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DeepMind's GNoME and MatterGen drive
generative AI material models for corrosion
science.

Scientific generative language model LOGOS
integrates disparate natural science tasks into
unified framework.

Chemistry-informed ML framework predicts
osmabenzene complex structural properties with
high accuracy.

Tech Science Press journal highlights paradigm
evolution in materials science driven by AI, ML,
generative models.

XRDiff, a new diffusion model, predicts crystal
structures from powder X-ray diffraction data.

PhononBench unveils large-scale benchmark for
evaluating dynamic stability of AI-generated
crystal structures.

Brown and Michigan universities stabilize
previously hidden intermediate phase of matter in
metals.

MDPI review proposes integrated framework for
ML-driven molecular design in pharmaceutical
chemistry.

DP-EVA framework maximizes pre-trained
knowledge of large atomistic models to develop
data-efficient MLIPs.

Sparsity-promoting fine-tuning enhances domain
adaptability of pre-trained equivariant materials
models.

MLIPs tackle electronic entropy challenge: charge
state embedding boosts battery material
prediction accuracy.

Virial-matching in ML coarse-grained potential
addresses mesoscale problems in multilayer hBN.

ML SNAP outperforms MEAM in liquid (U,Zr)
thermophysical and structural predictions.

Chemistry World reports Al agents and MLIPs
accelerating catalyst discovery from simulation to
scale-up.

Unconstrained MLIPs scaled to large datasets
outperform constrained models in static
simulations.

UniFFBench evaluates Universal ML Force Fields
against experimental measurements, assessing
stability.

Chalmers University boosts optical component
development for quantum computing with
physics-informed Al

Hugging Face unveils electronic density
generative framework combining 3D
autoencoders and diffusion models.

Quantum computing halves qubit needs for
crystalline materials simulation with novel
symmetry-adapted encoding.
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World Economic Forum proposes Al-driven
self-driving labs to accelerate materials discovery
for climate solutions.

University of Washington leverages Al and
quantum computing for scaled quantum material
simulations.

Computational materials science evolves to Al &
robotics integration, reducing discovery risk.

Science Tokyo & Tohoku University develop
interpretable Al to visualize prediction rationale.

Jeff Bezos backs Al materials science startup
CuspAI with $400M to accelerate carbon capture.

Hugging Face showcases LLM application
preprints in scientific discovery, emphasizing
autonomous agents.

RSC paper proposes 'Digital Materials Ecosystem’
for autonomous discovery, integrating databases
and Al agents.

Radical AI's self-driving lab generates 1,200
alloys in six months, accelerating materials
discovery.

SandboxAQ secures $500M from US CHIPS Act to
resolve semiconductor materials supply chain
challenges.

AWS and QuEra to deploy Megaquop-scale 'Libra’
on Amazon Braket by 2028 for fault-tolerant
quantum computing.

Unconstrained MLIPs achieve superior accuracy
and speed with large datasets, enhancing static
simulations.

MDPI paper develops machine-learned MTPs for
low-cost, high-accuracy prediction of heat
transport in AlGaN.

Kyushu University develops AEM materials with
'Human-in-the-Loop' framework fusing XAI,
ChatGPT, and expert knowledge.

ASCEND Project in Berlin, €30M funding,
revolutionizes catalyst discovery via AI-driven
closed-loop systems.

Tokyo Institute of Science develops tandem
neural network to solve semiconductor inverse
problems in <1ms.

AtomGPT.org launches open-access agentic Al
platform 'AGAPI-Agents' to accelerate materials
design.

Purdue University seeks postdoctoral researchers
in computational materials design and
informatics.

Schubert Group presents Al-driven polymer
research at AI4X Conference 2026, accelerating
discovery.

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

@ Is your R&D; pipeline ready for Al-driven self-driving labs?

Radical Al generated 1,200 alloys in 6 months (#39), and the WEF advocates for self-driving labs to accelerate
climate solutions (#32). Are your R&D; investments keeping pace with this exponential acceleration?

® How will fault-tolerant quantum computing impact your materials R&D;?

AWS and QuEra plan Megaquop-scale fault-tolerant quantum computing by 2028 (#41). This will enable
unprecedented materials simulations. Does your long-term strategy account for this paradigm shift?

© Are you leveraging Al to secure your semiconductor material supply chain?

SandboxAQ secured $500M under the CHIPS Act to develop PFAS alternatives and rare-earth-free magnets
(#40). Tokyo Institute of Science achieved sub-millisecond semiconductor inverse problem solving (#46). Are
you using Al to mitigate critical material risks and boost manufacturing efficiency?

I Opportunities vs. Threats for US/European Companies
Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

(semiqc) (Froc)
O O

AutoLab
1 O
Fy
=
2
§ Low Impact Threat > Opp.
o
!
< Threat —
® FTQC Critical New compute power Obsolete methods
® SemiQC Critical Real-time QC Lagging efficiency
® AutoLab Critical Rapid discovery R&D; lag
® CHIPS Opp. US supply chain Supply chain risk
® LLM_Sci Opp. Al-driven R&D; Missed insights
® QEC_AI Opp. Quantum IP Lagging QC
® Catalyst Opp. EU catalyst R&D; Competitor lead
® Corrosion Ref. Design resistance Material failure
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I Deep Dive @ — Fault-Tolerant Quantum Computing by 2028

#41 | 2026/06/15 | AWS News Blog | Tech Novelty® ® ® ® ® Proximity® @ ® OO Market Impact® ® ® ® ® Data
Reliability® ® ® ® O US/EU Relevancco ® ® ® ®

AWS and QuEra are collaborating to deploy QuEra's Megaquop-scale 'Libra' device on Amazon Braket by
2028, enabling fault-tolerant quantum computing. This represents a significant leap towards practical

quantum applications.

Libra, based on neutral atom technology, aims to provide logical qubits equivalent to one million physical
qubits. This will unlock scientifically significant applications in quantum chemistry, high-energy physics, and
materials simulation.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: This announcement is a strong signal that fault-tolerant
quantum computing is moving from theoretical to engineering reality within the next 2-3 years.
[Opportunity] for US/EU OEMs & device manufacturers to leverage this computational power
for designing next-gen materials and drugs, gaining a significant R&D; advantage. [Threat] for
technology licensors and IP holders whose classical simulation software may become obsolete,
and for R&D; teams not investing in quantum algorithm development. Published numbers are
ambitious but plausible given the rapid progress in neutral atom QC. Technical barriers include
maintaining coherence at scale and developing robust error correction. Next actions: [R&D;]
Form a quantum strategy task force to assess impact on simulation capabilities by Q3 2026.
[Executive] Evaluate potential M&A; or strategic partnerships with quantum software/hardware
firms by Q4 2026.

I Deep Dive @ — Sub-Millisecond Semiconductor Inverse Problems

#46 | 2026/06/18 | ERRIFAZ | Tech Novelty® ® ® ® ® Proximity® ® ® OO Market Impact® @ ® ® ® Data

Reliability® ® ® ® O US/EU Relevancee @ @ ® O

Tokyo Institute of Science developed a tandem neural network that solves complex semiconductor inverse
problems in under one millisecond. This infers physical parameters from transistor measurements in
real-time.

This revolutionary Al system dramatically accelerates analysis that traditionally took hours to days, enabling
real-time quality checks on manufacturing lines and applications in autonomous research systems.

Materials Informatics Weekly Intelligence Report | 2026-06-20 | Page 5



» Strategic Analyst's Perspective

Strategic Analyst's Perspective: This breakthrough is highly realistic and directly addresses a
critical bottleneck in semiconductor manufacturing and R&D.; The sub-millisecond speed is a
game-changer for inline process control. [Opportunity] for US/EU OEMs & device
manufacturers to achieve unprecedented yield improvements and accelerate new chip
development. For materials & component suppliers, this means faster feedback loops for
material quality. [Threat] for companies relying on traditional, slow characterization methods,
risking significant competitive disadvantage in cost and time-to-market. Technical barriers
include integration with diverse manufacturing equipment and robustness across various device
architectures. Next actions: [R&D;] Immediately investigate this tandem neural network
approach for internal semiconductor process control. [Procurement] Assess current quality
control bottlenecks and identify potential Al solutions by Q3 2026. [Executive] Prioritize
investment in AI for manufacturing efficiency.
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I Deep Dive ® — Radical Al's Self-Driving Lab Success

#39 | 2026/06/17 | Latent.Space | Tech Novelty® ® ® ® O Proximity® @ ® OO Market Impact® @ ® ® O Data

Reliability® ® ® OO US/EU Relevancco ® ® ® ®

Radical Al's self-driving lab generated 1,200 alloys in six months, including 300 novel ones, using a
closed-loop system of AI hypothesis generation and physical synthesis.

This achievement demonstrates the immense potential of autonomous labs to dramatically increase

throughput in materials R&D;, shortening development timelines from years to months.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported numbers (1,200 alloys, 300 novel) are impressive
and highlight the transformative power of self-driving labs. This is a realistic demonstration of
what closed-loop AI-robotics systems can achieve. [Opportunity] for US/EU materials &
component suppliers and OEMs to adopt or invest in similar autonomous R&D; platforms to
accelerate their own materials discovery, gaining a significant competitive edge. [Threat] for
companies with traditional, manual R&D; processes, as they will be outpaced in innovation and
time-to-market. Technical barriers include the high upfront cost of automation, integration of
diverse instruments, and robust AI models for complex synthesis. Next actions: [R&D; ]
Benchmark internal materials discovery rates against Radical Al's performance by Q3 2026.
[Strategy] Develop a business case for investing in or partnering with self-driving lab initiatives
by Q4 2026. [Procurement] Identify potential suppliers of automated
synthesis/characterization equipment.

I Other Notable Articles

Swiss PSI AI Model Accurately Locates Missing Hydrogen Atoms in Crystal Structures (Chemistry World)
I X X X JeRX X JoleleR Vit X X Jole)
Al model precisely places hydrogen atoms, improving accuracy of materials simulations for superconductors,

fuel cells, batteries.

ChemCopilot's Generative Al Instantly Generates Novel Molecules from Natural Language Prompts (ChemCopilot)
I XXX IOR X X X JORIE X X X JO

Generative Al enables scientists to design novel molecules on demand using natural language, accelerating
R&D; cycles.

Argonne National Laboratory to Present Al and HPC Integration Research for Accelerated Materials and Molecular Discovery (Argonne National
Laboratory)

XX X JORX X JoleleR it X X X JO

Argonne integrates AI, HPC, and quantum computing to accelerate materials and molecular discovery,
reducing development time.

XRDiff: A New Diffusion Model for Crystal Structure Prediction from Powder X-Ray Diffraction Data (arXiv)

TNeeeeO PeeOOO Moeoe®e®O

New diffusion model predicts crystal structures directly from PXRD data, accelerating structural determination
in new materials.

Sweden's Chalmers University Dramatically Boosts Optical Component Development Efficiency for Quantum Computing with Physics-Informed Al

(SciTechDaily)
I X X X JORY X JOIGIOR/L X X X JO
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Physics-informed AI from Chalmers University dramatically improves optical component development for
quantum computing.
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I Recommended Actions This Week

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

I Immediate (this week)

¢ [Executive] Brief leadership on the rapid advancements in Al-driven materials discovery and quantum
computing timelines.

e [R&D;] Evaluate current AI/ML tools for materials design against new autonomous agents and
physics-informed AI models.

e [Procurement] Assess semiconductor material supply chain exposure to critical materials and potential
PFAS regulations.

| Short-term (1 month)

e [Strategy] Conduct a competitive analysis of AI-driven materials R&D; initiatives by major competitors
in US, EU, and Asia.

e [R&D;] Pilot new generative Al or physics-informed Al tools for specific material design challenges
(e.g., catalysts, optical components).

¢ [Business Dev] Explore potential partnerships or investments in AI materials science startups (e.g.,
CuspAlI, Radical AI).

| Medium-long term (quarter+)

e [R&D;] Develop a roadmap for integrating fault-tolerant quantum computing into materials simulation
by 2028.

e [Strategy] Invest in or build self-driving lab capabilities for accelerated materials discovery and
optimization.

¢ [Legal/IP] Review the evolving IP landscape for AI-generated materials and autonomous discovery
platforms.

e [Procurement] Diversify or localize critical semiconductor material supply chains, actively seeking
PFAS alternatives.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-06-20
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Al and Generative Models Accelerate Organic
Semiconductor Discovery Through Inverse Design

Published June 11, 2026  Request PDF  International

I OVERVIEW

A new review highlights that machine learning (ML) and generative Al are becoming
indispensable for accelerating the discovery and design of organic semiconductors.
These Al technologies enable the efficient identification of new materials with
targeted properties through high-throughput screening and inverse design,
significantly reducing development time and costs. Al serves as a powerful tool to
augment human capabilities in exploring vast chemical spaces for optimal material

candidates, promising a paradigm shift in materials science.



| N DEPTH

Key Findings

A recent review underscores the pivotal role of machine learning (ML) and generative Al
in accelerating the discovery and design of organic semiconductors. Specifically, Al
demonstrates superior efficiency and accuracy over traditional methods in the 'inverse
design' of organic materials with specific electronic and optical properties. By efficiently
learning the complex, non-linear relationships between molecular structure and
properties, Al facilitates the rapid identification of novel organic semiconductors,

marking a critical advancement in future materials development.

Technical / Clinical Details

The review elaborates on specific Al methodologies applied in organic semiconductor
research, including inverse design approaches that craft molecular structures based on
desired properties, and high-throughput screening to swiftly identify promising
candidates from vast pools of materials. Generative Al models such as Variational
Autoencoders (VAEs), Generative Adversarial Networks (GANs), and Graph Neural
Networks (GNNSs) are utilized to generate novel molecular structures and predict their
characteristics. This enables researchers to efficiently explore uncharted chemical space,
even with limited experimental data, thereby accelerating the development of high-
performance materials for next-generation organic electronics, solar cells, and

biosensors.

Background & Context

Organic semiconductors are highly attractive for diverse applications including flexible
displays, OLED lighting, organic solar cells, and wearable sensors due to their flexibility,
light weight, and low-cost manufacturing potential. However, their vast chemical space
and intricate structure-property correlations have historically made their development a
time-consuming and expensive endeavor when relying solely on traditional experimental
or first-principles computational approaches. The integration of Al and machine learning
is poised to resolve this bottleneck, fundamentally transforming the materials
development process. The generative capabilities of Al, in particular, are expected to
foster the discovery of breakthrough materials previously inaccessible through human

intuition and experience alone.



Strategic Significance & Outlook

The application of Al is projected to dramatically accelerate the pace of discovery in
organic materials science. Moving forward, Al models are expected to become even
more sophisticated, integrating deeply with physical laws and quantum chemistry
insights to further enhance prediction accuracy and generative capabilities. This
advancement promises not only the optimization of existing materials but also the
creation of innovative organic materials with unprecedented properties. Ultimately, Al is
set to shift the paradigm of materials science research from ‘exploration and discovery'
to 'design and synthesis', thereby propelling the development of new technologies

critical for a sustainable future.

Source:

https://www.researchgate.net/publication/406481445_Organic_Materials_of_Tomorrow_Horizons_of Artificial_In

Collected: June 19, 2026 | Automated Research System (Gemini API)
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Swiss PSI Al Model Accurately Locates Missing
Hydrogen Atoms in Crystal Structures, Overcoming X-
ray Diffraction Limitations

Published June 19, 2026  Chemistry World  Switzerland

_»
..
-

| overview

Researchers at the Paul Scherrer Institute (PSI) in Switzerland have developed an Al
model that precisely places missing hydrogen atoms within inorganic crystal
structures, a task previously challenging for X-ray diffraction. This technology
significantly improves the accuracy of materials simulations, as hydrogen atom
positions are crucial for understanding and designing advanced materials like
superconductors, fuel cells, and battery components. This breakthrough opens new

avenues for materials discovery and optimization.



| N DEPTH

Key Findings

Scientists at the Paul Scherrer Institute (PSI) in Switzerland have developed a
groundbreaking Al model capable of precisely locating hydrogen atoms in inorganic
crystal structures that were previously undetectable by conventional X-ray diffraction.
This innovation addresses a long-standing challenge in materials science, enabling
significantly more accurate materials characterization and simulation, and promises to

unlock new understanding of the role of hydrogen in complex materials.

Technical / Clinical Details

The developed Al model leverages existing crystal structure data and advanced machine
learning algorithms to predict the optimal placement of missing hydrogen atoms.
Traditional X-ray diffraction struggles with hydrogen atoms due to their low scattering
power. This Al model circumvents this limitation by inferring hydrogen bond
configurations and other interactions within the crystal lattice, drawing upon information
from heavier atom arrangements. This allows for more reliable simulations in the design
and performance prediction of materials where hydrogen plays a decisive role, such as
electron conduction pathways in superconducting materials, proton transport in fuel

cells, and ion mobility mechanisms in solid-state batteries.

Background & Context

In materials science, first-principles calculations and molecular dynamics simulations are
vital tools for designing new materials. However, the accuracy of the initial structural
input for these simulations profoundly impacts the final predicted outcomes. Hydrogen
atoms, being light, exhibit significant quantum effects and are deeply involved in a
material's structural stability, electronic properties, and lattice vibrations. Historically,
direct localization of hydrogen atoms has been difficult with most experimental
techniques, apart from neutron diffraction, creating a significant source of uncertainty in
materials design. PSI's Al model bridges this long-standing gap, offering the potential to

dramatically enhance the reliability of models in computational materials science.



Strategic Significance & Outlook

The introduction of this Al model marks a new era in the design of hydrogen-containing
materials. Researchers and engineers can now accelerate the development of innovative
superconductors, highly efficient fuel cell electrolytes, next-generation battery materials,
and even hydrogen storage materials, all based on more precise structural information.
In the future, this technology is expected to be integrated into various materials
databases, becoming a core component of Al-driven autonomous materials discovery
platforms. This integration will accelerate innovation in areas crucial for societal
sustainability and advancement, including clean energy technologies and quantum

computing.

Source: https://www.chemistryworld.com/news/ai-model-fills-in-the-gaps-in-crystal-structures-by-

placing-missing-hydrogen-atoms/4023712.article
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IBM Leverages LLMs and Evolutionary Framework to
Discover 465 Novel Quantum Error Correction Code

Candidates

Published June 11, 2026 IBM Research  USA
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| overview

IBM researchers have developed an evolutionary framework powered by Large
Language Models (LLMs) that identified 465 novel quantum error correction code
candidates. This groundbreaking approach demonstrates LLMs' capability to
understand and contribute to complex quantum computing problems. By efficiently
exploring thousands of code variations, this accelerates advancements in quantum
error correction, ultimately contributing to the development of more robust quantum
processors. It clearly illustrates the potential of merging classical Al with quantum

computing for driving scientific discovery.
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Key Findings

IBM researchers have achieved a significant breakthrough by integrating Large Language
Models (LLMs) with an evolutionary framework to identify 465 novel candidate quantum
error correction codes. This innovative workflow introduces new discoveries in the
fundamental field of error correction for quantum computing, paving the way for more

stable and reliable quantum systems.

Technical / Clinical Details

The research employs a unique framework that combines the natural language
understanding capabilities of LLMs with evolutionary algorithms designed to efficiently
navigate complex search spaces. The LLM learns principles of quantum error correction
and code structures, then proposes new code candidates or generates mutations of
existing ones. Subsequently, the evolutionary algorithm evaluates these candidates,
selecting high-performing ones for further refinement in a closed-loop process. This
methodology allowed for the efficient exploration of thousands of code variations,
leading to the discovery of novel codes that might have been overlooked by traditional
approaches. This work demonstrates the LLM's ability to comprehend and apply complex
error correction rule sets, offering concrete solutions to enhance the reliability of

quantum hardware.

Background & Context

Quantum computing holds the potential to revolutionize diverse fields such as drug
discovery, materials science, and financial modeling due to its powerful computational
capabilities. However, due to the delicate nature of qubits, noise and qubit errors
represent one of the biggest challenges to the practical implementation of quantum
computing. Quantum error correction codes are essential technologies for detecting and
correcting these errors, serving as the key to realizing fault-tolerant quantum computers.
Traditionally, the design of error correction codes has relied on advanced mathematical
knowledge and trial-and-error; however, IBM's new Al-driven approach can dramatically

accelerate this discovery process.



Strategic Significance & Outlook

IBM's research clearly demonstrates the potential for the convergence of classical Al and
quantum computing to open new scientific frontiers. The novel quantum error correction
code candidates discovered will form the foundation for significantly improving the
stability and reliability of future quantum computing systems. Moving forward,
experimental validation of these codes is expected, along with the application of LLM-
based discovery frameworks to the design of other quantum algorithms and protocols.
This acceleration of quantum technology commercialization is likely to bring about

groundbreaking applications with broad societal impact.

Source: https://research.ibm.com/blog/ai-for-gec
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Symmetry-Guided Al Model SG-CDVAE Identifies Four

Stable Novel Antiferromagnets for Spintronics
Applications

Published June 14, 2026 AZoM International
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| overview

A novel symmetry-guided Al model, SG-CDVAE, has identified four stable candidate
antiferromagnets specifically for spintronics applications. This generative deep
learning framework significantly accelerates the inverse design process for magnetic
crystalline materials by directly embedding crystallographic space group information.
SG-CDVAE demonstrates the potential for faster and more efficient discovery of

materials with desired magnetic properties, contributing to the development of next-

generation data storage and quantum technologies.
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Key Findings

A novel symmetry-guided Al model, 'SG-CDVAE' (Symmetry-Guided Crystal Diffusion
Variational Autoencoder), which directly incorporates crystallographic space group
information into its learning process, has been developed. This model successfully
identified four stable candidate antiferromagnets with promising applications in
spintronics. This generative deep learning framework offers a significantly faster and
more efficient route for inverse design in magnetic crystalline materials compared to

conventional computational methods.

