure,

providing significant flexibility for system upgrades and diverse applications.

Experimental data unequivocally demonstrated that this hybrid system achieved a
significant improvement in ammonia nitrogen removal efficiency compared to
conventional standalone MBR or MBBR systems. While precise numerical removal rates
are reserved for detailed reporting, Havlicek highlights ‘'measurable results' and
‘'significant potential for real-world application," underscoring its superior performance.
This enhanced capability promises a substantial reduction in nitrogen loads in treated
wastewater, thereby minimizing detrimental environmental impacts on natural water

bodies.

Strategic Significance & Outlook

The HYMNA project's demonstration of nanofiber-core bead integration marks a
groundbreaking advancement in wastewater treatment. Future research will focus on the
long-term operational stability, cost-effectiveness, and scalability of this technology for
large-scale municipal and industrial applications. Furthermore, evaluating its efficiency in
removing other trace pollutants, such as pharmaceuticals and per- and polyfluoroalkyl

substances (PFAS), will be a critical next step.

This modular design holds immense strategic value, particularly for decentralized
wastewater treatment systems and the phased upgrading of existing facilities.
Widespread adoption of this nanofiber-enhanced bioreactor technology is poised to
make a substantial contribution to preserving clean water resources globally, serving as a

pivotal step towards a more sustainable future.



Source: https://Icms.labrulez.com/article/7675
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#23 IBM and Qedma Demonstrate '‘Quantum
Advantage' in Physical Modeling for 74-Qubit Systems
with QESEM Quantum Error Mitigation Software

Published July 30, 2026 PR Newswire  USA

“Quantum advantage”
in physical modeling

| overview

Qedma Quantum Computing and IBM announced a breakthrough in quantum error
mitigation software, demonstrating ‘quantum advantage' in physical modeling
beyond classical simulation capabilities. Their QESEM software, executed on an IBM
quantum computer and validated with supercomputing resources, accurately solved
complex quantum dynamics for systems up to 74 qubits. This marks the first instance
of achieving reliable quantum computation with commercially available hardware and

software for exploring advanced materials like ultrafast optoelectronics.



| N DEPTH

Key Findings

Qedma Quantum Computing and IBM have announced a groundbreaking advancement
in quantum error mitigation software, demonstrating ‘quantum advantage' in physical
modeling that surpasses classical simulation capabilities. Their developed QESEM
software, executed on IBM quantum computers and validated against supercomputing
resources, successfully and accurately solved complex quantum dynamics for systems
with up to 74 qubits. This achievement represents a significant milestone in quantum
computing, being the first instance where reliable quantum computation for exploring
advanced materials, such as ultrafast optoelectronics, was achieved using commercially

available hardware and software.

Technical / Clinical Details

Central to this breakthrough is Qedma's 'QESEM' software, which integrates advanced
algorithms and methods to effectively mitigate the inherent noise (errors) in quantum
computers. Since current quantum computers are not yet fault-tolerant, error mitigation
techniques are essential to maximize the potential of quantum hardware. QESEM has
enabled the modeling of quantum dynamics, which become exponentially complex with
an increasing number of qubits, to an accuracy previously unachievable by classical
computers. Specifically, the team simulated the electronic states and dynamics of
materials relevant to ultrafast optoelectronics using an IBM quantum computer system
with up to 74 qubits. The results were confirmed to be highly reliable through validation

against classical supercomputers.

Achieving '‘quantum advantage' means that for certain computational tasks, a quantum
computer demonstrates superior performance compared to the most powerful existing
classical computers. In this case, it signifies the ability to accurately predict the physical
behavior of complex materials at a level previously impossible. This provides researchers
with a new tool for designing and optimizing innovative materials across diverse fields,
including ultrafast optoelectronics, superconducting materials, catalysis, and drug
discovery. Ultrafast optoelectronic materials, in particular, hold the potential to
dramatically enhance the performance of next-generation communication devices and

Sensors.



Background & Context

Quantum computing has garnered significant attention as a technology capable of
revolutionizing numerous industries, including materials science, drug discovery,
financial modeling, and artificial intelligence, due to its immense computational power.
However, the practical implementation of quantum computers has faced major hurdles
related to qubit instability and error issues. Previous demonstrations of quantum
advantage were largely confined to specific mathematical problems. The achievement by
Qedma and IBM is groundbreaking because it demonstrates quantum advantage in
physical modeling directly relevant to industrial applications, using commercially

available hardware and software.

This development indicates that quantum computing is transitioning from laboratory
experiments to a practical tool for solving real-world challenges. Companies are
increasingly looking to leverage quantum computers to discover new materials and
molecular structures previously unattainable through traditional approaches, thereby
establishing a competitive edge. IBM, a leader in the quantum computing sector, is
accelerating the expansion of its ecosystem and the commercialization of technology

through partnerships with specialized firms like Qedma.

Strategic Significance & Outlook

This achievement by Qedma and IBM reaffirms the importance of quantum error
mitigation techniques and will further accelerate the commercialization of quantum
computing. Moving forward, error mitigation technologies are expected to evolve
further, enabling reliable quantum computations for solving more complex real-world
problems on systems with larger numbers of qubits. In the field of advanced materials
discovery, in particular, areas previously relying on conjecture can now be
complemented by quantum simulations, potentially drastically shortening the new
material development cycle. This will accelerate the realization of technologies with
significant societal impact, such as ultrafast communications, high-efficiency energy
devices, and innovative pharmaceuticals. This breakthrough clearly indicates that
quantum computing is no longer a distant future technology but one that is beginning

to generate tangible value today.

