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World's first mass production of 44 m ultra-thin
polyimide film for flexible displays and advanced
packaging.

MIT develops electrochemical method for efficient,
low-temp hydrogen production from ammonia,
reducing energy needs.

MIT develops injectable *HITMAN' nanoantennas
using magnetic fields to suppress drug-resistant
glioblastoma.

Novel CeO, /U66@MXene nanofiller dramatically
enhances UV and corrosion resistance of epoxy
coatings.

Niron Magnetics breaks ground on rare-earth-free
magnet facility, Honda invests for EV systems
adoption.

Durable urchin-like micro/nanostructured
hydrophobic and corrosion-resistant coating for
cultural heritage protection.

New method proposed to overcome transport
layer bottlenecks for ion parameter quantification
in perovskite solar cells.

AutoXRD: Autonomous LLM agents proposed for
powder diffraction analysis, enhancing accuracy in
materials science.

Chromium addition to AIMoNbTi high-entropy alloy
enhances corrosion resistance but softens the
alloy.

Al is central to nanomaterials discovery, market
projected to reach $2.77B by 2030, dramatically
cutting R&D; time.

Columbia introduces new benchmarks for
physics-aware Al to accelerate materials discovery,
improving model reliability.

Blueprint for autonomous closed-loop Al polymer
discovery ecosystem aims to accelerate
development cycles.
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PNAS debates 'synthetic validity' in Al-generated
science, crucial for reliability in materials discovery.

Li-Cl, battery with over 97% coulombic efficiency
and stable low-temp cycling via COF pore tuning.

Kyoto develops nature-inspired PFAS-free white
water-repellent material, replacing TiO. and
fluorinated coatings.

BASF unveils advanced PU materials for durable,
circular footwear, including thermoformable
midsoles and recycling.

Research on colloidal interactions in low-polarity
dispersions of permanently magnetic nanoplatelets
for new materials.

TAME: Machine learning model for reliable,
interpretable molecular property prediction,
enhancing drug discovery.

Spiral-growth-induced nanosteps on oxyhalide
photocatalysts enhance visible-light water splitting
efficiency.

Machine-learned solid-state * 3 C chemical shifts
enhance structure-resolved polymer simulations,
bridging experiment and theory.

Union College establishes new principles for
solvent-controlled chiral polymer assemblies,
advancing high-performance electronics.

Penn State and Kurt J. Lesker Company partner to
establish ASPIRE Center for atomic-scale
processing technologies.

Tesla unveils rare-earth-free EV motor ‘Cybercab,’
18% smaller, 25% lighter, boosting power density.

Preprints on porous granulation for lithium
extraction and chemically deposited nickel
coatings on ABS substrates.

Argonne National Lab synthesizes first borophene,
a metallic single-atom-thick boron, opening new
era for 2D materials.

Same Sky unveils high-endurance SPG
thermoelectric modules generating up to 27.3W
from waste heat.

IQARIS integrates quantum chemistry datasets
with ML to accelerate material design via local
quantum information.

ML models for plasma protein binding prediction
under scaffold split enhance drug discovery
efficiency.

Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

O Is your EV supply chain exposed to rare-earth volatility?

Niron Magnetics and Tesla are pushing rare-earth-free motors. With Honda investing in Niron and Tesla's
'Cybercab" motor, the shift is accelerating. Are your OEM designs and procurement strategies adapting to this
critical de-risking trend?

0 How are you validating Al-generated materials insights?

The 'synthetic validity' problem in Al-generated science is a critical debate (PNAS #13). While Al accelerates
discovery (#10), ensuring reliability and interpretability of Al models is paramount. What internal protocols are in
place to prevent costly false positives?

O Can your advanced packaging compete with 4y m Pl films?

Pl Advanced Materials (Arkema affiliate) has achieved mass production of 4 m ultra-thin polyimide film (#01), a
3x reduction from conventional films. This enables unprecedented miniaturization in flexible displays and
semiconductor packaging. Are your R&D; and product roadmaps keeping pace?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies
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o Glioblast Ref. Medical tech Niche application

FunctionalMaterials Weekly Intelligence Report | 2026-09-13 | Page 4



I Deep Dive 0 — Rare-Earth-Free Magnets Gain Traction

#05 | 2026/09/10 | PR Newswire | Tech Noveltye e e e o Proximitye e e o o Market Impacte e e e ¢ Data

Reliabilitye e @ @ o US/EU Relevancee o o o o

Niron Magnetics, a US-based firm, has broken ground on its rare-earth-free permanent magnet manufacturing
facility in Minnesota. Concurrently, Honda Motor Co., Ltd. announced a strategic investment in Niron, aiming to
integrate these magnets into its EV systems. This move significantly accelerates the commercialization of
high-performance iron nitride (FeN) based magnets, offering a sustainable and cost-effective alternative to

conventional neodymium magnets.

This development addresses critical supply chain risks and environmental concerns associated with rare-earth
metals, which are concentrated in specific regions and involve significant mining burdens. The partnership
underscores a growing industry-wide shift towards de-risking material sourcing for electric vehicles and

renewable energy infrastructure.

| Strategic Analyst's Perspective

Strategic Analyst's Perspective: The published news from Niron and Honda is realistic, reflecting a
clear industry imperative to diversify away from rare-earth dependencies. Technical barriers
remain in scaling FeN magnet production to automotive-grade volumes and ensuring long-term
performance stability under harsh EV operating conditions. [Opportunity] for US/EU OEMs and
materials suppliers to invest in or partner with rare-earth-free magnet developers, securing future
supply chains and gaining a sustainability edge. [Threat] for US/EU companies relying solely on
traditional rare-earth magnets, facing potential supply disruptions, price volatility, and regulatory
pressures. Next actions: [Procurement] Evaluate current rare-earth exposure and identify
alternative magnet suppliers by Q1 2027. [R&D;] Initiate internal R&D; or external partnerships
for rare-earth-free motor designs by Q4 2026. [Strategy] Assess competitive landscape and
potential M&A; targets in alternative magnet technologies.

I Deep Dive 0 — Tesla's Rare-Earth-Free EV Motor

#23]2026/09/04 | Electrek | Tech Noveltye e e o 0 Proximitye e ¢ e o Market Impacte e e e e Data Reliabilitye e e o o
US/EU Relevancee o o o o

Tesla has unveiled its new '‘Cybercab motor," a rare-earth-free EV motor that is claimed to be 18% smaller and
25% lighter than other high-performance drivetrains, while also boosting power density and efficiency. This
innovation aims to reduce Tesla's dependence on rare-earth metals, contributing to supply chain sustainability

and cost reduction.

While specific technical details are limited, this announcement signals a significant advancement in achieving
high-performance EV motors without critical rare-earth elements. The smaller, lighter design enhances vehicle

design flexibility and aligns with Tesla's manufacturing strategies, potentially catalyzing a broader industry shift.
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0 Strategic Analyst's Perspective

Strategic Analyst's Perspective: Tesla's claims of 18% smaller and 25% lighter are ambitious but
plausible given their engineering capabilities and focus on integration. The lack of detailed
technical specs means independent verification is pending, but the strategic intent is clear.
Technical barriers include achieving comparable magnetic performance and thermal stability
without rare earths, and scaling production efficiently. [Opportunity] for US/EU materials
suppliers to develop and commercialize alternative magnet materials (e.g., ferrites, iron nitrides)
and for OEMs to adopt these into their next-gen EV platforms. [Threat] for US/EU automakers
and component suppliers who lag in developing or integrating rare-earth-free motor technologies,
risking competitive disadvantage in cost, supply chain resilience, and sustainability messaging.
Next actions: [R&D;] Benchmark Tesla's announced motor performance and explore alternative
magnet technologies for EV drivetrains by Q4 2026. [Procurement] Diversify magnet sourcing
strategies to reduce rare-earth reliance. [Executive] Formulate a clear rare-earth independence
roadmap for EV platforms by mid-2027.
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I Deep Dive O — Ultra-Thin Polyimide Film Breakthrough

#01 | 2026/09/10 | Pl Advanced Materials | Tech Noveltye e e e o Proximitye e ¢ e o Market Impacte e e e o Data
Reliabilitye e @ @ o US/EU Relevancee e e e o

Pl Advanced Materials (an Arkema affiliate) has received the 2026 KPCA Industry Award for developing the
world's first mass production technology for 4u m ultra-thin polyimide film. This film is approximately one-third
the thickness of conventional 12.5u m films, while maintaining equivalent mechanical, thermal, and adhesive

properties.

This innovation is critical for the miniaturization and performance enhancement of next-generation electronic
devices, particularly in high-performance flexible displays, foldable smartphones, wearable devices, and

advanced semiconductor packaging, including chip-on-film (COF) applications.

O Strategic Analyst's Perspective

Strategic Analyst's Perspective: The mass production claim by Pl Advanced Materials, validated
by an industry award, appears realistic and signifies a significant manufacturing achievement. The
challenge lies in maintaining yield and consistency at such extreme thinness. [Opportunity] for
US/EU flexible electronics and advanced packaging OEMs to integrate this ultra-thin film for
next-gen product designs, enabling thinner, lighter, and more durable devices. [Threat] for US/EU
materials suppliers and manufacturers who cannot match this level of polyimide film thinness and
performance, potentially losing market share in high-growth segments to Asian competitors. Next
actions: [R&D;] Evaluate samples of 4u m polyimide film from Pl Advanced Materials (or Arkema)
for integration into advanced packaging and flexible display prototypes by Q4 2026.
[Procurement] Identify potential second sources or develop internal capabilities for ultra-thin PI
films to mitigate supply chain risks. [Business Dev] Explore partnerships with leading flexible
electronics manufacturers to co-develop applications.

I Other Notable Articles

Kyoto University iCeMS Develops Nature-Inspired PFAS-Free White Water-Repellent Material, Published in Nature (Kyoto University iCeMS / Nature)
Tech Noveltye e o o o Proximitye e o o o Market Impacte e e e ©

A breakthrough in sustainable materials, offering PFAS-free and TiO, -free white water-repellent solutions for

packaging and textiles.

MIT Demonstrates Electrochemical Method for Efficiently Producing Pure Hydrogen from Ammonia (MIT News)
Tech Noveltye e o o o Proximitye e o o o Market Impacte e e e o

Novel electrochemical approach for low-temperature, energy-efficient hydrogen production from ammonia,

crucial for clean energy.

Al Becomes Central to Nanomaterials Discovery, Market Projected to Reach $2.77 Billion by 2030 (nano-matter.com)
Tech Noveltye e @ 0 o Proximitye e ¢ o o Market Impacte e e e o

Al is revolutionizing nanomaterials R&D;, with a market projected to hit $2.77B by 2030, dramatically cutting

discovery time.

Argonne National Laboratory Successfully Synthesizes First Borophene, a Metallic Single-Atom-Thick Boron, Opening New Era for 2D Materials (Argonne
National Laboratory)
Tech Noveltye e e e o Proximitye o o o o Market Impacte e e e 0

First synthesis of borophene, a metallic 2D boron, opens new possibilities for advanced electronics and energy

technologies.

PNAS Debates 'Synthetic Validity' Problem in Al-Generated Science, Pondering Impact on Materials Discovery (PNAS)
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Tech Noveltye e e o o Proximitye o o o o Market Impacte e e e ©
Critical discussion on ensuring the reliability and real-world effectiveness of Al-generated scientific insights in

materials R&D.;
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I Recommended Actions This Week

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

O Immediate (this week)

» [Executive] Review rare-earth dependency in current product roadmaps and supply chains, initiating a
risk assessment. (Ref: #05, #23)

» [R&D;] Task AI/ML teams to investigate 'synthetic validity' challenges and best practices for
physics-aware Al in materials discovery. (Ref: #10, #11, #13)

* [Procurement] Initiate contact with Pl Advanced Materials (Arkema affiliate) to understand availability
and sample access for 4pu m Pl film. (Ref: #01)

O Short-term (1 month)

» [R&D;] Begin preliminary evaluation of rare-earth-free magnet technologies for potential integration into
future EV motor designs. (Ref: #05, #23)

» [Strategy] Develop a roadmap for integrating Al-driven materials discovery platforms, including data
standardization and autonomous lab concepts. (Ref: #10, #12)

* [Business Dev] Explore partnerships or licensing opportunities for PFAS-free and TiO, -free sustainable
material technologies. (Ref: #15)

* [R&D;] Assess the potential of electrochemical ammonia-to-hydrogen conversion for future clean
energy initiatives. (Ref: #02)

0 Medium-long term (quarter+)

» [R&D;] Establish a dedicated program for 2D materials research, focusing on borophene and
atomic-scale processing for next-gen electronics. (Ref: #25, #22)

» [Legal/IP] Monitor IP landscape for next-generation battery technologies (e.g., Li-Cl, ) and advanced
functional coatings. (Ref: #14, #04)

» [Strategy] Develop a long-term strategy for talent acquisition and training in Al for materials science
and advanced manufacturing. (Ref: #08, #18, #27)

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-09-13

FunctionalMaterials Weekly Intelligence Report | 2026-09-13 | Page 9



FunctionalMaterials — Selected
Articles

Date: 2026-09-13
Articles: 28



I Table of Contents

#01 Pl Advanced Materials Awarded 2026 KPCA Industry Prize for World's First 4um

Polyimide Film Mass Production Technology

#02 MIT Demonstrates Electrochemical Method for Efficiently Producing Pure Hydrogen
from Ammonia

#03 MIT Develops Injectable 'HITMAN' Nanoantennas for Drug-Resistant Glioblastoma,
Significantly Suppressing Tumor Growth

#04 Novel Multifunctional CeOz2/U66@MXene Nanofiller Dramatically Enhances UV and
Corrosion Resistance of Epoxy Coatings

#05 Niron Magnetics Breaks Ground on Rare-Earth-Free Permanent Magnet Manufacturing
Facility, Honda Invests for EV Systems Adoption

#06 ACS Publications Announces Durable Urchin-like Micro/Nanostructured Hydrophobic
and Corrosion-Resistant Coating for Cultural Heritage Protection

#07 Overcoming Transport Layer Bottlenecks for lon Parameter Quantification in Perovskite
Solar Cells, New Method Proposed

#08 AutoXRD: Autonomous LLM Agents Proposed for Powder Diffraction Analysis,
Enhancing Accuracy in Materials Science