Technical / Clinical Details

SG-CDVAE functions by combining principles of diffusion models and variational
autoencoders, types of generative Al, with the physical constraints of crystal symmetry.
Specifically, it directly utilizes the inherent crystallographic space group information of
materials as an input to the model, enabling the efficient generation of only physically
plausible and stable crystal structures. This model possesses the capability to inversely
design materials with specific magnetic properties required for spintronics (e.g., high
Néel temperature or specific magnetic anisotropy). In this study, it discovered four novel
antiferromagnet candidates whose stability was subsequently verified by Density
Functional Theory (DFT) calculations. This approach substantially reduces the search
space and computational cost, allowing for efficient identification of materials with

targeted properties.



Background & Context

Spintronics, a next-generation electronics technology utilizing not only the charge but
also the spin of electrons, is expected to bring about applications in faster, lower-power,
and higher-density data storage devices, as well as quantum computing technologies.
Antiferromagnets, due to their inherent magnetic order and insensitivity to external
magnetic fields, are garnering attention as key components for spintronics devices.
However, the discovery of promising antiferromagnets has been a significant challenge
due to their complex magnetic structures and synthesis difficulties. Traditional materials
discovery relies on extensive computations and experiments for vast numbers of
candidate materials, consuming considerable time and resources. Al models like SG-
CDVAE address this bottleneck, enabling more efficient and target-oriented materials

design, thereby accelerating innovation in the spintronics field.

Strategic Significance & Outlook

Symmetry-guided generative Al models like SG-CDVAE hold the potential to
revolutionize the discovery of magnetic materials. Moving forward, this framework is
expected to be applied not only to antiferromagnets but also to the exploration of
various functional crystalline materials, including ferromagnets, topological materials,
and superconductors. By considering more complex property constraints, synthetic
pathways, and integrating feedback loops with experimental results, Al will move closer
to realizing 'materials factories' capable of autonomously discovering and optimizing
new materials. This is anticipated to significantly accelerate the development of next-

generation electronic devices, sensors, and energy storage technologies.

Source: https://www.azom.com/news.aspx?news|D=65528
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Leo Al Demonstrates Al Revolutionizing Mechanical
Design Material Selection for Efficient Identification of
Optimal High-Performance Materials

Published June 17, 2026 Leo Al International

| overview

Al technology is fundamentally transforming the material selection process in
mechanical design, dramatically streamlining the identification and optimization of
high-performance materials. Al utilizes multi-objective optimization algorithms to
propose optimal material candidates beyond conventional choices, based on multiple
performance indicators such as strength, weight, cost, and environmental impact. This
advancement enables engineers to quickly and accurately select materials that meet
complex design requirements, reducing product development time and cost. Al-
driven material selection facilitates the realization of more innovative and higher-

performing products.
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Key Findings

Al technology has been shown to revolutionize the material selection process in
mechanical design, enabling engineers to efficiently identify optimal materials through
multi-objective optimization, considering multiple performance indicators such as
strength, weight, cost, and environmental impact. This marks a departure from traditional
experience- and convention-based material selection, ushering in a more data-driven

and rigorous approach.

Technical / Clinical Details

Al functions by combining machine learning algorithms with extensive materials
databases. It first interprets specific requirements input by the designer (e.g., required
strength, allowable weight, operating temperature range, budget constraints). It then
extracts relevant data from materials databases and uses simulation and predictive
models to evaluate how well each candidate material meets the design requirements. Al
excels particularly in multi-objective optimization, simultaneously considering multiple,
often conflicting, goals (e.g., weight reduction and cost savings) to find the optimal
balance. For example, it can rapidly screen for optimal materials tailored to specific
applications, such as lightweight and high-strength composite materials for aerospace,
or biocompatible and durable materials for medical devices, thereby assisting in final

material selection decisions.

Background & Context

Material selection in mechanical design is a critical process that determines a product's
performance, safety, cost, manufacturability, and market competitiveness. However, the
vast number of available materials and their complex interrelationships have long
presented a significant challenge in making optimal choices. Traditional material
selection processes often rely on engineers' experience, handbook references, and
limited simulations, which are time-consuming, costly, and restricted to known materials.
The introduction of Al automates this process, proposing new material combinations and
unconventional optimal materials that humans might overlook, thereby dramatically

enhancing design freedom and efficiency.



Strategic Significance & Outlook

The adoption of Al-driven material selection is set to significantly reshape the future of
mechanical design. Moving forward, Al is expected to move beyond merely suggesting
materials to becoming a core component of generative design workflows that integrate
overall design with material selection. This will shorten product design cycles and
accelerate time-to-market. Furthermore, as sustainability demands grow, Al will
contribute to selecting recyclable and low-environmental-impact materials, and
optimizing materials throughout their entire lifecycle. Al is poised to become an
indispensable technology for developing next-generation products that are high-

performing, durable, cost-effective, and environmentally conscious.

Source: https://www.getleo.ai/blog/ai-materials-selection-mechanical-engineering
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Data-Driven Inverse Design Framework Achieves Robot
Hand with Human-Comparable Dynamic Performance

Published June 18, 2026 MDPI International

| overview

A data-driven inverse design framework has enabled the development of a dexterous
robot hand optimized for high-frequency dynamic performance, achieving human-
comparable capabilities. Verified through complex tasks like rhythm games and Tetris,
this robot hand demonstrated sustained, high-precision dynamic manipulation. This
breakthrough revolutionizes the design of humanoid robots and precision
manipulators, fostering advanced automation and human-robot collaboration across

manufacturing, healthcare, and service robotics.
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Key Findings

A data-driven inverse design framework has successfully enabled the development of a
robotic hand optimized for high-frequency dynamic performance, exhibiting dexterity
comparable to that of humans. This innovative hand demonstrated sustained and high-
precision manipulation capabilities in structured dynamic tasks such as rhythm games

and Tetris.

Technical / Clinical Details

The data-driven inverse design framework developed in this study first establishes
desired dynamic performance characteristics (e.g., response speed at specific
frequencies, precision, haptic feedback) as target values. It then explores a database
encompassing a wide range of material properties, actuator options, and mechanical
design parameters. Machine learning models learn the relationships between these
parameters and actual performance data, subsequently inversely calculating the optimal
design parameters to achieve the target performance. This optimization process
significantly shortens traditional trial-and-error design cycles and enhances
computational efficiency. The robot hand's performance was validated through tasks
requiring fast and precise movements, such as rhythm games and Tetris, confirming its
consistent superior performance in dynamic manipulation scenarios. For instance, it can
now recognize, rotate, and place Tetris blocks in real-time with speed and accuracy

comparable to or exceeding human capabilities.

Background & Context

In modern robotics, manipulators and robot hands are central components for
performing diverse tasks. While industrial robots possess high precision and speed, their
flexibility is often limited, making it difficult to replicate the complex and delicate
dexterity of humans. In the fields of humanoid and service robotics, there is a strong
demand for hands with more human-like dynamic performance to interact with complex
human environments. Conventional design methods often required manual selection of
optimal configurations from a vast number of design parameters and material
combinations, leading to substantial time and cost. This data-driven inverse design
framework overcomes this bottleneck, opening the way for high-performance robotic

hands through a more efficient and scientific approach.



Strategic Significance & Outlook

This data-driven inverse design framework holds the potential for applications beyond
robot hand design, extending to the optimization of various robotic components and
functional materials. In the future, this technology is expected to enhance robot
capabilities across manufacturing automation, medical fields (e.g., surgical assistance
robots), disaster relief, and service robotics. It is particularly anticipated to form the basis
for achieving more natural, safe, and efficient human-robot interaction in collaborative
environments. This will allow robots to transcend their role as mere tools, becoming
more sophisticated partners, and contributing to the overall productivity and quality of

life in society.

Source: https://www.mdpi.com/2313-7673/11/6/434
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ChemCopilot's Generative Al Instantly Generates Novel
Molecules from Natural Language Prompts,
Automating Molecular Design

Published June 17,2026  ChemCopilot International
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| overview

ChemCopilot unveiled its Generative Al for Molecular Design, enabling scientists to
design novel molecules on demand using natural language prompts and instantly
generate SMILES strings. This technology aims to efficiently bridge the gap between
molecular design and actual formulation performance through an automated closed-
loop process. This is expected to significantly shorten R&D cycles and accelerate
innovation in drug discovery, materials science, and the chemical industry,
dramatically reducing time and resources compared to traditional manual molecular

design.
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Key Findings

ChemCopilot has announced a groundbreaking technology: its Generative Al for
Molecular Design enables scientists to design novel molecules on demand using natural
language prompts, instantly generating SMILES strings. This innovation significantly

streamlines the molecular design process, making it more intuitive and efficient.

Technical / Clinical Details

This generative Al system is trained on extensive chemical databases and machine
learning models. When a user inputs a natural language description, such as 'l want to
design a low-toxicity molecule with anti-inflammatory properties,' the Al interprets the
request and generates a corresponding SMILES string (a standard notation for
representing molecular structures in a single line). These SMILES strings are then directly
usable in subsequent simulation, synthesis planning, and characterization processes.
ChemCopilot's Al not only generates molecules but also integrates predictive models to
evaluate the likelihood that the generated molecules possess the targeted properties
(e.g., solubility, pharmacological activity, synthesizability). Furthermore, the system
emphasizes 'closed-loop' automation from molecular design to actual experimental
results, aiming to bridge the design-to-performance gap by allowing the Al to learn from

experimental data and continuously refine the design process.

Background & Context

Traditional molecular design has been a time-consuming and costly process, heavily
reliant on chemists' expertise, trial-and-error experimentation, and computational
chemistry methods. Discovering novel molecules with specific properties from a vast
chemical space is a particularly challenging task. Many industrial sectors, including drug
discovery, new material development, and agrochemicals, have long sought to
streamline molecular design. The advent of generative Al is gaining attention as a
powerful means to overcome this bottleneck, potentially combining human expertise
with Al's exploratory capabilities to dramatically shorten development cycles and

accelerate time-to-market.



Strategic Significance & Outlook

ChemCopilot's generative Al has the potential to redefine the future of molecular design.
Moving forward, this technology is expected to evolve to handle more complex multi-
objective optimization problems and more rigorously integrate physicochemical and
synthetic feasibility constraints. Furthermore, if integration with experimental robotics
platforms advances, there is a possibility of achieving fully automated discovery cycles
where Al autonomously designs, synthesizes, and evaluates molecules. This could lead to
a significant boost in R&D productivity, accelerating the creation of new drugs, advanced
materials, and sustainable chemical processes, thereby having a major economic and

technological impact on society.

Source: https://www.chemcopilot.com/blog/generative-ai-for-molecule-design-from-prompt-to-smiles
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U.S. Educational Organizations Release 10 Best
Practices for Generative Al Faculty Development

Published June 12, 2026  Every Learner Everywhere and Online Learning Consortium  USA

| overview

Every Learner Everywhere and the Online Learning Consortium have jointly released
10 best practices for faculty development to effectively integrate generative Al into
higher education. This guide provides specific guidelines focusing on pedagogical
rationale, ethical responsibility, and sustainability in Al utilization. This initiative aims
to help educators confidently leverage Al tools to enhance student learning
experiences and promote broader academic integration and responsible use of

generative Al. It is expected to accelerate Al adoption in higher education institutions.
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Key Findings

Every Learner Everywhere and the Online Learning Consortium have jointly published '10
Best Practices for Generative Al Faculty Development.' This guide provides a practical
framework to foster the ethical and effective integration of Al in education, aiming to

empower faculty to confidently utilize Al tools and maximize student learning outcomes.

Technical / Clinical Details

The guide details specific approaches for educators to incorporate generative Al into
their curriculum. Best practices include understanding the capabilities and limitations of
Al tools, developing Al usage scenarios aligned with educational goals, teaching students
Al ethics and responsible use, and establishing continuous feedback loops for evaluating
and improving Al tools. It also presents concrete strategies for educators to leverage Al
in course material creation, personalized learning support, and streamlining assessment
processes. These practices emphasize not merely teaching how to operate Al tools, but
fostering a deep, pedagogically-grounded understanding that maximizes Al's potential

to enhance educational quality.

Background & Context

The rapid advancement of generative Al technology is profoundly impacting various
sectors, including higher education. Universities and colleges face both the opportunities
and challenges presented by Al, necessitating clear guidance on how faculty can utilize
this new technology and prepare students for a future Al-driven society. Previous
initiatives in Al education have often leaned towards technical aspects, but this guide
provides pedagogical, ethical, and sustainable perspectives for educators to integrate Al
responsibly and effectively. The objective is to mitigate anxiety and resistance towards Al

adoption in educational settings, fostering more constructive dialogue and practice.



Strategic Significance & Outlook

The adoption of these best practices represents a crucial step in accelerating the
responsible integration of generative Al within higher education institutions. Moving
forward, it is expected that these practices will be widely adopted, creating learning
environments where educators can fully harness Al's potential and students can acquire
the necessary skills for the Al era. Furthermore, these guidelines can serve as a
foundation for faculty development regarding Al utilization in specialized fields like
materials science, contributing to the standardization and quality improvement of Al
education in specific technical domains. Ultimately, Al-powered education is expected to
deliver more personalized, efficient, and ethical learning experiences, fostering the next

generation of researchers and innovators.

Source: https://www.everylearnereverywhere.org/es/blog/10-best-practices-for-generative-ai-faculty-

development-insights-from-the-field/
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LLM-Based Autonomous Agent PhyNex Achieves
Automated Discovery in Computational Physics,
Including Semiconductor Dielectric Spectra Prediction

Published June 12, 2026 arXiv International

| overview

An autonomous agent, PhyNex, has been developed to accelerate scientific discovery
in computational physics. By combining LLM-guided search with domain-specific
computational tools, PhyNex systematically explores solution spaces for complex
tasks like semiconductor dielectric spectra prediction and quantum battery charging
protocol optimization. This technology demonstrates LLMs' capability for human-like
reasoning and planning at each stage of scientific research, solving expert-level
challenges and enabling researchers to achieve results faster. This presents a new

paradigm for Al-driven scientific discovery.
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Key Findings

An autonomous agent named 'PhyNex' has been developed to accelerate scientific
discovery in computational physics. PhyNex leverages Large Language Models (LLMs) for
guided search, combined with domain-specific computational tools such as Density
Functional Theory (DFT) calculations, to systematically and efficiently explore solution
spaces for complex tasks like semiconductor dielectric spectra prediction and quantum

battery charging protocol optimization.

Technical / Clinical Details

The PhyNex agent places an LLM at the core of its decision-making, autonomously
performing problem decomposition, strategizing solutions, selecting appropriate
computational tools, interpreting results, and planning next steps for a given scientific
challenge. For instance, in semiconductor dielectric spectra prediction, the LLM identifies
necessary physical models and computational parameters from initial material
composition and structural information, then generates scripts to execute DFT
calculations. The computational results are fed back to the LLM, which adjusts
subsequent calculation conditions or attempts different approaches based on its
interpretation. This iterative, closed-loop learning allows PhyNex to execute human-like
trial-and-error processes at high speed and autonomously, enabling the discovery of
optimal solutions and novel findings that were previously difficult to attain with
traditional computational methods. For quantum battery charging protocol optimization,
the LLM predicts quantum state evolution and proposes pulse sequences to achieve

optimal charging efficiency.



Background & Context

Computational physics plays a crucial role in providing fundamental insights across many
scientific disciplines, including materials science, quantum chemistry, and energy
technology. However, simulating complex physical systems requires extensive expertise,
vast computational resources, and prolonged trial-and-error. Particularly, the process of
discovering new materials or physical phenomena has been heavily dependent on
human exploration. The advent of LLMs, with their ability to understand natural language
instructions and integrate complex knowledge, holds the potential to change this
landscape. LLM-based agents like PhyNex serve as powerful tools to overcome
bottlenecks in computational physics research, dramatically improving the speed and

efficiency of discovery.

Strategic Significance & Outlook

The development of PhyNex heralds an era where Al begins to function not merely as a
computational tool but as an autonomous scientist. In the future, such LLM-based
agents are expected to automate and accelerate discovery processes not only in
computational physics but also in broader natural science fields like chemistry, biology,
and materials science. Applications range from designing new drug candidates to
optimizing catalysts and predicting complex polymer behaviors. This will free researchers
from routine tasks, allowing them to concentrate on more conceptual problem-solving
and creative thinking, thereby contributing to the further expansion of scientific frontiers.
The collaboration between Al and science holds the potential to drive innovation at an

unprecedented pace.

Source: https://arxiv.org/html/2606.14266v1
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QNM-Net: Swedish Breakthrough Fuses Al and Physics
to Supercharge Photonic Inverse Design

Published Published June 15, 2026  Laser Photonics Rev. X T —7T >

| overview

Swedish researchers have introduced QNM-Net, a novel method that fuses machine
learning with fundamental physics to drastically accelerate the inverse design of
photonic components. This hybrid approach demonstrates high spectral accuracy
with significantly less training data than conventional Al, successfully applying to
complex optical structures such as photonic crystal slabs and metasurfaces. QNM-Net
promises to expedite the creation of innovative optical devices crucial for quantum

computing, advanced sensing, and communication technologies.
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Background

Photonics technology is foundational across diverse fields, including optical
communication, advanced sensors, quantum computing, and medical imaging. Yet,
designing high-performance optical components, particularly nanoscale metamaterials
and photonic crystals with their complex electromagnetic interactions, remains a
challenging and time-intensive endeavor. Traditional design methodologies involved
manual exploration of vast parameter spaces or relied on computationally expensive
optimization algorithms, proving largely inefficient. The advent of Al is poised to
surmount this design bottleneck, facilitating faster and more effective development of
innovative optical devices. Physics-informed Al, such as QNM-Net, offers practical
solutions to real-world design challenges by combining accuracy with reduced data

demands.

Key Findings

Swedish researchers have introduced 'QNM-Net," a novel method that significantly
accelerates the inverse design of photonic components by integrating machine learning
with physics-based calculations. This hybrid approach achieves superior spectral accuracy
using substantially less data than traditional neural networks, streamlining the design of

complex optical structures like photonic crystal slabs and metasurfaces.

Technical Details

QNM-Net, or Quasi-Normal Mode Network, boosts efficiency by directly embedding
fundamental physical laws derived from Quasi-Normal Mode (QNM) theory into its
neural network architecture. This allows the Al model to inherently learn physical
constraints, drastically reducing the data volume required for training. Unlike
conventional data-driven Al models that demand extensive simulation and experimental
datasets, QNM-Net's physics-informed approach enhances data efficiency and shortens
training durations. The method proves particularly effective in designing metasurfaces
for specific wavelength transmission or reflection, and in optimizing photonic crystal
slabs for precise light signal control. In inverse design applications, QNM-Net directly
outputs the optimal material structure corresponding to a desired optical response, such

as specific transmission or reflection spectra.



Strategic Significance & Outlook

The development of QNM-Net unequivocally showcases the transformative potential of
fusing physics and Al to unlock new frontiers in science and technology. Looking ahead,
this methodology is anticipated to extend beyond photonics to other design problems
governed by fundamental physical laws, encompassing materials science, acoustics, and
electromagnetism. Future developments include the automation of design for
increasingly complex optical systems, such as integrated photonic circuits and adaptive
optical systems, potentially even incorporating synthesis processes. This will profoundly
accelerate the development of quantum computing hardware, ultra-high-speed
communication devices, and next-generation imaging technologies, yielding significant
impacts across a spectrum of fields, from fundamental scientific research to diverse

industrial applications.

Source: https://www.optica-

opn.org/home/newsroom/2026/june/a_little_physics_improves_ai_optical_design/
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InvDesMobility Framework Accelerates Materials
Discovery with Reliability-Gated First-Principles
Feedback Based on Carrier Mobility

Published June 16, 2026 arXiv International
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| overview

InvDesMobility is a closed-loop inverse materials design framework utilizing
reliability-gated first-principles feedback for carrier mobility. This framework
integrates automated DFT, generative structural proposals, and acquisition ranking,
providing an auditable and effective approach for learning from expensive
computational properties in materials exploration. This will significantly accelerate the
development of new materials in fields where high mobility is crucial, such as
electronic devices, energy conversion, and catalysis, enabling more scientific and

efficient materials discovery compared to traditional trial-and-error methods.
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Key Findings

A new closed-loop inverse materials design framework, 'InvDesMobility," has been
introduced. This framework centers on reliability-gated first-principles feedback
concerning carrier mobility, integrating automated Density Functional Theory (DFT)
calculations, generative structural proposals, and acquisition ranking to efficiently and
audibly learn from expensive computational properties, thereby accelerating materials

discovery.

Technical / Clinical Details

The InvDesMobility framework comprises several key components. First, a generative Al
model proposes novel material structures likely to satisfy a specific objective function
(e.g., high carrier mobility). Next, automated DFT calculations are performed on these
proposed structures to precisely evaluate their physical properties, such as carrier
mobility, at a first-principles level. Crucially, a 'reliability gate' is applied: if the
computational results do not meet a predefined reliability criterion, they are either
rejected as training data or flagged for further, more detailed calculations. This prevents
erroneous learning based on uncertain data. Finally, an acquisition ranking module
prioritizes the most promising material candidates and feeds them back into the next
design cycle. This closed-loop approach streamlines the entire materials discovery
process, offering a significant advantage, particularly for materials like semiconductors

and thermoelectric materials, where carrier mobility is a critical factor.

Background & Context

Modern technology drives increasing demand for new materials in high-performance
electronic devices, efficient energy conversion systems, and advanced catalysts. In many
of these applications, the mobility of charge carriers (electrons and holes) within the
material is a paramount performance indicator. However, the discovery of high-mobility
materials remains a significant challenge due to the vastness of the materials space, the
high cost of first-principles calculations, and synthetic difficulties. Traditional materials
exploration required substantial computational resources and time, often relying on trial-
and-error. InvDesMobility addresses this bottleneck by intelligently combining Al and

first-principles calculations, enabling faster and more systematic materials discovery.