Source: https://www.prnewswire.com/news-releases/ibm-and-qgedma-demonstrate-quantum-advantage-
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#24 VIVOLTA's EC-CLI Electrospinning Machine
Revolutionizes Nanofiber Production for Filtration,
Energy Storage, Smart Textiles, and Agriculture

Published 2026 VIVOLTA Netherlands

Agriculture

| overview

VIVOLTA highlights its EC-CLI electrospinning machine's role in revolutionizing
nanofiber production for diverse fields including filtration, energy storage, smart
textiles, and agriculture. The technology enables precise control over release profiles
and biodegradation rates, particularly for biodegradable nanofiber seed coatings for
nutrients and crop protection agents. VIVOLTA aims to solve persistent process
challenges, helping researchers achieve reproducible results faster and promoting

broad practical application of nanofiber technology.
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Key Findings

VIVOLTA has highlighted that its EC-CLI electrospinning machine is revolutionizing
nanofiber production across a wide array of industrial sectors, including filtration, energy
storage, smart textiles, and agriculture. This technology, particularly in the context of
biodegradable nanofiber seed coatings for agriculture, holds significant potential to
contribute to sustainable farming practices by enabling precise control over the slow-
release profiles of nutrients and crop protection agents, as well as their biodegradation

rates.

Technical / Clinical Details

VIVOLTA's EC-CLI electrospinning machine continuously produces ultra-fine nanofibers
by electrospinning polymer solutions under high voltage. This process allows for the
formation of nanofiber mats and membranes with diameters ranging from a few
nanometers to several hundred nanometers, characterized by a high surface-area-to-
volume ratio and excellent mechanical properties. A key feature of this machine is its
precise control over process parameters, enabling the reproducible manufacturing of
nanofibers with structures and properties tailored for specific applications, using various

polymer materials and composite materials.
In specific application areas, the EC-CLI offers innovations such as:

¢ Filtration: Nanofiber membranes with extremely fine pore sizes are utilized in
advanced air and water filtration systems, efficiently capturing microparticles,
bacteria, and viruses. This improves the performance of medical masks, air purifiers,

and water treatment filters.

e Energy Storage: High-surface-area nanofibers are used as separators or electrode
materials in lithium-ion batteries and as active materials in supercapacitors,

contributing to improvements in energy density, charging speed, and cycle life.

e Smart Textiles: By incorporating nanofibers with conductive, sensing, or drug-release
capabilities into fabrics, wearable sensors, medical textiles, and smart clothing can be

developed.



e Agriculture: Particularly noteworthy are biodegradable nanofiber seed coatings
manufactured from biodegradable polymers. These coatings can be designed to
slowly release nutrients, water, and crop protection agents to seeds, contributing to
improved germination rates, protection against pests and diseases, and water
conservation. Precise control over release profiles and biodegradation rates enables

optimal supply tailored to crop growth stages.

VIVOLTA focuses on solving persistent process challenges (e.g., controlling uniform fiber
diameter, ease of scale-up) to help researchers achieve reproducible results faster,

thereby promoting the widespread practical application of nanofiber technology.

Background & Context

Nanofiber technology is attracting attention across various industrial sectors due to its
multi-functionality and applicability to diverse materials. The role of nanofibers is
becoming increasingly important, especially with the growing demand for sustainable
solutions to global challenges such as environmental issues, energy crises, and food
security. Electrospinning is one of the most common and versatile methods for
manufacturing nanofibers, and its technological maturity and application potential are
expanding year by year. Advanced electrospinning machines provided by companies like
VIVOLTA are essential for bridging the gap between research and development and

industrial application.

Strategic Significance & Outlook

Nanofiber production technology using VIVOLTA's EC-CLI electrospinning machine is
expected to undergo further advancements. Future focus areas will likely include
improved process automation, the exploration of new polymers and composite
materials, and the development of more complex multi-layered structures and functional
nanofibers. In agriculture, combined with advancements in precision farming, nanofiber
coatings hold significant potential to contribute to increased crop productivity and
reduced environmental impact. In the medical field, applications as tissue engineering
scaffolds and drug delivery systems will further deepen. Through these technological
innovations, VIVOLTA aims to contribute to the realization of a sustainable society and
enhance the competitiveness of various industrial sectors. Progress in international
regulations and standardization will also be crucial factors in promoting the widespread

adoption of nanofiber technology.



Source: https://www.vivolta.com/electrospinning-machine/applications/
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#25 Drexel University Develops Soft, Sticky, Stretchable
Hydrogel Biosensors for Diverse Biomedical
Applications

Published 2026  Drexel University ~ USA

| overview

Researchers at Drexel University have developed soft, sticky, and stretchable hydrogel
biosensors with tunable shapes and sizes. This innovation, achieved by adjusting a
polymer and additive mixture with a pH-driven chemical mechanism, can be easily
applied to any part of the body. These biosensors offer design flexibility and
improved biological connectivity for diverse biomedical applications, promising

contributions to next-generation wearable medical devices and diagnostic tools.
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Key Findings

A research team at Drexel University has successfully developed soft, sticky, and
stretchable hydrogel biosensors with freely tunable shapes and sizes. This
groundbreaking technology was achieved by optimizing a unique mixture of polymers
and additives based on a pH-driven chemical mechanism, providing the flexibility to be
easily applied to any part of the human body. This advancement paves the way for next-

generation wearable medical devices and advanced diagnostic tools.