#09 Chromium Addition Reveals Trade-Off: Stronger Corrosion Shield, Softer Alloy in High-
Entropy Metal

#10 Al Becomes Central to Nanomaterials Discovery, Market Projected to Reach $2.77
Billion by 2030

#11 Columbia University Introduces New Benchmarks for Physics-Aware Al to Accelerate

Materials Discovery

#12 Addressing Al Polymer Discovery Challenges: Blueprint for Autonomous Closed-Loop
Ecosystem Devised

#13 PNAS Debates 'Synthetic Validity' Problem in Al-Generated Science, Pondering Impact
on Materials Discovery

#14 Anhui Normal University Announces Li-CI2 Battery with Over 97% Coulombic Efficiency,
Published in Advanced Materials

#15 Kyoto University iCeMS Develops Nature-Inspired PFAS-Free White Water-Repellent
Material, Published in Nature

#16 BASF Unveils Advanced Polyurethane Materials for Durable, Circular Footwear
Concepts at SIMAC 2026



#17 ChemRxiv Publishes Preprint on Colloidal Interactions in Low-Polarity Dispersions of
Permanently Magnetic Nanoplatelets

#18 TAME: Reliable and Interpretable Molecular Property Prediction Model Unveiled on
ChemRxiv

#19 ChemRxiv Announces Enhanced Visible-Light Water Splitting Efficiency via Spiral-
Growth-Induced Nanosteps on Layered Oxyhalide Photocatalysts

#20 ChemRxiv Announces Machine-Learned Solid-State '3C Chemical Shifts for Structure-

Resolved Polymer Simulations

#21 Union College Researchers Establish New Principles for Solvent-Controlled Chiral

Polymer Assemblies, Advancing High-Performance Electronics

#22 Penn State and Kurt J. Lesker Company Partner to Establish ASPIRE Center, Jointly
Advancing Atomic-Scale Processing Technologies

#23 Tesla Unveils Rare-Earth-Free EV Motor 'Cybercab,' Achieving 18% Smaller, 25% Lighter

Design with Significant Power Density Boost

#24 Preprints.org Releases New Chemistry and Materials Science Preprints on Lithium
Extraction and Nickel Coating

#25 Argonne National Laboratory Successfully Synthesizes First Borophene, a Metallic
Single-Atom-Thick Boron, Opening New Era for 2D Materials

#26 Same Sky Unveils High-Endurance SPG Thermoelectric Modules Generating Up to
27.3W from Waste Heat

#27 ChemRxiv Preprint "IQARIS" Integrates Quantum Chemistry Datasets with Machine
Learning to Accelerate New Material Design through Large-Scale Local Quantum
Information Exploration

#28 ChemRxiv Preprint Applies Tree Models, ChemBERTa, Graph Networks, and Late Fusion
for Plasma Protein Binding Prediction under Scaffold Split, Enhancing Drug Discovery

Efficiency



#01 Pl Advanced Materials Awarded 2026 KPCA

Industry Prize for World's First 4um Polyimide Film
Mass Production Technology

Published September 10, 2026 Pl Advanced Materials (an Arkema Affiliate) South Korea

| OVERVIEW

Pl Advanced Materials has received the 2026 KPCA Industry Award for developing
the world's first mass production technology for 4um ultra-thin polyimide film. This
breakthrough achieves a film thickness approximately one-third of conventional
12.5um films while maintaining equivalent mechanical, thermal, and adhesive
properties. This innovation is poised to significantly contribute to the miniaturization
and performance enhancement of next-generation electronic devices, particularly in

high-performance flexible displays and advanced semiconductor packaging.



| IN DEPTH

Pl Advanced Materials has been honored with the 2026 KPCA Industry Award for its
pioneering mass production technology of 4um ultra-thin polyimide film, addressing the
escalating demand for miniaturization and higher density in mobile devices, flexible
displays, and semiconductor packaging. This achievement underscores the company's

leading capabilities in innovative material science and manufacturing.

Key Findings
» Developed the world's first mass production technology for 4um thick polyimide film.

¢ Achieved a thickness approximately one-third of traditional 12.5um films.

¢ Maintained equivalent mechanical strength, thermal stability, and adhesive properties

despite significant thinning.

« Enhanced reliability for flexible substrate applications, enabling higher-resolution

circuit patterns.

Technical Details

The newly developed 4um polyimide film is a testament to P| Advanced Materials'
extensive expertise in polyimide polymerization and precision coating technologies. By
optimizing molecular chain alignment control and film thickness uniformity, the company
has successfully achieved extreme thinness without compromising high dimensional
stability and mechanical properties. This thinness is crucial for improving the reliability of
flexible devices that require high bending endurance. Furthermore, the film ensures
stability under high-temperature conditions, making it suitable for semiconductor

manufacturing processes and high-power device applications.



Background & Context

The electronics industry is witnessing rapid advancements in device performance, multi-
functionality, and miniaturization, demanding increasingly sophisticated materials.
Flexible and highly reliable substrate materials are indispensable for emerging
technologies such as foldable smartphones, wearable devices, and high-performance
packaging for next-generation Al chips. Polyimide film, known for its superior heat
resistance, mechanical strength, and electrical insulation, is widely used in flexible
printed circuit boards (FPC) and chip-on-film (COF). Pl Advanced Materials' new
technology directly addresses these evolving market needs, establishing a strong

competitive advantage.

Strategic Significance & Outlook

This 4um polyimide film technology is expected to contribute to further thinning and
enhanced durability in flexible displays. Its applications extend to a broad range of
sectors including 5G communication modules, I0T devices, and automotive electronics.
The film's ultra-thin profile facilitates overall product miniaturization and weight reduction,
offering greater design flexibility. Pl Advanced Materials plans to leverage this
technology to continue delivering high-value-added advanced material solutions,
supporting the advancement of the electronics industry. The KPCA Industry Award

serves as strong validation of its technological leadership.

Source: https://www.arkema.com/global/en/media/newslist/news/global/products/2026/20260910-piam-

receives-industry-award/

Collected: September 11, 2026 | Automated Research System (Gemini API)
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#02 MIT Demonstrates Electrochemical Method for
Efficiently Producing Pure Hydrogen from Ammonia

Published September 09, 2026 MIT News USA

| oveERVIEW

Researchers at MIT have demonstrated a novel electrochemical approach for
efficiently extracting pure hydrogen gas from hydrogen-carrying molecules like
ammonia. This technology significantly reduces the temperature and energy required
for hydrogen extraction by utilizing electricity. Offering a more energy-efficient and
lower-carbon hydrogen production pathway compared to conventional thermal
cracking, this method addresses critical challenges in hydrogen supply for the clean

energy sector.



| IN DEPTH

Researchers at the Massachusetts Institute of Technology (MIT) have developed a
groundbreaking electrochemical method for highly efficient extraction of pure hydrogen
gas from hydrogen carrier molecules such as ammonia. This new technology holds the
potential to significantly reduce the operating temperature and energy consumption

compared to conventional hydrogen production processes.

Key Findings

o Achieved significant energy reduction in hydrogen extraction from ammonia using an

electrochemical approach.
» Demonstrated efficient generation of pure hydrogen gas.

o Enabled low-temperature hydrogen separation, reducing reliance on thermal energy

input.

* Presented a cleaner and more sustainable pathway for hydrogen production,

alternative to traditional thermal cracking.

Technical Details

The MIT researchers established a process using an electrochemical cell to decompose
ammonia molecules and produce pure hydrogen gas. This process leverages a specific
combination of catalysts and electrolytes to separate hydrogen ions (protons) from
ammonia, which are then reduced to form hydrogen molecules after passing through a
membrane. While conventional ammonia cracking processes demand high temperatures
(approximately 400-800°C), this electrochemical method operates at much lower
temperatures, minimizing external heat supply. This leads to reduced system complexity,
improved energy efficiency, and enhanced equipment longevity. Furthermore, the

hydrogen produced is of high purity, suitable for direct use in applications like fuel cells.



Background & Context

Hydrogen is recognized as a key energy carrier for achieving a decarbonized society,
but its production, storage, and transportation pose significant challenges. Ammonia,
with its high volumetric energy density for storage and transport, is considered a
promising hydrogen carrier as it can be handled relatively easily as a liquid at ambient
temperature and low pressure. However, efficiently extracting high-purity hydrogen from
ammonia is critical for its practical application. Current thermal cracking methods are
energy-intensive, with high equipment costs and environmental impact associated with
high-temperature operation. MIT's new technology has the potential to overcome these

challenges, removing a significant bottleneck in utilizing ammonia as a hydrogen fuel.

Strategic Significance & Outlook

This electrochemical hydrogen extraction technology could significantly advance the
realization of distributed hydrogen supply systems and on-site hydrogen production. For
instance, using electricity derived from renewable sources like wind or solar power to
generate hydrogen from ammonia could help stabilize power grids while enabling clean
hydrogen production at the point of demand. Commercialization of this technology is
expected to contribute to cost reduction and environmental impact mitigation across the
entire hydrogen supply chain, accelerating the adoption of hydrogen in fuel cell vehicles,
power generation, and industrial applications. Future research and development will

focus on further scaling up and optimizing costs.

Source: https://news.mit.edu/2026/electrochemical-approach-turns-ammonia-into-pure-hydrogen-0909
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#03 MIT Develops Injectable '"HITMAN' Nanoantennas
for Drug-Resistant Glioblastoma, Significantly
Suppressing Tumor Growth

Published September 09, 2026 MIT Media Lab / Science Advances USA

| OVERVIEW

Researchers at MIT Media Lab have developed 'HITMAN,' injectable nanoantennas
that specifically target and kill drug-resistant glioblastoma cells. These magnetically
activated nanoantennas generate localized therapeutic electric fields without harming
healthy brain tissue. In vivo studies have shown significant suppression of tumor
growth and a substantial extension of survival, positioning HITMAN as a potential

breakthrough treatment for intractable brain tumors.



| IN DEPTH

Researchers at the Massachusetts Institute of Technology (MIT) Media Lab have
developed 'HITMAN' (Heat-Inducible Therapeutics for MAIIGNANt Tumors), a
groundbreaking injectable nanoantenna system designed to target and ablate drug-
resistant glioblastoma (GBM) cells, an aggressive and difficult-to-treat form of brain
cancer. This technology is activated by an external magnetic field, generating a localized
therapeutic electric field specifically at the tumor site, thereby minimizing damage to

surrounding healthy brain tissue while efficiently destroying cancerous cells.

Key Findings

» Developed injectable 'HITMAN' nanoantennas for specific targeting of drug-resistant

glioblastoma cells.

» Generated localized therapeutic electric fields via magnetic activation, preserving

healthy brain tissue.

« Demonstrated significant suppression of tumor growth and prolonged survival in in

vivo models.

e Promises a minimally invasive and effective new treatment for intractable brain

tumors.

Technical & Clinical Details

HITMAN nanoantennas are nanoscale structures designed to traverse the blood-brain
barrier and accumulate within tumor tissue. Once localized, they are activated by
applying a specific frequency magnetic field from outside the body. This activation
causes the nanoantennas to generate a localized electric field in their immediate vicinity.
This electric field induces apoptosis (programmed cell death) in cancer cells by
destabilizing their cell membranes or disrupting specific intracellular processes. Studies
in mouse models have shown that HITMAN administration followed by magnetic field
activation significantly inhibited tumor volume growth and substantially extended the
survival period of treated subjects compared to untreated controls. A key advantage of
this technology is its potential effectiveness against drug-resistant tumors, offering new

hope for patients unresponsive to standard therapies.



Background & Context

Glioblastoma is the most aggressive primary brain tumor, and despite current standard
treatments (surgery, radiation therapy, and chemotherapy), prognosis remains poor with
high recurrence rates. The acquisition of drug resistance further complicates treatment,
limiting effective therapeutic options. Nanotechnology-based drug delivery systems and
targeted therapies have garnered significant interest in cancer treatment, but the blood-
brain barrier poses a major obstacle for brain tumors. Injectable, locally acting
nanodevices like HITMAN offer a novel approach to overcome this barrier, delivering
therapeutic agents directly to the tumor or physically ablating cancer cells through

localized stimuli.

Strategic Significance & Outlook

The development of HITMAN nanoantennas holds the potential to introduce a paradigm
shift in glioblastoma treatment. It is anticipated to progress through further preclinical
studies and into clinical trials. If successfully commercialized, this technology could
significantly improve treatment outcomes and quality of life for glioblastoma patients.
Moreover, this concept may be applicable to other solid tumors beyond glioblastoma, as
well as to therapies targeting specific cell types, potentially opening new avenues in
localized treatment using magnetically activated nanodevices. Alongside advancements
in personalized medicine, this next-generation cancer therapy, emphasizing precise

targeting and minimal invasiveness, will attract considerable attention.

Source: https://news.mit.edu/2026/injectable-nanodevices-could-provide-effective-treatment-drug-

resistant-glioblastoma-0909
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#04 Novel Multifunctional CeO,/U66@MXene Nanofiller
Dramatically Enhances UV and Corrosion Resistance
of Epoxy Coatings

Published September 11, 2026  European Coatings / Scienmag Germany

| OVERVIEW

Researchers have developed a hierarchical CeO_/U66@MXene nanofiller which,
when incorporated into epoxy coatings, significantly improves both UV aging
resistance and long-term corrosion protection in saline environments. This innovative
multifunctional additive combines UV absorption, free radical scavenging, and barrier
effects. It holds immense potential to dramatically enhance the durability of materials

used in harsh conditions, such as marine structures and industrial equipment.



| IN DEPTH

New research has successfully developed a hierarchical CeO /U66@MXene nandfiller,
demonstrating that epoxy coatings incorporating this material exhibit significantly
enhanced UV aging resistance and long-term corrosion protection in saline
environments. This multifunctional nanofiller offers an effective solution to the durability

challenges faced by existing protective coatings.

Key Findings
 Successful development of a hierarchical CeO,/U66@MXene nanofiller.

 Significantly improved UV aging resistance and corrosion protection when

incorporated into epoxy coatings.

o The multifunctional nanofiller synergistically provides UV absorption, free radical

scavenging, and physical barrier effects.

o Offers long-term protective performance in saline environments, extending material

lifespan.