Strategic Significance & Outlook

Frameworks like InvDesMobility hold the potential to transform the paradigm of
discovery in materials science. Moving forward, this approach is expected to be applied
not only to carrier mobility but also to the inverse design of other crucial material
properties, such as thermal conductivity, optical properties, and mechanical
characteristics. Furthermore, with advancements in integration with autonomous
synthesis robot systems in laboratories, there is a possibility of realizing a complete
closed-loop system where Al designs, synthesizes, and evaluates materials
autonomously. This will accelerate technological innovation across various fields,
including next-generation semiconductors, high-performance batteries, innovative
sensors, and efficient catalysts, significantly contributing to the realization of a
sustainable society. Streamlining materials research is key to determining the pace of

innovation.

Source: https://arxiv.org/abs/2606.16133
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Argonne National Laboratory to Present Al and HPC
Integration Research for Accelerated Materials and
Molecular Discovery at ISC High Performance 2026

Published June 11, 2026  Argonne National Laboratory ~ USA

| overview

Argonne National Laboratory announced research at ISC High Performance 2026 on
integrating Artificial Intelligence (Al), High-Performance Computing (HPC), and
quantum computing to accelerate materials and molecular discovery. This includes
discussions on agent-Al workflows for materials/molecular discovery and integrating
HPC and Al with quantum chemistry. This initiative aims to overcome the limitations
of traditional computational methods, significantly reducing development time and
costs for new materials and drugs. It is a critical step towards driving next-generation

scientific breakthroughs.



| N DEPTH

Key Findings

Argonne National Laboratory in the United States announced its latest research at ISC
High Performance 2026, showcasing strategic integration of Artificial Intelligence (Al),
High-Performance Computing (HPC), and quantum computing to dramatically accelerate
materials and molecular discovery. The presentation specifically highlighted the
efficiency of agent-Al workflows and the potential for new scientific discoveries through

the collaboration of quantum chemistry calculations with HPC and Al.

Technical / Clinical Details

Argonne researchers have developed agent-Al workflows, systems where Al agents
autonomously form scientific hypotheses, execute simulations, analyze data, and plan
the next experimental or computational steps. This workflow enables efficient
exploration of complex material design spaces and molecular structural spaces.
Furthermore, their research focuses on integrating the immense computational power of
HPC and the pattern recognition and predictive capabilities of Al with quantum
chemistry calculations. For example, quantum chemistry data generated by first-
principles calculations trains Al models, leading to faster and more accurate molecular
dynamics simulations and material property predictions. This has the potential to shorten
traditional material development cycles from years to months, with applications in

screening new drug candidates and optimizing functional materials.

Background & Context

In materials science and molecular chemistry, the discovery of new compounds and
materials is a driving force for innovation across numerous industries, including
pharmaceuticals, energy, electronics, and environmental technologies. However, these
discovery processes rely on extensive experimental trial-and-error and computationally
intensive simulations, making them very time-consuming and costly. While HPC enables
large-scale simulations, exploring the design space remains a bottleneck. Al, by learning
patterns from data and making predictions, streamlines this exploration process.
Argonne National Laboratory's initiative aims to push the boundaries of scientific
discovery by combining the strengths of these three technologies (Al, HPC, and
quantum), building a next-generation research infrastructure with an eye toward

advancements in quantum computing.



Strategic Significance & Outlook

Argonne National Laboratory's integration of Al, HPC, and quantum technologies is
paramount in shaping the future of materials and molecular science. This approach will
not only dramatically increase the rate of discovery for new materials and molecules but
will also fundamentally change the efficiency of their design and optimization processes.
In the future, this integrated platform may evolve into self-learning autonomous
discovery systems, potentially realizing ‘materials factories' that autonomously devise,
execute, and learn from experiments based on human-defined objectives. This is
expected to lead to the rapid emergence of innovative solutions for society's most
pressing challenges, such as new catalysts for climate change mitigation, treatments for

intractable diseases, and high-performance batteries, at a pace previously unimaginable.

Source: https://www.anl.gov/cels/article/argonne-at-isc-2026
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Toward a World Model for Corrosion Science:
DeepMind's GNoME and MatterGen Drive Generative
Al Material Models

Published June 15, 2026 ResearchGate International

| overview

Research to build a ‘world model' in corrosion science is intensifying, emphasizing the
need for generative material models conditioned on corrosion-specific properties.
Existing generative Al models like DeepMind's GNoME and MatterGen have already
demonstrated the ability to generate stable inorganic materials and fine-tune them to
various property constraints. This approach opens new avenues for predicting
material corrosion behavior and designing corrosion-resistant materials, with
significant potential to enhance industrial infrastructure safety and longevity.
Expectations are high for Al's contribution to solving complex materials science

challenges.



| N DEPTH

Key Findings

Research aimed at building a 'world model' in the field of corrosion science is gaining
momentum, strongly advocating for the necessity of generative material models that
account for corrosion-specific properties and mechanisms. Existing generative Al models
developed by DeepMind, such as GNoME (Graph Networks for Materials Exploration)
and MatterGen, have already demonstrated their capability in generating stable
inorganic materials. There is significant potential for these models to revolutionize the
design of corrosion-resistant materials by being fine-tuned with corrosion-related

constraints.

Technical / Clinical Details

A 'world model for corrosion science' refers to an Al-based integrated framework
capable of comprehensively understanding, predicting, and designing optimal corrosion-
resistant materials across various environmental conditions. Generative Al models like
GNoME and MatterGen learn crystal structure patterns and stability from vast materials
databases, enabling them to generate novel, previously unknown stable materials. When
applying these models to corrosion science, corrosion-specific information—such as
environmental parameters (e.g., pH, temperature, salt concentration, redox potential),
material microstructure, and composition—is added as conditions to the model. This
allows Al to design materials likely to exhibit superior corrosion resistance under specific
conditions. For example, it becomes possible to predict the corrosion behavior of metals
in marine or high-temperature/high-pressure environments and generate candidate

alloy compositions or coating materials capable of withstanding those conditions.



Background & Context

Corrosion inflicts severe economic losses and safety risks across all sectors, including
industrial infrastructure, transportation systems, energy facilities, and medical devices.
Estimated annual losses to the global economy run into trillions of dollars, making
countermeasures an urgent priority. Traditional development of corrosion-resistant
materials has largely relied on trial-and-error experimentation and empirical rules,
proving to be time-consuming and inefficient. While theoretical methods like first-
principles calculations are employed, fully modeling the complex multi-scale phenomena
of corrosion remains challenging. Applying generative Al to corrosion science is
expected to overcome this traditional bottleneck, offering a new paradigm for designing

corrosion-resistant materials more rapidly and effectively.

Strategic Significance & Outlook

The realization of a generative Al 'world model' in corrosion science will revolutionize
material design and lifetime prediction. Moving forward, models like GNoME and
MatterGen are expected to enhance their ability to model more complex corrosion
mechanisms (e.g., stress corrosion cracking, pitting corrosion, corrosion fatigue) and
multi-component interactions. Furthermore, advanced integration with experimental
robotics systems capable of autonomously synthesizing and evaluating Al-predicted
materials could lead to fully automated systems, akin to ‘corrosion-resistant material
factories.' This will contribute to longer infrastructure lifespans, reduced maintenance
costs, efficient resource utilization, and lower environmental impact, becoming an
indispensable technology for achieving a sustainable society. The efficiency of materials

research is a key determinant of the pace of innovation.

Source: #
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Scientific Generative Language Model LOGOS
Integrates Disparate Natural Science Tasks into a
Unified Framework, Achieving High Accuracy

Published June 16, 2026 arXiv International

| overview

The scientific generative language model, LOGOS, has been introduced, integrating
disparate tasks across natural sciences into a single autoregressive framework. LOGOS
encodes diverse scientific objects and their 3D interactions as token sequences based
on a common scientific grammar, achieving performance comparable to or exceeding
domain-specific baselines. This groundbreaking approach fosters knowledge
integration across different scientific disciplines like chemistry, physics, and materials
science, bridging previously fragmented research areas. This is expected to

significantly accelerate the process of scientific discovery.



| N DEPTH

Key Findings

A highly versatile scientific generative language model, 'LOGOS," has been developed,
integrating disparate tasks across the entire spectrum of natural sciences into a single
autoregressive framework. LOGOS has demonstrated its ability to encode diverse
scientific objects (atoms, molecules, crystals, reactions, etc.) and their three-dimensional
interactions as token sequences based on a common scientific grammar, achieving high
performance comparable to or exceeding that of respective domain-specific baseline

models.

Technical / Clinical Details

At the core of the LOGOS model is its capability to represent all types of information in
natural science as token sequences based on a standardized 'scientific grammar.' This
enables a single model to process heterogeneous data, including molecular structures,
reaction pathways, crystal lattices, and physical simulation results. For example, 3D
structural data such as atomic coordinates, element types, and bond information are
converted into text-based token sequences through architectures like Graph Neural
Networks (GNNs) or transformers. The model learns these token sequences
autoregressively to perform a wide range of tasks, including generating new scientific
objects, predicting materials with specific properties, and interpreting experimental
results. This versatility eliminates the need to develop multiple Al models specialized for
individual domains, significantly lowering the barriers to Al adoption in scientific

research.



Background & Context

Modern scientific research is deeply specialized across distinct fields such as physics,
chemistry, materials science, and biology, with each developing its own data formats,
models, and terminology. This fragmentation between specialties has been a major
challenge hindering knowledge integration and cross-disciplinary innovation. Meanwhile,
Large Language Models (LLMs) have demonstrated human-like language understanding
and generation capabilities based on text data, accelerating efforts to apply these
insights to scientific domains. LOGOS is at the forefront of this movement, providing a
common 'language’ for scientific data, thereby offering a powerful platform for
researchers from different scientific fields to collaborate using Al and solve more

complex scientific challenges.

Strategic Significance & Outlook

General-purpose scientific generative language models like LOGOS hold the potential to
profoundly transform the future of scientific discovery. Moving forward, LOGOS is
expected to be trained on even larger scientific datasets, further enhancing its
understanding and generative capabilities. This could lead to a wide array of
applications, including the design of new catalysts, prediction of unknown physical
phenomena, exploration of synthesis pathways for difficult-to-make molecules, and even
automated scientific paper generation and research planning. Ultimately, LOGOS is
anticipated to become a central hub for scientific knowledge integration, ushering in a
new era of 'Al-driven science' where humans and Al collaborate to explore uncharted
scientific frontiers. This will be an indispensable technology for accelerating solutions to
the most critical societal challenges, such as drug development, energy, and

environmental issues.

Source: https://arxiv.org/html/2606.16905v1
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ACS Paper Introduces Chemistry-Informed ML
Framework for High-Accuracy Prediction of
Osmabenzene Complex Structural Properties

Published June 11, 2026  ACS Publications International

| overview

Research published in ACS Publications developed a chemistry-informed machine
learning (ML) framework for predicting the structural non-planarity of osmabenzene
complexes with high accuracy. Utilizing descriptors based on orbital energies, this
framework establishes a robust foundation for the rational design of transition-metal-
based aromatic compounds with tunable structural properties. This breakthrough
accelerates the design and optimization of new functional materials, particularly
organometallic complexes, with anticipated applications across pharmaceuticals,

catalysis, and electronic materials.
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Key Findings

In a new study published in ACS Publications, a chemistry-informed machine learning
(ML) framework has been developed to predict the structural non-planarity of
osmabenzene complexes with high accuracy. This framework leverages unique
descriptors derived from orbital energies, establishing a robust foundation for the
rational design of transition-metal-based aromatic compounds with tunable structural

properties.

Technical / Clinical Details

The developed ML framework employs quantum chemical information, such as orbital
energies (e.g., Highest Occupied Molecular Orbital HOMO, Lowest Unoccupied
Molecular Orbital LUMO) obtained from Density Functional Theory (DFT) calculations, as
feature descriptors. This approach enables the model to learn information directly
reflecting the electronic state of the molecule, allowing for high-accuracy prediction of
the structural property of 'non-planarity’ for osmabenzene complexes, specifically the
relative planarity of the central osmium atom and its coordinated benzene ring. Non-
planarity significantly influences the optical and electronic properties of these complexes,
making its accurate prediction crucial for functional materials design. This study
demonstrated that incorporating electronic structure descriptors based on chemical
insights, in addition to conventional purely geometric descriptors, improves the
predictive model's generalization capability and interpretability. This provides an efficient
route for 'inverse design' of osmabenzene complexes with specific non-planar

characteristics.



Background & Context

Organometallic complexes, particularly transition-metal-based aromatic compounds,
have attracted significant attention in fields such as catalysis, pharmaceuticals, organic
light-emitting diodes (OLEDs), and solar cells due to their diverse structures and tunable
properties. Osmabenzene complexes, featuring an osmium atom coordinated to a
benzene ring, are known for their unique electronic properties and chemical stability.
However, the synthesis and characterization of these complexes are intricate, and
efficiently designing molecules with desired functionalities has been a long-standing
challenge. Traditional design processes, relying on chemical intuition and trial-and-error,
are time-consuming and inefficient. The approach of combining machine learning with
chemical information overcomes this bottleneck, enabling more systematic and rational
molecular design and accelerating the development of high-performance organometallic

materials.

Strategic Significance & Outlook

This chemistry-informed ML framework holds broad potential for application beyond
osmabenzene complexes, extending to the design of other transition-metal organic
complexes and functional molecules in general. Future work is expected to expand its
capabilities to predict more complex molecular systems and dynamic structural changes
(e.g., reaction pathways), potentially becoming a core component of autonomous
molecular discovery platforms integrated with experimental robotics. This will accelerate
the rapid identification of lead compounds in drug discovery, the design of highly
efficient catalysts, and the development of next-generation electronic and optoelectronic
materials. The fusion of Al and quantum chemistry is predicted to fundamentally change
the pace of innovation in molecular and materials science, significantly contributing to

the solution of critical technological challenges facing society.

Source: https://pubs.acs.org/doi/10.1021/acs.jpclett.6c00890
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Tech Science Press Journal Features Paradigm Evolution

in Materials Science Driven by Al, ML, and Generative
Models

Published June 15, 2026  Tech Science Press International

| overview

The latest issue of Tech Science Press's journal 'CMC' (Vol. 88, No. 2, 2026) highlights
how Al, machine learning (ML), and generative models are evolving the scientific
paradigm of materials science. This issue includes a survey on federated LLM
ecosystems and articles outlining ML frameworks for materials data collection,
preprocessing, and model development. This feature emphasizes the indispensable
role of Al integration in accelerating the discovery, design, and optimization of new
materials, offering researchers and engineers the latest insights and practical

approaches. It will serve as a crucial guide for the future direction of materials

research.



| N DEPTH

Key Findings

The 2026, Vol. 88, No. 2 issue of Tech Science Press's journal 'CMC' is a special feature
focusing on how Artificial Intelligence (Al), Machine Learning (ML), and generative
models are fundamentally transforming the scientific paradigm of materials science. This
issue delves into the evolution of ML frameworks from materials data processing to
model development, and specifically discusses the impact of federated Large Language

Model (LLM) ecosystems on materials discovery.

Technical / Clinical Details

Articles within this special issue outline the entire machine learning lifecycle in materials
science. This includes the collection of diverse experimental and computational data
(e.g., first-principles calculations, molecular dynamics simulations), data preprocessing
and standardization, feature engineering, and the construction and evaluation of various
ML models (e.g., regression, classification, deep learning models). Particular attention is
given to data-efficient learning methods to address data scarcity and noise, and the
capability of generative models (e.g., Generative Adversarial Networks (GANSs), Variational
Autoencoders (VAEs), diffusion models) to design novel material structures. Furthermore,
a survey on federated LLM ecosystems analyzes how LLMs can collaboratively learn from
distributed data sources, fostering knowledge sharing and model improvement within
specific subdomains of materials science. This offers opportunities to learn from larger

datasets while preserving privacy.

Background & Context

Materials science underpins all industries, from pharmaceuticals and energy to
electronics and construction. However, the discovery and development of new materials
have traditionally been time-consuming and costly processes, requiring extensive
experimental and computational trial-and-error. The introduction of Al, ML, and
generative models holds the potential to dramatically change this landscape. Through
data-driven approaches, researchers can gain a deeper understanding of the complex
relationships between material structure and properties, enabling faster and more
efficient design of materials with desired functionalities. This paradigm shift is highly
anticipated by both academia and industry to resolve bottlenecks in materials

development and significantly accelerate the pace of innovation.



Strategic Significance & Outlook

As highlighted in this special issue, the role of Al in materials science will only continue
to expand. In the future, Al, ML, and generative models are expected to form the core of
automated 'design-synthesis-characterization-application' closed-loop discovery cycles
for materials. Decentralized Al approaches, such as federated LLM ecosystems, will
facilitate knowledge sharing and collaborative research among different institutions and
companies, enabling collective learning from even larger datasets. This will lead to the
proliferation of Al-driven autonomous materials discovery platforms, predicting the
creation of groundbreaking new materials at unprecedented speeds for addressing
society's most pressing challenges, such as sustainable energy, environmental

technologies, and advanced medical materials.

Source: https://www.techscience.com/cmc/v88n2
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XRDiff: A New Diffusion Model for Crystal Structure
Prediction from Powder X-Ray Diffraction Data

Published June 12, 2026 arXiv  International

I OVERVIEW

A new diffusion model, XRDiff, has been developed to predict crystal structures
directly from powder X-ray diffraction (PXRD) data. XRDiff functions with partial
chemical composition input and learns the spectrum-to-structure mapping, achieving
accuracy sufficient to distinguish polymorphs. This technology bridges the gap
between experiment and simulation, offering a practical and scalable pathway for
crystal structure analysis. It holds significant potential to accelerate and improve the
accuracy of structural determination in new material development for

pharmaceuticals, catalysts, and battery materials.
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Key Findings

A novel method, 'XRDiff," employing diffusion models has been developed,
demonstrating the capability to predict crystal structures directly from powder X-ray
diffraction (PXRD) data. XRDiff learns the complex mapping between PXRD spectra and
the 3D atomic arrangements of materials, relying only on partial chemical composition
information, and performs with sufficient accuracy to distinguish even polymorphs. This
provides a practical and scalable approach that bridges the long-standing gap between

simulation and experiment in crystal structure analysis.

Technical / Clinical Details

XRDiff applies the principles of diffusion models, a type of generative Al. The model
starts from random noise and iteratively removes noise, guided by the conditional
information from the PXRD spectrum, to generate the final crystal structure (atomic
coordinates, lattice parameters, space group, etc.). The model learns how PXRD spectra
change across different crystal structures, effectively solving the inverse problem. For
example, PXRD patterns of pharmaceutical polymorphs, while often very similar, can be
accurately distinguished by XRDiff. This 'spectrum-to-structure' mapping capability
allows for more comprehensive structural searches and higher accuracy predictions while
reducing computational costs compared to traditional methods like direct methods or

Monte Carlo approaches.



Background & Context

Determining crystal structures provides fundamental and indispensable information
across a wide range of scientific and technological fields, including pharmaceuticals,
functional materials, catalysts, cement, and geology. Especially in the exploration of
novel materials and optimization of existing ones, an accurate crystal structure is key to
understanding and controlling material properties (e.g., hardness, solubility, electronic
properties). However, for microcrystalline materials where single crystals cannot be
obtained, or for complex multi-component systems, while powder X-ray diffraction is the
most common analytical technique, determining crystal structures directly from its data
(e.g., Rietveld analysis) is often challenging and time-consuming. Al-driven methods like
XRDiff have the potential to resolve this bottleneck, providing faster and more robust
structural determination processes, thereby significantly shortening material

development cycles.

Strategic Significance & Outlook

The development of XRDiff opens new frontiers for data-driven discovery in materials
science. Moving forward, this diffusion model-based approach is expected to be
extended to the structural analysis of more complex defect structures, amorphous
materials, and multi-component systems. Integration with other diffraction techniques,
such as neutron and electron diffraction data, is also anticipated. Ultimately, XRDiff is
projected to become a routine tool in materials research laboratories and be
incorporated into autonomous materials discovery platforms, accelerating innovation in
broad industrial applications such as pharmaceutical quality control, optimization of
high-performance battery materials, and novel catalyst design. This will further narrow
the gap between materials science experiments and theory, leading to a dramatic

increase in research efficiency.

Source: https://arxiv.org/abs/2606.14003
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PhononBench Unveils Large-Scale Benchmark for
Evaluating Dynamic Stability of Al-Generated Crystal
Structures

Published June 12, 2026 arXiv International

| overview

PhononBench, a large-scale phonon-based benchmark, has been released to evaluate
the dynamic stability of crystal structures generated by Al models. This benchmark
highlights the limitations of current crystal generation models, such as DeepMind's
MatterGen, in producing dynamically stable structures, providing crucial evaluation
criteria for the future development of physically viable materials. The introduction of
PhononBench enhances the reliability and practicality of Al in new materials
exploration, laying a foundation for accelerating Al applications in materials science.
This will promote the discovery of not just theoretical materials, but also those that

are actually synthesizable and stable.
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Key Findings

A large-scale phonon-based benchmark, ‘PhononBench," has been introduced for
systematically evaluating the dynamic stability of crystal structures generated by Al
models. This benchmark clearly demonstrates that state-of-the-art crystal generation
models, such as DeepMind's MatterGen, still face challenges in their ability to produce
physically stable structures, thereby providing critical evaluation criteria for the future

development of physically viable novel materials.

Technical / Clinical Details

PhononBench operates by calculating the phonon dispersion relations of crystals and
evaluating dynamic stability from the results. For a crystal to be dynamically stable, its
phonon dispersion curves must not contain imaginary frequencies (unstable vibrational
modes). The benchmark applies this analysis to thousands of crystal structures proposed
by multiple generative models, including MatterGen, to determine whether each
structure is stable or unstable. For instance, while MatterGen shows high capability in
generating novel crystal structures, evaluations by PhononBench revealed that many of
the generated structures are dynamically unstable (meaning they are unlikely to exist in
the real world). This result emphasizes that Al-driven material design must not only
generate structures but also rigorously consider their physical feasibility, particularly
thermodynamic and dynamic stability. PhononBench provides a standard tool for
quantitatively assessing this challenge, encouraging the development of more physics-

informed Al models.