Technical / Clinical Details

The developed hydrogel biosensor incorporates conductive nanomaterials (e.g.,
graphene or carbon nanotubes) dispersed within a polymer matrix to impart conductivity
and sensing capabilities. The softness and stretchability of the hydrogel itself are
optimized by carefully designing the crosslinking density between polymer chains and
the ratio of hydrophilic and hydrophobic segments. Specifically, the 'pH-driven chemical
mechanism' implies that the hydrogel's structure changes in response to specific pH
conditions, allowing for the tuning of its stickiness, mechanical properties, or sensor
sensitivity. This enables the device to adhere closely to biological tissues like skin and

function stably for extended periods.
This biosensor surpasses conventional sensors in several key aspects:

¢ Excellent Biocompatibility: Being soft and skin-friendly hydrogel-based, it ensures

comfort during prolonged wear and minimizes skin irritation.

e High-Precision Data Acquisition: It conforms to body movements with minimal
distortion and features low contact resistance between electrodes and skin, allowing

for high-precision, low-noise acquisition of biological signals.

e Design Flexibility: Its tunable shape and size enable the design of sensors suitable

for various body parts, such as wrists, chests, or joints.

e Multi-functionality: It holds potential as an integrated sensor capable of
simultaneously monitoring biomolecules (e.g., glucose, lactate), ions (pH, electrolytes),
and physiological parameters (e.g., heart rate, respiration rate, skin temperature,

perspiration).



This technology opens avenues for diverse biomedical and non-biomedical applications,
including remote patient monitoring, performance analysis in sports science, monitoring

wound healing progress, and detecting harmful substances in the environment.

Background & Context

The wearable healthcare device market is rapidly expanding due to an aging society and
increasing demand for personalized medicine. However, traditional wearable sensors
often use rigid electronic components and adhesives, leading to discomfort during
prolonged wear, skin irritation, or challenges in accurate data acquisition. Poor contact
between the skin and sensor, in particular, has been a significant factor affecting signal
quality. Drexel University's research fundamentally addresses these challenges, providing
a next-generation platform capable of delivering more reliable biological data while
reducing patient burden. While research globally is advancing on integrating
nanomaterials like graphene into hydrogels, the key to this breakthrough lies in

combining both stickiness and tunable shape.

Strategic Significance & Outlook

Drexel University's hydrogel biosensor technology is expected to revolutionize patient
monitoring, preventive medicine, and drug discovery research as it progresses through
clinical trials and product development. Particularly, the ability to acquire continuous
biological data will enable more accurate early detection of diseases and real-time
evaluation of treatment efficacy. In the future, this technology could further evolve to
realize devices like 'smart patches' that integrate wireless communication, self-powering,
and even actuation functions (e.g., drug release). This will accelerate the advancement of
personalized medicine and is expected to significantly contribute to improving people's
health and quality of life. Establishing large-scale production techniques and obtaining
regulatory approval as a medical device will be the next crucial steps for

commercialization.

Source: https://drexel.edu/news/archive/2026/July/breathable-graphene-hydrogel-biosensors
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#26 2026 Kavli Prize in Nanoscience Awarded to Three
Pioneers of Graphene 'Twistronics’, Paving Way for
New Quantum State Design

Published July 23, 2026  NTU Singapore (Institute of Advanced Studies)  Singapore

| overview

The 2026 Kavli Prize in Nanoscience has been awarded to Prof. Eva Y. Andrei, Prof.
Pablo Jarillo-Herrero, and Prof. Allan H. MacDonald for their pioneering research in
‘twistronics,' revealing dramatic electronic property changes by twisting graphene
layers. Their discoveries have transformed the understanding and design of quantum
materials, opening possibilities for engineering new quantum states by precisely
twisting atomic layers. This field holds immense promise for foundational

technologies of the future.
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Key Findings

The 2026 Kavli Prize in Nanoscience has been bestowed upon Professor Eva Y. Andrei,
Professor Pablo Jarillo-Herrero, and Professor Allan H. MacDonald for their
groundbreaking research in 'twistronics'—a phenomenon where slightly twisting
graphene layers dramatically alters their electronic properties. Their pioneering
discoveries have ushered in a new paradigm for understanding and designing quantum
materials, opening avenues to engineer novel quantum states by precisely manipulating

the twist angles between atomic layers.

Technical / Clinical Details

‘Twistronics' refers to the phenomenon where the electronic properties of two or more
atomically thin materials (particularly graphene) stacked at a slight twist angle relative to
each other undergo dramatic changes depending on that twist angle. This field began
with the discovery by Prof. Jarillo-Herrero and his team that twisting two layers of
graphene at a specific 'magic angle' (approximately 1.1 degrees) could induce strongly
correlated electron phenomena, such as superconductivity and Mott insulating states,
near room temperature. This finding demonstrated that entirely new physical properties,
unattainable through simple material stacking, could be harnessed, sending shockwaves

through the materials science community.

Professor Andrei made crucial contributions by directly observing the electronic structure
of twisted graphene layers using scanning tunneling microscopy (STM), experimentally
confirming the theoretically predicted 'moiré superlattice' structure and electronic states.
Professor MacDonald established the theoretical framework for the electronic structure
and strongly correlated electron phenomena in twisted bilayer graphene, elucidating the
mechanism of superconductivity emergence at the magic angle. Their research has also
opened the path to extending the concept of twistronics to other two-dimensional

materials, such as Transition Metal Dichalcogenides (TMDs).