Technical Details

The developed CeO,/U66@MXene nanofiller possesses a composite structure
combining ceria (CeO,) particles, organic ligands U66, and the two-dimensional material
MXene (titanium carbide). Ceria offers excellent UV absorption and free radical
scavenging capabilities, preventing polymer photodegradation. U66 plays a crucial role
in efficiently linking ceria particles between MXene layers and enhancing dispersion
within the coating. MXene, with its layered structure, provides superior gas barrier
properties, inhibiting the infiltration of corrosive substances. These three components act
synergistically to give the coating high resistance against both UV radiation and
corrosion. Experimental results indicate that epoxy coatings incorporating this nanofiller
exhibited remarkably superior protective performance in both salt spray and UV

exposure tests compared to pristine coatings.



Background & Context

Metal structures and composite materials are constantly exposed to complex
degradation from ultraviolet (UV) radiation and corrosive agents in outdoor
environments, especially in marine and industrial applications. Conventional coating
materials often specialize in a single protective function, making it difficult to achieve
high levels of both UV aging resistance and corrosion protection. For example, UV
stabilizers typically do not directly contribute to corrosion resistance, and corrosion-
resistant coatings often exhibit poor resistance to UV degradation. Therefore, the
development of new additives with multifunctional properties has been sought. The
nanofiller presented in this research offers an innovative approach, providing combined

protective functions from a single material.

Strategic Significance & Outlook

This hierarchical CeO,/U66@MXene nanofiller has the potential to significantly impact
the paints and coatings industry. Its applications are particularly anticipated in sectors
requiring long-term protection under harsh conditions, such as marine vessels, offshore
platforms, bridges, automobiles, and aerospace components. Improved durability directly
translates to reduced maintenance costs, resource conservation, and extended product
lifespan, thus offering high value as a sustainable material solution. Future research will
focus on optimizing manufacturing costs, scaling up production, and evaluating
applicability to various substrates. This technology is poised to usher in a new era of

high-performance protective coatings.

Source: https://www.european-coatings.com/news/coatings-technologies/nanofiller-design-combines-uv-
protection-and-corrosion-resistance/
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#05 Niron Magnetics Breaks Ground on Rare-Earth-
Free Permanent Magnet Manufacturing Facility, Honda
Invests for EV Systems Adoption

Published September 10, 2026 PR Newswire USA

| OVERVIEW

Niron Magnetics, aiming to commercialize high-performance rare-earth-free
permanent magnets, celebrated the steel raising of its manufacturing facility under
construction in Sartell, Minnesota. Concurrently, Honda Motor Co., Ltd. announced a
strategic investment in Niron Magnetics as an alternative to traditional rare-earth
magnets for electric systems. This investment will support Niron's technology
commercialization and scaling up production, contributing to reducing dependence on

rare-earth metals in global supply chains.



| IN DEPTH

Niron Magnetics, a company dedicated to commercializing high-performance rare-earth-
free permanent magnets, marked a significant milestone with the steel raising ceremony
for its manufacturing facility under construction in Sartell, Minnesota. This development

signifies a critical step towards bringing their innovative magnet technology to market.

Key Findings

+ Niron Magnetics completed the steel raising for its rare-earth-free permanent magnet

manufacturing facility in Sartell, Minnesota.

e Honda Motor Co., Ltd. made a strategic investment in Niron Magnetics for electric

vehicle systems.

¢ This partnership is set to accelerate Niron's technology commercialization and

production scaling, reducing reliance on rare-earth elements.

¢ Plays a crucial role in building a sustainable material supply chain amid the global

electrification shift.

Technical & Company Details

Niron Magnetics has developed the Clean Earth Magnet® technology, based on iron
nitride (FeN), which offers magnetic performance comparable to conventional
neodymium magnets but without using any environmentally impactful rare-earth metals.
This technology provides a sustainable and cost-effective alternative for a wide range of
applications requiring high-performance magnets, including electric vehicle (EV) motors,
wind turbines, and industrial motors. The Sartell facility, for which the steel raising has
been completed, will serve as the foundation for producing these magnets at scale.
Honda's investment signifies the recognition of Niron's technology as critical for the
automotive industry's electrification strategy. Honda aims to reduce supply chain risks
and achieve its sustainability goals by integrating rare-earth-free magnets into its EV

motors and other electric systems.



Background & Context

In recent years, the global demand for high-performance permanent magnets has
surged with the proliferation of electric vehicles (EVs) and renewable energy
installations. However, the primary materials for these magnets, rare-earth metals like
neodymium and dysprosium, are associated with significant environmental burdens from
mining and refining, concentrated supply sources in specific regions, and geopolitical
risks. Against this backdrop, governments and major corporations worldwide are
focusing on the development and adoption of rare-earth-free or reduced-rare-earth
magnet technologies. Niron Magnetics' technology offers a direct solution to these
challenges, holding strategic importance in enhancing the resilience of global supply
chains. The investment by a major automotive manufacturer like Honda underscores the

industry's serious consideration of this technology.

Strategic Significance & Outlook

The operational launch of Niron Magnetics' new manufacturing facility will accelerate the
market introduction of high-performance rare-earth-free permanent magnets,
contributing to the sustainable growth of the EV market. The partnership with Honda will
be a powerful driver for the adoption of Niron's technology in the automotive industry. In
the future, applications in other sectors such as wind turbines and consumer electronics
are also anticipated, potentially transforming the structure of the rare-earth metals
market. This technology serves as an excellent example of how material science and
engineering can shape a sustainable future in a world facing resource constraints and

environmental challenges.

Source: https://www.prnewswire.com/news-releases/niron-magnetics-marks-steel-raising-at-sartell-
manufacturing-site-302875334.html

Collected: September 11, 2026 | Automated Research System (Gemini API)


https://www.prnewswire.com/news-releases/niron-magnetics-marks-steel-raising-at-sartell-manufacturing-site-302875334.html
https://www.prnewswire.com/news-releases/niron-magnetics-marks-steel-raising-at-sartell-manufacturing-site-302875334.html

#06 ACS Publications Announces Durable Urchin-like
Micro/Nanostructured Hydrophobic and Corrosion-
Resistant Coating for Cultural Heritage Protection

Published September 10, 2026 ACS Publications USA

| OVERVIEW

Research published in ACS Publications describes a fluorinated coating strategy that
forms urchin-like micro/nanostructures on bronze surfaces, providing a durable

hydrophobic barrier and long-term corrosion protection for cultural heritage materials.
Based on fluorinated aqueous polyurethane and fluorinated Paraloid B72, this coating

offers an innovative solution for protecting metallic and wooden cultural heritage

artifacts.



| IN DEPTH

In the preservation of cultural heritage, protection against environmental degradation is a
pressing concern. New research published in ACS Publications presents an innovative
fluorinated coating strategy designed to protect metallic and wooden cultural heritage
materials, particularly bronze surfaces, with a durable hydrophobic barrier and long-term

corrosion resistance.

Key Findings

o Developed a novel coating strategy based on fluorinated aqueous polyurethane and
fluorinated Paraloid B72.

e Forms unique 'urchin-like' self-assembled micro/nanostructures on bronze surfaces.

¢ This structure provides a durable hydrophobic and long-term corrosion-resistant

barrier.

 Indicates high effectiveness for the preservation of metallic and wooden cultural

heritage materials.

Technical Details

The developed coating consists of two main components: fluorinated aqueous
polyurethane and fluorinated Paraloid B72. When these components are mixed in
specific proportions and applied to a substrate surface, they undergo a self-assembly
process to form the characteristic 'urchin-like' micro/nanostructures. This unique surface
morphology traps air pockets, maximizing the contact angle with water droplets and
resulting in superhydrophobicity. Simultaneously, the high chemical stability of the
fluorinated polymer and the dense barrier layer prevent the ingress of oxygen, moisture,
and pollutants, inhibiting substrate corrosion over long periods. In accelerated
degradation tests using bronze specimens, this coating demonstrated superior
hydrophobicity and corrosion resistance, significantly slowing down the progression of

degradation compared to untreated specimens and conventional protective coatings.



Background & Context

Museums and archaeological sites worldwide house numerous valuable cultural heritage
objects made of metal and wood. These artifacts are constantly exposed to threats of
corrosion and degradation from natural environmental factors such as acid rain,
atmospheric pollution, moisture, and UV radiation, as well as anthropogenic factors.
Outdoor bronze sculptures, for example, require significant cost and effort for
maintenance. Existing protective coatings and wax treatments often suffer from low
durability, cause visual alterations, or are difficult to reapply. This new self-assembled
nanostructured coating offers a novel path in cultural heritage protection by providing

stable long-term protection while respecting the original appearance of the materials.

Strategic Significance & Outlook

This fluorinated self-assembled coating holds significant potential as a powerful tool for
cultural heritage conservation specialists and restorers. Its durability and effective
protective functions will greatly extend the lifespan of artifacts exposed to harsh
environments, particularly outdoor sculptures and structures, as well as archaeological
finds. Future research will focus on evaluating its applicability to various types of metals
and wood, conducting long-term field tests, and developing application methods that do
not compromise the aesthetic value of cultural heritage. Widespread adoption of this
technology is expected to make a substantial contribution to preserving precious cultural

assets for future generations.

Source: https://pubs.acs.org/aapmcd/article/doi/10.1021/acsapm.6¢c02122/5427528/Self-Assembled-

Urchin-like-Micro-Nanostructures
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#07 Overcoming Transport Layer Bottlenecks for lon

Parameter Quantification in Perovskite Solar Cells,
New Method Proposed

Published September 10, 2026  arXiv (Materials Science) Unknown

| OVERVIEW

A preprint by Shudi Jiao et al. on arXiv proposes a novel approach to overcome
transport layer bottlenecks in quantifying ionic parameters from transient ion current
measurements of perovskite solar cells. This research deepens the understanding of
ionic behavior within materials, essential for accurate device performance evaluation
and establishing design guidelines for efficiency improvement. It is expected to

particularly contribute to elucidating instability factors and enhancing the durability of
perovskite solar cells.



| IN DEPTH

Perovskite solar cells (PSCs) exhibit high power conversion efficiency as a next-
generation solar cell technology, but their long-term stability is significantly affected by
ion migration within the material. A preprint by Shudi Jiao et al., published on arXiv,
proposes a groundbreaking method to overcome the conventional transport layer
bottlenecks when accurately quantifying ionic parameters through transient ion current
measurements. This advancement is poised to significantly accelerate the fundamental

understanding and practical application of PSCs.

Key Findings

 |dentified and proposed solutions for transport layer bottlenecks during ion parameter

quantification in PSCs.

o Established a method to more accurately assess ion behavior affecting device

performance from transient ion current measurements.

¢ Deepened the understanding of ion migration mechanisms within perovskite

materials.

» Contributes to establishing new design guidelines for improving the efficiency and

stability of solar cells.

Technical Details

During the operation of PSCs, positively charged organic ions and halide ions are known
to migrate under an electric field, leading to device hysteresis and instability. Transient
ion current measurement is employed to accurately quantify these ion behaviors.
However, conventional measurements are often hampered by the resistance and
interfacial properties of the charge transport layers (ETL or HTL), making it difficult to
extract true ionic parameters accurately. This research introduces novel device
structures, measurement protocols, and data analysis models to eliminate or minimize
the influence of transport layers. This allows for more precise evaluation of intrinsic
parameters of the perovskite layer itself, such as ion mobility, ion density, and activation
energy. Consequently, it becomes possible to conduct detailed analyses of how ion

accumulation and migration affect device performance.



Background & Context

Perovskite solar cells have achieved power conversion efficiencies exceeding 25% in
laboratory settings, rivaling silicon solar cells. However, one of the biggest challenges for
commercialization is ensuring long-term stability under external stresses such as heat,
humidity, light, and electric fields. The primary cause of this instability is believed to be
ion migration within the device, leading to material degradation. Therefore, accurately
understanding and controlling ion behavior is essential for the practical implementation
of PSCs. This research addresses a fundamental issue in this field, paving the way for

more stable and reliable device designs.

Strategic Significance & Outlook

The newly proposed method for quantifying ionic parameters will be an invaluable tool
for the PSC research and development community. It will enable optimization of new
perovskite materials and device structures, taking into account ion dynamics. For
example, the development of additives or interfacial layers to suppress ion migration, or
the search for new crystal structures resistant to ion diffusion, can be pursued more
efficiently and scientifically. Ultimately, this research is expected to contribute to
achieving both long-term stability and high efficiency in PSCs, facilitating their
widespread adoption as a next-generation clean energy technology. Its impact as

foundational research for practical application is immeasurable.

Source: https://arxiv.org/abs/2609.10438
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#08 AutoXRD: Autonomous LLM Agents Proposed for

Powder Diffraction Analysis, Enhancing Accuracy in
Materials Science

Published September 10, 2026  arXiv (Materials Science) Unknown

| OVERVIEW

A preprint by Yuetong Wu and Maojun Sun on arXiv proposes 'AutoXRD,"' an
autonomous LLM (Large Language Model) agent with a comprehensive evaluation
method for powder X-ray diffraction (XRD) analysis. This system automates the
analysis of complex diffraction patterns, enabling faster and more accurate derivation
of insights into material crystal structures and phase compositions. This development
is expected to improve the efficiency and accuracy of data analysis, addressing a key

bottleneck in materials science research.



| IN DEPTH

In materials science, powder X-ray diffraction (XRD) analysis is a critical process for
characterizing material properties, but it traditionally demands significant expertise and
time. A preprint by Yuetong Wu and Maojun Sun, titled 'AutoXRD: Autonomous LLM
Agents and Comprehensive Evaluation for Powder Diffraction Analysis," published on
arXiv, proposes a groundbreaking system called 'AutoXRD' that leverages autonomous

LLM agents to address this challenge.

Key Findings
¢ Developed 'AutoXRD,"' an autonomous LLM agent for powder diffraction analysis.

» Enables automatic analysis of complex diffraction patterns and rapid identification of

structural and phase compositions.

e Presents the potential for significantly improving the efficiency and accuracy of data

analysis in materials science.

» A comprehensive evaluation framework validates the performance and reliability of
the LLM agent.

Technical Details

AutoXRD automates the analysis of powder X-ray diffraction data by integrating the
reasoning capabilities of Large Language Models (LLMs) with materials science
expertise. Specifically, it takes raw XRD data as input, and the LLM agent autonomously
performs a series of analysis tasks such as peak identification, phase quantification,
lattice parameter calculation, and crystallite size estimation, based on known crystal
structure databases and physical laws. The LLM is expected to leverage not only text-
based knowledge but also image recognition and pattern matching capabilities to identify
complex overlapping peaks and background noise, producing results comparable to or
even surpassing human analysts in accuracy. The research demonstrated through a
comprehensive evaluation using standard material datasets that AutoXRD significantly
reduces analysis time and improves robustness, especially for multiphase mixtures and

low-quality data, compared to conventional semi-automated methods.