Background & Context

Al, especially generative models, has garnered significant expectations in the discovery
and design of new materials. Models like DeepMind's GNoME and MatterGen are touted
for their ability to predict numerous previously unknown stable materials; however, the
‘stability’ these models generate often refers primarily to thermodynamic stability (an
energetically low state compared to other known compounds). Yet, for a material to
actually exist and function, not only thermodynamic stability but also dynamic stability
(resistance to collapse due to lattice vibrations) is essential. A lack of dynamic stability
means that even if a material is synthesized, its structure will quickly break down.
PhononBench addresses this critical aspect by filling the gap in evaluating the 'real-world

viability' of Al-generated materials.

Strategic Significance & Outlook

The introduction of PhononBench marks a crucial milestone in Al-driven materials
discovery research. Moving forward, crystal generation models will be required to utilize
benchmarks like PhononBench to develop architectures and training methods that can
guarantee higher dynamic stability. This will enhance the reliability of Al-proposed new
materials, increasing their likelihood of being synthesized and commercialized. In the
future, Al is expected to autonomously design materials that not only predict stable
structures but also possess specific functionalities (e.g., superconductivity, thermoelectric
performance) and are dynamically stable. This will dramatically improve the efficiency of
materials science research, accelerate the development of higher-performance and more
sustainable new materials, and have a significant impact across fields such as

pharmaceuticals, energy, and electronics.

Source: https://arxiv.org/html/2512.21227v3
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Brown and Michigan Universities Stabilize Previously
Hidden Intermediate Phase of Matter in Metals,
Offering New Quantum Computing Insights

Published June 11,2026  SciTechDaily ~ USA

| overview

Researchers at Brown University and the University of Michigan have successfully
stabilized a previously elusive intermediate phase of matter existing between two
common metallic crystal arrangements, after decades of predictions. This discovery,
published in Science, offers new insights into material structural changes and deepens
the understanding of optical properties relevant to quantum computing. Stabilizing
this intermediate phase not only enhances fundamental material behavior
understanding but also opens new possibilities for designing materials with novel

functionalities.
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Key Findings

A research team from Brown University and the University of Michigan has succeeded for
the first time in stabilizing a 'hidden intermediate phase' of matter in metallic materials,
which had been predicted for decades but never experimentally captured. This
groundbreaking discovery opens the door to a new, previously inaccessible structural
state existing between two major crystal structures of metals (body-centered cubic BCC
and face-centered cubic FCC), deepening fundamental understanding of material

structural changes.

Technical / Clinical Details

The research team stabilized this hidden intermediate phase by treating a niobium-
titanium alloy under specific experimental conditions. This intermediate phase is a
transient structure that typically forms during the atomic rearrangement between BCC
and FCC, but it is usually unstable and short-lived, making direct observation and
characterization difficult. They precisely identified the atomic arrangement and electronic
state of this intermediate phase by combining detailed X-ray diffraction, transmission
electron microscopy, and Density Functional Theory (DFT) calculations. The stabilized
intermediate phase was found to exhibit unique optical properties, offering new insights
particularly relevant to the behavior of superconductors and topological materials in
quantum computing. The stabilization of this structure now allows for detailed

investigation of its properties and exploration of potential applications.



Background & Context

In materials science, crystal structure phase transitions drastically alter material
properties (e.g., strength, conductivity, magnetism), making their control and
understanding critically important. Metals, in particular, are known to change crystal
structures under external heat or stress, which impacts their processability and the
performance of final products. Over the past few decades, theoretical physicists have
predicted that certain metallic alloys possess an unstable intermediate phase between
BCC and FCC, but experimental observations have been scarce. The discovery and
stabilization of this intermediate phase expands conventional understanding of material
phase transition dynamics and opens new frontiers in materials design. In the field of
quantum computing, the search for new superconducting materials and qubit materials
is active, and advancements in fundamental materials physics directly lead to

breakthroughs.

Strategic Significance & Outlook

The stabilization of this hidden intermediate phase will have wide-ranging implications
for materials science and quantum physics. Researchers will now further explore the
properties of this intermediate phase and investigate new applications in quantum
computing (e.g., high-T. superconductors and more stable qubits). This discovery also
inspires the development of new strategies for controlling material phase transitions,
expanding the range of engineerable functional materials. In the future, the development
of novel materials with unprecedented properties based on this intermediate phase is
anticipated, accelerating innovation across diverse industrial sectors such as energy,
electronics, and aerospace. This is poised to become a quintessential example of how
breakthroughs in fundamental science lead to exponential advancements in applied

technology.

Source: https://scitechdaily.com/hidden-phase-of-matter-finally-captured-after-decades-of-predictions/
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MDPI Review Proposes Integrated Framework for ML-
Driven Molecular Design and Structure-Property-
Performance Relationships in Pharmaceutical
Chemistry

Published June 19, 2026 MDPI International

| overview

A review published in MDPI deeply examines the role of machine learning (ML) in
pharmaceutical chemistry, proposing a framework that integrates molecular design,
synthetic feasibility, and structure-property-performance (SPP) relationships. This
review discusses cutting-edge advancements like molecular foundation models and
diffusion-based molecule generation, emphasizing ML's potential to fundamentally
transform the drug discovery process. Systematically understanding SPP relationships
is expected to streamline the design, optimization, and synthesis of new drug

candidates, significantly reducing development time and cost.
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Key Findings

A comprehensive review published in MDPI provides a detailed analysis of the role of
machine learning (ML) in pharmaceutical chemistry, proposing a new framework that

integrates molecular design, synthetic feasibility, and structure-property-performance
(SPP) relationships. This framework, leveraging state-of-the-art ML techniques such as
molecular foundation models and diffusion-based molecule generation, holds the

potential to streamline the entire drug discovery process.

Technical / Clinical Details

The proposed integrated SPP framework aims to systematically map the relationships
between a molecule's structure (S), its physicochemical properties (P, e.g., solubility,
metabolic stability), and its ultimate biological performance (P, e.g., efficacy, toxicity)
using ML models. The review specifically highlights the capability of generative Al, such
as diffusion models, to design novel molecules with desired pharmacological activities.
These models learn from vast chemical structure data and generate new molecular
structures based on properties specified by the user. Furthermore, ML models predicting
synthetic feasibility are integrated to evaluate whether designed molecules are actually
synthesizable, thereby reducing the risk of development failures. This closed-loop
approach minimizes trial-and-error in traditional molecular design, accelerating the
optimization of lead compounds and their progression to preclinical stages. For instance,
ML can efficiently propose molecules that exhibit high affinity for specific target proteins

while also possessing favorable oral absorption and safety profiles.



Background & Context

The drug discovery process is notoriously lengthy, averaging 10 to 15 years, and
incredibly costly, often running into billions of dollars. This is due to the complex process
of identifying promising drug candidates from a vast number of molecules and verifying
their safety and efficacy. Particularly, the early stages of molecular design and
optimization have been inefficient, heavily relying on chemical intuition and experience.
Advances in machine learning, especially deep learning, are gaining attention as
powerful tools to overcome this bottleneck. Molecular foundation models (e.g.,
Transformer-based models) and generative Al are transforming the drug discovery
paradigm by exploring molecular design spaces more efficiently and extracting new
insights from existing data. Integrating SPP relationships is essential for simultaneously

optimizing not just a single property but multiple critical aspects.

Strategic Significance & Outlook

ML-driven molecular design and the integration of SPP relationships hold the potential
to revolutionize the pharmaceutical industry. Moving forward, this framework is expected
to be applied to the design of therapeutics for more complex disease targets and
multifactorial diseases. Al will also evolve into a broader platform that not only designs
molecules but also assists with optimizing synthesis pathways, designing in vitro/in vivo
assays, and even analyzing clinical trial data. This will improve the success rate of new
drug development, bringing innovative therapies to patients more quickly. In the long
term, Al is predicted to become the core of an ‘automated discovery factory' for the
entire drug discovery process, contributing to more personalized medicine and the

creation of solutions for previously intractable diseases.

Source: https://www.mdpi.com/1420-3049/31/12/2162
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DP-EVA Framework Maximizes Pre-Trained Knowledge
of Large Atomistic Models to Develop Data-Efficient
MLIPs

Published June 11, 2026  Clean Energy | Oxford Academic International

| overview

A new data-efficient fine-tuning framework, DP-EVA, has been introduced, enabling
the development of domain-specific Machine Learning Interatomic Potentials (MLIPs)
by maximizing the utilization of pre-trained knowledge from large atomistic models.
DP-EVA significantly extends the temporal and spatial scales of atomic simulations
using MLIPs, improving accuracy in new material design and reaction mechanism
analysis while reducing computational costs. This technology will be a powerful tool
for accelerating R&D in diverse fields, including clean energy materials, catalysts, and

battery materials.
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Key Findings

A data-efficient fine-tuning framework, '‘DP-EVA," has been introduced for the
development of Machine Learning Interatomic Potentials (MLIPs), designed to maximize
the utilization of pre-trained knowledge from large atomistic models. DP-EVA enables
the rapid construction of high-performance MLIPs even from limited domain-specific
data, thereby significantly extending the temporal and spatial scales of atomic

simulations.

Technical / Clinical Details

DP-EVA (Data-Efficient Fine-Tuning framework via Maximizing Pre-trained Knowledge of
Large Atomistic Models) is based on the principles of transfer learning. First, a large
atomistic model (foundation model) is prepared, trained on vast datasets of atomic
configurations, energies, and forces (e.g., Materials Project, OpenKIM) to learn universal
physical laws and chemical bonding patterns. Next, a small amount of domain-specific
ab initio computational or experimental data is collected for a particular domain (e.g.,
specific alloy systems, interfacial phenomena, particular reactions). DP-EVA efficiently
‘fine-tunes' the foundation model using this small dataset to generate MLIPs capable of
reproducing domain-specific behavior with high accuracy. This process requires
significantly fewer computational resources and less time than training an MLIP from
scratch. For instance, it becomes possible to analyze complex phenomena at the atomic
level, such as the behavior of active sites in specific catalytic reactions or ion transport

mechanisms in battery materials, through large-scale and long-duration simulations.



Background & Context

Interatomic potentials are indispensable tools for describing atomic interactions in
molecular dynamics (MD) simulations. However, traditional empirical potentials have
limitations in accuracy, while first-principles calculations (DFT), though highly accurate,
are computationally expensive and unsuitable for large systems or long simulations.
Machine Learning Interatomic Potentials (MLIPs) are gaining attention for their ability to
combine the accuracy of DFT with the computational efficiency of empirical potentials.
Yet, training high-quality MLIPs still requires large DFT datasets, which has been a
bottleneck. Data-efficient fine-tuning methods like DP-EVA solve this challenge,
significantly enhancing the versatility and practicality of MLIPs. MLIPs are becoming an
indispensable tool, especially in the development of clean energy technologies (fuel cells,

batteries, solar cells) and high-performance materials.

Strategic Significance & Outlook

The advent of the DP-EVA framework will dramatically broaden the scope of MLIP
applications, ushering in a new era for atomic simulations. In the future, this method is
expected to be deployed across various application fields, including more complex
multi-component materials, materials under high-temperature and high-pressure
conditions, and even biological molecular systems. Data-efficient approaches will play a
central role in Al-driven materials discovery platforms, enabling researchers to design
and optimize innovative materials more rapidly. This is projected to accelerate
technological innovations aimed at solving society's most pressing challenges, such as
improving energy conversion efficiency, extending battery life, and developing new
catalysts. It will prove to be a critically important technology in breaking through the

‘time and cost' barriers of scientific discovery.

Source: https://academic.oup.com/ce/advance-article-abstract/doi/10.1093/ce/zkag029/8706613
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Sparsity-Promoting Fine-Tuning Enhances Domain
Adaptability of Pre-Trained Equivariant Materials
Foundation Models

Published June 18, 2026 arXiv International
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| overview

A sparsity-promoting fine-tuning method has been proposed for robust and
interpretable adaptation of pre-trained equivariant materials foundation models
(MLIPs) to domain-specific applications. This technique achieves performance
comparable to or superior to full fine-tuning with significantly fewer updated
parameters, by selectively updating model parameters. Applicable especially to
magnetic moment prediction, it enables high-accuracy physical property prediction in
diverse material systems while substantially reducing computational costs. This

dramatically enhances the efficiency and practicality of Al-driven materials design.
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Key Findings

A novel sparsity-promoting fine-tuning method has been proposed for robust and
interpretable adaptation of pre-trained Equivariant Materials Foundation Models (MLIPs)
to domain-specific applications. This technique achieves high predictive performance,
comparable to or even surpassing full fine-tuning, with significantly fewer updated
parameters, by selectively adjusting only a subset of the model's parameters. Its
effectiveness has been confirmed particularly in complex physical property predictions,

such as magnetic moment prediction.

Technical / Clinical Details

The proposed sparsity-promoting fine-tuning is a type of Parameter-Efficient Fine-
Tuning (PEFT), where only a portion of the model's weights are subject to updates, while
the majority remain fixed. Specifically, by introducing sparsity constraints, such as L1
regularization, into the fine-tuning process, only the most crucial parameters are
encouraged to learn from domain-specific data. This prevents the model from learning
unnecessary information, thereby reducing the risk of overfitting. Equivariant materials
foundation models, which preserve symmetry based on physical laws, exhibit the
property that their predictions change appropriately under transformations like atomic
translation, rotation, and inversion. This characteristic is maintained through sparsity-
promoting fine-tuning, ensuring the fine-tuned model provides physically consistent
predictions. This method is highly effective for efficiently customizing existing foundation
models in domains where only limited data is available, such as specific alloy systems,

catalyst surfaces, or classes of magnetic materials.



Background & Context

Recent advancements in Al within materials science have been accelerated by the
emergence of large pre-trained foundation models (Materials Foundation Models).
These models, trained on vast first-principles computational data, can capture universal
physical laws and chemical interactions across various material systems. However, for
specific applications (e.g., simulating materials with specific defect structures or
predicting behavior under certain temperature and pressure conditions), ‘fine-tuning'
these general-purpose models is necessary. Traditional full fine-tuning has presented
challenges due to the requirement for large amounts of domain-specific data and high
computational costs. Sparsity-promoting fine-tuning addresses this issue, offering an
efficient means to specialize foundation models with less data and fewer computational
resources, thereby significantly advancing the practical application of Al-driven materials

design.

Strategic Significance & Outlook

This sparsity-promoting fine-tuning method holds the potential to dramatically enhance
the efficiency and accessibility of Al-driven materials discovery. Moving forward, this
approach is expected to be applied to domain adaptation for a wide range of material
property predictions, including thermodynamic, electronic, mechanical, and dynamic
properties. Furthermore, research will progress to further enhance model interpretability,
allowing for clearer understanding of which physical aspects are emphasized by fine-
tuning. This will enable researchers to develop high-performance Al models with limited
resources, accelerating technological innovations aimed at solving society's most critical
challenges, such as new catalysts, high-performance batteries, spintronic devices, and
quantum materials. It represents a crucial step for Al foundation models to become truly

‘universal' tools.

Source: https://arxiv.org/abs/2606.18691
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MLIPs Tackle Electronic Entropy Challenge: Charge
State Embedding Boosts Battery Material Prediction
Accuracy

Published June 12, 2026 arXiv International

| overview

Traditional Machine Learning Interatomic Potentials (MLIPs) have struggled to capture
electronic entropy in mixed-valence materials, leading to prediction inaccuracies. To
address this, a new approach embeds charge state information directly into the MLIP
representation during training, significantly improving accuracy for materials like the
battery cathode material NaFePO,. This technology enhances the reliability of atomic
simulations and accelerates new material discovery and optimization, particularly for
high-performance materials such as batteries, catalysts, and thermoelectric materials
involving multivalent ions. This promises breakthroughs in energy storage

technologies.
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Key Findings

A significant challenge has been identified: conventional Machine Learning Interatomic
Potentials (MLIPs) insufficiently capture the crucial contribution of electronic entropy in
mixed-valence materials. To address this, a novel approach has been introduced that
directly embeds charge state information into the MLIP representation during training,
demonstrably improving the predictive accuracy of MLIPs for mixed-valence materials

such as the battery cathode material NaFePO..

Technical / Clinical Details

Many MLIPs predict interaction energies solely based on atomic geometry. However, in
mixed-valence materials (e.g., transition metal oxides), the charge state of atoms strongly
influences the material's stability, structure, and properties. Electronic entropy, a
thermodynamic contribution related to the disorder in the distribution of different
charge states, is particularly crucial for accurately predicting material behavior and phase
transitions at high temperatures. The approach introduced in this study incorporates
atom-specific charge information, obtained from Density Functional Theory (DFT)
calculations, as additional features in the MLIP training data. Specifically, by embedding
charge states into the local environment descriptors of each atom, the model can better
learn the effects of electronic entropy associated with charge transfer and valence
changes. These charge-informed MLIPs enable more accurate predictions of lattice
constants, volume changes, and energy barriers in molecular dynamics simulations of
lithium-ion battery cathode materials like NaFePO,, thereby improving consistency with

experimental results.



Background & Context

The evolution of energy storage and conversion technologies, such as lithium-ion
batteries and fuel cells, heavily relies on the performance of mixed-valence materials.
These materials undergo changes in valence and electronic states of transition metal ions
during charge and discharge cycles, accompanied by ion insertion and de-insertion.
Accurately modeling these complex electronic structure changes in atomic simulations is
crucial for optimizing material stability, lifespan, and performance. Traditional MLIPs have
tended to neglect this aspect of electronic entropy, sometimes leading to inaccurate
predictions for mixed-valence materials. This breakthrough represents a significant step
towards overcoming a fundamental limitation of MLIPs and enhancing the reliability of

simulations in energy materials design.

Strategic Significance & Outlook

The approach of MLIPs embedded with charge state information holds broad potential
for applications beyond improving the performance of battery cathode materials,
extending to the design of other mixed-valence materials where multivalent ions and
electron correlations play critical roles, such as catalysts, thermoelectric materials, and
ferroelectrics. Future work is expected to extend this method to materials with more
complex electronic structures and the simulation of dynamic electron transfer
phenomena. Furthermore, improvements in extracting charge states from experimental
data and integration of MLIPs with more advanced quantum chemical calculation
methods are anticipated. This will enable more accurate and reliable atomic simulations
while reducing computational costs, accelerating the discovery and development of
next-generation high-performance energy and functional materials, and contributing

significantly to the realization of a sustainable society.

Source: https://huggingface.co/papers/2603.26471
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Virial-Matching in ML Coarse-Grained Potential for

Multilayer hBN Addresses Mesoscale Problems in 2D
Materials

Published June 11,2026  The Journal of Physical Chemistry C - ACS Publications  International
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| overview

A bottom-up virial-matching coarse-graining method, based on machine learning
potentials, has been developed for multi-component 2D materials like multilayer hBN.
This approach addresses the exponential computational demands of mesoscale
mechanical problems in 2D materials and resolves the scarcity of coarse-grained (CG)
potentials. It enables large-scale, long-duration simulations previously impossible
with atomistic simulations, crucial for understanding and designing complex
phenomena such as mechanical properties, heat transport, and phase transitions in
2D materials like graphene, hBN, and MXenes. This is a breakthrough accelerating the

practical application of nanomaterials.
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Key Findings

A novel bottom-up virial-matching coarse-graining (CG) method, based on machine
learning potentials, has been proposed for multi-component 2D materials like multilayer
hexagonal boron nitride (hBN). This innovative approach dramatically mitigates the
exponential computational burden associated with analyzing mesoscale mechanical
problems in 2D materials and addresses the long-standing scarcity of effective CG

potentials.

Technical / Clinical Details

Coarse-graining (CG) modeling is a powerful technique that allows for simulations of
larger systems and longer timescales by abstracting some atomistic details. However,
constructing CG potentials while maintaining atomistic accuracy has been challenging.
The virial-matching CG method proposed in this study operates in the following steps:
First, machine learning potentials are trained to describe the interactions between
coarse-grained 'beads' using force and virial information (a measure of pressure
contribution) obtained from atomistic simulations (e.g., Density Functional Theory (DFT)
or high-accuracy interatomic potentials). This training aims to faithfully reproduce
atomistic physical behaviors (forces and stresses) at the coarse-grained scale. In the case
of multilayer hBN, in-plane atoms of each hBN sheet are treated as coarse-grained
beads, allowing for efficient modeling of interlayer interactions and in-plane deformation
behaviors. This approach enables accurate simulation of mesoscale phenomena such as
strain, crack propagation, and heat transport, which were computationally intractable
with conventional atomistic simulations, but now at significantly reduced computational

cost.



Background & Context

2D materials, exemplified by graphene and hBN, are highly anticipated for widespread
applications in next-generation electronics, sensors, energy storage, and composite
materials due to their superior electrical, mechanical, and thermal properties. However,
to understand how these nanoscale materials behave when integrated into macroscopic
devices, multi-scale simulations bridging atomistic, mesoscale, and even macroscale
phenomena are essential. Traditional atomistic simulations, due to their high
computational cost, are often limited to scales of tens of thousands of atoms and a few
nanoseconds, making it difficult to capture mesoscale phenomena (millions of atoms,
microseconds). CG potentials offer a solution to bridge this gap, but constructing high-
accuracy CG potentials for complex multi-component 2D materials, with their intricate
interactions between heterogeneous atoms, has remained a significant challenge. The
introduction of machine learning overcomes this hurdle, opening new avenues for

efficiently translating atomistic information into coarse-grained descriptions.

Strategic Significance & Outlook

This machine learning-based virial-matching coarse-graining method holds vast
potential for application not only to multilayer hBN but also to various other multi-
component 2D material systems, including graphene, MoS,, and MXenes. Moving
forward, this framework is expected to be extended to predict the behavior of 2D
materials in more complex environments (e.g., in liquid solvents, polymer composites)
and to simulate dynamic phenomena such as chemical reactions and phase transition
processes. This will accelerate the development of next-generation high-performance
devices, including flexible electronics, high-efficiency thermoelectric devices, and robust
composite materials. Ultimately, this technology, which combines atomistic accuracy with
mesoscale efficiency, is projected to dramatically advance the practical application and
industrial implementation of 2D materials, significantly contributing to societal

technological progress.