The core of this technology lies in the ability to ‘engineer' the quantum states of
electrons by precisely controlling the atomic arrangement at the nanoscale. This makes it
possible to artificially design and induce exotic quantum properties like
superconductivity, ferromagnetism, and topological insulators, which were previously
impossible through conventional material synthesis or structural modification. For
instance, magic-angle graphene provides a new platform for exploring the possibility of

room-temperature superconductivity through strong electron interactions.

Background & Context

Quantum materials science is one of the most active research areas in physics and
materials science, holding the potential to form the basis of next-generation electronic
devices, quantum computing, and energy technologies. Graphene has been lauded as a
‘wonder material' due to its exceptional electrical and mechanical properties. However,
the discovery of twistronics transcends the limitations of this simple two-dimensional
material, offering a new design principle for creating novel functional materials. The
development of this field has attracted significant investment and interest from research
institutions and high-tech companies worldwide, serving as a classic example of how

fundamental scientific breakthroughs can rapidly lead to technological innovation.

Strategic Significance & Outlook

The research by the Kavli Nanoscience Prize laureates has had an immeasurable impact
on the field of twistronics, and its exploration is expected to deepen further. In the
future, research will likely advance in elucidating twistronic effects in more complex
multilayer structures and heterostructures combining different types of two-dimensional
materials. This could solidify the path towards achieving room-temperature
superconductors, highly efficient quantum devices, or new quantum computing
architectures. Advances in precise atomic layer control technologies, such as Atomic
Layer Deposition (ALD) and Molecular Beam Epitaxy (MBE), will also accelerate the high-
quality fabrication and large-scale application of twistronic materials. The development
of this field is expected to push the boundaries of fundamental science while
simultaneously opening new frontiers for future technological innovation, serving as a

powerful driving force for research and development over the coming decades.
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#27 High-Performance Pure-Green Spin-Polarized
Light-Emitting Diodes (Spin-LEDs) Achieved at Room
Temperature by Manipulating Structural Asymmetry in
FAPbBr3 Quantum Dots

Published July 30, 2026  ACS Publications (Nano Letters)  Global

| overview

A study in Nano Letters reports the successful realization of high-performance pure-
green spin-polarized light-emitting diodes (spin-LEDs) at room temperature by
manipulating the structural asymmetry of FAPbBr3 perovskite quantum dots. This
breakthrough utilizes chiral perovskite QDs integrating high photoluminescence
quantum yield and the CISS effect (chiral-induced spin selectivity) to efficiently
generate spin-polarized carriers for radiative recombination. This advancement
significantly pushes room-temperature spin-LED technology forward, potentially

impacting future optoelectronics in information processing and display technologies.
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Key Findings

A groundbreaking study published in ‘Nano Letters' reports the successful creation of
high-performance pure-green spin-polarized light-emitting diodes (spin-LEDs) operating
at room temperature, achieved through the precise manipulation of structural
asymmetry in FAPbBr3 perovskite quantum dots (QDs). This innovative approach
leverages chiral perovskite QDs, which integrate high photoluminescence quantum yield
with the Chiral-Induced Spin Selectivity (CISS) effect, to efficiently generate spin-

polarized carriers for the radiative recombination process.

Technical / Clinical Details

The core of this research lies in the technique for controlling the nanoscale structural
asymmetry of FAPbBr3 quantum dots. FAPbBr3 (formamidinium lead bromide) is a type
of perovskite material known for its excellent optical properties, and its quantum dot
form allows for tunable emission spectra. The research team induced chiral structural
asymmetry throughout the quantum dots by modifying their surfaces with chiral organic
ligands. This chiral structure gives rise to the CISS effect, where electrons traversing the

quantum dot exhibit different transmission rates depending on their spin orientation.

By combining this CISS effect with the high photoluminescence quantum yield (the
ability to efficiently convert light energy into emitted light) of perovskite QDs, a spin-LED
was realized that emits highly spin-polarized light during radiative recombination of
spin-polarized electrons and holes. Conventional LEDs emit light irrespective of spin
state, limiting their application in information processing. Spin-LEDs, however, hold the
potential to apply the principles of 'spintronics," which uses electron spin as an

information medium, to optoelectronic devices through the polarization state of light.

This pure-green spin-LED has been demonstrated to operate stably at room
temperature, which is a significant advancement towards practical application. While
specific numerical values for spin polarization are not detailed, the 'high-performance’
description suggests superior results compared to existing spin-LEDs. This breakthrough
promises new advancements in energy-efficient displays, optical communication, and
particularly in quantum information technologies utilizing quantum entanglement

between qubits.



Background & Context

Spintronics is a next-generation electronics field that utilizes not only the charge but also
the spin of electrons as information carriers. It is attracting significant attention for its
potential to enable faster and lower-power information processing than conventional
electronic devices. Spin-LEDs are one of the core technologies in 'spin optoelectronics,’'
which extends spintronics into the realm of light. Previous research on spin-LEDs has
faced challenges, either operating only under extreme conditions like cryogenic
temperatures and strong magnetic fields, or exhibiting insufficient performance at room
temperature. Overcoming these challenges and achieving high performance at room
temperature using FAPbBr3 perovskite QDs represents a crucial step towards realizing a

long-standing goal in this field.

Strategic Significance & Outlook

The success of this FAPbBr3 quantum dot-based pure-green spin-LED significantly
expands the possibilities for room-temperature spintronic applications. Moving forward,
the research team will likely focus on developing spin-LEDs of different colors (red, blue),
further improving spin polarization rates, ensuring long-term device stability, and
establishing large-scale production techniques. These advancements are expected to
accelerate applications in next-generation high-efficiency, high-color-purity displays,
spin-based optical communication systems, and quantum information technologies that
leverage entanglement between qubits. Ultimately, with dramatic improvements in
information processing speed and reductions in energy consumption, this technology
holds the potential to become indispensable for realizing a sustainable and intelligent

society.