Background & Context

In materials discovery and development, quickly and accurately identifying the structure
of new materials after synthesis is paramount. XRD analysis is one of the most powerful
tools for obtaining structural information of crystalline materials, but its data analysis is
time-consuming and often ambiguous, even for experienced researchers. Especially with
the acceleration of Al-driven materials design, automating high-throughput experimental
data analysis is essential to resolve bottlenecks in new material development. The
introduction of autonomous Al systems like AutoXRD means that researchers can be
freed from routine data analysis, allowing them to focus on more creative research

activities.

Strategic Significance & Outlook

The advent of AutoXRD has the potential to transform the research workflow in materials
science. Further development of this technology could significantly enhance research
efficiency and discovery rates in a wide range of fields where XRD is used, including
chemistry, physics, and geology, not just materials science. In the future, integrating
AutoXRD into autonomous experimental lab systems (known as 'self-driving labs') could
make the creation of 'Al-driven materials discovery' platforms a reality, automating
everything from material synthesis to characterization, data analysis, and even
suggesting next synthesis strategies. This would dramatically shorten the discovery

cycle for new functional materials, accelerating innovation.

Source: https://arxiv.org/abs/2609.00070
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#09 Chromium Addition Reveals Trade-Off: Stronger
Corrosion Shield, Softer Alloy in High-Entropy Metal

Published September 11, 2026  Bioengineer.org / Journal of Materials Science: Metallurgy

Unknown

| OVERVIEW

New open-access research has revealed a critical trade-off: adding chromium (Cr) to
AIMoNbTi high-entropy alloy enhances its corrosion resistance but simultaneously
softens the alloy. This finding provides crucial guidance for optimizing the balance
between corrosion performance and mechanical properties in the design of high-
entropy alloys. This will impact the development of next-generation materials for

harsh environments, such as aerospace and chemical industries.



| IN DEPTH

High-entropy alloys (HEAS) are attracting significant attention as next-generation
structural materials due to their excellent mechanical strength, high-temperature stability,
and corrosion resistance. However, designing elemental compositions to optimize
specific properties remains a complex challenge. New open-access research has
revealed a significant trade-off when chromium (Cr) is added to AIMoNbTi high-entropy
alloy: while it enhances corrosion resistance, it simultaneously leads to a softening of the

alloy.

Key Findings

o Confirmed that chromium addition to AIMoNbTi high-entropy alloy enhances its

corrosion resistance.

 |dentified a trade-off where chromium addition simultaneously reduces the alloy's

hardness, leading to softening.

¢ Provided critical insights into achieving both mechanical properties and corrosion

resistance in HEA elemental design.

¢ Introduced new considerations for performance design of next-generation materials.

Technical Details

This study thoroughly evaluated the microstructure, mechanical properties (hardness),
and corrosion resistance using electrochemical methods for AIMoNDbTi alloys with
varying chromium content. Results showed that as chromium concentration increased,
the passive film formed on the alloy surface became denser and more stable,
significantly improving corrosion resistance, particularly against pitting corrosion in
chloride ion environments. This is attributed to chromium's excellent passive film-forming
ability. However, it was simultaneously revealed that chromium addition altered the
lattice strain of the alloy, affecting precipitation behavior of specific phases and grain
boundary properties, which led to a decrease in hardness and an overall softening of the
material. This softening is thought to be primarily due to chromium weakening solid
solution strengthening effects or suppressing the formation of certain brittle phases while

stabilizing more ductile phases.



Background & Context

High-entropy alloys are multi-principal element alloys that defy traditional alloy design
paradigms, potentially possessing combinations of properties difficult to achieve with
conventional materials. They are particularly promising for applications in extreme
conditions such as high temperatures, high pressures, and corrosive environments,
common in aerospace, nuclear power, and chemical plants. However, for these
applications, simultaneously satisfying both high mechanical strength and excellent
corrosion resistance is essential. The corrosion resistance enhancement vs. softening
trade-off demonstrated in this research provides specific guidance to material designers
on how to balance these conflicting requirements. This forms fundamental knowledge for
understanding complex interactions in multi-component systems and designing optimal

HEAs for target applications.

Strategic Significance & Outlook

These research findings are crucial for a deeper understanding of the role of specific
elements like chromium in the compositional design of high-entropy alloys. Future
research will explore multi-faceted approaches to overcome this trade-off, including
combinations with other elements, nanostructure control, and optimization of heat
treatment conditions. For instance, investigations into other strengthening elements that
can maintain corrosion resistance while mitigating softening in the presence of
chromium, or property enhancement through composite material fabrication, are
anticipated. Ultimately, this will lead to the development of next-generation high-entropy
alloys that achieve a high balance of corrosion resistance and mechanical properties
tailored to specific applications, offering new options to the high-performance materials

market.

Source: https://bioengineer.org/chromium-trade-off-revealed-stronger-corrosion-shield-softer-alloy-in-
high-entropy-metal/
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#10 Al Becomes Central to Nanomaterials Discovery,
Market Projected to Reach $2.77 Billion by 2030

Published September 07, 2026 nano-matter.com USA

NANO-MATTER

Al nanomaterials discovery 2026:
how is artificial intelligence actually
changing materials research and...

| OVERVIEW

Al is set to become central to nanomaterials discovery and development in 2026, with
the Al-driven materials discovery market projected to hit $2.77 billion by 2030. This
growth is exemplified by NREL's autonomous lab efficiently discovering a brighter
lead-free nanophosphor in just 12 hours. Al's utilization dramatically cuts time and
costs in materials research, enabling unprecedented speed in exploring and

optimizing new materials.



| IN DEPTH

Artificial intelligence (Al) is revolutionizing various scientific fields, with its impact
particularly pronounced in the discovery and development of nanomaterials. In 2026, Al
is set to become a central driver in this sector, with the market size for Al-driven
materials discovery projected to reach $2.77 billion by 2030. This clearly indicates the

immeasurable potential of Al in materials science and the economic value it brings.

Key Findings

Al-driven materials discovery market projected to grow to $2.77 billion by 2030.

NREL's autonomous lab efficiently discovered a brighter lead-free nanophosphor in

12 hours.

Al dramatically reduces time and cost in nanomaterials R&D.

Al's role in materials science is shifting to a central position.

Technical & Case Study Details

Al possesses the capability to learn patterns from vast amounts of existing materials
data and predict the composition, structure, and properties of new materials. This
dramatically narrows the search space for candidate materials and significantly reduces
the number of experiments required compared to traditional manual trial-and-error
approaches. A concrete example is the autonomous laboratory developed by the U.S.
National Renewable Energy Laboratory (NREL). This 'self-driving lab' utilized Al to
automate experiments, achieving the astonishing feat of discovering a new lead-free
nanophosphor in just 12 hours. This nanophosphor exhibits superior luminescence
properties compared to conventional materials and is expected to find applications in
displays and lighting. Such success stories demonstrate that Al accelerates the material
development cycle and creates an environment where researchers can focus on more

complex, higher-order problems.



Background & Context

Nanomaterials, owing to their unique physical and chemical properties, have the
potential to bring about innovation across diverse fields including electronics, energy,
medicine, and environmental science. However, due to their vast exploration space and
complex synthesis conditions, the discovery of new materials has traditionally been a
very time-consuming and costly process. While conventional materials science research
heavily relied on human experience and intuition, the introduction of Al is making data-
driven approaches more prevalent. This accelerates the discovery of previously
overlooked materials or materials with unpredictable properties, significantly boosting the
pace of materials innovation. Al is converging multiple fields such such as computational
materials science, robotic experimentation, and data science, establishing a new

research paradigm.

Strategic Significance & Outlook

Al-driven nanomaterials discovery is expected to undergo rapid development in the
future. Potentially, more advanced machine learning models (e.g., deep learning,
reinforcement learning) will be integrated with more sophisticated autonomous
laboratory systems to realize a 'fully automated materials discovery platform' where Al
manages everything from material design to synthesis, characterization, and
optimization. This is expected to rapidly generate groundbreaking materials for various
fields, such as novel nanoparticles for medical diagnostics, more efficient catalysts, next-
generation battery materials, and environmental remediation technologies. The evolution
of Al in materials science will be an indispensable driver for accelerating innovation and

solving societal challenges.

Source: https://nano-
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#11 Columbia University Introduces New Benchmarks
for Physics-Aware Al to Accelerate Materials Discovery

Published September 08, 2026  EurekAlert! / Columbia University School of Engineering and
Applied Science USA

| OVERVIEW

Researchers at Columbia University emphasize the importance of physics-aware Al
in materials discovery and have introduced new benchmarks to evaluate how well
machine learning models of atomic interactions translate quantum properties into
macroscopic physical properties. This benchmark will serve as a crucial tool for
materials scientists to better understand the reliability and predictive power of Al

models, accelerating the design of innovative materials.



| IN DEPTH

While the application of artificial intelligence (Al) in materials discovery is rapidly
advancing, a challenge persists where purely data-driven approaches may not fully
capture the complex physical laws governing materials. To address this, researchers at
Columbia University have advocated for Al models that more deeply incorporate physical

principles and have introduced new benchmarks to evaluate their performance.

Key Findings
o Emphasized the importance of physics-aware Al in materials discovery.

¢ Introduced new benchmarks to evaluate the ability of machine learning models of
atomic interactions to translate quantum properties into macroscopic physical

properties.

» Provided concrete evaluation criteria for improving the reliability and predictive power

of Al models.

e Serves as a tool to accelerate the design and development of innovative materials.

Technical Details

This new benchmark focuses on how accurately machine learning models can predict
the 'scaling up' process from quantum mechanical properties at the atomic scale to
macroscopic physical properties such as thermodynamic, mechanical, and electrical
characteristics of bulk materials. Specifically, it assesses the extent to which Al models
can accurately represent the effects of complex interatomic interactions and electronic
states on macroscopic material behavior, aspects that traditional atomic interaction
potentials and molecular dynamics simulations have struggled to capture. The
benchmark includes both datasets derived from rigorous quantum mechanical
calculations and macroscopic property datasets obtained from real experimental data. Al
models are trained on these integrated datasets, and their predictive accuracy is then
validated. This approach allows researchers to determine if Al models merely fit data or

possess generalizable predictive capabilities based on physical laws.



Background & Context

In materials science, traditional material exploration through experiments and theoretical
calculations required vast amounts of time and resources. While Al and machine
learning have recently been introduced to accelerate material property prediction and
new material screening, these models often faced 'black box' issues, either ignoring
physical constraints or overfitting to training data. For example, models predicting
interatomic interactions sometimes overlooked quantum mechanical details, leading to
incorrect predictions of material stability or specific phase transition behaviors. Columbia
University's research aims to overcome these limitations of Al models, laying the

foundation for developing more reliable 'physics-aware Al.'

Strategic Significance & Outlook

The new benchmarks introduced by Columbia University could become a standard for
quality control and reliability improvement in the advancement of Al for materials
discovery. This will enable researchers to focus on developing Al models grounded in
fundamental physical laws, constructing more accurate and versatile material prediction
tools. This approach will directly impact the design of new materials for various
applications, including batteries, catalysts, semiconductors, and structural materials.
Ultimately, it is expected to accelerate the materials development process and lead to
the creation of innovative materials that contribute to the sustainable development of
society. The fusion of physics and Al is key to exploring new frontiers in materials

science.

Source: https://www.eurekalert.org/news-releases/1143146
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#12 Addressing Al Polymer Discovery Challenges:

Blueprint for Autonomous Closed-Loop Ecosystem
Devised

Published September 04, 2026 Asia Research News / JACS Au  Unknown

| OVERVIEW

A research team has identified six critical system-level challenges in Al-powered
polymer discovery workflows and devised a blueprint for an autonomous closed-loop
polymer discovery ecosystem to address them. This approach aims to dramatically
accelerate the development cycle of new polymers by having Al autonomously
coordinate all stages from design to synthesis, characterization, and optimization. It
particularly holds potential to resolve existing bottlenecks in exploring complex

polymer materials and predicting their performance.



| IN DEPTH

Polymer materials play an indispensable role in diverse industrial sectors such as
electronics, medicine, automotive, and energy. However, the discovery and development
of new high-performance polymers remain time-consuming and costly challenges due to
their vast chemical space and complex synthesis and characterization processes. A
research team has analyzed the current state of Al-powered polymer discovery
workflows and proposed a groundbreaking blueprint for constructing an autonomous

closed-loop polymer discovery ecosystem.

Key Findings

 |dentified six key system-level challenges in Al-powered polymer discovery

workflows.

o Devised a blueprint for an autonomous closed-loop polymer discovery ecosystem to

address these challenges.

¢ Envisions seamless Al integration across polymer design, synthesis, characterization,

and optimization stages.

» Potential to dramatically accelerate and enhance the efficiency of new polymer

development cycles.

Technical Details

The research team identified six major bottlenecks in Al-powered polymer discovery,
including lack of data standardization, difficulty in integrating heterogeneous data,
insufficiency of physics-informed models, limitations in integration with autonomous
experimental robots, ethical and regulatory concerns, and optimization of human-in-the-
loop processes. To overcome these, the proposed autonomous closed-loop ecosystem
integrates several elements. First, it establishes a standardized platform for data
collection and management, storing diverse experimental data in an integrable format.
Second, it develops 'physics-aware Al,' combining advanced machine learning models
with physical constraints to more accurately predict the relationship between polymer
structure and properties. Third, it links robotic automated synthesis and characterization
systems with Al, enabling autonomous execution of experiments and data acquisition.
This loop autonomously repeats a cycle where Al predicts, robots experiment, and Al
analyzes results to propose the next experiments, significantly shortening the human-

involved trial-and-error process.



Background & Context

Polymer science has historically relied heavily on an 'Edisonian' approach, driven by
experience and intuition over decades. However, the high-performance, high-
functionality, and sustainable polymer materials demanded by modern society can no
longer be efficiently discovered with this approach. The advent of Al enables the fusion
of computational science, data science, and robotics, ushering in a new paradigm for
materials science. Particularly, to efficiently explore the complex parameter space of
polymer materials, including composition, chain length, structure, and molecular weight
distribution, Al's predictive power and autonomous experimental systems' high-
throughput capabilities are essential. This research lays a crucial foundation for the

polymer industry to meet the demands for accelerated innovation and sustainability.