Source: https://pubs.acs.org/doi/10.1021/acs.jpcc.6c01847
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ML SNAP Outperforms MEAM in Liquid (U,Zr)
Thermophysical and Structural Predictions, Unveiling
Viscosity Anomalies and Icosahedral Short-Range

Order

Published June 12, 2026 PubMed International
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| overview

In predicting the thermophysical and structural properties of liquid Uranium-
Zirconium (U,Zr) mixtures, the machine learning-based Spectral Neighbor Analysis
Potential (SNAP) demonstrated superior predictive capabilities compared to the
empirical Modified-Embedded Atom Model (MEAM). This study reveals important
insights into complex structural formations in liquid alloys, such as viscosity anomalies
and icosahedral short-range order. This achievement enables more accurate
simulations for nuclear fuel materials and high-temperature alloy design and safety
assessment, contributing to improved efficiency and reliability in material
development. Enhanced accuracy in interatomic potentials is crucial for deepening

the understanding of materials used in harsh environments.
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Key Findings

In the prediction of thermophysical and structural properties of liquid Uranium-
Zirconium (U,Zr) mixtures, the machine learning-based Spectral Neighbor Analysis
Potential (SNAP) demonstrated superior predictive capabilities and greater accuracy
compared to the conventional empirical potential, the Modified-Embedded Atom Model
(MEAM). This research provides new insights into complex structural formation
mechanisms unique to liquid alloys, such as viscosity anomalies and icosahedral short-

range order.

Technical / Clinical Details

The study began by performing first-principles calculations, such as Density Functional
Theory (DFT), for liquid (U,Zr) mixtures to generate high-accuracy interatomic interaction
data. This data was then used to train and evaluate two types of interatomic potential
models: SNAP and MEAM. MEAM is an empirical potential that describes interatomic
interactions and has relatively low computational cost, but its ability to describe complex
many-body interactions is limited. SNAP, on the other hand, is a machine learning-based
potential that describes the local atomic environment spectrally, allowing it to capture
higher-dimensional interactions. The evaluation results showed that SNAP exhibited
excellent agreement with DFT calculation results for both thermophysical properties—
such as density, diffusion coefficient, viscosity, and specific heat—and structural
properties—such as atomic pair correlation functions and local structural order (e.g.,
formation of icosahedral structures)—of liquid (U,Zr), outperforming MEAM. Specifically,
SNAP more accurately reproduced phenomena like viscosity anomalies at high
temperatures, which are believed to originate from the complex short-range order in

liquid metals.



Background & Context

Uranium-Zirconium alloys are widely used as nuclear fuel materials in fast reactors and
research reactors. Understanding their behavior at high temperatures, particularly their
properties in the liquid state, is crucial for safety assessment during core meltdown
accidents and for designing new fuels. The thermophysical properties of liquid metals
influence convection, heat transfer, material corrosion, and solidification processes.
However, experiments under these extreme conditions are difficult, making
computational simulations indispensable. Traditional empirical potentials have struggled
to adequately describe the complex many-body interactions in liquid metals, leading to
challenges in predictive accuracy. Machine Learning Interatomic Potentials (MLIPs) are
garnering significant expectations in this field for their ability to combine DFT accuracy
with a dramatic improvement in MD simulation computational efficiency. This research
provides important evidence for the superiority of MLIPs in simulating materials used

under harsh environments.

Strategic Significance & Outlook

The utilization of high-performance MLIPs like SNAP will be widely applied not only to
nuclear fuel materials but also to other material systems where liquid state properties are
critical, such as high-temperature superalloys, metallic glasses, and liquid metal coolants.
Moving forward, this technology is expected to improve the reliability of core
simulations and contribute to the design of safer and more efficient nuclear reactors. It
will also be applied to the analysis of complex solidification processes and interfacial
phenomena, enabling a deeper understanding of material microstructure control and
defect behavior. The evolution of Al-driven interatomic potentials will empower materials
scientists to design and optimize materials at scales and accuracies previously
inaccessible, accelerating technological innovation in many strategic industries, including
energy, defense, and aerospace. This serves as a prime example of how advances in

fundamental science lead directly to industrial applications.

Source: https://pubmed.ncbi.nIm.nih.gov/42285141/
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Chemistry World Reports Al Agents and MLIPs
Accelerating Catalyst Discovery from Simulation to
Scale-Up

Published June 15, 2026  Chemistry World UK

| overview

Chemistry World reported on the forefront of Al agents and Machine Learning
Interatomic Potentials (MLIPs) accelerating the catalyst discovery process from
simulation to scale-up. MLIPs replace computationally expensive Density Functional
Theory (DFT) simulations, enabling faster and cheaper calculations for complex
mixtures and catalyst-solvent interactions. This technological innovation dramatically
reduces the time and cost for designing and optimizing new catalysts, promoting
breakthroughs in sustainable chemical processes, energy conversion, and
environmental technologies. This will allow industries to rapidly bring more efficient

and eco-friendly catalysts to market.



| N DEPTH

Key Findings

Chemistry World featured the cutting-edge advances where Al agents and Machine
Learning Interatomic Potentials (MLIPs) are dramatically accelerating the catalyst
discovery process, from the simulation phase all the way through to actual scale-up.
MLIPs serve as an alternative to computationally intensive Density Functional Theory
(DFT) simulations, enabling much faster and more cost-effective calculations for complex

mixed systems and interactions between catalysts and their solvent environments.

Technical / Clinical Details

Al agents autonomously navigate the vast catalyst search space to identify promising
candidate structures. These agents interact with materials databases, reaction network
information, and simulation engines complemented by MLIPs. MLIPs are trained using
data from quantum chemical calculations (DFT) and can predict interatomic forces with
high accuracy, thereby enabling large-scale molecular dynamics simulations without the
computational burden of DFT. Specifically, while DFT calculations are typically limited to
systems of a few hundred atoms, MLIPs can perform calculations rapidly for systems
containing tens to hundreds of thousands of atoms. This allows for long-duration
simulations to analyze complex catalytic phenomena at the atomic level, including
reaction pathway exploration, surface adsorption behavior, solvent effects, and even
catalyst degradation mechanisms. For example, MLIPs can significantly accelerate the
design of new water-splitting catalysts for hydrogen production, the stability evaluation
of CO, conversion catalysts, and the analysis of reaction mechanisms for polymer

synthesis catalysts.



Background & Context

Catalysts play an indispensable role in many industries, including chemical
manufacturing, energy production, and environmental protection. However, the
discovery and optimization of new high-performance catalysts have traditionally been a
very time-consuming and costly process, requiring extensive experimental trial-and-error
and a deep understanding of complex physicochemical processes. Conventional
computational chemistry methods, particularly DFT, offer high accuracy but have
limitations for large systems or realistic environments (e.g., in liquid solvents) due to their
computational expense. The integration of Al agents and MLIPs resolves this long-
standing bottleneck, transforming the paradigm of catalyst development from
‘exploratory’ to 'design-driven.' This enables the simultaneous optimization of catalyst

performance, selectivity, stability, and economic viability.

Strategic Significance & Outlook

The evolution of Al agents and MLIPs will profoundly transform the future of catalyst
discovery. Moving forward, these technologies are expected to become even more
sophisticated, potentially leading to fully automated 'catalyst factories' that cover
everything from catalyst reaction design to manufacturing process scale-up and even
lifecycle assessment. Especially as the transition to a sustainable society accelerates, the
demand for new, environmentally friendly, and efficient catalysts for hydrogen
production from renewable energy, CO, utilization, biomass conversion, and plastic
recycling continues to grow. The combination of Al and MLIPs holds the potential to
create innovative catalysts to solve these urgent challenges at a pace previously
unimaginable. This will be an indispensable technology for the decarbonization and

enhanced competitiveness of the chemical industry.

Source: https://www.chemistryworld.com/features/ai-agents-accelerate-catalyst-discovery-from-

simulation-to-scale-up/4023643.article
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Unconstrained MLIPs Scaled to Large Datasets
Outperform Constrained Models in Static Simulations
for Accuracy and Speed

Published June 12, 2026 ResearchGate International

| overview

Unconstrained Machine Learning Interatomic Potentials (MLIPs), scaled to large
datasets, have demonstrated superior performance in both accuracy and speed for
static simulation workflows like geometric optimization and lattice dynamics,
compared to physically constrained models. This research pushes new boundaries for
MLIPs, significantly reducing computational costs while improving the reliability and
efficiency of materials simulations. This is expected to accelerate the design and
property prediction of new materials, further expanding the application scope of Al in

materials science.
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Key Findings

Machine Learning Interatomic Potentials (MLIPs) that are ‘'unconstrained' and
trained/scaled on large datasets have demonstrated superior performance in both
accuracy and speed for static simulation workflows, such as geometric optimization and
lattice dynamics calculations, compared to conventional MLIPs with explicit physical
constraints. This achievement further expands the potential of MLIPs and enhances

efficiency and reliability in computational materials science.

Technical / Clinical Details

Traditional MLIPs often incorporate specific physical constraints (e.g., energy
conservation, force field symmetry) into the model to guarantee stability and adherence
to physical laws. However, the 'unconstrained' MLIPs investigated in this study learn
interatomic interactions purely from large datasets of first-principles calculations
(Density Functional Theory, DFT) without imposing such explicit physical constraints.
Surprisingly, with sufficient data and appropriate model architectures, these models were
shown to implicitly learn physical laws and exhibit excellent accuracy and generalization
capabilities, particularly in static simulations. For example, in geometric optimization to
find the minimum energy configuration of crystal structures, unconstrained MLIPs
achieve accuracy comparable to DFT calculations but at orders of magnitude faster
speeds. Furthermore, in lattice dynamics simulations (e.g., phonon dispersion
calculations), unconstrained MLIPs accurately predict phonon modes and vibrational
properties, which are crucial for understanding material thermal conductivity and
stability.



Background & Context

Computational simulations in materials science are indispensable tools for designing
new materials, predicting properties, and understanding phenomena. First-principles
calculations offer high accuracy but are computationally expensive, while empirical
potentials are fast but limited in accuracy. MLIPs have recently garnered attention as a
way to combine the advantages of both. However, to maximize the performance of
MLIPs, the choice of model architecture, training data, and the application of physical
constraints have been important research topics. This study provides new insights into
MLIP design, suggesting that explicit physical constraints may not be necessary, or that
constraints can be implicitly learned from large datasets, and sometimes unconstrained
models offer greater versatility and performance. This opens the door to more flexible

and powerful MLIP development.

Strategic Significance & Outlook

The success of unconstrained MLIPs on large datasets opens new frontiers for Al-driven
materials discovery. Moving forward, this approach is expected to improve the accuracy
and efficiency of a wide range of material property predictions, including
thermodynamic, electronic, mechanical, and dynamic properties. Applications to dynamic
simulations (e.g., molecular dynamics simulations) and reaction pathway exploration are
also anticipated. As the availability of larger and more diverse datasets increases,
unconstrained MLIPs will be able to solve materials science problems at scales and
accuracies previously impossible. This is projected to accelerate technological
innovations aimed at solving society's most pressing challenges, such as high-
performance batteries, new catalysts, semiconductor materials, and structural materials.
Research 'pushing the limits' of MLIPs is critically important in shaping the future of

materials science.

Source:
https://www.researchgate.net/publication/404138553_Pushing_the_limits_of_unconstrained_machine-
learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-of-unconstrained-

machine-learned_interatomic_potentials.pdf?origin=journalDetail
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UniFFBench Evaluates Universal Machine Learning
Force Fields (UMLFFs) Against Experimental
Measurements, Assessing Simulation Stability,
Structural Fidelity, and Elastic Properties

Published June 19, 2026 arXiv International
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| overview

A new benchmark framework, UniFFBench, has been released to evaluate Universal
Machine Learning Force Fields (UMLFFs) against experimental measurements for
diverse mineral systems. UniFFBench rigorously assesses molecular dynamics (MD)
simulation stability, structural fidelity at finite temperatures, and elastic properties,
revealing that UMLFFs exhibit systematic biases rather than universal predictive
capability. This framework provides critical guidance for future UMLFF development,
enhancing model reliability and experimental consistency, making Al applications in
materials science more practical. This promises improved accuracy in predicting real-

world material behavior.
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Key Findings

UniFFBench, a comprehensive benchmark framework, has been introduced to evaluate
Universal Machine Learning Force Fields (UMLFFs) against experimental measurements
across various mineral systems. UniFFBench rigorously assesses molecular dynamics
(MD) simulation stability, structural fidelity at finite temperatures, and elastic properties,
revealing that existing UMLFFs possess systematic biases rather than the universal

predictive capability often claimed for certain material classes and properties.

Technical / Clinical Details

UniFFBench focuses on three main evaluation axes: 1. **MD Simulation Stability**: It
evaluates whether structures remain within physically reasonable bounds or exhibit
anomalous behavior during long-duration MD simulations using UMLFFs. For example, it
checks if atoms excessively vibrate or if the crystal structure unnaturally collapses. 2.
**Structural Fidelity at Finite Temperatures**: It compares structural information at finite
temperatures, such as experimental lattice constants and atomic pair correlation
functions obtained from X-ray diffraction data, with results from MD simulations using
UMLFFs. This assesses how accurately UMLFFs can predict the thermal expansion and
phase transitions of real materials. 3. **Elastic Properties**: It compares elastic constants
(e.g., bulk modulus, shear modulus), which indicate material stiffness and deformation
behavior, with experimental values. This is essential for evaluating the reliability of
UMLFFs in predicting mechanical properties. UniFFBench evaluated existing UMLFFs,
including MatterGen, highlighting that while some UMLFFs perform well for certain
mineral families, significant prediction errors occur for other families or properties. This

suggests that the true versatility of UMLFFs still faces challenges.



Background & Context

Universal Machine Learning Force Fields (UMLFFs) are garnering significant expectations
as next-generation interatomic potentials that combine the accuracy of first-principles
calculations (DFT) with the computational efficiency of empirical potentials, applicable to
a wide variety of material systems. Models like MACE, CHGNet, and M3GNet have been
developed, with claims of their universality, yet systematic evaluation of their accuracy
and reliability against actual experimental measurements has been lacking. Particularly, if
atomistic simulation results do not align with experimental data, their practical utility is
limited. UniFFBench fills this gap, providing a standardized framework for rigorously
evaluating UMLFF performance, thereby promoting the development of more reliable

materials simulation models.

Strategic Significance & Outlook

The introduction of UniFFBench marks a critical milestone in UMLFF research and
development. Moving forward, UMLFF developers will be required to utilize this
benchmark to develop new architectures and training methods that simultaneously
improve model universality and consistency with experiments. This will enhance the
reliability of Al-predicted new materials and material behaviors, increasing their
likelihood of being synthesized and put into practical use. In the future, UMLFFs are
expected to accurately predict material behavior in more complex environments (e.g.,
interfaces, defects, chemical reactions) and under different temperature and pressure
conditions. This will accelerate innovation in a wide range of scientific and technological
fields, including high-performance batteries, new catalysts, semiconductor devices, and
geological models, becoming an indispensable tool for realizing the 'predictive’

capabilities of computational materials science.

Source: https://arxiv.org/html/2508.05762v2
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Chalmers University Leverages Physics-Informed Al to
Drastically Accelerate Quantum Optical Component
Development

Published Published June 17,2026  SciTechDailly XU Tz—7~

| overview

Researchers at Chalmers University of Technology in Sweden have developed a novel
"physics-informed Al" approach that directly embeds fundamental physical laws into
neural networks, significantly boosting the development efficiency of advanced
optical components crucial for quantum computing. This method, unlike conventional
data-driven Al, leverages inherent physical knowledge to achieve high-accuracy
predictions with less data, drastically shortening design cycles and accelerating

scientific discovery and technological innovation.
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Background

Quantum computing, with its immense computational power, promises to revolutionize
fields from drug discovery and materials science to cryptography. However, developing
robust and scalable quantum hardware critically depends on ultra-precise optical
components for manipulating and measuring qubits. Designing these nanoscale light-
controlling components is exceptionally complex, requiring significant expertise, time,
and computational resources. Traditional design methods, often relying on trial-and-
error or intensive simulations, have historically created a bottleneck for innovation.
Physics-informed Al emerges as a powerful solution to this challenge, enabling faster

and more efficient development of high-performance quantum optical components.

Key Findings

Researchers at Chalmers University of Technology in Sweden have pioneered an
innovative machine learning approach that directly embeds fundamental laws of physics
into neural networks. This 'physics-informed Al' dramatically boosts the development
efficiency of advanced optical components and holds significant potential to accelerate

discovery processes in quantum computing technologies and novel material design.

Unlike conventional purely data-driven neural networks, this new approach directly
integrates fundamental physical laws, such as electromagnetism and quantum
mechanics, into the model's architecture and training. This intrinsic physical consistency
enables the Al to generate more robust solutions and drastically reduces the data
volume required for training. For instance, in designing complex optical components like
photonic crystals and metamaterials, the Al can perform 'inverse design': taking desired
optical properties (e.g., specific wavelength transmission or reflection) as input and
outputting the optimal microstructure. By enforcing physical laws, the Al efficiently filters
out unphysical or unfeasible designs, accelerating the exploration of promising
candidates. This method compresses design iteration cycles from weeks or months down
to hours or days, directly accelerating the development of optical devices essential for

manipulating quantum states in quantum computing.



The physics-informed Al demonstrated by Chalmers University's research heralds a new
era for scientific and technological innovation. Its applications are expected to extend far
beyond quantum computing, encompassing general material design, energy material
development, and medical sensors. Future developments will likely involve models
addressing more complex physical phenomena and multi-scale systems, moving towards
‘Al-driven science' where Al autonomously generates hypotheses, designs experiments,
and interprets results. This paradigm shift promises to accelerate technological solutions
for humanity's most pressing challenges—such as climate change and new drug
development—and generate profound economic and technological impacts globally,

ushering in an era of unprecedented, Al-accelerated innovation.

Source: https://scitechdaily.com/this-ai-learned-the-laws-of-physics-and-could-accelerate-quantum-

computing-breakthroughs/
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Hugging Face Papers Unveil Electronic Density
Generative Framework Combining 3D Convolutional
Autoencoders and Latent Diffusion Models

Published June 11, 2026  Hugging Face International

| overview

A generative framework for learning electronic density's latent space dynamics has
been introduced in Hugging Face's paper collection. This framework combines 3D
convolutional autoencoders with latent diffusion models to enable stable, long-term
electronic density trajectories from ab initio molecular dynamics simulations. This
technology significantly reduces the computational cost of quantum chemistry
simulations while allowing deeper understanding of dynamic electronic behavior. It is
expected to accelerate the design and optimization of various materials, including

catalysts, battery materials, and solar cells.
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Key Findings

In a collection of papers from Hugging Face, an innovative generative framework has
been introduced for learning the generative latent space dynamics of electronic density.
This framework combines a 3D convolutional autoencoder (3D-CAE) with a latent
diffusion model, enabling it to accurately learn and reproduce stable, long-term
electronic density trajectories obtained from ab initio molecular dynamics (AIMD)

simulations.

Technical / Clinical Details

Electronic density is the fundamental quantity that determines all physical and chemical
properties of atoms and molecules. AIMD simulations are high-precision methods that
simultaneously describe electronic states and nuclear motion at a first-principles level,
but their computational cost is very high, limiting their application to large systems or
long-duration simulations. This new generative framework first uses a 3D-CAE to
compress complex electronic density distributions from high-dimensional data into a
lower-dimensional 'latent space.’ In this latent space, the temporal evolution of
electronic density is represented as simpler dynamics. Next, a latent diffusion model
learns these latent space dynamics, becoming capable of generating new and physically
plausible electronic density trajectories. This allows for the compression of vast
computational data from AIMD simulations, enabling the extraction and prediction of
essential dynamic behaviors of electronic density at significantly higher speeds and
efficiency than traditional AIMD. For example, changes in electronic density during bond
formation and breakage in chemical reactions, or charge transport mechanisms in

materials, can now be analyzed much more efficiently.



Background & Context

In many fields such as materials science, quantum chemistry, and molecular biology,
understanding and controlling electronic density is indispensable for designing new
materials, elucidating molecular functions, and exploring chemical reaction mechanisms.
Capturing dynamic changes in electronic density is particularly crucial for systems whose
states evolve over time, such as catalytic reactions, photochemical reactions, and battery
charge-discharge processes. However, electronic density complexity grows exponentially
with the number of atoms, making its direct simulation and modeling extremely
challenging. The advent of Al, especially generative models, is gaining attention as a
powerful means to solve this problem. The approach of learning latent spaces and
generating electronic densities from them offers a new paradigm for efficiently capturing
complex dynamics of electronic states while reducing computational costs.Strategic

Significance & Outlook

This electronic density generative framework holds the potential to profoundly transform
the future of quantum chemistry simulations and materials design. Moving forward, this
method is expected to be applied to a wide range of fields, including more complex
molecular systems (e.g., protein-ligand interactions), interfacial phenomena, and
electronic structures of materials with defects. Furthermore, with advances in integration
with experimental data (e.g., electronic density maps from X-ray diffraction data), more
data-driven and high-accuracy electronic density models will be built. This is projected to
accelerate technological innovations aimed at solving society's most pressing challenges,
such as the design of new high-efficiency catalysts, optimization of high-performance
battery materials, and improvement of solar cell light absorption properties. Accurate
understanding and control of electronic states are indispensable elements for

breakthroughs in science and technology.