Source: https://pubs.acs.org/doi/10.1021/acs.nanolett.6c01923?goto=supporting-info
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#28 Nano-Based Water Filtration Market Projected to

Reach USD 910.40 Billion by 2035, Growing at 14.57%
CAGR

Published July 29, 2026  EINPresswire.com  Global

| overview

This article provides an overview of a market research report published by
EINPresswire.com. The global nano-based water filtration market is projected to reach
a massive USD 910.40 billion by 2035, expanding at a CAGR of 14.57% from 2026 to
2035, driven by global water scarcity and increasing demand for clean water.
Nanomembrane filters currently lead the market, with improved nanomaterial
synthesis expected to reduce graphene nanotube costs, further boosting market

expansion across municipal, industrial, residential, and agricultural sectors.
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This article provides an overview of a market research report published by

EINPresswire.com.

Report Overview

This report is a comprehensive market study focusing on the global nano-based water
filtration market. It details market size, growth forecasts, key drivers, technological
trends, segmented analysis, regional outlook, and the competitive landscape of key

players. The study covers the forecast period from 2026 to 2035.

Key Findings

The global nano-based water filtration market is projected to reach USD 910.40 billion by
2035, expanding at a high Compound Annual Growth Rate (CAGR) of 14.57% during the
forecast period from 2026 to 2035. This rapid growth is strongly driven by the escalating
global water scarcity and the increasing demand for clean and safe water resources.
Nano-based water filtration technologies utilize cutting-edge nanomaterials such as
nanomembranes, carbon nanotubes, nanofibers, and nanoparticles, offering superior

filtration efficiency and selectivity compared to conventional filtration systems.

Currently, nanomembrane filters command the largest share of the market, with their
high removal performance and durability leading to expanded adoption in diverse water
treatment processes. The report indicates that future technological innovations,
particularly improvements in nanomaterial synthesis, will reduce manufacturing costs for
advanced materials like graphene nanotubes. This is expected to accelerate the
proliferation of nano-based water filtration systems, further expanding market

opportunities across municipal, industrial, residential, and agricultural sectors.

Geographically, the Asia-Pacific region is anticipated to drive the largest market growth
due to rapid industrialization and increasing water demand from population growth.
North America and Europe are also expected to see stable growth, driven by stringent

water quality regulations and investments in technological innovation.



About the Publisher

EINPresswire.com is a leading platform for businesses and organizations worldwide to
distribute press releases. It maximizes the visibility and reach of news releases by

distributing them to a wide range of media outlets, journalists, and online news sites.

Source: https://www.einpresswire.com/article/928261621/nano-based-water-filtration-market-to-reach-

usd-910-40-billion-by-2035-at-14-57-cagr
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#29 China's Nanometer Titania Market Forecast to
Reach $939 Million by 2034, Driven by Cosmetics and
Environmental Remediation, Growing at 7.8% CAGR

Published July 27, 2026  24ChemicalResearch  China

| overview

This article summarizes a market research report by 24ChemicalResearch. China's
nanometer titania (TiO2) market is projected to grow from $512.3 million in 2026 to
$939 million by 2034, at a CAGR of 7.8%. Growth is driven by accelerating adoption in
cosmetics (high-SPF sunscreens) and environmental remediation (self-cleaning and
air purification coatings). Chinese manufacturers are investing in surface modification
technologies for new functionalities in water treatment systems, reflecting sustained

demand from expanding cosmetics markets and stricter environmental regulations.
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This article summarizes a market research report published by 24ChemicalResearch.

Report Overview

This report provides a comprehensive analysis of the nanometer titania (TiO2) market in
China. It focuses on market size, growth trends, key application areas, driving factors, and
the competitive landscape of major market participants. The study covers the forecast
period from 2026 to 2034.

Key Findings

The China nanometer titania (TiO2) market is projected to grow from $512.3 million in
2026 to $939 million by 2034, recording a Compound Annual Growth Rate (CAGR) of
7.8% over the forecast period. This robust growth is primarily driven by accelerating

adoption in two key application sectors:

e Cosmetics Sector: Nanometer titania is widely used in high-SPF (Sun Protection
Factor) sunscreens and other cosmetic products due to its excellent ultraviolet (UV)
blocking capabilities and transparency. Rising consumer health awareness and
increasing demand for skin brightening products are boosting demand in this

segment.

¢ Environmental Remediation Sector: There is increasing utilization in self-cleaning
coatings (pollutant decomposition through photocatalytic function), air purification
coatings, and water treatment systems. Rapid urbanization and the need to address

environmental pollution issues are strong drivers for growth in this sector.

Chinese manufacturers are intensifying investments in surface modification technologies
to develop new functionalities for nanometer titania, particularly for water treatment
systems. This aims to enhance the catalytic activity and adsorption capabilities of
nanometer titania, improving the efficiency of removing harmful substances from water.
The continuous expansion of the cosmetics market and strengthening environmental
regulations by the government are key factors supporting sustained demand for

nanometer titania in China.



Geographically, major urban areas and coastal regions within China are expected to be
the largest consumption areas for nanometer titania due to high industrial activity and

population density.

About the Publisher

24ChemicalResearch is a company that provides market research and consulting services
specialized in the chemical and materials industries. They offer detailed market analysis,
trend forecasts, and competitive intelligence to support clients' strategic decision-

making.