Strategic Significance & Outlook

This blueprint for an autonomous closed-loop polymer discovery ecosystem is expected
to have a transformative impact on the development of next-generation polymer
materials. For instance, it is anticipated to accelerate the creation of new materials in
diverse fields such as more environmentally friendly biodegradable polymers, self-
healing materials, high-efficiency energy conversion polymers, and biocompatible
medical polymers. In the future, researchers will be able to focus on more strategic
challenges, with Al and robots handling routine experiments and data analysis. The
realization of this ecosystem is expected to dramatically improve the efficiency of
polymer R&D, enhance the competitiveness of the entire industry, and provide new

material solutions to address various societal needs.

Source: https://www.asiaresearchnews.com/content/empowering-polymeric-materials-discovery-artificial-

intelligence
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#13 PNAS Debates 'Synthetic Validity’' Problem in Al-

Generated Science, Pondering Impact on Materials
Discovery

Published September 09, 2026 PNAS
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| OVERVIEW

An article published online in PNAS on September 9, 2026, focuses on and deeply
discusses the problem of 'synthetic validity' in science generated by artificial
intelligence (Al). Specifically, it examines how 'real' the generated insights and data
are, and how to ensure their reliability, as Al drives the process of materials discovery.
This discussion is crucial for understanding Al's increasing impact on scientific

research, along with its limitations and ethical dimensions.



| IN DEPTH

In the realm of scientific research, the generative capabilities of artificial intelligence (Al)
are revolutionizing processes ranging from hypothesis generation to experimental design
and data analysis. However, a fundamental issue is emerging: the 'synthetic validity' of
Al-generated scientific outputs—that is, how effective and reliable they are in the real
world. An article published online in PNAS on September 9, 2026, delves deeply into this
challenge of synthetic validity, particularly considering its implications for the field of

materials discovery.

Key Findings
o Raises the fundamental problem of 'synthetic validity' in Al-generated science.

e Discusses challenges in ensuring the reliability of Al-generated insights and data in

Al-driven materials discovery processes.

 Emphasizes Al's limitations and ethical aspects amid its growing impact on scientific

research.

¢ Provides new perspectives on the verification and interpretation of scientific

knowledge alongside Al's advancements.

Technical Details

'Synthetic validity' refers to the extent to which Al models' generated data, hypotheses,
or material designs are effective and reproducible under actual experimental and real-
world conditions. For example, if Al proposes a new high-performance material design
based on existing crystal structure data, that design might appear optimal in simulation
but fail to perform as expected or prove unstable when actually synthesized and
characterized. The PNAS article points out the risk of Al models overgeneralizing
patterns within training data or embodying specific biases, leading to the generation of
unrealistic or erroneous scientific 'discoveries.' To address this, it argues that rigorous
experimental validation of Al-generated insights is crucial, as is the implementation of
‘explainable Al (XAl)' technologies that can provide interpretable explanations for Al

models' internal workings.



Background & Context

In materials science, Al is anticipated to be a powerful tool for accelerating the discovery
cycle, including exploration of new materials, optimization of compositions, and
prediction of process conditions. With the advent of autonomous lab systems ('self-
driving labs'), Al-driven closed-loop discovery, where Al designs and executes
experiments autonomously, is becoming feasible. However, as such advanced
automation progresses, questions about whether Al-generated data and proposals
contradict real physical laws, and whether they are presented in a human-
understandable and interpretable manner, become increasingly critical. The problem of
synthetic validity is a fundamental challenge that the scientific community must seriously
confront in the current landscape where Al is no longer just a computational tool but is

becoming an agent for generating new scientific knowledge.

Strategic Significance & Outlook

The 'synthetic validity' problem raised by the PNAS article will significantly influence the
direction of future Al-driven science, especially in materials discovery R&D. Addressing
this issue requires research to enhance Al model transparency and interpretability,
efforts to ensure the quality and diversity of datasets, and the development of new
experimental protocols for rigorously validating Al-generated results. Strengthening
collaboration among scientists, Al developers, and ethicists is necessary to maximize
Al's power while establishing frameworks to manage its potential risks. By overcoming
the challenge of synthetic validity, Al can become a truly reliable scientific partner,

accelerating breakthroughs in materials science.

Source: https://www.pnas.org/doi/10.1073/pnas.2603289123
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#14 Anhui Normal University Announces Li-Cl2 Battery
with Over 97% Coulombic Efficiency, Published in
Advanced Materials

Published September 11, 2026  Shanghai Metals Market / Advanced Materials China

| OVERVIEW

Researchers at Anhui Normal University have published groundbreaking research in
Advanced Materials on high-performance lithium-chlorine (Li-Cl,) batteries. They
successfully enhanced chlorine confinement by tuning the pore size of covalent
organic framework materials, achieving a high coulombic efficiency exceeding 97%
and stable cycling at low temperatures. This achievement opens new avenues for

developing next-generation batteries with high energy density and safety.



| IN DEPTH

Breakthroughs in energy storage systems are crucial for electric vehicles and renewable
energy integration. Researchers at Anhui Normal University have published
groundbreaking research on lithium-chlorine (Li-Cl,) batteries, a next-generation battery
technology garnering attention for its potential to combine high energy density with

safety, in the prestigious journal Advanced Materials.

Key Findings

o Effectively enhanced chlorine confinement by tuning the pore size of Covalent

Organic Framework (COF) materials.
 Achieved a very high coulombic efficiency exceeding 97% in Li-Cl, batteries.
* Demonstrated stable cycling performance even in low-temperature environments.

» Established a new approach for developing next-generation batteries with high

energy density and safety.

Technical Details

Lithium-chlorine batteries are anticipated as a next-generation battery with theoretically
very high energy density. However, the high reactivity and solubility of chlorine gas,
along with uneven deposition in the electrolyte, have been major challenges for practical
implementation. To overcome this, researchers at Anhui Normal University focused on
Covalent Organic Frameworks (COFs). By precisely controlling the COF synthesis
process, they successfully optimized the pore size of its porous structure, effectively
confining chlorine molecules within. This 'chlorine trap' strategy suppressed undesirable
side reactions of chlorine in the electrolyte, enabling a more reversible and efficient
reaction between lithium and chlorine. As a result, the developed Li-Cl, battery achieved
an astonishing coulombic efficiency (charge utilization efficiency) exceeding 97% and
demonstrated stable charge-discharge cycling for hundreds of cycles even in low-

temperature environments (e.g., -20°C).



Background & Context

With the surging demand for electric vehicles and grid-scale energy storage systems,
existing lithium-ion batteries face limitations in terms of energy density, safety, and cost.
While next-generation batteries like lithium-metal, lithium-air, and lithium-sulfur batteries
are under investigation, each presents its own unique challenges. Li-Cl, batteries offer
high theoretical energy density (e.g., >5000 Wh/kg) but have struggled with chlorine
management. This research, by cleverly utilizing porous materials like COFs, has the
potential to overcome this fundamental challenge and significantly contribute to the
practical application of Li-Cl, batteries. This approach may also have versatility,
applicable to other gas-conversion battery systems such as oxygen management in

lithium-air batteries.

Strategic Significance & Outlook

This research by Anhui Normal University marks a groundbreaking step in accelerating
the development of next-generation lithium batteries that combine high energy density,
safety, and long-term stability. Particularly, the improved low-temperature performance
opens new possibilities for EV use in cold regions and battery applications in special
environments like space exploration. Moving forward, further optimization and scale-up
of this COF-based chlorine confinement technology will accelerate R&D towards the
commercialization of Li-Cl, batteries. If realized, this technology is expected to
revolutionize the battery industry, providing higher-performance, more sustainable

energy storage solutions essential for achieving a clean energy society.

Source: https://news.metal.com/en/newscontent/104110733-storage-anhui-normal-university-li-cl2-

battery-study-published-in-advanced-materials
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#15 Kyoto University iCeMS Develops Nature-Inspired

PFAS-Free White Water-Repellent Material, Published
in Nature

Published September 09, 2026  Kyoto University iCeMS / Nature  Japan

| OVERVIEW

Researchers at Kyoto University iCeMS have developed a foaming technology,
inspired by structural color in nature, to create vibrant white, water-repellent materials
without using titanium dioxide pigments or fluorinated coatings (PFAS). This
breakthrough, published in Nature, provides a new platform for manufacturing
sustainable packaging, printing materials, and textiles. It is expected to find wide
application across various industries as a substitute for existing environmentally

harmful materials.



| IN DEPTH

Researchers at Kyoto University's Institute for Integrated Cell-Material Sciences (iCeMS)
have developed an innovative foaming technology that simultaneously achieves vibrant
white color and water repellency, drawing inspiration from structural colors found in
nature. This was accomplished without the use of environmentally harmful chemicals like
titanium dioxide pigments or fluorinated compounds (PFAS). This research, published in
the international scientific journal Nature, is garnering significant attention as a major

advancement in the field of sustainable materials science.

Key Findings

» Developed a vibrant white, water-repellent material using nature-inspired foaming

technology, without TiO, pigments or PFAS.

o Groundbreaking achievement published in Nature, offering a new platform for

sustainable material development.

o Expected to replace environmentally burdensome white pigments and water

repellents, with broad industrial applications.

« Achieved high performance through the synergistic effect of structural color and

surface texture.

Technical Details

This new foaming technology generates white color by precisely controlling the
microstructure of micro-sized air bubbles within a foamed polymer, leveraging light
scattering principles. In nature, numerous examples of structural color, such as polar
bear fur and white bird feathers, appear white without containing pigments. The research
team mimicked these natural principles, developing a polymer foam with optimized
bubble size and density. This porous structure achieves high whiteness by uniformly
scattering incident light in all directions. Concurrently, the fine surface texture imparts
hydrophobicity (water-repelling property), demonstrating excellent water repellency
without fluorinated coatings. Since the material forms through self-assembly, the
manufacturing process is relatively simple and consumes less energy. This technology
holds significant importance as a sustainable alternative to conventional titanium dioxide
pigments, which raise health and environmental concerns due to nanoparticles, and
PFAS, which are problematic due to their environmental persistence and

bioaccumulation, often referred to as 'forever chemicals.'



Background & Context

White is widely used as a fundamental color in various products including paints,
plastics, paper, and textiles. Historically, titanium dioxide (TiO,) pigments have been
primarily used to produce white, but their manufacturing involves high energy
consumption and environmental burdens, and concerns exist regarding the health
effects of nanoscale TiO, particles. Similarly, fluorinated polymers (PFAS) have been
extensively used for water-repellent materials, but PFAS, often called 'forever
chemicals,' degrade very slowly in the environment, posing a global problem for
ecosystems and human health. Against this backdrop, international organizations like
the United Nations Environment Programme (UNEP) and various governments are
strongly promoting the development of sustainable and environmentally friendly
materials. The research by Kyoto University iCeMS provides a groundbreaking solution

that addresses these environmental regulations and market needs.

Strategic Significance & Outlook

The PFAS-free white water-repellent material developed by Kyoto University iCeMS
represents a crucial step towards realizing a sustainable society. Its application fields are
very broad, including food packaging materials, construction materials, apparel, printing
inks, and automotive interior materials, among others. Particularly, this technology will
offer a significant competitive advantage in European and North American markets
where PFAS regulations are becoming stricter. Future efforts will focus on further
reducing manufacturing costs, establishing scale-up production techniques, and fine-
tuning material properties for specific applications. This 'nature-inspired' approach is
expected to create a new trend in environmentally conscious material innovation,

fostering paradigm shifts across various industrial sectors.

Source: https://www.icems.kyoto-u.ac.jp/en/news/11675/
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#16 BASF Unveils Advanced Polyurethane Materials

for Durable, Circular Footwear Concepts at SIMAC
2026

Published September 10, 2026 BASF Germany

| OVERVIEW

At SIMAC Tanning Tech 2026, BASF showcased advanced polyurethane and
thermoplastic polyurethane solutions for footwear concepts focused on durability and
circularity. Key innovations include Elastopan® SpringPURe for thermoformable
midsoles, emphasizing low density, design freedom, and lean processing, and a
closed-loop recycling concept in collaboration with DESMA. These technologies

contribute to enhancing sustainability and performance in the footwear industry.



| IN DEPTH

BASF, a global leader in the chemical industry, unveiled groundbreaking material
solutions poised to shape the future of the footwear industry at SIMAC Tanning Tech
2026 in Italy. The company's showcase highlighted advanced polyurethane (PU) and
thermoplastic polyurethane (TPU) technologies aimed at enhancing product durability

while striving for a circular economy.

Key Findings

o BASF announced advanced PU and TPU solutions for footwear at SIMAC Tanning
Tech 2026.

* New product Elastopan® SpringPURe for thermoformable midsoles delivers low

density, design freedom, and lean processing.
* Promoting a closed-loop recycling concept for footwear in collaboration with DESMA.

o Presented material innovations contributing to sustainability and high performance in

the footwear industry.

Technical Details

One of the core innovations presented by BASF is Elastopan® SpringPURe, a new
product for thermoformable midsoles. This material achieves extremely low density while
simultaneously delivering excellent cushioning and rebound elasticity. This significantly
contributes to weight reduction and enhanced comfort in sports footwear like running
shoes. Elastopan® SpringPUREe is also well-suited for thermoforming, allowing for
efficient and lean manufacturing of complex midsole designs and shapes. Furthermore,
BASF introduced a closed-loop recycling concept in collaboration with DESMA,
reinforcing its sustainable approach across the entire footwear lifecycle. This initiative
aims to establish a system for recovering PU materials from end-of-life footwear and
reusing them as raw materials for new products, thereby promoting resource circulation

and contributing to waste reduction.



Background & Context

The footwear industry is a colossal market, producing billions of pairs of shoes annually,
yet it faces significant environmental challenges related to its manufacturing processes
and waste disposal. Foamed materials used in key components like midsoles, in
particular, are often difficult to recycle, and their disposal after a product's end-of-life
contributes to environmental problems. Driven by increasing consumer environmental
awareness and tightening regulations in various countries, footwear brands are under
pressure to offer more sustainable and eco-friendly products. Major chemical companies
like BASF providing material solutions that balance high performance with circularity

represent a crucial step towards achieving the industry's sustainability goals.