Source: https://huggingface.co/papers?q=neural%20field%20theory

Collected: June 19, 2026 | Automated Research System (Gemini API)


https://huggingface.co/papers?q=neural%20field%20theory

Quantum Computing Halves Qubit Needs for
Crystalline Materials Simulation with Novel Symmetry-
Adapted Encoding, Reducing Qubits by 4-8

Published June 11, 2026  Quantum Zeitgeist UK

| overview

Researchers at the London Centre for Nanotechnology have developed a periodic
symmetry-adapted encoding framework that significantly reduces the number of
qubits required for quantum simulations of crystalline materials. This novel approach
leverages inherent crystal symmetries, enabling a reduction of 4 to 8 qubits for
materials like diamond and silicon. This breakthrough makes more complex
simulations feasible and substantially enhances the practicality of quantum

computing for novel materials design.
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Key Findings

Scientists at the London Centre for Nanotechnology have unveiled a groundbreaking
‘periodic symmetry-adapted encoding' framework designed to drastically improve the
efficiency of quantum simulations for crystalline materials. This innovative technique
achieves an average reduction of 4 to 8 qubits compared to conventional quantum

simulation methods, significantly alleviating the computational resource bottleneck.

Technical Details

The core innovation of this framework lies in its ability to directly integrate the periodic
symmetries inherent in crystal structures into the qubit encoding process. Crystals exhibit
regular, repeating atomic arrangements; by exploiting these intrinsic symmetries, the
method minimizes the information required to represent the material's quantum state.
Specifically, when simulating the electronic structures or magnetic properties of
crystalline materials such as diamond or silicon, the framework eliminates redundant
degrees of freedom, resulting in a more information-dense encoding. This allows for the
simulation of larger and more complex material systems with a limited number of qubits.
The researchers have also demonstrated that this approach contributes to enhancing the
accuracy of ground state energy calculations in quantum chemistry and is expected to

mitigate the impact of qubit errors on simulation results.

Background and Industry Context

Quantum computing promises to revolutionize diverse fields, including drug discovery,
materials science, and financial modeling. However, current quantum computers remain
noisy, and the available qubit count is still limited (the NISQ era). In materials science,
precisely modeling the interactions of vast numbers of atoms and electrons quickly
pushes simulations beyond current hardware capabilities. This new framework addresses
this qubit bottleneck, representing a critical advancement in accelerating the application
of quantum computers to real-world materials problems. It holds the potential to
significantly shorten the design process for novel materials like superconductors, high-

performance catalysts, and innovative semiconductors.



Future Outlook

This research marks a substantial step forward in enhancing the practical utility of
quantum computing for materials simulation. Future work is expected to explore its
applicability to even more complex systems, including defect structures and non-
periodic materials like amorphous solids and interfacial structures. Furthermore,
combining this encoding technique with general-purpose quantum algorithms could
accelerate further reductions in computation time and advance predictive materials
research. In industry, this technology could provide a decisive competitive advantage in

the race to discover and develop new high-performance materials.

Source: https://quantumzeitgeist.com/quantum-simulation-crystalline-materials/
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World Economic Forum Proposes Al-Driven Self-
Driving Labs to Accelerate Materials Discovery from
Years to Months for Climate Solutions

Published June 11, 2026  The World Economic Forum  Switzerland

| overview

The World Economic Forum advocates for the adoption of Al-driven 'closed-loop
learning systems' and 'self-driving labs' to drastically accelerate materials innovation
for climate change solutions. This strategic integration of Al and automated
experimentation could reduce materials discovery timelines from years to mere
months. By continuously integrating design, experimentation, and data analysis, this

approach promises more efficient and sustainable R&D cycles.
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Key Findings

The World Economic Forum has outlined a strategy to accelerate materials innovation for
climate change solutions, emphasizing the potential of Al-integrated 'closed-loop
learning systems' and 'self-driving labs' to dramatically shorten the materials discovery
process from years to months. This transformative approach is expected to significantly
boost the pace of new material development, thereby accelerating contributions to a

sustainable future.

Technical Details

A ‘closed-loop learning system' refers to an Al-driven system that automates the entire
process of material design, synthesis, characterization, and data analysis, feeding the
results back into the Al model for continuous learning. This minimizes human
intervention, enabling high-speed exploration and generation of optimized material
candidates. Specifically, 'self-driving labs' integrate robotic automated experimentation,
high-throughput synthesis and characterization, and real-time Al-powered data analysis.
These labs autonomously modify and execute experimental plans based on human-
defined objectives. For example, in the development of new catalyst or energy storage
materials, this system can screen tens of thousands of candidates within a short period,

efficiently identifying promising materials.

Background and Industry Context

Climate change is an urgent global challenge, requiring significant advancements in CO2
emission reduction, renewable energy efficiency, and sustainable materials development.
Traditionally, the development of these new materials takes decades and incurs
enormous costs, heavily relying on scientists' intuition and trial-and-error, which has
become a bottleneck. The advancements in Al and automation technologies offer a
transformative solution to this conventional process. The World Economic Forum's
recommendation provides a roadmap for how materials informatics can bridge the gap
between scientific discovery and industrial application, contributing to global climate

action.



Future Outlook

The successful implementation of this strategy hinges on establishing collaborative data-
sharing platforms between academia, industry, and government, enhancing the reliability
of Al models, and developing robust ethical and legal frameworks. In the future, these
‘'self-driving labs' are poised to become key engines for rapidly generating breakthrough
materials across various climate-critical sectors, including solar cells, batteries, carbon
capture materials, and lightweight structural materials. This accelerated innovation will
strongly support the transition to a green economy, benefiting both industrial

competitiveness and global environmental health.

Source: https://www.weforum.org/stories/2026/06/the-next-climate-breakthrough-may-come-from-

materials-too-small-to-see/
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University of Washington Leverages Al and Quantum
Computing for Scaled Quantum Material Simulations,

Uncovering New Phenomena

Published June 11, 2026  EurekAlert! USA
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| overview

University of Washington scientists have successfully integrated Al and quantum
computing to enable large-scale quantum material simulations previously deemed
impossible. This innovative approach has led to the discovery of novel quantum
phenomena unobservable in smaller models. It accelerates the design of next-
generation energy-efficient electronics and quantum computing materials, including
those exhibiting superconductivity and entanglement, by breaking through traditional

computational limits.
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Key Findings

Researchers at the University of Washington have achieved a significant breakthrough by
combining Al and quantum computing to dramatically accelerate large-scale quantum
material simulations. This integrated approach has enabled the exploration of quantum
phenomena at scales previously intractable with conventional computational methods,

leading to the discovery of novel quantum materials with unprecedented properties.

Technical Details

The research team successfully merged Al's pattern recognition and optimization
capabilities with quantum computing's power to model complex quantum mechanical
interactions. Specifically, Al proposes promising structures and compositions for
quantum materials, which are then simulated in detail by a quantum computer to predict
their properties. This iterative process has revealed new quantum phenomena, such as
collective behaviors and emergent properties, that were not observable at smaller scales.
For instance, materials exhibiting specific superconducting characteristics and enhanced
entanglement—crucial for quantum information transmission and processing—have
been identified. This method efficiently handles systems with thousands of atoms, which
are typically too computationally intensive for classical simulations like Density

Functional Theory (DFT), thus greatly accelerating the R&D of quantum materials.

Background and Industry Context

Quantum materials hold immense promise as the foundation for transformative
technologies, including superconductors, topological insulators, and quantum spintronic
devices. However, understanding and designing these materials' complex quantum
behaviors has been exceedingly difficult with current computational resources. The
University of Washington's approach addresses this significant challenge by combining
two cutting-edge technologies: Al and quantum computing. This paves the way for
developing materials essential for energy-efficient electronics, highly sensitive quantum
sensors, and even the next generation of quantum computers themselves. It represents a

crucial step in bridging the gap between fundamental science and applied technology.



Future Outlook

This research has the potential to dramatically accelerate the pace of discovery in
quantum materials science. The research team plans to further develop this integrated
platform, applying it to a broader range of quantum materials and predicting material
behavior under extreme conditions. The developed methods are also expected to be
shared with other materials science research groups, fostering collaborative efforts to
establish new paradigms in materials design. In the long term, this technology is
anticipated to contribute to the creation of breakthrough materials that address societal

challenges in energy, information technology, and environmental sustainability.

Source: https://www.eurekalert.org/news-releases/1131842
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arXiv Paper: Computational Materials Science Evolves
to Al & Robotics Integration, Reducing Discovery Risk
and Unveiling Mechanisms

Published June 12, 2026 arXiv USA

| overview

An arXiv paper highlights the paradigm shift in computational materials science from
mere data reproduction to algorithms guiding exploration and risk reduction. This
evolution integrates high-fidelity methods, uncertainty-aware frameworks, multiscale
models, and machine-learned tools to glean deeper insights into material behavior
mechanisms. Crucially, the paper emphasizes the role of automated laboratory
platforms in executing model-guided experiments and feeding results back into Al

training, forming a powerful closed-loop discovery system.
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Key Findings

A recent paper published on arXiv indicates that computational materials science is
undergoing a significant paradigm shift. While traditional computational approaches
primarily focused on reproducing known material properties, current research is evolving
towards algorithms that effectively guide materials exploration, mitigate development
risks, and provide fundamental insights into the mechanisms governing material
behavior. This new direction promises to accelerate discovery and pave the way for

industrial applications.

Technical Details

The novel approach proposed in this paper is based on the integration of several
cutting-edge technologies. Firstly, it combines 'multiscale models," which cover material
behavior from the atomic to the macroscopic scale, with advanced 'high-fidelity
computational methods' to enable precise predictions. Secondly, the introduction of
‘uncertainty-aware frameworks' allows for the assessment of prediction reliability,
enabling smarter experimental design. Furthermore, 'machine learning tools' grounded
in physical principles efficiently process vast amounts of data and significantly enhance
the ability to generate new material candidates. A particularly noteworthy aspect is the
role of '‘automated laboratory platforms' (self-driving labs). These labs autonomously
execute experiments based on hypotheses generated by Al models, feeding the results
back into the dataset in real-time to continuously refine the models, forming a 'closed-
loop system' that dramatically shortens and improves the efficiency of the materials

discovery cycle.



Background and Industry Context

Materials science is a foundational technology underpinning progress in every industry,
including energy, medicine, electronics, and aerospace. However, the development of
new materials remains a time-consuming and costly process, often relying on trial and
error. The evolution of computational materials science has the potential to break this
bottleneck, enabling faster and more cost-effective materials discovery. The integration
of Al and robotics complements, and sometimes replaces, traditional experimental
methods, allowing researchers to focus on more complex problems and gain deeper
scientific understanding. This trend reflects the increasing global competition and

investment in the field of materials informatics.

Future Outlook

This evolution is crucial for shaping the future of computational materials science. In the
coming years, these integrated frameworks will be applied to design various functional
materials, such as new-generation batteries, high-performance catalysts, innovative
semiconductors, and sustainable polymers. The concept of an 'Al scientist," where Al
becomes an agent of scientific discovery rather than merely a predictive tool, also holds
potential. The research community aims to further strengthen the collaboration between
these advanced computational tools and experimental platforms to create new materials
with unprecedented speed and efficiency. This acceleration is expected to expedite the
transition from fundamental science to industrial application and contribute to solving

major societal challenges.

Source: https://arxiv.org/html/2606.14387v1
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Unlocking Al's ‘"Why': Visualizing Prediction Rationale
for Rapid Materials Discovery

Published Published June 16,2026 ~BH Japan

| overview

Researchers from Science Tokyo and Tohoku University have developed a novel
interpretable Al (XAl) method that demystifies how Al models predict material
properties. This breakthrough technique visualizes the intricate relationships between
atomic structures and properties like optical spectra, offering unprecedented
transparency into the Al's reasoning. By enabling scientists to understand Al
predictions and derive concrete molecular design guidelines, this innovation promises

to significantly accelerate the development of new materials.
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Background

While Al adoption in materials informatics is rapidly advancing, a persistent challenge
has been the 'black box problem'—where Al models deliver excellent predictive
performance but their underlying reasoning remains opaque. This lack of transparency
has hindered full trust in Al's proposals, particularly before committing to expensive and
time-consuming material synthesis experiments. This breakthrough from Japan
represents a critical step for Al to evolve beyond a mere predictive tool into an
‘intelligent partner' that generates new insights during scientific discovery. It empowers
materials scientists and engineers to validate Al predictions and develop more

sophisticated new materials more efficiently.

Key Findings

A collaborative research team from Science Tokyo and Tohoku University has developed
a groundbreaking Explainable Al (XAl) method designed to elucidate the prediction
mechanisms of Al models in materials discovery. This pioneering approach visualizes
precisely which atomic structural features the Al prioritizes when predicting specific
material properties, enabling scientists to directly observe the Al's 'thought process' and

formulate significantly more effective materials design strategies.



Technical Details

The developed interpretable Al method specifically targets unraveling the complex, non-
linear relationships between atomic structures and critical physical properties, such as
optical spectra. Utilizing advanced techniques like heatmaps and feature attribution, the
research team successfully visualized how deep learning models weight and assess
various structural features—including interatomic distances, bond angles, and the
presence of specific atomic groups—when predicting a material's optical spectrum. This
capability provides concrete, atomic-level structural rationale, directly answering critical
questions such as: 'Why did the Al predict this material would exhibit these specific
optical properties?' For example, in the design of materials to maximize light absorption
at a particular wavelength, the Al's transparent interpretation can offer precise guidance
on which structural elements require adjustment. This technology directly tackles the
pervasive 'black box' problem in Al, making a significant contribution to realizing
‘human-in-the-loop' materials design by seamlessly merging scientists' intuition with Al's

powerful predictive capabilities.

Future Outlook

This interpretable Al method holds significant potential for applications extending
beyond optical materials to the design of a wide array of functional materials, including
catalysts, battery electrode materials, and semiconductors. Future work is anticipated to
focus on applying this methodology to increasingly complex material systems and multi-
objective design problems that necessitate simultaneous optimization of multiple
properties. Furthermore, integration with automated systems capable of generating
more efficient experimental plans based on Al interpretations is also envisioned. This
technology is poised to significantly reduce the laborious trial-and-error phase in
materials R&D, thereby accelerating new material creation in both academic and
industrial settings, and ultimately enhancing Japan's international competitiveness in

materials informatics research.

Source: https://dig.watch/updates/interpretable-ai-materials-discovery-japan
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Jeff Bezos Backs Al Materials Science Startup CuspAl
with $400M Investment, Valuing Company at $2.6B to
Accelerate Carbon Capture and Semiconductor
Material Development

Published June 17, 2026  TechCrunch UK

| overview

Jeff Bezos has led a $400 million funding round for UK-based Al materials science
startup CuspAl, valuing the company at an estimated $2.6 billion. CuspAl aims to
dramatically accelerate materials discovery from years to months using generative Al,
focusing on 'synthesis-aware' generative Al models. This investment will expedite the
development of breakthrough materials for critical applications such as carbon

capture, semiconductor components, and water purification.
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Key Findings

CuspAl, a UK-based Al materials science startup, has closed a substantial $400 million
funding round led by Jeff Bezos, with its valuation expected to reach $2.6 billion. This
significant investment underscores the strong potential of CuspAl's advanced generative
Al technology to drastically reduce the time required for new material discovery and
development from years to months, contributing to solutions for global challenges in

carbon capture, semiconductors, sustainable energy, and water purification.

Technical Details

CuspAl employs a unique technological approach centered on 'synthesis-aware
generative Al models.' This means that when the Al designs new material structures, it
considers not only theoretical properties but also the practical feasibility of synthesizing
the material (e.g., reagent availability and reaction pathways), thereby eliminating
bottlenecks from discovery to commercialization. Unlike traditional Al material design,
which often proposes 'dream materials' difficult to synthesize, CuspAl's models generate
more practical material candidates aligned with realistic manufacturing processes. The
company claims this can reduce material development cycle times by up to a factor of
ten. Initial applications include highly efficient CO2 adsorption materials, novel materials

for ultra-efficient semiconductor chips, and advanced water filtration membranes.

Background and Industry Context

The development of new materials is crucial for enhancing product performance,
reducing costs, and addressing critical societal issues like climate change. However,
traditional materials science research has historically required significant time, expense,
and extensive trial and error, slowing the pace of innovation. Materials informatics,
particularly the application of Al and machine learning, is seen as the key to overcoming
this inefficiency. Bezos's investment in CuspAl clearly demonstrates the commercial
potential of Al technology in this field and its profound societal impact. The company's
collaborations with major players like NVIDIA and Google highlight that Al-driven

material discovery is moving from an academic interest to an industrial mainstream.



Future Outlook

This funding round will serve as a powerful catalyst for CuspAl to accelerate its R&D and
business expansion over the coming years. The company is expected to drive
commercialization through further refinement of its Al models, expansion of
experimental data, and concrete material supply to carbon capture facilities,
semiconductor manufacturing plants, and water treatment plants. Especially in the
semiconductor sector, new materials are essential to break performance barriers for
next-generation chips, and CuspAl's technology could also contribute to stabilizing
supply chains. The success of CuspAl will serve as a crucial example of how Al can

accelerate environmental solutions and industrial innovation.

Source: https://techfundingnews.com/cuspai-520m-to-2-6b-jeff-bezos-materials-science-bet/
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Hugging Face Showcases LLM Application Preprints in
Scientific Discovery, Emphasizing Autonomous Agents
in Materials, Biology, and Chemistry

Published June 11, 2026  Hugging Face  USA

| overview

Hugging Face's Daily Papers featured several arXiv preprints on the application of
Large Language Models (LLMs) in scientific discovery. These papers focus on
benchmarking LLMs across biology, chemistry, materials science, and physics,
emphasizing the potential for autonomous and safety-aware LLM agents for novel
materials discovery. The discussions highlight how LLM-based multi-agent systems

can enhance automated discovery processes for complex scientific challenges.
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Key Findings

The Daily Papers section of Hugging Face showcased multiple arXiv preprints illustrating
how Large Language Models (LLMs) can accelerate scientific discovery. These studies
evaluate the capabilities of LLMs across diverse scientific domains, including biology,
chemistry, materials science, and physics, with a particular emphasis on the potential for
developing autonomous and safety-aware LLM agents for novel materials discovery. This
signifies the dawn of a new era where Al transcends mere data analysis tools to become

an active agent of scientific exploration.

Technical Details

The featured preprints propose specific approaches for applying LLMs to scientific

discovery, encompassing the following key elements:

¢ Scenario-Grounded Benchmarks: Development of evaluation frameworks tailored to
realistic scenarios to assess LLMs' effectiveness in solving specific scientific problems.

This helps delineate the strengths and limitations of LLMs.

e Autonomous LLM Agents: Discussion on designing autonomous agents where LLMs
perform hypothesis generation, experimental planning, data analysis, and
interpretation for novel materials discovery. These agents incorporate 'safety-aware'
functions to mitigate unforeseen risks, enhancing their reliability in real-world

applications.

e Multi-Agent Systems: Proposal of systems where multiple LLM-based agents
collaborate to tackle more complex scientific problems. For example, exploring the
possibility of one agent acting as a materials design expert and another as a synthesis
pathway expert, working together to automate the entire process from discovery to

application.

These technologies enable broad and efficient exploration of chemical and materials

spaces, surpassing the limits of human intuition and computational capacity.



Background and Industry Context

Traditional scientific research heavily relies on human expertise and trial-and-error,
making the discovery of new molecules and materials particularly time-consuming and
costly. However, the advent of LLMs has dramatically enhanced natural language
processing capabilities, opening possibilities for extracting information from vast
scientific literature and databases to generate new hypotheses. This could serve as a
powerful tool to resolve bottlenecks in R&D across scientific fields, including materials
informatics, and accelerate discovery. The publication on Hugging Face promotes the
widespread sharing and collaborative evolution of these cutting-edge research findings,

adhering to the spirit of open science.

Future Outlook

These LLM-based agents and multi-agent systems are poised to play a crucial role in
future scientific discoveries. In the long term, these systems could form the core of 'Al-
driven labs," autonomously designing materials, controlling robotic experimental
systems, analyzing resulting data, and generating optimized materials based on human-
defined goals. This is expected to accelerate groundbreaking innovations in diverse fields
such as pharmaceuticals, energy materials, semiconductors, and environmental catalysts.
While considering safety and ethical aspects, the development of these powerful tools

has the potential to fundamentally transform the landscape of scientific research.

Source: https://huggingface.co/papers?q=discovery-to-application%20loop
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RSC Paper Proposes 'Digital Materials Ecosystem' for
Autonomous Discovery, Integrating Databases and Al
Agents

Published June 18, 2026  RSC Publishing UK

| overview

A paper from RSC Publishing proposes a 'Digital Materials Ecosystem," a new
materials research paradigm integrating data, theory, and automation. This ecosystem
combines reliable material databases, physical frameworks, Al/ML models, and
automated synthesis/characterization to evolve materials discovery from empirical
exploration to systematic, predictive science. Al agents are expected to enhance
property prediction, novel candidate generation, and experimental design,

dramatically accelerating the pace of innovation.
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Key Findings

A recent research paper published in RSC Publishing provides a detailed outline of the
‘Digital Materials Ecosystem,' a concept set to fundamentally transform the materials
discovery process. This ecosystem aims to integrate data, theory, and automation
technologies in materials science, evolving the discovery process from empirical trial-

and-error to a systematic, predictive, and Al-driven approach.

Technical Details

The core of the Digital Materials Ecosystem relies on the seamless integration of the

following key components:

e Materials Databases: Large, curated databases providing reliable data on structure,
composition, properties, and experimental conditions serve as the foundation. These

databases are indispensable as training data sources for Al models.

e Physical Frameworks: Physics-based frameworks, including first-principles
calculations (e.g., DFT) and molecular dynamics simulations, help theoretically

understand fundamental material behaviors and validate predictive models.

e Al/ML Models: Machine learning models learn from databases and play roles in
predicting material properties, generating new material candidates (generative Al),
and inverse designing materials with specific properties. Advanced Al techniques like

Graph Neural Networks (GNNs) and Large Language Models (LLMs) are leveraged.

¢ Automated Synthesis and Characterization: Robotic high-throughput synthesis and
automated physical/chemical characterization equipment rapidly experiment with Al-
proposed material candidates, forming a 'closed-loop' that feeds results back to the

Al model in real-time. This is also referred to as a 'self-driving lab.'

This integrated approach enables materials scientists to exhaustively explore complex
materials discovery spaces and identify promising materials with unprecedented speed

and efficiency.