Source: https://www.24chemicalresearch.com/reports/280439/china-nanometer-titania-market-
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#30 MDPI Reports: Electrospun Bio-Based PLA
Nanofiber Coatings Show Promise as Multifunctional,
Biodegradable, and Bioactive Layers for Biomedical
Applications

Published July 28, 2026 = MDPI (Coatings journal)  Switzerland

”

| overview

A study in MDPI's Coatings journal reports that electrospun bio-based polylactic acid
(PLA) nanofiber coatings hold significant promise as multifunctional, biodegradable,
and bioactive layers for biomedical applications. These uniform nanofiber coatings
possess high surface area and mimic the extracellular matrix, offering potential as a
versatile coating platform with controlled release capabilities. This research addresses
the growing demand for sustainable and functional surface coatings in materials

science and biomedicine.
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Key Findings

Research published in MDPI's 'Coatings' journal demonstrates that electrospun bio-
based polylactic acid (PLA) nanofiber coatings possess extensive application potential in
the biomedical field, due to their multifunctional, biodegradable, and bioactive
properties. These uniform nanofiber structures offer a high surface-area-to-volume ratio
and physical characteristics that mimic the extracellular matrix (ECM), holding significant
promise as a next-generation coating platform with controlled release capabilities for

drugs and growth factors.

Technical / Clinical Details

Electrospinning is a technique that produces extremely fine (nanoscale) fibers by
electrospinning polymer solutions under high voltage. This study utilized polylactic acid
(PLA), an environmentally friendly and biocompatible bio-based polymer, as the raw
material. PLA's property of degrading within the body makes it a particularly attractive

option for medical implants and temporary scaffold materials.

Electrospun PLA nanofiber coatings exhibit the following properties and application

potential:

e High Surface Area and Porosity: The unique nanofiber structure provides an
exceptionally high surface-area-to-volume ratio and interconnected porosity. This not
only promotes cell adhesion, proliferation, and differentiation but also allows for
efficient adsorption and retention of drugs and growth factors, enabling their

controlled release.

e Mimicry of Extracellular Matrix (ECM): Since the nanofiber diameter is comparable
to the natural collagen fibers of the ECM, cells recognize this as a natural
environment, exhibiting excellent biological responses. This is critically important for

cell scaffolds in tissue engineering and regenerative medicine.



e Multi-functionality: By incorporating specific bioactive substances (e.g.,
antimicrobial agents, anti-inflammatory agents, growth factors), these coatings can
simultaneously exhibit multiple functions such as infection prevention, inflammation
suppression, and tissue regeneration promotion. For example, when applied to
orthopedic implant surfaces, they can promote bone integration while simultaneously

reducing the risk of bacterial infection.

¢ Biodegradability: PLA safely degrades within the body, ultimately turning into water
and carbon dioxide. This allows its use as a 'temporary implant' that does not require

removal surgery once its function is complete.

The study confirms that these coatings possess uniform fiber morphology and stable

mechanical properties, laying a crucial foundation for their practical application.

Background & Context

In the biomedical field, there is a growing demand for more functional and
biocompatible materials to improve patient treatment outcomes. Surface modification of
medical implants, in particular, plays a crucial role in bio-integration, infection
prevention, and promoting healing. Conventional materials often face issues of
biocompatibility or functional limitations. This research addresses these challenges by
leveraging nanotechnology, while also responding to modern society's demand for
sustainable materials. The combination of bio-based polymers and electrospinning
technology enables both environmentally friendly manufacturing processes and high-

performance medical materials.



Strategic Significance & Outlook

Research on electrospun bio-based PLA nanofiber coatings will likely progress towards
further functional optimization and expansion of application scope. For instance, future
focus will be on exploring surface modification techniques to elicit more complex
biological responses, incorporating different bioactive agents, and precisely controlling
release profiles through multi-layered structures. Furthermore, preclinical and clinical
trials are anticipated to validate clinical applications in specific medical devices, such as
orthopedic, cardiovascular, wound dressings, and drug delivery systems. Establishing
large-scale production techniques and improving cost-effectiveness are also essential for
the widespread adoption of this innovative technology. This research represents a
significant step towards developing sustainable and personalized next-generation
medical materials, holding great potential to significantly contribute to improving

patients' quality of life.

Source: https://www.mdpi.com/2079-6412/16/7/840
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#31 California Nanotechnologies Reports 28% Revenue
Increase to $917,854 in Q1 2027, Expands into Small
Modular Reactor (SMR) Nuclear Energy Sector

Published July 30, 2026  California Nanotechnologies Corp.  USA

| overview

California Nanotechnologies Corp. announced a 28% year-over-year revenue increase
to $917,854 for Q1 2027, ending May 31, 2026. The company is strategically
expanding its operations into the Small Modular Reactor (SMR) nuclear energy
industry, focusing on investing in growth opportunities and improving adjusted
EBITDA margins. Cal Nano specializes in materials development, testing, and
prototyping, including composites and nanocomposites, providing novel

technological and material solutions for the nuclear sector.
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Key Findings

California Nanotechnologies Corp. (Cal Nano) announced robust financial performance
for the first quarter of fiscal year 2027, ended May 31, 2026, with revenue reaching
$917,854, marking a 28% increase year-over-year. This growth is attributed to the
company's strategic focus on expanding into the Small Modular Reactor (SMR) nuclear
energy industry, sustained investments in growth opportunities, and efforts to improve
adjusted EBITDA margins.