Strategic Significance & Outlook

These innovative materials and recycling concepts announced by BASF at SIMAC 2026
hold the potential to profoundly transform the future of the footwear industry. Elastopan®
SpringPURe will elevate the performance and comfort of sports and casual shoes to new
levels, offering brands greater design freedom and improved production efficiency.
Moreover, the closed-loop recycling concept will realize waste reduction and resource
efficiency, accelerating the transition to a circular economy in footwear. These
technologies are expected to strengthen the fashion industry's overall commitment to
sustainability and play a vital role in providing environmentally conscious choices to
consumers. BASF plans to continue driving innovation as a partner to the footwear

industry.

Source: https://www.basf.com/global/en/media/news-releases/2026/09/p-26-152
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#17 ChemRxiv Publishes Preprint on Colloidal
Interactions in Low-Polarity Dispersions of
Permanently Magnetic Nanoplatelets

Published September 07, 2026 ChemRxiv (Materials Science) Unknown
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| OVERVIEW

A preprint submitted to ChemRxiv on September 7, 2026, presents research on
colloidal interactions in low-polarity dispersions of permanently magnetic
nanoplatelets. This study provides fundamental insights into understanding the
stability and behavior of new material systems designed and applied using magnetic
nanoparticles. It holds potential to contribute to technological innovation across
diverse fields, including magnetic fluids, magnetic recording media, and biomedical

applications.



| IN DEPTH

Permanently magnetic nanoparticles are materials with unique size-dependent magnetic
properties, expected to be utilized in various advanced technology fields. However, their
behavior as 'colloids,' stable dispersions in liquids, is crucial for maximizing their
potential, and understanding their interactions, especially in low-polarity solvents,
presents challenges. A preprint submitted to ChemRxiv on September 7, 2026, reports
significant research findings on colloidal interactions in low-polarity dispersions of

permanently magnetic nanoplatelets.

Key Findings

» Detailed investigation of colloidal interactions in low-polarity dispersions of

permanently magnetic nanoplatelets.

¢ |dentified mechanisms of attractive and repulsive forces between nanoparticles and

elucidated their impact on stability.

+ Deepened fundamental understanding for material design in application fields such

as magnetic fluids and magnetic recording materials.

e Provided new guidelines for controlling colloidal stability.

Technical Details

This study involved dispersing permanently magnetic nanoplatelets with anisotropic
shapes in low-polarity solvents like toluene and hexane, and analyzing their colloidal
behavior using techniques such as dynamic light scattering (DLS), transmission electron
microscopy (TEM), and magnetic property measurements. Due to their anisotropic
shape and permanent magnetism, nanoplatelets exhibit complex interactions in
dispersion. Specifically, van der Waals attractive forces, steric repulsive forces from
surface modification, and magnetic dipole-dipole interactions influence the aggregation
and stability of nanoparticles. Researchers investigated methods to optimize steric
repulsion by modifying the surface of nanoplatelets with specific surfactants,
successfully achieving stable dispersions that overcome magnetic attractive forces. In
low-polarity solvents, ensuring dispersion stability is even more critical due to weak
interactions between the solvent and nanoparticles. This research successfully
quantitatively evaluated these diverse interactions and constructed physicochemical

models for designing stable nanocolloids.



Background & Context

Magnetic nanoparticles are expected to have innovative applications in a wide range of
fields, including magnetic fluid shields, high-density magnetic recording, biological
separation, drug delivery, and medical diagnostics. In these applications, it is essential
for nanoparticles to remain stably dispersed in the target solvent over long periods
without aggregation to function effectively. Particularly, when biocompatibility or low
toxicity for specific applications is required, the development of stable dispersion
systems in low-polarity solvents other than water becomes important. This research
addresses such technological needs, providing fundamental technology to expand the

application range of magnetic nanoparticles.

Strategic Significance & Outlook

The research findings reported in this preprint will directly impact the design of new
magnetic materials and devices utilizing permanently magnetic nanoplatelets. A deeper
understanding of colloidal interactions will enable, for instance, the development of
higher-performance magnetic fluids, the creation of next-generation magnetic recording
media with improved information recording density, or the design of magnetic drug
delivery systems that act more precisely on target cells in vivo. Moving forward, based
on this fundamental research, further optimization of nanoplatelet composition, shape,
and surface modification is expected, accelerating the practical application of
multifunctional magnetic nanomaterials. This will open new avenues for nanotechnology

to contribute to solving various societal challenges.

Source: https://chemrxiv.org/articles/preprint/Colloidal_Interactions_in_Low-
polarity_Dispersions_of Permanently Magnetic_Nanoplatelets/24021203/1
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#18 TAME: Reliable and Interpretable Molecular
Property Prediction Model Unveiled on ChemRXxiv

Published September 07, 2026 ChemRxiv (Materials Science) Unknown

| oveERVIEW

A preprint submitted to ChemRxiv on September 7, 2026, presents "TAME (Element-
wise Mixture-of-Experts Fusion)," a new machine learning model for reliable and
interpretable molecular property prediction. TAME fuses element-specific expert
models to more accurately predict complex molecular properties while providing
human-understandable explanations for its predictions. This marks a crucial advance
in drug discovery and new material development, making Al decision-making

processes transparent and building trust among scientists.



| IN DEPTH

In the fields of drug discovery and new material development, the ability to accurately
and rapidly predict various properties of candidate molecules significantly influences the
efficiency of research and development. However, while traditional machine learning
models often boast high predictive accuracy, they suffer from being 'black boxes,' where
the basis for their predictions remains obscure. A preprint submitted to ChemRxiv on
September 7, 2026, proposes a new molecular property prediction model, 'TAME
(Element-wise Mixture-of-Experts Fusion),' that achieves both reliability and

interpretability, addressing this critical challenge.

Key Findings

¢ Developed 'TAME," a new model for reliable and interpretable molecular property

prediction.

o Utilizes an 'Element-wise Mixture-of-Experts Fusion' approach to more accurately

predict complex molecular properties.

» Provides human-interpretable explanations for predictions, enhancing the

transparency of Al decision-making processes.

o Contributes to improving the trustworthiness of Al in drug discovery and new material

development.

Technical Details

The TAME model, as its name suggests, employs an innovative 'Element-wise Mixture-
of-Experts Fusion' approach. This involves preparing multiple 'expert models' specialized
for each individual element constituting a molecule (e.g., carbon, nitrogen, oxygen) and
then fusing the outputs from these expert models to make the final prediction. Each
expert model deeply learns knowledge about how its respective element influences
specific molecular properties. For example, one expert model might excel at predicting
molecular solubility, while another is proficient in toxicity prediction. TAME intelligently
integrates the insights from these expert models to more accurately predict complex
properties of the molecule as a whole. Crucially, by visualizing which expert models
contributed most to a particular prediction, TAME can present the 'reasons' behind its
predictions in a human-interpretable format. This allows researchers not only to accept
Al's predictions but also to understand the underlying chemical and physical rationale,

leveraging it for further experimental design and molecular engineering.



Background & Context

In the chemical, materials science, and pharmaceutical industries, a combination of
experimental and computational science is indispensable for molecular design. High-
throughput screening and machine learning play crucial roles, especially in the process
of selecting optimal molecules from millions of candidates. However, because many
machine learning models are 'black boxes,' it has been difficult to identify and correct the
causes when a model makes an incorrect prediction. Furthermore, in the pharmaceutical
sector, where safety is paramount, it is required that a model's prediction is not merely
‘correct' but also based on 'reliable’ evidence. Interpretable Al models like TAME
overcome these challenges, creating an environment where scientists can trust and

utilize Al more effectively in their decision-making.

Strategic Significance & Outlook

The TAME model will be a groundbreaking tool in the field of molecular property
prediction, simultaneously enhancing two crucial aspects: accuracy and interpretability.
This technology is expected to have a wide range of applications, including predicting
drug side effects, evaluating the environmental safety of new materials, and optimizing
the design of functional molecules. In the future, the TAME framework may be further
extended to include multi-task learning for simultaneous prediction of multiple physical
properties and even dynamic molecular behavior. The advancement of interpretable Al
will deepen collaboration between Al and humans, accelerating the process of scientific

discovery and potentially transforming the future of chemical and materials development.

Source: https://chemrxiv.org/articles/preprint/ TAME_Element-wise_Mixture-of-

Experts_Fusion_for_Reliable_and_Interpretable_Molecular_Property Prediction/24021170/1
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#19 ChemRxiv Announces Enhanced Visible-Light

Water Splitting Efficiency via Spiral-Growth-Induced
Nanosteps on Layered Oxyhalide Photocatalysts

Published September 06, 2026 ChemRxiv (Materials Science) Unknown

| OVERVIEW

A preprint submitted to ChemRxiv on September 6, 2026, demonstrated that spiral-
growth-induced nanosteps on layered oxyhalide photocatalysts enhance anisotropic
charge separation for visible-light water splitting. This discovery opens a new path for
developing highly efficient photocatalysts for hydrogen production using solar energy.
It suggests the potential for dramatic improvements in catalytic performance through
nanoscale surface structure control, with applications expected in clean energy

technologies.



| IN DEPTH

Hydrogen production from solar water splitting is one of the most promising technologies
for realizing a clean energy society. However, achieving high-efficiency water splitting
requires enhancing the generation of photoexcited carriers in photocatalysts and
improving their charge separation and transport efficiency. A preprint submitted to
ChemRxiv on September 6, 2026, addresses this challenge by showing that introducing
'spiral-growth-induced nanosteps' on the surface of layered oxyhalide photocatalysts can

dramatically enhance anisotropic charge separation for visible-light water splitting.

Key Findings
» Spiral-growth-induced nanosteps on layered oxyhalide photocatalysts enhance
anisotropic charge separation for visible-light water splitting.

» Presents new design guidelines for high-efficiency hydrogen production using solar

energy.

» Quantitatively elucidated the impact of nanoscale surface morphology control on

photocatalytic performance.

¢ Potential to accelerate the practical application of clean hydrogen production

technology.



Technical Details

This research focused on the inherent anisotropic electric fields within layered oxyhalide
materials such as bismuth oxyhalides (BiOX, X=ClI, Br, ). These materials are
considered promising photocatalysts due to the natural presence of electric fields within
their crystal structures that promote charge separation. The research team discovered
that during the crystal growth of these photocatalysts, using methods like hydrothermal
synthesis, 'spiral nanosteps' were formed on the crystal surface under specific
conditions. These spiral-growth-induced nanosteps function as surface irregularities,
optimizing the pathways for photoexcited electrons and holes to migrate to the crystal
surface. Specifically, the presence of nanosteps further enhances anisotropic charge
separation, where electrons and holes are efficiently separated and transported to
different crystal facets, suppressing recombination. As a result, a significant
improvement in water splitting efficiency under visible light irradiation was demonstrated
through both experimental and theoretical calculations. It was reported that the hydrogen
evolution rate increased by X times compared to equivalent photocatalysts without

nanosteps.

Background & Context

Hydrogen production via water splitting is a key technology for obtaining clean fuel from
renewable energy sources for applications like fuel cells. In current photocatalytic water
splitting, the development of catalysts that can efficiently utilize visible light, the most
abundant part of the solar spectrum, is an urgent task. Furthermore, a crucial factor
determining photocatalyst performance is how effectively photoexcited carrier
recombination can be suppressed and utilized for water oxidation and reduction
reactions. Enhancing carrier separation efficiency through nanostructure control is a
frontier research topic in this field, and this study addresses this challenge with a unique

approach of spiral growth, indicating a new direction.



Strategic Significance & Outlook

The discovery of spiral-growth-induced nanosteps in layered oxyhalide photocatalysts
represents a major breakthrough in the design of high-efficiency visible-light water
splitting photocatalysts. Further development of this technology could lead to cost-
effective systems for large-scale hydrogen production from only sunlight and water.
Future research will focus on further elucidating the nanostep formation mechanism,
scale-up synthesis, and evaluating long-term stability under actual sunlight conditions.
This innovative approach is expected to play a crucial role in shaping the future of

sustainable energy production.

Source: https://chemrxiv.org/articles/preprint/Spiral-Growth-
Induced_Nanosteps_on_Layered_Oxyhalide_Photocatalysts_Enhance_Anisotropic_Charge_Separation_for_V
Light_ Water_Splitting/24020942/1
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#20 ChemRxiv Announces Machine-Learned Solid-

State *C Chemical Shifts for Structure-Resolved
Polymer Simulations

Published September 06, 2026 ChemRxiv (Materials Science) Unknown

| OVERVIEW

A preprint submitted to ChemRxiv on September 6, 2026, presents research on
enhancing structure-resolved analysis of polymer simulations through machine-
learned solid-state *C chemical shifts. This technology enables more detailed and
accurate elucidation of complex molecular structures and dynamics in polymer
materials by integrating nuclear magnetic resonance (NMR) spectroscopy data with
simulations. This is expected to accelerate the design and development of high-

performance polymer materials.



| IN DEPTH

The functionality of polymer materials is deeply linked to their complex molecular
structure, orientation, and dynamics. Understanding these structural properties at an
atomic level is indispensable for designing high-performance polymers. However, a gap
between existing simulation and experimental techniques persists. A preprint submitted
to ChemRXxiv on September 6, 2026, reports groundbreaking research that enhances
structure-resolved analysis of polymer simulations by predicting solid-state '*C nuclear

magnetic resonance (NMR) chemical shifts using machine learning.

Key Findings
* Developed a machine learning (ML) method to predict solid-state "*C chemical shifts.

e Enhances structure-resolved analysis of molecular structures and dynamics in

polymer simulations.

o Offers a new approach to bridge the gap between nuclear magnetic resonance

(NMR) spectroscopy data and computational simulations.

o Potential to accelerate the design and development of high-performance polymer

materials.

Technical Details

Solid-state *C NMR spectroscopy provides rich information about the local chemical
environment and molecular structure of crystalline and amorphous polymers, but direct
correlation between simulation results and experimental data has often been
challenging. In this study, a machine learning model (e.g., a neural network) was trained
on extensive datasets of polymer structures obtained from molecular dynamics (MD)
simulations or density functional theory (DFT) calculations, along with their
corresponding "*C chemical shifts. This ML model can predict the *C chemical shift of
each carbon atom from given polymer atomic coordinates and chemical bonding
information rapidly and with high accuracy. By applying these ML-predicted chemical
shifts to various polymer structures generated by simulations and comparing the
resulting spectra with experimentally measured NMR spectra, researchers can evaluate
how accurately the simulations reproduce the real polymer structures. This allows for
validation of simulation models and elucidation of the relationship between material
microstructure and macroscopic properties at a much more detailed level than previously

possible.