Background and Industry Context

The development of new materials is key to solving many challenges faced by modern
society, including sustainable energy, environmental protection, healthcare, and high-
performance electronics. However, traditional materials R&D is often very time-
consuming and costly, sometimes requiring decades. The Digital Materials Ecosystem is a
strategic approach designed to overcome this bottleneck in the development process
and dramatically accelerate the pace of innovation. This paradigm shift is attracting
attention as a crucial trend that enhances global competitiveness in materials science

and strengthens collaboration between academia and industry.

Future Outlook

The evolution of the Digital Materials Ecosystem will fundamentally change the nature of
discovery in materials science. In the future, it is expected to further enhance the
accuracy and integration of each component of the ecosystem, applying it to the design
of more complex multi-functional materials and materials that perform under extreme
conditions. Furthermore, by improving the ability of Al agents to autonomously learn,
generate, and validate scientific hypotheses, it holds the potential to lead to the
discovery of groundbreaking materials that humans might never have conceived. The
realization of this ecosystem will provide a powerful foundation for materials science to
offer innovative solutions to challenges such as resource constraints and increasing

environmental burdens.

Source: https://pubs.rsc.org/lg/content/articlepdf/2026/sc/d5sc09229a?page=search
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Radical Al's Self-Driving Lab Generates 1,200 Alloys in
Six Months, Accelerating Materials Discovery

Published June 17, 2026  Latent.Space USA
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Joseph Krause of Radical Al asserts that 'self-driving labs' are indispensable for
materials discovery, surpassing the limitations of 'one-shot' Al. His company's
autonomous lab, utilizing a closed-loop system combining Al hypothesis generation
and physical synthesis, successfully produced 1,200 alloys in just six months, including
300 novel ones. This achievement demonstrates the immense potential of self-driving

labs to dramatically increase throughput in materials R&D.
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Key Findings

Joseph Krause of Radical Al announced that 'self-driving labs'—autonomous laboratories
integrating Al and robotics—are the key to dramatically accelerating materials discovery,
rather than single, 'one-shot' Al-driven design approaches. His company's autonomous
lab successfully generated 1,200 alloys in just six months, implementing a closed-loop
system that automatically iterates physical synthesis and characterization based on Al-
generated hypotheses. Notably, 300 of these alloys were entirely novel, previously

unreported in scientific literature.

Technical Details

Radical Al's self-driving lab integrates the following core components:

e Al Scientist: An Al model, trained on extensive materials data and physical laws,
generates hypotheses regarding new alloy compositions and synthesis conditions.
This Al learns from past successes and failures to propose more efficient exploration

spaces.

¢ Robotic Automated Synthesis: Based on the Al's hypotheses, robots automatically
synthesize alloys of different compositions. This enables the high-speed generation of

a wide variety of materials without human intervention.

e High-Throughput Characterization: The synthesized alloys are automatically
analyzed by various characterization instruments for properties such as X-ray

diffraction, hardness, and electrical properties. This data is instantly digitized.

¢ Closed-Loop Learning: The data obtained from characterization is fed back into the
Al model, used to refine the next round of hypothesis generation and experimental
planning. This continuous learning cycle allows the Al to improve its performance

over time, efficiently exploring for more promising materials.

This system executes the 'design-synthesize-evaluate' cycle, a traditional bottleneck in
materials exploration, hundreds of times faster than human-led processes. It holds the
potential to reduce material development timelines from years or decades to mere

months.



Background and Industry Context

The discovery of new materials is fundamental to the progress of every industry,
including energy, electronics, aerospace, and medicine. However, traditional materials
development has been a laborious, trial-and-error process, often impeding the pace of
innovation. While the rise of Al in materials informatics has enhanced computational
prediction capabilities, as Krause points out, the steps of physical synthesis and
experimental validation remain indispensable. Self-driving labs bridge this gap by
combining Al's predictive power with robotic operational capabilities, enabling truly
accelerated materials discovery. This allows for a significant lead in the global materials

development race.

Future Outlook

Radical Al's achievements strongly suggest that self-driving labs will play a central role in
the future of materials science. Moving forward, this technology is expected to be
applied to a broader range of material systems beyond alloys, including polymers,
ceramics, and composites. Further challenges will involve enhancing the level of lab
automation, deepening the Al model's understanding of physics, and improving its
ability to handle complex synthesis processes. In the long term, these autonomous labs
are anticipated to become primary engines for generating innovative material solutions
for many societal challenges—such as improving renewable energy efficiency,
developing CO2 capture technologies, lightweight materials, and biocompatible

materials—at an unprecedented speed.

Source: https://www.latent.space/p/radical-ai
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SandboxAQ Secures $500M from US Department of
Commerce Under CHIPS Act to Resolve Semiconductor
Materials Supply Chain Challenges

Published June 17, 2026  Semiecosystem  USA

| overview

SandboxAQ, an Al-driven materials discovery platform, has received $500 million in
government funding from the U.S. Department of Commerce under the CHIPS and
Science Act. This funding will enable the company to apply Large Quantitative Models
(LQMs) to semiconductor materials discovery. It aims to address critical material
bottlenecks and supply chain risks by developing PFAS alternatives, advanced
catalysts, rare-earth-free magnets, and novel battery chemistries, thereby

strengthening the resilience of the U.S. semiconductor industry.
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Key Findings

SandboxAQ, an Al-driven materials discovery platform, announced it has secured $500
million in government funding from the U.S. Department of Commerce under the CHIPS
and Science Act. This substantial capital aims to enable SandboxAQ to leverage Large
Quantitative Models (LQMs) to discover and develop new materials essential for
semiconductor manufacturing, thereby resolving critical material bottlenecks and

mitigating supply chain risks.

Technical Details

SandboxAQ employs its unique 'Large Quantitative Models (LQMs)," which combine
quantum physics, Al, simulation, and optimization algorithms to explore uncharted
territories in materials science. This platform possesses the capability to rapidly and
efficiently predict and design complex molecular structures and material properties that
were challenging with traditional experimental or computational methods. Specifically,

the company will focus on materials development in the following areas:

e PFAS Alternatives: Developing safe and high-performance materials to replace per-
and polyfluoroalkyl substances (PFAS), widely used in semiconductor manufacturing,

amidst tightening environmental regulations.

e Advanced Catalysts: Discovering new-generation catalysts that dramatically improve

reaction efficiency in semiconductor manufacturing processes.

e Rare-Earth-Free Magnets: Designing high-performance magnetic materials that do

not rely on rare-earth elements, which are subject to geopolitical risks.

¢ Novel Battery Chemistries: Developing innovative battery materials that enhance

energy storage performance in semiconductor devices and other applications.

These material developments are part of a strategic effort to strengthen domestic

semiconductor manufacturing capabilities and reduce reliance on foreign supply chains.



Background and Industry Context

Semiconductors are the foundation of all modern technology, and the stability of their
supply chain is critical for national security and economic prosperity. However,
semiconductor manufacturing faces bottlenecks dependent on specific chemicals and
rare materials, where geopolitical tensions and stricter environmental regulations pose
significant supply chain risks. The U.S. government's CHIPS and Science Act is a massive
investment program designed to bolster domestic semiconductor manufacturing and
enhance supply chain resilience. The $500 million funding for SandboxAQ indicates that
Al and materials informatics are recognized as key tools to address this national

challenge.

Future Outlook

This substantial government funding for SandboxAQ will be a powerful driver for the
company to operate at the forefront of semiconductor materials R&D. Moving forward,
the company is expected to further expand the capabilities of its LQMs and strengthen
partnerships to accelerate the synthesis and validation of proposed materials. The new
materials developed could have ripple effects not only in the semiconductor industry but
also across wide-ranging sectors such as EV batteries, renewable energy, and aerospace.
This initiative is positioned as a critical step to maintain U.S. technological leadership and

build a sustainable, resilient domestic supply chain.

Source: https://marklapedus.substack.com/p/materials-discovery-firm-receives
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AWS and QuEra to Deploy Megaquop-Scale ‘Libra’ on
Amazon Braket by 2028, Enabling Fault-Tolerant
Quantum Computing

Published June 15, 2026  AWS News Blog  USA

dWS QuUEra:

\—;7

| overview

AWS and QuEra have strengthened their strategic collaboration to bring fault-tolerant
quantum computing to Amazon Braket. As part of this alliance, QuEra's Megaquop-
scale device, 'Libra' (equivalent to approximately one million physical qubits for
logical operations), is slated for availability on Amazon Braket by 2028. This is
expected to enable scientifically significant applications in quantum chemistry, high-
energy physics, and materials simulation, currently unattainable by existing classical

or NISQ quantum computers.
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Key Findings

Amazon Web Services (AWS) and quantum computing company QuEra have announced
a strengthened strategic collaboration to introduce fault-tolerant quantum computing to
the Amazon Braket platform. A concrete goal of this partnership is the plan to offer
QuEra's Megaquop-scale quantum device, ‘Libra’ (representing logical qubits roughly
equivalent to one million physical qubits), on Amazon Braket by 2028. This achievement
will mark a significant milestone in the commercial utilization and scientific application of

quantum computing.

Technical Details

‘Megaquop' is a unit representing the large number of logical qubits (error-corrected
qubits) required to achieve fault-tolerant quantum computing, and QuEra's Libra device
aims for operations at this scale. QuEra is a pioneer in 'neutral atom quantum
computing' technology, which captures and manipulates atoms with lasers, and is noted
for its scalability and long coherence times (the duration for which qubits can maintain
their quantum state). Amazon Braket is a fully managed quantum computing service
providing access to various quantum hardware. With the integration of the Libra device,
users will be able to access this advanced fault-tolerant quantum computer through
AWS's cloud environment. Once realized, this technology will enable the resolution of

scientifically critical problems such as:

e Quantum Chemistry: Accurately simulating the electronic structures of complex

molecules to accelerate drug discovery and materials design.

e High-Energy Physics: Delving deeper into theoretical calculations related to

elementary particle interactions and the early universe.

e Materials Simulation: Precisely predicting the properties of superconductors and
novel functional materials at an atomic level, fostering breakthroughs in materials

science.

These calculations are either fundamentally impossible with current classical computers

or cannot be performed within a realistic timeframe.



Background and Industry Context

Quantum computing holds the potential to revolutionize various fields due to its
immense computational power, but current devices are in the 'NISQ (Noisy Intermediate-
Scale Quantum)' era, characterized by high noise and immature error correction
technologies. Fault-tolerant quantum computing is the ultimate goal to overcome these
errors and enable large-scale, accurate computations. The partnership between AWS and
QueEra represents a crucial step by the industry towards achieving this goal. By offering it
as a cloud-based service, it will enable more researchers and businesses to explore the
possibilities of quantum computing. This is critically important for democratizing

quantum technology and accelerating industrial applications.

Future Outlook

The deployment of the Libra device on Amazon Braket by 2028 will be a milestone in the
history of quantum computing. It will open approaches to previously unsolvable
problems across a wide range of industries, including pharmaceuticals, chemistry,
materials science, finance, and logistics. Future challenges include ensuring the stable
operation of this Megaquop-scale device and the evolution of software stacks and
algorithms to enable users to develop truly valuable applications. The AWS-QuEra
partnership is expected to accelerate the path for quantum computing to evolve from a
theoretical possibility into a practical tool for solving societal challenges, driving next-

generation scientific and technological innovation.

Source: https://aws.amazon.com/blogs/quantum-computing/aws-deepens-strategic-collaboration-with-

quera-to-bring-fault-tolerant-quantum-computing-to-amazon-braket/

Collected: June 19, 2026 | Automated Research System (Gemini API)


https://aws.amazon.com/blogs/quantum-computing/aws-deepens-strategic-collaboration-with-quera-to-bring-fault-tolerant-quantum-computing-to-amazon-braket/
https://aws.amazon.com/blogs/quantum-computing/aws-deepens-strategic-collaboration-with-quera-to-bring-fault-tolerant-quantum-computing-to-amazon-braket/

ResearchGate Paper: Unconstrained MLIPs Achieve

Superior Accuracy and Speed with Large Datasets,
Enhancing Static Simulations

Published June 12, 2026  ResearchGate (Machine Learning: Science and Technology) Unknown

| overview

A paper published via ResearchGate demonstrates that unconstrained Machine
Learning Interatomic Potentials (MLIPs), when trained on sufficiently large datasets,
can achieve superior accuracy and speed compared to physically constrained models.
This study highlights the high practical utility of MLIPs in static simulation workflows
like geometry optimization and lattice dynamics. This provides new guidance for
model selection in computational materials science, opening the path for more

efficient materials exploration and property prediction.
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Key Findings

A paper released through ResearchGate reports a significant discovery in the field of
Machine Learning Interatomic Potentials (MLIPs). This research demonstrated that
‘unconstrained MLIPs'—which do not explicitly impose physical constraints—can achieve
superior accuracy and computational speed compared to traditional physically
constrained models when trained on sufficiently large datasets. This finding significantly
enhances the practical utility of MLIPs in static simulation workflows such as geometry

optimization and lattice dynamics.

Technical Details

MLIPs are machine learning models developed to predict interatomic interaction
energies with high speed and accuracy. Previously, incorporating physical constraints
into MLIPs (e.g., Pauli repulsion at short ranges, van der Waals forces at long ranges) was
considered crucial for improving model generality and stability. However, this study
demonstrated that 'unconstrained’ neural network-based MLIPs, trained using extremely
large and diverse first-principles calculation (DFT) datasets (e.g., tens to hundreds of
thousands of atomic configurations and corresponding energy/force data), can implicitly
learn these physical constraints from the data. In specific experiments, unconstrained
MLIPs showed performance comparable to DFT calculations in predicting energy (within
a few meV/atom) across various crystal and defect structures, while being orders of

magnitude faster. This high speed dramatically streamlines static simulations such as:

e Geometry Optimization: Rapid execution of numerous computational steps to find
the most stable atomic configurations of materials.

e Lattice Dynamics: Swift and accurate evaluation of forces for calculating phonon

dispersions and thermodynamic properties.

These calculations are essential for understanding material stability, thermal properties,

and vibrational characteristics.



Background and Industry Context

In computational materials science, while first-principles calculations (like DFT) offer very
high accuracy, their high computational cost limits their application to large systems or
long-term dynamics. MLIPs have emerged as a promising alternative to break this
computational barrier, enabling simulations on larger scales. The findings of this research
provide a new perspective on MLIP design paradigms. It suggests that providing high-
quality, large training datasets might be more crucial for building high-performance
MLIPs than explicitly incorporating physical constraints into the model structure. This re-
emphasizes the power of data-driven approaches in Al models and could influence the

direction of materials informatics research.

Future Outlook

This discovery—that unconstrained MLIPs perform excellently with large datasets—uwiill
further broaden the application range of computational materials science. Moving
forward, the research team is expected to explore the applicability to more complex
material systems (e.g., multicomponent alloys, polymers, amorphous materials) and
evaluate the performance of unconstrained MLIPs in dynamic simulations (e.g., molecular
dynamics simulations). Developing methods for efficiently constructing high-quality
large datasets will also be critical. This advancement has the potential to break
computational barriers in designing new functional materials, understanding defect
behavior, and predicting long-term material stability, significantly contributing to the

acceleration of materials R&D.

Source: https://www.researchgate.net/journal/Machine-Learning-Science-and-Technology-2632-
2153/publication/404138553_Pushing_the_limits_of_unconstrained_machine-
learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-

of_unconstrained_machine-learned_interatomic_potentials.pdf?origin=journalDetail

Collected: June 19, 2026 | Automated Research System (Gemini API)


https://www.researchgate.net/journal/Machine-Learning-Science-and-Technology-2632-2153/publication/404138553_Pushing_the_limits_of_unconstrained_machine-learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-of_unconstrained_machine-learned_interatomic_potentials.pdf?origin=journalDetail
https://www.researchgate.net/journal/Machine-Learning-Science-and-Technology-2632-2153/publication/404138553_Pushing_the_limits_of_unconstrained_machine-learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-of_unconstrained_machine-learned_interatomic_potentials.pdf?origin=journalDetail
https://www.researchgate.net/journal/Machine-Learning-Science-and-Technology-2632-2153/publication/404138553_Pushing_the_limits_of_unconstrained_machine-learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-of_unconstrained_machine-learned_interatomic_potentials.pdf?origin=journalDetail
https://www.researchgate.net/journal/Machine-Learning-Science-and-Technology-2632-2153/publication/404138553_Pushing_the_limits_of_unconstrained_machine-learned_interatomic_potentials/links/6a2a5ae5dd8e9d35a6effcaa/Pushing-the-limits-of_unconstrained_machine-learned_interatomic_potentials.pdf?origin=journalDetail

MDPI Paper Develops Machine-Learned MTPs for Low-
Cost, High-Accuracy Prediction of Heat Transport in
AlGaN and Related Materials

Published June 16, 2026 MDPI  Switzerland

| overview

A study published in MDPI reports the development of Machine-Learned Moment
Tensor Potentials (MTPs) for simulating static and dynamic structural properties and
heat transport in AIGaN and related materials. Trained on DFT data, these MTPs
demonstrate high accuracy in predicting physical properties like lattice constants,
elastic constants, thermal expansion, and thermal conductivity, with significantly
reduced computational effort. This achievement marks a crucial step in accelerating

the development of high-performance semiconductor materials.
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Key Findings

A recent study published in MDPI reports the successful development of Machine-
Learned Moment Tensor Potentials (MTPs) capable of predicting the heat transport
properties of AIGaN (Aluminum Gallium Nitride) and related materials with exceptionally
high efficiency and accuracy. These MTPs, trained using expensive Density Functional
Theory (DFT) calculation data, demonstrated reliable prediction of physical properties
such as lattice constants, elastic constants, thermal expansion, and most importantly,

thermal conductivity, while substantially reducing computational costs.

Technical Details

MTPs are a type of machine-learning-based potential function that describes interatomic
interactions, aiming to combine the accuracy of first-principles calculations with the
speed of molecular dynamics simulations, similar to neural network potentials. The MTPs
developed in this study were specifically optimized to efficiently learn the complex
crystal structure and interatomic interactions of AlGaN. The research team collected DFT
calculation datasets for AlGaN structures under various compositions, temperatures, and
pressure conditions to train these MTPs. As a result, the trained MTPs exhibited excellent

predictive performance for the following key properties:

e Static Structural Properties: Reproduced parameters related to crystal stability and
mechanical response (e.g., lattice constants, elastic constants like Young's modulus,

shear modulus) with accuracy nearly identical to DFT calculations.

e Dynamic Structural Properties: Accurately captured phonon dispersion relations

and atomic vibrational modes, enabling evaluation of thermodynamic stability.

e Heat Transport Properties: Most notably, the MTPs could accurately predict the
material's thermal conductivity. Thermal conductivity is a crucial property for device
thermal management, often challenging to calculate with conventional molecular
dynamics simulations. MTPs improved computational speed by several orders of
magnitude compared to DFT, predicting thermal conductivity within a few tens of

percent error margin relative to experimental values.

This opens the door to computationally optimizing thermal management in the design

of AlGaN-based semiconductor devices.



Background and Industry Context

AlGaN is a highly important semiconductor material for next-generation power
electronics and optoelectronic devices, including high-power electronic devices, high-
frequency devices, and deep-ultraviolet LEDs. The performance and reliability of these
devices critically depend on the material's thermal properties, especially high thermal
conductivity. However, accurately predicting the thermal conductivity of complex alloy
semiconductors like AlGaN has been a significant computational challenge due to the
complexities of atomic-scale disorder and phonon scattering mechanisms. While
traditional DFT calculations are accurate, their computational cost was prohibitively high
for heat transport simulations of large systems or long timescales. The development of
machine learning MTPs breaks this computational barrier, dramatically improving the
efficiency of the materials design process. This technology is essential for accelerating

R&D and strengthening competitiveness in the semiconductor industry.

Future Outlook

The development of these machine learning MTPs will significantly impact the
advancement of AlGaN materials science. Future work is expected to apply MTPs to
predict heat transport properties under conditions relevant to actual devices, such as
more complex AlGaN compositions, doping effects, and interfacial effects. There is also
potential to expand the application to the design of other heat-related functional
materials like thermoelectric materials and thermal barrier coatings. This technology will
provide a strong foundation for materials scientists to more effectively utilize
computational tools and rapidly develop high-performance next-generation
semiconductor devices. In the long term, this is predicted to contribute to device
miniaturization, higher efficiency, and increased reliability, ultimately supporting the

realization of a sustainable society.

Source: https://www.mdpi.com/2410-3896/11/2/23
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Kyushu University Pioneers Explainable Al and
ChatGPT-Powered 'Human-in-the-Loop' for Rapid AEM

Material Discovery

Published Published June 18,2026 HMAF=a2—X Japan
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| overview

Researchers at Kyushu University have developed a novel 'Human-in-the-Loop'
framework that efficiently synthesizes explainable Al, ChatGPT, and expert human
knowledge to accelerate the development of anion exchange membrane (AEM)
materials. Crucial for next-generation fuel cells and water electrolyzers, this
framework not only predicts material properties but also elucidates the underlying
rationale, providing clear molecular design guidelines. This significantly curtails
traditional trial-and-error, paving the way for faster discovery and deployment of

high-performance AEMs.
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Background and Industry Context

Anion exchange membranes (AEMs) are emerging as a compelling alternative to
conventional proton exchange membranes (PEMs) in next-generation fuel cells and
water electrolyzers. AEMs are pivotal for significantly lowering costs and fostering the
widespread adoption of clean energy technologies, primarily because they facilitate the
use of inexpensive, non-precious metal catalysts, in contrast to the costly platinum-
group metals often required with PEMs. Addressing this critical need, Kyushu University's
latest innovation aims to overcome the inherent complexities of advanced materials

design, setting the stage for faster advancements in clean energy technologies.

The Challenge of AEM Material Development

Despite their immense promise, the development of high-performance AEM materials
faces significant hurdles. The core challenge lies in designing molecular structures that
simultaneously optimize two critical, often competing, properties: achieving high ionic
conductivity for efficient energy conversion and ensuring robust long-term chemical and
mechanical stability under operational conditions. Traditional materials discovery
processes, often reliant on extensive trial-and-error experimentation, are prohibitively
time-consuming and resource-intensive, hindering the rapid identification and

deployment of optimal AEM candidates.