Technical / Clinical Details

Cal Nano specializes in the development, testing, and prototyping of advanced materials
utilizing nanotechnology. The company's core expertise lies in designing and
manufacturing composite and nanocomposite materials that meet specific performance
requirements, such as high strength, durability, heat resistance, and corrosion resistance.
These materials are utilized across various industries, including aerospace, defense,

automotive, and now prominently, the nuclear energy sector.

The expansion into the Small Modular Reactor (SMR) nuclear energy industry represents
a significant pillar of the company's growth strategy. SMRs offer advantages over
traditional large-scale nuclear power plants, including smaller size, modular construction,
reduced construction timelines, lower costs, enhanced safety, and flexible deployment
options. Innovative materials capable of withstanding extreme high-temperature, high-
pressure, and high-radiation environments are critical for components like SMR fuel
cladding, structural parts, and heat exchangers. Cal Nano's composite and
nanocomposite materials hold the potential to deliver superior performance under these
harsh conditions, making them key technologies for improving SMR safety and
efficiency. The company leverages its unique materials science and manufacturing
processes to provide new material solutions that meet SMR design requirements,

supporting development from prototyping to final product.

Furthermore, the improvement in adjusted EBITDA margins indicates enhanced
operational efficiency and profitability, signifying a solid financial foundation supporting

its investments in the SMR market.



Background & Context

The global energy landscape faces the dual challenges of climate change mitigation and
ensuring energy security. Nuclear energy is being re-evaluated as a low-carbon and
stable power supply source, with SMR technology, in particular, garnering significant
attention as a next-generation clean energy solution due to its deployment flexibility and
economic viability. Many countries are investing in SMR development and deployment,
leading to increased demand for innovative materials and manufacturing technologies
across the entire supply chain for this sector. Cal Nano's focus on this growth market
demonstrates the company's ability to capitalize on market trends and leverage its

technological expertise for substantial growth opportunities.

Strategic Significance & Outlook

California Nanotechnologies Corp.'s strategic focus on the SMR nuclear energy industry
is expected to drive further growth for the company in the coming years. The company
will likely continue to invest in R&D to develop new material solutions that enhance SMR
performance and safety. As SMR technology gains global adoption, Cal Nano is poised
to play a crucial role in this growing market with its niche expertise and innovative
materials. This will not only accelerate the transition to clean energy and contribute to a
sustainable future but also enhance long-term shareholder value for the company.
International partnerships and collaborative development opportunities may also serve

as accelerators for future growth.

Source: https://www.calnanocorp.com/news/california-nanotechnologies-announces-q1-2027-results
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#32 Tokyo Tech Researchers Unveil Ultrafast
Photoinduced Hidden State Formation in Metal-
Organic Frameworks via Intermediate Electronic State
in 30 Femtoseconds

Published Published July 27, 2026  EurekAlert! GRREIZEKRFE L D) Japan

| overview

A collaborative Japanese research effort, spearheaded by Tokyo Institute of
Technology, has revealed the ultrafast formation (within 30 femtoseconds) of
photoinduced 'hidden states' in metal-organic frameworks (MOFs). This
groundbreaking discovery, made possible by femtosecond time-resolved reflectance
spectroscopy, identifies a previously unknown intermediate electronic state crucial to
the transition, opening new avenues for advanced optoelectronic devices and sensor

technologies.
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Background

Photoresponsive materials are pivotal for advancements across energy, information and
communication, and environmental sectors. Metal-Organic Frameworks (MOFs),
crystalline porous materials assembled from metal ions and organic linkers, offer
exceptional properties such as high surface areas, tunable pore structures, and diverse
chemical functionalities. These characteristics make them highly promising candidates
for a wide range of applications, including gas storage, separation, catalysis, sensing, and
drug delivery, as well as a compelling platform for next-generation photoresponsive

materials.

Despite their potential, the fundamental mechanisms governing photoinduced
phenomena in MOFs, particularly the intricate electron dynamics occurring at ultrafast
timescales, have remained largely elusive. Understanding these dynamics is crucial for
unlocking their full capabilities. This recent achievement by a Japanese research
collaboration bridges this significant knowledge gap, reinforcing Japan's prominent

position in foundational materials science research.

Key Findings

A collaborative Japanese research team, involving scientists from Tokyo Institute of
Technology, RIKEN, Tohoku University, and Nagoya Institute of Technology, has for the
first time demonstrated the ultrafast formation of a photoinduced 'hidden state' within
metal-organic frameworks (MOFs). Remarkably, this transition occurs at an astonishing
speed of just 30 femtoseconds, mediated by a previously unknown intermediate

electronic state.

A 'hidden state' denotes a transiently stable electronic configuration that does not
manifest under typical thermal equilibrium conditions. These elusive states possess the
unique ability to dramatically transform a material's electrical, magnetic, or optical
properties. Consequently, they hold immense promise for revolutionary applications in
ultrafast switching devices, high-density information storage, and highly efficient
optoelectronic energy conversion. By meticulously charting the mechanism of this
ultrafast photoinduced transition in MOFs, this research offers critical insights for the

rational design of new materials tailored for these advanced functionalities.



Methodology

To unravel these ultrafast dynamics, the research team employed advanced experimental
techniques centered on time-resolved reflectance spectroscopy utilizing ultrashort laser

pulses. This sophisticated methodology enables the real-time tracking of changes in the

electronic states of materials at femtosecond timescales—one quadrillionth of a second

—thereby capturing extremely rapid physicochemical processes immediately following

photoexcitation.