Background & Context

In polymer science, computational simulations are essential for designing new materials,
predicting properties, and understanding degradation mechanisms. However, accurately
modeling the complex structures and diverse interactions of macromolecules remains a
significant challenge. NMR spectroscopy is a powerful experimental tool that provides
atomic-level structural information about materials, but fully interpreting its spectra
requires integration with theoretical predictions and simulations. Machine learning is
emerging as a powerful tool to 'bridge' these computational and experimental gaps,
learning the complex relationship between polymer chemical shifts and structure from
data, thereby bringing new perspectives to materials science research. This technology
accelerates the integration of computational materials science and experimental

spectroscopy.

Strategic Significance & Outlook

This machine learning-based solid-state "*C chemical shift prediction technology will
have a very broad impact on polymer material research and development. For example,
it can provide more accurate guidance when predicting the structural properties of new
polymers and optimizing their synthesis processes. It will also contribute to the
development of more durable materials by understanding polymer degradation
mechanisms at the molecular level. Furthermore, simulating the dynamic behavior of
polymers under various temperatures and pressures and validating these results through
NMR chemical shifts will lead to the construction of more reliable models. This
innovative approach is expected to accelerate polymer innovation across diverse
industrial sectors, including high-performance adhesives, composite materials, functional
films, and biomaterials, dramatically improving the efficiency and accuracy of material

design.

Source: https://chemrxiv.org/articles/preprint/Machine-Learned_Solid-
State_13C_Chemical_Shifts_for_Structure-Resolved_Analysis_of Polymer_Simulations/24020657/1
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#21 Union College Researchers Establish New
Principles for Solvent-Controlled Chiral Polymer
Assemblies, Advancing High-Performance Electronics

Published September 10, 2026  Union College / Advanced Materials USA

| OVERVIEW

A paper co-authored by Assistant Professor Pravini S. Fernando of Union College,
published in Advanced Materials, details research on solvent-induced chiral assembly
and chemical doping of OEG-functionalized conjugated polymers. This study
explores how solvent choice directs chiral assembly and affects electrical properties,
establishing general principles for high-performance chiral electronics,
optoelectronics, and spintronics. This opens new avenues for creating functional

materials through molecular design.



| IN DEPTH

Chiral molecular assemblies are gaining significant attention in next-generation
electronics and photonics fields due to their unique optical and electronic properties.
Research by Assistant Professor Pravini S. Fernando et al. from Union College,
published in Wiley's Advanced Materials, establishes new principles for precisely
controlling the chiral assembly of OEG (oligoethylene glycol)-functionalized conjugated
polymers through solvent selection, thereby tuning their electrical properties. This

achievement represents a groundbreaking advance in functional materials design.

Key Findings

o Published research findings on solvent-induced chiral assembly and chemical doping

of OEG-functionalized conjugated polymers.

» Elucidated the impact of solvent choice on the chiral assembly structure of

conjugated polymers and its relationship to electrical properties.

o Established general design principles for high-performance chiral electronics,

optoelectronics, and spintronics.

e Provided a new precision control method for chiral material design.

Technical Details

The research involved dissolving OEG-functionalized conjugated polymers in different
solvents and then meticulously analyzing the self-assembled structures (chiral
assemblies) formed during the evaporation process. The OEG chains play a crucial role
in adjusting the polymer's solubility and intermolecular interactions. It was confirmed that
in specific solvents, polymer chains self-assemble into helical chiral structures with
varying optical rotation properties. This solvent-induced formation of chiral structures
influences the polymer's molecular orientation and stacking modes, consequently
leading to changes in the material's electrical conductivity and optical properties.
Furthermore, the research team explored methods to further control the electrical
conductivity by chemically doping the polymers after chiral assembly formation. It was
suggested that altering carrier concentration through doping could also tune spin-
selective charge transport properties originating from the chiral structure. This study
demonstrates the potential to freely tune the polymer's chiral structure and associated
functionalities by precisely controlling external conditions such as solvent type,

evaporation rate, and temperature.



Background & Context

Chiral electronics and spintronics are attracting attention as new information processing
and transmission technologies that can surpass the limitations of conventional electronic
devices. Particularly, chiral materials capable of spin-selective charge transport are
indispensable for spintronic devices that utilize the spin degree of freedom. However,
efficiently and reproducibly constructing desired chiral structures in polymeric materials
has been a long-standing challenge in materials science. To overcome this, strategies
that involve not only molecular design but also a deep understanding of assembly
mechanisms and external control are required. This research provides a new approach
to induce and control chiral structures using a relatively simple parameter—the solvent—

contributing to a breakthrough in this field.

Strategic Significance & Outlook

The principles of solvent-induced chiral assembly established by the Union College
research team will accelerate the development of high-performance organic electronics,
optoelectronics, and spintronics devices. Specifically, applications are expected in more
efficient organic light-emitting diodes (OLEDs), high-performance solar cells, new
principle-based sensors, and next-generation spintronic devices such as spin filters and
spin FETs (field-effect transistors). Future research will likely involve applying these
principles to various chiral polymer systems and integrating them into more complex
multifunctional devices. This study serves as an excellent example of how precise
control at the molecular level dictates macroscopic material properties and device
performance, marking an important milestone that connects fundamental research in

materials science to industrial applications.

Source: https://www.union.edu/news/stories/202609/record-week-september-11-2026
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#22 Penn State and Kurt J. Lesker Company Partner to
Establish ASPIRE Center, Jointly Advancing Atomic-
Scale Processing Technologies

Published September 10, 2026 Penn State News USA

| OVERVIEW

Penn State University and Kurt J. Lesker Company (KJLC) have formed a strategic
partnership to establish the ASPIRE Center of Excellence. This center will focus on
developing atomic-scale processing technologies for manufacturing specialized
materials essential for next-generation technologies like semiconductors, advanced
packaging, quantum, and photonics. This collaboration bridges advanced materials
research with industrial applications, accelerating the evolution of next-generation

electronics.



| IN DEPTH

The rapid advancements in cutting-edge technological fields such as semiconductors,
guantum computing, and photonics demand precise control of materials at the atomic
scale. To meet this need, Penn State University and Kurt J. Lesker Company (KJLC), a
leading provider of vacuum technology and materials solutions, have formed a strategic
partnership to establish the ASPIRE (Advanced Scalable Processing & Integration for

Reliable Electronics) Center of Excellence.

Key Findings

¢ Penn State University and Kurt J. Lesker Company established a strategic

partnership for the ASPIRE Center of Excellence.

e Focuses on developing atomic-scale processing technologies for manufacturing

specialized next-generation materials.

¢ Accelerates innovation in semiconductors, advanced packaging, quantum, and

photonics.

o Strengthens the bridge from fundamental research to practical application through

academic-industry collaboration.

Technical & Research Details

The ASPIRE Center will concentrate on state-of-the-art atomic-scale processing
technologies such as Atomic Layer Deposition (ALD), Molecular Beam Epitaxy (MBE),
and Chemical Vapor Deposition (CVD). These techniques enable precise control of
material composition, thickness, and structure at the single-atom layer level, providing
the foundation for developing next-generation semiconductor devices (e.g., 2D material-
based transistors), advanced packaging (e.g., 3D stacking technologies),
superconducting materials for quantum computing, and high-efficiency photonic devices.
KJLC will supply the high-quality vacuum equipment, materials, and components
necessary for these processes, while Penn State researchers will utilize these tools to
develop new material synthesis methods and device structures and characterize their
properties. The center's goal is to deepen fundamental scientific understanding while
simultaneously developing scalable manufacturing processes, thereby bridging

discoveries from the lab to industrial production levels.



Background & Context

The modern electronics industry is facing the limits of Moore's Law, and performance
improvements are becoming increasingly difficult with conventional silicon-based
technologies alone. Consequently, materials scientists are focusing on new specialized
materials such as 2D materials like graphene and molybdenum disulfide, perovskites,
and topological insulators. These materials possess unique electronic, optical, and
quantum properties, but realizing their full potential requires precise control at the atomic
level. Furthermore, the rise of quantum technologies is accelerating the development of
error-tolerant qubits and highly sensitive sensors, which also rely on atomic-scale
materials engineering. The Penn State and KJLC partnership aims to provide rapid and
effective solutions to these technological challenges by merging academic and industrial

expertise.

Strategic Significance & Outlook

The establishment of the ASPIRE Center will be a crucial catalyst in the advancement of
next-generation electronics and quantum technologies. The atomic-scale processing
technologies emerging from this center will enable the realization of smaller, higher-
performance, and more energy-efficient devices. Specifically, by breaking through the
miniaturization limits in semiconductor manufacturing and integrating materials with
novel functionalities, it is expected to contribute to the development of Al chips, high-
speed communication devices, high-precision sensors, and practical quantum
computers. This partnership serves as an excellent example of the impact of materials
science research on industry and holds significant meaning for strengthening America's
technological leadership. Future research outcomes and technology transfer are highly

anticipated.

Source: https://www.psu.edu/news/materials-research-institute/story/penn-state-kurt-j-lesker-company-

partner-advance-atomic-scale
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#23 Tesla Unveils Rare-Earth-Free EV Motor

‘Cybercab,' Achieving 18% Smaller, 25% Lighter
Design with Significant Power Density Boost

Published September 04, 2026 Electrek USA

| OVERVIEW

Tesla has unveiled its new rare-earth-free EV motor, the 'Cybercab motor.' This motor
is claimed to significantly improve power density and efficiency, while also being 18%
smaller and 25% lighter than other high-performance drivetrains. This development
aims to reduce dependence on rare-earth metals in electric vehicle (EV) motors,

making a significant contribution to supply chain sustainability and cost reduction.



| IN DEPTH

Tesla, a leader in the electric vehicle (EV) industry, has announced a new rare-earth-free
EV motor, the 'Cybercab motor,' representing a groundbreaking advancement in both
sustainability and performance. This motor incorporates innovative technology that
replaces conventional rare-earth magnets, expected to significantly impact EV

powertrain design.

Key Findings
o Tesla announced the new rare-earth-free EV motor, the 'Cybercab motor.'

« Achieved significant improvements in power density and efficiency, making it 18%

smaller and 25% lighter than other high-performance drivetrains.

o Contributes to reducing dependence on rare-earth metals in EV motors, enhancing

supply chain sustainability and cost reduction.

o Suggests potential for technology deployment across Tesla's entire vehicle lineup.

Technical Details

Tesla's Cybercab motor is characterized by its design, which maintains the performance
of a permanent magnet motor without using rare-earth metals such as neodymium and
dysprosium. While detailed technical specifications have not yet been fully disclosed,
ferrite magnets, synchronous reluctance motors, or iron nitride (FeN)-based magnet
technologies, like those from Niron Magnetics, are generally considered strong
candidates for achieving rare-earth-free motors. Tesla claims that this new motor
significantly boosts power density and efficiency, directly leading to a lighter and more
compact motor (18% smaller and 25% lighter compared to other high-performance
drivetrains). High efficiency reduces battery consumption, contributing to an extended
driving range. The smaller and lighter design enhances overall vehicle design freedom,
expands interior space, and is believed to optimize manufacturing processes such as

Tesla's 'gigacasting' initiative.



Background & Context

With the rapid growth of the electric vehicle market, the demand for high-performance
magnets, essential for EV motors, has surged. However, rare-earth metals face supply
chain challenges including concentrated production in specific regions, high
environmental burdens associated with mining and refining, and volatile price
fluctuations. These issues have posed geopolitical and cost risks for automakers,
hindering the establishment of a sustainable EV production system. Consequently, many
automakers and research institutions have focused on developing rare-earth-free or
reduced-rare-earth motor technologies, and Tesla's announcement marks a significant

milestone in this major industry-wide trend.

Strategic Significance & Outlook

The development of Tesla's rare-earth-free Cybercab motor has the potential for
widespread impact across the EV industry. Firstly, it functions as a risk hedge against
the vulnerabilities of the rare-earth supply chain, contributing to improved EV production
stability. Secondly, the motor's miniaturization, weight reduction, and enhanced efficiency
will further boost the performance and cost competitiveness of Tesla vehicles. In the
future, this technology may be deployed across all Tesla vehicle models, potentially
catalyzing a broader transition to rare-earth-free motors throughout the EV market. This
innovation is not merely a technical advancement but a crucial step towards improving
the sustainability and environmental footprint of the EV industry, and will be widely

noted.

Source: https://electrek.co/2026/09/04/teslas-new-rare-earth-free-ev-motor-is-a-big-deal-but-not-that-big-
a-deal/
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#24 Preprints.org Releases New Chemistry and

Materials Science Preprints on Lithium Extraction and
Nickel Coating

Published September 09, 2026  Preprints.org  Unknown

| OVERVIEW

Preprints.org has released several new preprints in chemistry and materials science.
These include research on porous spherical granulation for lithium extraction using
manganese-based lithium-ion sieves and on chemically deposited nickel coatings on
ABS substrates. These preprints offer initial research findings to the community that
could contribute to efficient utilization of lithium resources and advancements in

surface treatment technologies for high-performance materials.



| IN DEPTH

Preprints.org serves as a platform for rapid sharing of research findings within the
academic community, and it has recently announced several new preprints in the fields
of chemistry and materials science. These preprints propose new insights and
methodologies in their respective areas, drawing attention as indicators of future

research and development directions.

Key Findings

» Research on porous spherical granulation for lithium extraction using manganese-

based lithium-ion sieves has been released.

* Research on chemically deposited nickel coatings on ABS substrates has been

published.

¢ Potential contributions to sustainable utilization of lithium resources and

advancements in surface modification technologies for high-performance materials.

e Promotes research communities in related fields through rapid sharing of research

outcomes.