Key Findings: The Human-in-the-Loop Framework

A research group at Kyushu University has pioneered a groundbreaking ‘Human-in-the-
Loop (HITL)' framework designed to dramatically accelerate and optimize the
development of anion exchange membrane (AEM) materials. This innovative framework
redefines the paradigm of materials discovery by seamlessly integrating Explainable Al
(XAl), a Large Language Model (LLM) such as ChatGPT, and the invaluable knowledge of
materials science experts. Crucially, the HITL approach empowers human researchers to
not only comprehend the rationale behind Al's predictions but also to directly infuse
their insights and expertise back into the iterative design cycle, fostering a more
intelligent and efficient development pathway for these critical components of fuel cells

and water electrolyzers.



Technical Deep Dive: How the HITL Framework Works

The efficacy of Kyushu University's HITL framework stems from the symbiotic

combination of several cutting-edge components:

e Explainable Al (XAl): At its core, the custom-developed Al model is trained to
discern the intricate relationships between AEM material structures and their
performance properties, such as ionic conductivity and chemical stability. Beyond
mere prediction, this XAl component is engineered to provide transparent
explanations for its output, elucidating why specific predictions are made in a format
readily interpretable by materials scientists. This capability allows the Al to highlight
how particular atomic groups or molecular motifs directly influence AEM material

performance, offering invaluable mechanistic insights.

e Leveraging Large Language Models (LLMs) like ChatGPT: LLMs, exemplified by
ChatGPT, serve as a crucial interface, translating the complex data and nuanced
patterns generated by the XAl into intuitive, natural language descriptions. This
significantly streamlines the process for scientists, enabling them to rapidly assimilate
critical design guidelines without the need for painstaking analysis of vast datasets or
computational outputs. Furthermore, ChatGPT can synthesize insights from extensive
scientific literature and databases to aid in the generation of novel molecular design

concepts.

¢ Integration of Expert Human Knowledge: Materials science experts play an
indispensable role, validating the Al's predictions and explanations. They then blend
this Al-derived intelligence with their own accumulated experience, domain-specific
intuition, and scientific foresight to formulate highly refined molecular design
proposals. This expert intervention is vital for bolstering the reliability of the design
process, identifying potential unforeseen challenges, and fostering the development

of truly creative and innovative solutions.

e Closed-Loop Iterative Learning: A defining feature of the HITL framework is its
continuous feedback mechanism. The refined design proposals generated by human
experts are systematically fed back into the Al model. The Al then incorporates this
new knowledge, updating its understanding and informing subsequent predictions
and experimental strategies. This closed-loop learning ensures that the Al model
continuously evolves and optimizes the efficiency of AEM material development over

successive iterations.



Impact and Future Outlook

This innovative HITL framework is projected to drastically reduce the protracted trial-
and-error cycles characteristic of conventional materials development. By doing so, it
enables the identification of optimal AEM material candidates within a timeframe of

weeks to months, a significant acceleration over traditional methods.

The versatility of Kyushu University's HITL framework extends far beyond AEMs; it holds
immense potential for the design of a broad spectrum of other complex functional
materials, including those critical for advanced batteries, catalysts, and semiconductors.
Looking ahead, the research group plans to further enhance the framework's capabilities
and integrate it with robotic automated synthesis and characterization systems. This
strategic integration aims to pave the way for fully autonomous materials discovery
processes, often referred to as 'self-driving labs.' This transformative technology is
anticipated to solidify Japan's international prominence in materials informatics research
and make substantial contributions to developing innovative material solutions essential

for a sustainable global society.

Source: https://sj.jst.go.jp/news/202606/n0618-01k.html
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ASCEND Project Launched in Berlin with €30 Million

Funding to Revolutionize Catalyst Discovery via Al-
Driven Closed-Loop Systems

Published June 12, 2026  EurekAlert!  Germany

ASCIND

| overview

The ASCEND project, launched in Berlin with €30 million in funding, aims to usher in a
new era of catalyst discovery. This project moves away from traditional trial-and-error
by integrating Al models, high-throughput automated experiments, materials
characterization, and human expertise into a closed-loop, Al-driven discovery system.
This is expected to significantly reduce trial-and-error in catalyst development and

dramatically accelerate the process to practical application of new catalysts.
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Key Findings

The newly launched ASCEND project in Berlin has secured a substantial €30 million
(approximately $32 million USD) in funding from European funding bodies, announcing
its aim to revolutionize the field of catalyst discovery. The project seeks to build a
‘closed-loop Al-driven discovery system' that seamlessly integrates Al models, high-
throughput automated experimentation, advanced materials characterization, and
human expert knowledge, thereby fundamentally transforming traditional trial-and-

error-dependent catalyst development processes.

Technical Details

The core of the ASCEND project lies in its innovative workflow, which combines the

following key elements:

¢ Al-Driven Design and Prediction: Al models, trained on large catalyst datasets,
predict and design new catalyst compositions and structures based on specific
reaction conditions and target properties (e.g., activity, selectivity, stability).
Generative Al techniques are particularly utilized to propose promising candidates

that humans might not conceive.

¢ High-Throughput Automated Experimentation: Al-proposed catalyst candidates
are rapidly synthesized and tested in an automated laboratory environment using
robotic arms and microfluidic systems. This allows for the parallel evaluation of
thousands of catalysts simultaneously, dramatically increasing experimental

throughput.

e Advanced Materials Characterization: Synthesized and tested catalysts undergo
detailed characterization using state-of-the-art analytical instruments such as X-ray
diffraction, electron microscopy, and spectroscopy. This data is immediately digitized

and added to the Al model's training dataset.

¢ Closed-Loop Feedback and Learning: Data obtained from characterization is fed
back into the Al model in real-time and utilized for the next round of design and
experimentation. This continuous learning cycle enables the Al model to improve its

performance over time, efficiently exploring for optimal catalysts.



¢ Integration of Human Expertise: While aiming for full automation, the deep
expertise of human catalyst chemists and engineers plays a crucial role in validating

Al models, solving complex problems, and generating new scientific insights.

This integrated approach is expected to significantly reduce the time and cost associated
with catalyst development, potentially shortening processes that traditionally took years

or decades into mere months.

Background and Industry Context

Catalysts are indispensable for the sustainability and economic efficiency of modern
society across various sectors, including the chemical industry, energy conversion (fuel
cells, hydrogen production), and environmental protection (emission control, CO2
capture). However, the discovery and optimization of new high-performance catalysts
have been extremely challenging and time-consuming tasks due to their complex
compositions and reaction mechanisms. The European Union (EU) has identified the
rapid development of innovative catalyst technologies as a critical priority for achieving
its Green Deal objectives. The €30 million funding for the ASCEND project reflects this
strategic necessity, indicating that Al-driven catalyst discovery is becoming a major pillar

in European R&D.

Future Outlook

The ASCEND project is poised to have a significant impact on shaping the future of
catalyst discovery. Moving forward, this closed-loop Al-driven system is expected to be
deployed for specific industrial applications such as automotive exhaust catalysts, biofuel
production catalysts, and plastic recycling catalysts. Furthermore, insights gained from
this platform will establish general principles for catalyst design, with ripple effects across
other materials science fields. The success of ASCEND is projected to serve as a powerful
model for how Europe can leverage Al and automation to accelerate the transition to a

sustainable chemical industry and clean energy.

Source: https://www.eurekalert.org/news-releases/1131979
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Tokyo Institute of Science Achieves Sub-Millisecond Al
for Semiconductor Inverse Problems

Published Published June 18,2026 EHREFEIFKAEFE Japan
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| overview

Scientists at the Tokyo Institute of Science have developed a tandem neural network
that solves complex semiconductor inverse problems in under one millisecond. This
Al system infers critical material parameters from transistor measurements, a task that
traditionally took days, enabling real-time quality control in manufacturing and

accelerating autonomous R&D cycles.



| N DEPTH

Background and Industry Context

The semiconductor industry has been characterized by a relentless pursuit of
miniaturization and performance enhancement, famously encapsulated by Moore's Law.
However, with increasingly complex device architectures and the proliferation of new
materials, controlling manufacturing processes and ensuring quality have become
progressively more challenging. When a manufactured device's performance deviates
from design targets, accurately solving the inverse problem — pinpointing the root cause
by tracing back to underlying material properties — is crucial for rapid yield improvement
and cost reduction. Traditionally, inverse problem analysis relied either on expert
empirical judgment or computationally intensive simulation and optimization methods,

both of which are prohibitively slow for real-time application.

Key Findings

A research team at the Tokyo Institute of Science has developed a tandem neural
network that solves the long-standing 'inverse problem' in semiconductor device
analysis with unprecedented speed. This Al system can accurately infer critical physical
parameters of semiconductor materials, such as impurity concentration, carrier mobility,
and film thickness, directly from standard transistor electrical measurements in less than
one millisecond. This enables real-time execution of complex analyses that previously
required hours or even days, delivering transformative efficiency gains for semiconductor

R&D and manufacturing.

Technical Details

The inverse problem in semiconductor devices involves inferring the microscopic
properties of constituent materials from externally measurable electrical signals, such as
forward voltage or current-voltage (I-V) characteristics. This problem is notoriously
challenging due to its inherent 'multi-valuedness,' where multiple distinct sets of physical
parameters can yield similar electrical responses. The tandem neural network developed
by the Tokyo Institute of Science employs a novel architecture comprising two cascaded
neural networks specifically designed to overcome this multi-valuedness. The first
network generates a diverse set of potential material parameter candidates from the
input measurements, while the second network acts as a discriminator and refiner,

selecting the most physically plausible solution.



This innovative architecture grants the Al system high reliability in solving complex
inverse problems. Extensive experimental validation, conducted by training the system
on virtual devices with diverse transistor structures and material parameters,
demonstrated its capability to accurately estimate physical parameters within a few
percentage points of error, even under realistic noisy measurement conditions. This sub-
millisecond response time offers a decisive advantage for crucial applications like inline
quality control in modern semiconductor manufacturing lines and accelerating the

autonomization of materials development.

Future Outlook

This tandem neural network is poised to trigger significant transformations in R&D and
manufacturing processes across the semiconductor industry. Moving forward, the
technology is expected to extend its application to a broader spectrum of semiconductor
devices, including high-power devices and optoelectronics, as well as emerging materials
such as wide-bandgap semiconductors and 2D materials. Furthermore, integrating this Al
system into automated process control systems or 'self-driving labs' will lay the
groundwork for fully autonomous semiconductor material development and
manufacturing cycles. Ultimately, by drastically shortening semiconductor device design
cycles, reducing manufacturing costs, and improving product quality and reliability, this
technology is projected to accelerate the advancement of critical next-generation fields

such as Al/loT, 5G/6G communication, and quantum computing.

Source: https://www.isct.ac.jp/en/news/tky57fxj4rub
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AtomGPT.org Launches Open-Access Agentic Al

Platform 'AGAPI-Agents’ to Accelerate Materials
Design

Published June 17,2026  The Journal of Physical Chemistry Letters ~USA

| overview

AtomGPT.org has launched 'AGAPI-Agents,' an open-access agentic Al platform
integrating open-source Large Language Models (LLMs) with scientific tools and
databases for accelerated materials design. The platform demonstrates that tool
augmentation is crucial for agentic materials Al, enhancing prediction accuracy and
autonomous workflow orchestration, especially where parametric LLM knowledge is

limited. This is expected to accelerate the materials design process and dramatically
improve R&D efficiency.
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Key Findings

AtomGPT.org has announced 'AGAPI-Agents,' an open-access agentic Al platform
designed for the chemistry and materials science fields. This platform aims to
dramatically accelerate the materials design process by integrating open-source Large
Language Models (LLMs) with various scientific tools and materials databases. AGAPI-
Agents specifically demonstrated that integration with external tools (tool augmentation)
is critically important for enhancing prediction accuracy and autonomous workflow
orchestration, particularly in complex materials exploration tasks where the LLM's

intrinsic knowledge alone might be insufficient.

Technical Details

AGAPI-Agents integrates the following key elements:

e Leveraging Open-Source LLMs: The platform is built upon open-source LLMs
trained on vast amounts of text data related to chemistry and materials science. This
allows researchers to freely customize models and apply them to specific research

problems.

¢ Integration of Scientific Tools and Databases: AGAPI-Agents seamlessly interfaces
with various specialized scientific tools and databases, such as Density Functional
Theory (DFT) calculation packages, molecular dynamics simulation tools, materials
property databases (e.g., Materials Project), and synthesis pathway prediction tools.
The LLM acts as an 'agent,’ appropriately invoking these external tools, interpreting

their outputs, and deciding the next steps.

e Agentic Workflows: The LLM understands materials design goals and autonomously
orchestrates a series of tasks, including hypothesis generation, experimental planning,
data analysis, and result interpretation. This agentic approach minimizes human
intervention while accelerating the entire process from discovery to design and

optimization.



¢ Performance Enhancement through Tool Augmentation: The research showed
that in complex materials property prediction and inverse design tasks, where
parametric LLM knowledge is insufficient, accessing and utilizing external tools
dramatically improves model performance. For instance, it selectively uses optimal
tools for specific tasks, like DFT tools for accurate energy calculations and databases

for crystal structure exploration.

AGAPI-Agents provides a powerful framework that enables materials scientists to rapidly

construct high-performance Al agents tailored to their specific research problems.

Background and Industry Context

In materials science, the discovery and development of new functional materials are key
drivers of progress across many industries, including energy, environment, healthcare,
and information technology. However, due to the complexity of materials design and the
vastness of the exploration space, traditional R&D processes have been time-consuming
and costly. The advent of LLMs opened possibilities for extracting knowledge from
scientific literature and generating new ideas, but challenges remained regarding their
‘black box' nature and insufficient integration with the latest experimental data and high-
precision simulation tools. Open-access platforms like AGAPI-Agents address these
challenges by integrating LLM capabilities with scientific tools, promoting the

democratization and acceleration of materials informatics research.

Future Outlook

AGAPI-Agents is poised to become an extremely important tool in shaping the future of
materials design. Moving forward, this platform is expected to contribute to the
realization of fully autonomous 'Al-driven materials discovery labs' through further
integration with a wider variety of scientific tools and robotic automated synthesis and
characterization systems in the laboratory. Furthermore, as the platform's user
community expands, new materials design algorithms and tools will continuously
emerge, accelerating innovation based on the spirit of open science. This technology is
predicted to drive the creation of innovative material solutions for a sustainable society

with unprecedented speed and efficiency.



Source: https://pubs.acs.org/doi/10.1021/acs.jpclett.6c00837
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Purdue University Seeks Postdoctoral Researchers in
Computational Materials Design and Materials
Informatics, Bolstering DFT and MLIPs Research

Published June 18, 2026  ApplyKite USA

| overview

Purdue University has announced a postdoctoral researcher opening in
computational materials design and materials informatics. This strategic hire targets
researchers with strong expertise in atomistic simulation methods like Density
Functional Theory (DFT), defect simulations, and Machine Learning Interatomic
Potentials (MLIPs), as well as data-driven Al approaches. The recruitment aims to
strengthen the university's research capabilities in advanced materials science and

accelerate the discovery and optimization of new materials.
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Key Findings

Purdue University has announced a postdoctoral researcher opening to enhance its
research capabilities in computational materials design and materials informatics. This
strategic recruitment targets researchers proficient in cutting-edge atomistic simulation
methods such as Density Functional Theory (DFT), defect simulations, and Machine
Learning Interatomic Potentials (MLIPs), along with expertise in leveraging data-driven Al
approaches. Through these hires, the university aims to accelerate the discovery of new

materials and the optimization of existing ones.

Technical Details

The research themes for the advertised position focus on the following technological

areas:

¢ Density Functional Theory (DFT): A first-principles method for calculating the
electronic structure and physicochemical properties of materials, providing detailed
understanding at the atomic level. This is crucial for generating foundational data for

new material design.

e Defect Simulations: Investigating the impact of point defects, line defects, and
planar defects within a material's crystal structure on its mechanical, electrical, and
optical properties through simulations. This provides guidance for improving material

reliability and performance.

e Machine Learning Interatomic Potentials (MLIPs): Machine learning models that
predict interatomic interactions with high speed and accuracy, using DFT calculation
data as training data. MLIPs enable large-scale molecular dynamics simulations, which
are critical for exploring long-term material behavior, phase transitions, and diffusion

phenomena.

e Data-Driven Al Approaches: Utilizing Al to extract new patterns and relationships
from materials databases, generating new material candidates, predicting properties,
and optimizing experimental designs. Advanced methods like Graph Neural Networks

(GNNs) and Bayesian optimization are employed.



Combining these methods will enable researchers to accelerate the design and
development of new materials across a wide range of application areas, including energy

materials, semiconductors, structural materials, and catalysts.

Background and Industry Context

Technological innovation in modern society heavily relies on the discovery of high-
performance new materials. However, traditional materials R&D has largely depended on
time-consuming and costly trial-and-error processes. Materials informatics, by
integrating computational science, data science, and Al, is gaining attention as a
paradigm to break this bottleneck and dramatically improve the efficiency of materials
discovery. A leading research institution like Purdue University actively attracting top
talent in this field is a crucial strategy to advance the forefront of academic research and
maintain U.S. scientific and technological leadership. Such investments contribute not
only to deepening academic research capabilities but also to technology transfer and

innovation in industry.

Future Outlook

This postdoctoral researcher opening demonstrates Purdue University's commitment to
playing a leading role in computational materials science and materials informatics for
years to come. The hired researchers will leverage these advanced technologies to create
innovative material solutions for significant societal challenges, such as energy-efficient
materials, sustainable manufacturing processes, and next-generation electronic devices.
In the future, these research outcomes are expected to translate into actual product
development through industry-academia collaborations, making a substantial impact on
industry. Furthermore, the fusion of Al and simulation technologies will be a crucial step

towards the realization of 'self-driving labs' for materials R&D.

Source: https://www.applykite.com/positions/postdoctoral-researcher-opening-in-computational-

materials-design-and-materials-informatics-e4qwqs2xcg
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Schubert Group Unveils Al-Powered Platform for Rapid
Polymer Discovery at Al4X 2026

Published Published June 18,2026 B8 Germany

I OVERVIEW

At the Al4X Conference 2026 in Singapore, the Schubert Group presented
groundbreaking advancements in Al-driven polymer research, demonstrating a
significant acceleration in the discovery of new functional macromaterials. Their
innovative platform integrates automation, high-throughput experimentation, and
machine learning to efficiently generate and analyze vast polymer datasets, yielding
unprecedented insights into structure-property relationships and drastically

shortening material development timelines from years to months.
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Background

Polymer materials are indispensable across virtually every industry, from automotive and
aerospace to healthcare, electronics, and packaging. However, developing new polymers
with enhanced functionality or improved sustainability has historically been an extremely
challenging and time-consuming endeavor. This difficulty stems from the vast chemical
space polymers occupy and the intricate synthesis pathways involved. Recent
advancements in Al and automation technologies are now emerging as powerful tools to
overcome this 'exploration bottleneck' in polymer science. The Schubert Group's
presentation vividly illustrates the transformative potential of materials informatics within
the polymer field, setting high expectations for the rapid creation of higher-performance

and more environmentally friendly macromaterials.

Key Findings

The Schubert Group presented its latest groundbreaking advancements in Al-driven
polymer research at the Al4X Conference 2026 in Singapore. Their research
demonstrates that combining automated high-throughput experimentation with
machine learning dramatically accelerates the discovery process for new functional
polymer materials. This approach enables the efficient generation and analysis of large
polymer datasets, providing deep insights into the complex relationships between

polymer structure and properties.

Technical Details

The Schubert Group's research integrates the following key elements:

¢ High-Throughput Automated Synthesis: Robotic automated synthesis platforms
are employed to rapidly synthesize polymers spanning a wide range of compositions
and structures. This enables the simultaneous generation of thousands of polymer

candidates, a scale previously unattainable with conventional laboratory methods.

e Automated Characterization: Synthesized polymers undergo rapid evaluation using
automated instruments for a diverse array of physical and chemical properties,
including thermal analysis, viscosity measurements, mechanical strength tests, and
optical property assessments. All measurement data is immediately digitized and

archived in a central database.



e Machine Learning Models: The extensive structure-property datasets collected are
leveraged to train various machine learning models (e.g., regression models,
classification models, generative models). These models learn the intricate
relationships between a polymer's structure and its desired functionalities (e.g.,
electrical conductivity, biocompatibility, heat resistance), enabling accurate prediction
of properties for new polymer candidates or the inverse design of polymers with
specific target attributes. Graph Neural Networks (GNNs), which represent molecular
structures as graphical data, have proven particularly effective for predicting complex

macromolecular properties.

¢ Closed-Loop Learning: Predictions generated by the machine learning models are
fed back into the experimental design pipeline, guiding the next iterative round of
automated synthesis and characterization. This continuous, closed-loop learning cycle
perpetually enhances the efficiency and effectiveness of the polymer discovery

process.

This integrated, iterative approach drastically shortens the development timeline for
novel polymer materials, reducing what traditionally took years or even decades to a

matter of months.

Future Outlook

The Schubert Group's research is poised to significantly shape the future of Al-driven
polymer research. Moving forward, this integrated approach is anticipated to be applied
to a broad spectrum of macromaterials, including more complex multi-functional
polymers, self-healing polymers, and recyclable or biodegradable polymers.
Furthermore, the group aims to continually enhance the predictive accuracy of their Al
models and the reliability of their automated synthesis and characterization systems,
ultimately working towards the realization of 'self-driving labs' with minimal human
intervention. This technology is projected to rapidly deliver next-generation polymer
materials crucial for achieving a sustainable society, enabling a transition to a circular
economy, and fostering the development of innovative products across emerging

technological sectors.

Source: https://www.chemgeo.uni-jena.de/en/70015/ai-driven-polymer-research-from-the-schubert-
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