The experimental data clearly demonstrated that upon absorbing light, the MOF
undergoes a swift transition to its 'hidden state' via an unpredicted 'intermediate
electronic state,' completing this transformation in approximately 30 femtoseconds.
While the precise nature of this intermediate state is still under investigation, it is
speculated to arise from a complex interplay of various electronic phenomena,
potentially including charge transfer states and excitonic states. Future research will

focus on a more detailed elucidation of these intricate electronic interactions.

Implications and Outlook

This landmark discovery concerning the ultrafast photoinduced formation of 'hidden
states' in MOFs is poised to have a profound impact on the fields of nanotechnology and
advanced materials science. Looking ahead, the research team intends to further refine
their understanding of the exact nature of the identified intermediate electronic state
and investigate strategies to precisely control its lifetime and characteristics. This work
will also extend to exploring the induction and control of similar photoinduced

phenomena in diverse MOF architectures and MOF-based composite materials.

Such advancements are expected to accelerate the development of practical applications
in specific device categories, including cutting-edge optical switching materials, high-
efficiency photodetectors, and advanced light-driven catalysts. In the broader, long-term
perspective, these insights lay a crucial technological foundation for potential
breakthroughs in ultrafast information processing, quantum computing, and highly
efficient solar energy conversion—all vital pillars for constructing a smarter, more

energy-efficient, and sustainable future society.

Source: https://www.eurekalert.org/news-releases/1137649
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#33 Korean National Research Foundation Unveils Role
of p—d Hybridization in Chalcopyrite Semiconductor
Quantum Dots, Enabling Optical Property Control for
Photoluminescent, Catalytic, and Photovoltaic
Applications

Published July 25, 2026  arXiv  South Korea

| overview

A paper on arXiv, supported by the Korean National Research Foundation, thoroughly
explores the role of p—d hybridization in chalcopyrite semiconductors, particularly in
quantum dots. This research focuses on manipulating coherent optical properties by
precisely controlling the bandgap and exciton binding energy as a function of
quantum dot size. Quantum dots provide critical building blocks for nanostructure
design in photoluminescent, catalytic, and photovoltaic applications, contributing to

next-generation optoelectronic device development.
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Key Findings

A recent research paper published on arXiv, supported by a grant from the Korean
National Research Foundation, has thoroughly elucidated the role of p—d hybridization in
chalcopyrite semiconductors, specifically in quantum dots. This study demonstrates that
precisely controlling the bandgap and exciton binding energy as a function of quantum
dot size enables the manipulation of coherent optical properties. This opens new
possibilities for nanostructure design in photoluminescent, catalytic, and photovoltaic
applications, making a significant contribution to the development of next-generation

optoelectronic devices.

Technical / Clinical Details

Chalcopyrite semiconductors (e.g., CulnS2, CuGaSe?2) are attracting significant attention
as quantum dot materials due to their excellent optical properties and non-toxicity
(especially in cadmium-free variants). This research theoretically and experimentally
analyzes how 'p—d hybridization,' the interaction between p-orbitals in the valence band
and d-orbitals of transition metal elements, influences the electronic structure and
optical properties of these semiconductors. The degree of p—d hybridization directly
affects the size of the material's bandgap and the energy involved in the generation and

recombination of excitons.

The research team demonstrated that by tuning the size of quantum dots at the
nanoscale, the quantum confinement effect can be altered, resulting in precise control
over the bandgap energy. As quantum dots become smaller, the quantum confinement
effect strengthens, the bandgap widens, and the emission wavelength shifts towards
shorter wavelengths. Furthermore, optimizing p—d hybridization is crucial for adjusting
the exciton binding energy (the stability of excitons formed by electron-hole pairs),
which directly impacts the photoluminescence quantum yield and stability of the

quantum dots.



This precise control capability is essential for developing photoluminescent materials
that efficiently absorb and emit light at specific wavelengths. For example, in displays
and LED lighting, quantum dots are required to emit specific pure colors efficiently. In
catalytic applications, nanocatalysts with optimized bandgaps can be designed to
promote specific chemical reactions. In the field of photovoltaics, this contributes to the
development of quantum dot-based materials that efficiently capture the entire solar

spectrum and maximize photoelectric conversion efficiency.

Background & Context

Quantum dots are revolutionizing various fields, including displays, solar cells,
bioimaging, and sensors, due to their superior optical properties. However, a
fundamental understanding of their electronic structure and photophysics is essential to
further enhance their performance and stability. Particularly, with the growing demand
for cadmium-free, non-toxic quantum dot materials, chalcopyrite semiconductors are
emerging as promising alternatives. Understanding subtle electronic structures like p—d
hybridization provides critical insights for materials scientists to design higher-
performance nanomaterials tailored for specific applications. The Korean National
Research Foundation's support for this research indicates the nation's commitment to
strengthening its international competitiveness in nanotechnology and next-generation

materials science.

Strategic Significance & Outlook

The findings regarding p—d hybridization provide new directions for the design and
optimization of chalcopyrite semiconductor quantum dots. Moving forward, the research
team will likely investigate the effects of p—d hybridization in chalcopyrite quantum dots
of different compositions in more detail, aiming for a deeper understanding of the
relationship between their optical properties and electronic structures. This is expected
to contribute to improving quantum dot stability, reducing toxicity, and realizing cost-
effective synthesis routes. In the long term, this fundamental research holds the potential
to accelerate breakthroughs in essential nanostructured materials for advanced
technologies such as high-efficiency, long-lifetime QLED displays, next-generation solar
cells, high-sensitivity biosensors, and even quantum computing. The international
scientific community will also leverage this insight to drive the development of new

optoelectronic devices that contribute to a sustainable society.
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