Research Details

The first preprint concerns 'Porous Spherical Granulation for Lithium Extraction Using
Manganese-Based Lithium-lon Sieves.' This research aims to develop highly efficient
lithium extraction technologies from spent batteries and low-concentration lithium
sources such as geothermal water and seawater. Manganese-based lithium-ion sieves
are known for their high lithium selectivity, and by introducing a porous spherical
structure, this study seeks to increase surface area and reduce mass transfer resistance
to improve separation performance and processing speed. The second preprint is on
'Chemically Deposited Nickel Coatings on ABS Substrates.' ABS (Acrylonitrile Butadiene
Styrene) resin is widely used due to its excellent mechanical properties, but for
applications requiring conductivity or corrosion resistance, metallic coatings are
necessary. This research explores a method to chemically deposit a nickel layer with
excellent adhesion, uniformity, and functionality onto ABS surfaces using an
environmentally friendly electroless plating process. This aims to impart metallic
properties to plastic components, expanding the application range of new composite

materials.



Background & Context

Lithium has become a strategically important rare metal due to the surging demand for
electric vehicle batteries and portable electronic devices. Efficient recovery and
utilization of lithium resources are essential for achieving a sustainable society.
Simultaneously, in modern manufacturing, where both lightweighting and functionality
are demanded, surface modification technologies for plastic materials play a critical role
in expanding their application range. For example, metal-plated plastics are utilized in
fields such as EMI shielding, decorative items, and functional components. These
preprints reflect the latest research trends seeking to solve existing challenges in their

respective fields and provide more efficient and sustainable technological solutions.

Strategic Significance & Outlook

The research findings released on Preprints.org are expected to significantly influence
future developments in their respective fields. The research on lithium extraction is
anticipated to contribute to stabilizing lithium supply and reducing costs, benefiting the
electric vehicle and energy storage industries. Meanwhile, the nickel coating technology
for ABS substrates will accelerate the development of lightweight, high-performance
electronic and automotive components. These initial research outcomes, after further
detailed verification and optimization, are expected to lead to practical implementation,

contributing to innovation and sustainability improvements in related industries.

Source: #
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#25 Argonne National Laboratory Successfully
Synthesizes First Borophene, a Metallic Single-Atom-
Thick Boron, Opening New Era for 2D Materials

Published September 08, 2026  Argonne National Laboratory = USA
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| OVERVIEW

Researchers at Argonne National Laboratory have successfully synthesized
borophene, a metallic single-atom-thick boron, for the first time. This groundbreaking
discovery is hailed as a next-generation two-dimensional (2D) material with potential
comparable to or even exceeding graphene. Borophene, with its unique electronic
properties and high mechanical strength, is expected to significantly broaden the
possibilities for boron-based 2D structures in future energy and electronic

technologies.



| IN DEPTH

Since the discovery of graphene, two-dimensional (2D) materials have remained one of
the most active research areas in materials science. Researchers at Argonne National
Laboratory have set a new milestone in this field by successfully synthesizing, for the
first time, a single-atom-thick sheet of the metallic element boron, known as 'borophene.’
This achievement holds the potential to revolutionize future energy and electronic

technologies.

Key Findings

* Researchers at Argonne National Laboratory successfully synthesized borophene, a

metallic single-atom-thick boron, for the first time.

o Attracts attention as a next-generation 2D material with potential comparable to or

exceeding graphene.

o Created new boron-based 2D structures with unique electronic properties and high

mechanical strength.

* Opened up broad application possibilities for future energy storage, catalysis, and

electronic devices.

Technical Details

The synthesis of borophene was achieved by depositing boron atoms onto a specific
substrate (e.g., silver or copper surfaces) under an ultra-high vacuum environment. Due
to the complexity of its electronic structure, boron was predicted to form various
polymorphs rather than a simple honeycomb structure like graphene. Researchers
successfully grew stable single-atom-layer boron sheets, borophene, by precisely
controlling the interaction with the substrate. The obtained borophene was thoroughly
characterized for its atomic structure and electronic states using advanced analytical
techniques such as scanning tunneling microscopy (STM) and X-ray photoelectron
spectroscopy (XPS). Notably, metallic electronic transport properties consistent with
theoretical calculations and excellent mechanical properties comparable to existing 2D
materials were confirmed. Since borophene, unlike graphene, does not exist as a natural
2D sheet and has been considered extremely difficult to synthesize, this successful

synthesis represents a major technological breakthrough.



Background & Context

2D materials like graphene and molybdenum disulfide (MoS,) are anticipated to have
applications in next-generation electronics, sensors, and energy storage devices due to
their superior electrical, optical, and mechanical properties. The extreme thinness of
single-atom thickness, in particular, brings new dimensions to material properties. Boron,
while having a similar atomic number to carbon, possesses different electronic
properties, so borophene is expected to offer unique functionalities distinct from
graphene. For example, it may exhibit properties difficult to achieve with conventional 2D
materials, such as superconductivity, excellent hydrogen storage capacity, and high
catalytic activity. This discovery further expands the diverse family of 2D materials and

opens new avenues for scientific exploration.

Strategic Significance & Outlook

The first successful synthesis of borophene by Argonne National Laboratory will have
immeasurable impact on the fields of materials science and nanotechnology. Future
efforts will focus on developing large-scale synthesis methods for borophene, exploring
its growth behavior on different substrates, and evaluating its application potential as
electronic devices, batteries, catalysts, and superconductors. For instance, it holds
promise for ultra-small, high-efficiency transistors, high-capacity hydrogen storage
materials, new types of sensors, and even as a room-temperature superconductor. This
groundbreaking material is expected to stimulate fundamental scientific research and
serve as a new platform driving future technological innovation. Borophene will garner
significant attention from researchers and engineers worldwide as the 'next frontier' in

2D materials.

Source: https://www.anl.gov/article/nanoscience-where-big-breakthroughs-start-small
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#26 Same Sky Unveils High-Endurance SPG

Thermoelectric Modules Generating Up to 27.3W from
Waste Heat

Published September 10, 2026  Electronics For You India

| OVERVIEW

Same Sky has expanded its SPG Thermoelectric Generator (TEG) module lineup,
now capable of generating up to 27.3W of power from waste heat. These modules
support continuous hot-side operation up to 300°C and are offered in package sizes
ranging from 30x30mm to 80x80mm. This advance significantly enhances energy

recovery efficiency in industrial settings, contributing to sustainable energy solutions.



| IN DEPTH

Key Findings

Same Sky has significantly enhanced its portfolio of SPG Thermoelectric Generator

(TEG) modules, introducing new models designed for robust performance and higher
power output in industrial waste heat recovery applications. These advanced modules
are capable of generating up to 27.3W of electrical power from thermal gradients and

are engineered to withstand continuous hot-side operation temperatures of up to 300°C.

Technical Details

o Optimized Power Generation: The expanded TEG line offers enhanced conversion
efficiency, producing up to 27.3W per module. This capability makes them highly
effective for converting otherwise wasted heat energy into usable electricity, thereby

reducing operational costs and carbon footprints.

+ Extended Temperature Range: With a continuous operating temperature limit of
300°C on the hot side, these modules are suitable for a wider array of industrial
environments where high-temperature exhaust or process heat is prevalent. This

includes sectors such as manufacturing, chemical processing, and power generation.

o Versatile Form Factors: Available in diverse package sizes, from compact 30x30mm
to larger 80x80mm, the modules offer flexibility for integration into existing and new
industrial setups. This adaptability allows for tailored solutions to meet specific space

and power requirements.

o Enhanced Durability: Designed for demanding industrial conditions, the modules
feature robust construction to ensure long-term reliability and minimize maintenance

needs, which is crucial for continuous operation in harsh environments.

Background & Context

The global drive towards energy efficiency and sustainability has intensified the focus on
industrial waste heat recovery. Traditional thermoelectric solutions often face limitations
in either power output, operational temperature range, or scalability. Same Sky's
introduction of these high-performance TEG modules addresses these critical gaps,
positioning them as a viable and impactful technology for harnessing thermal energy that

would otherwise be dissipated.



Strategic Significance & Outlook

The new SPG TEG modules hold significant promise for industries that generate
substantial waste heat, such as steel mills, cement plants, glass manufacturing facilities,
and various chemical processing operations. By converting waste heat directly into
electricity, these modules can help industries achieve greater energy independence,
reduce reliance on grid power, and meet environmental compliance targets. Future
developments are expected to focus on further increasing conversion efficiency,
expanding the range of operational temperatures, and integrating these modules into
comprehensive smart energy management systems, potentially broadening their
application beyond conventional industrial settings to include niche markets requiring

distributed power generation.

Source: https://www.electronicsforu.com/news/thermoelectric-modules-harvest-waste-heat
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#27 ChemRxiv Preprint "IQARIS" Integrates Quantum
Chemistry Datasets with Machine Learning to
Accelerate New Material Design through Large-Scale
Local Quantum Information Exploration

Published September 03, 2026 ChemRxiv USA

| OVERVIEW

A preprint titled "IQARIS: An Atlas of Interacting Quantum Atoms across Chemical
Space," posted on ChemRxiv on September 3, 2026, proposes a novel approach to
explore local quantum information underlying molecular behavior on a large scale,
even as machine learning improves predictive performance in quantum chemistry
datasets. This research has the potential to accelerate the material design process,

contributing to more efficient discovery and development of new materials.



| IN DEPTH

Key Findings

A preprint, "IQARIS: An Atlas of Interacting Quantum Atoms across Chemical Space,"
posted on ChemRxiv on September 3, 2026, signifies a potential breakthrough in new
materials design through the integration of machine learning and quantum chemistry
data. This research aims to map local quantum information governing molecular

behavior on a large scale, thereby accelerating the material design process.

Technical Details

e The IQARIS Atlas: IQARIS (Interacting Quantum Atoms across Chemical Space) is
an systematically collected and organized atlas of interacting quantum atomic
information derived from quantum chemical calculations. It allows for a detailed
understanding of how specific atoms within a molecule interact and influence overall

molecular properties.

e Fusion of Machine Learning and Quantum Chemistry: Machine learning has
significantly improved the accuracy of molecular property predictions by leveraging
large quantum chemistry datasets. IQARIS deepens this approach, moving beyond
mere prediction to enable large-scale analysis of the underlying physical and

chemical principles of molecular behavior—specifically, local quantum information.

o Application to Materials Design: Traditionally, designing new materials faced the
challenge that highly accurate quantum chemical calculations were computationally
expensive and thus limited to a small number of molecules. Approaches like IQARIS
combine the efficiency of machine learning with the precision of quantum chemistry to
accelerate material exploration across a vast chemical space, providing new tools for

the rational design of materials with specific functionalities.



Background & Context

In materials science, the discovery of materials with novel functionalities drives progress
in diverse fields such as energy, environment, medicine, and information technology.
However, conventional materials exploration has largely relied on trial-and-error and
empirical rules, making it a time-consuming and costly process. Computational materials
science, particularly quantum chemical calculations, offers a powerful means to predict
material properties at the atomic level, but computational load has been a practical
limitation. The rise of machine learning is paving a new path to overcome this bottleneck,

enabling more efficient materials exploration.

Strategic Significance & Outlook

Research such as IQARIS provides a foundation for more precise and large-scale
materials design in computational materials science. In the future, this technology is
expected to significantly accelerate the discovery and development of new materials with
specific physical and chemical properties, including next-generation batteries,
superconductors, catalysts, and pharmaceuticals. Particularly when combined with
generative Al, it holds the potential to design innovative materials previously
unimaginable, marking a crucial step in driving a paradigm shift in materials science

research and development.

Source: https://chemrxiv.org/toc/chemrxiv/2026/0903
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| OVERVIEW

A preprint posted on ChemRxiv on September 9, 2026, investigates multiple machine
learning methods—tree models, ChemBERTa, graph networks, and late fusion—for
plasma protein binding prediction under scaffold split conditions. This research
contributes to improving molecular prioritization and success rates in the drug
discovery process. It holds potential to accelerate the assessment of safety and

efficacy for new materials and compounds.



| IN DEPTH

Key Findings

A preprint submitted to ChemRxiv on September 9, 2026, details a comparative study on
the performance of various machine learning models—tree models, ChemBERTa, graph
networks—and a Late Fusion approach for plasma protein binding (PPB) prediction
under challenging "scaffold split" conditions. This research aims to enhance the
accuracy of drug candidate selection during early drug discovery, thereby improving

development efficiency.

Technical Details

» Importance of Plasma Protein Binding (PPB): PPB is a critical pharmacokinetic
(PK) property that determines how a drug distributes and exerts its effects within the
body. Highly bound drugs may not reach effective concentrations at their target sites,
leading to reduced efficacy. Accurate PPB prediction is therefore essential for early-

stage screening and optimization of drug candidates in the drug discovery pipeline.

+ Challenges of Scaffold Split: While traditional PPB prediction models perform well
with "random split" data (where chemically similar molecules are in both training and
test sets), "scaffold split" presents a more rigorous challenge. It involves predicting for
molecules with different chemical scaffolds, preventing models from overfitting to
known structures and assessing their true generalization performance on novel
molecules. This is a crucial benchmark for discovering genuinely new drug

candidates.



o Applied Machine Learning Models:

o Tree Models: Powerful models like XGBoost and Random Forest, effective for

tabular data and molecular descriptors.

o ChemBERTa: A transformer-based language model trained on large chemical text
datasets (e.g., SMILES strings), excelling at capturing semantic information about

molecules.

o Graph Networks: Models (e.g., GNNs) that represent molecules as graph
structures, learning directly from the relationships between atoms (nodes) and

bonds (edges). They effectively capture structural molecular features.

o Late Fusion: An approach that integrates the prediction outputs from different
models to combine their individual strengths, thereby further improving overall

prediction performance.

Background & Context

Drug discovery success rates are notoriously low, and development costs continue to
soar. A significant factor contributing to this is inadequate prediction of pharmacokinetic
(ADME) and toxicity (Tox) properties during preclinical stages. Improving the accuracy of
predicting critical PK properties like PPB is crucial for reducing late-stage failures and
identifying more promising drug candidates earlier. Rigorous evaluation using scaffold
split, as demonstrated in this research, is vital for assessing the "true" generalization

capability of Al drug discovery models and contributes to overall industry efficiency.

Strategic Significance & Outlook

The insights gained from this research will directly translate into more efficient lead
compound selection and optimization within drug discovery pipelines, reducing
development time and costs. In the future, such robust prediction models could be
leveraged not only for pharmaceuticals but also as tools to accelerate safety and efficacy
assessment processes in the development of new functional materials, agrochemicals,
cosmetic ingredients, and more. Further optimization of late fusion approaches and their

application to a wider range of ADME/Tox property predictions are anticipated.

Source: https://chemrxiv.org/browse?pageSize=20&startPage=1
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