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A new Paradigm in Materials Science

Agrawal et al. APL Materials (2016)

Perspective: Materials informatics and big data: 
realization of the « fourth paradigm » of science in 
materials science
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Recognition by Nobel prizes 2024

Chemistry: for computational protein design & for protein structure prediction

Physics: for foundational discoveries and inventions that enable 
machine learning with artificial neural networks

Literature: in 2042?
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Structuration in France, Research Group GDR IA-MAT

Established in 2022 to unite AI and 
materials science research communities 
and foster interdisciplinary applications.

http://iamat.cnrs.fr
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National Research Program, PEPR DIADEM

Lomello, Bard, Maglione, Schuster. Comput Struc Biotech J (2024)

PEPR DIADEM



820/11/2024Tous droits réservés Titre de la présentation

2. How the Story Begins
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AI in Molecular Chemistry
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Segler et al. ACS Central Science (2018)

Generating Focused Molecule Libraries for Drug Discovery with 
Recurrent Neural Networks
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N. Nosenko. Nature (2016)
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High-Throughput Screening & AI-accelerated Simulation

Combinatorial method Physical insights

Jha, Wolverton, Agrawal et al. Scientific Report (2018)

ElemNet: Deep Learning the Chemistry of Materials From 
Only Elemental Composition

Crivello et al. Computational Materials Science (2022)

Supervised deep learning prediction of the formation enthalpy of complex phases

Chen et al.. ArXiv 2401.04070 (2024) Accelerating 

computational materials discovery with artificial intelligence 
and cloud  high-performance computing: from large-scale  
screening to experimental validation
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3. Generative AI in Materials 
Science 
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Evolutionary Algorithm for Gas Storage

Metal-organic Frameworks (MOF) for CO2 capture

Lee et al. Korean J Chem Eng (2013)

Collins et al Science Advances (2016)
Materials design by evolutionary optimization of functional 
groups in metal-organic frameworks

LiNH2 

+ 

NaBH4

Metal-hydride (MH) for Hydrogen storage

Baturin et al ACS Applied Energy Materials 

(under review)
Novel Layered Calcium Borohydride Polymorph via an 
Enhanced Evolutionary Algorithm



1420/11/2024Tous droits réservés Titre de la présentation

Inverse Design by Variational Auto-Encoders (VAE)

Gomez-Bombarelli et al. ACS central science (2018)

Automatic Chemical Design Using a Data-Driven Continuous 
Representation of Molecules

Yao et al. Nature Machine Intelligence (2021)

Inverse design of nanoporous crystalline reticular materials with 
deep generative models
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Nouira et al. AAAI-Make, Stanford (2019)

CrystalGAN: Learning to Discover Crystallographic 
Structures with Generative Adversarial NetworksDiscovering new crystal structures 

with Generative Adversarial Network           
.    
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Diffusion Models Applied to Crystal Structures

(i) Training

(ii) Sampling

Sultanov et al. J Chem Inf Model (2023)

Data-Driven Score-Based Models for Generating Stable 
Structures with Adaptive Crystal Cells
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Diffusion Model to Find Stable Crystal Structures

Cu

In

Ga

Space 
group
139
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?

Sultanov et al. J Chem Inf Model (2023)

Data-Driven Score-Based Models for Generating Stable 
Structures with Adaptive Crystal Cells Zeni, Xie et al. Microsoft Research Forum (2024)

MatterGen: A Generative Model for Materials Design

Poster

Generative 

Model-Based 

Exploration of 

Chemical Space 

for Crystals
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Autonomous experiment with high-throughput, automated 
robotic experiments and AI for electrochemistry

Combinatorial synthesis of electrolytes
Conduct experiments

Transfer exp. results
Accumulate & 
analyze data

Propose
experimental plans

S. Matsuda et al. Scientific Reports (2019) 

Cell Reports Phys. Sci. (2022)
High-throughput combinatorial screening of multi-component electrolyte 
additives to improve the performance of Li metal secondary batteries
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Large Language Models in Materials Science

GenMS: Generative Hierarchical Materials SearchSupport for bibliography review

Yang, Batzner et al. arXiv:2409.06762 (2024)

GenMS: Generative Hierarchical Materials Search 
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4. Limitations of AI approaches

• Verification Required

• Loss of Expertise

• Ethics and Intellectual Property

• Open Data is Not Always Open

Round Table

Discussion

AI for science 

discoveries 

J.-C. Crivello &

F. d’Alché-Buc
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A New Era in Material Discovery?

GNoME for Graph Networks for Materials Exploration

Merchant et al. Nature (2023)

Scaling deep learning for materials discovery

https://distill.pub/2021/gnn-intro/
https://www.nature.com/articles/s41586-023-06734-w
https://www.nature.com/articles/s41586-023-06734-w
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Artificial Intelligence Driving Materials Discovery?

Cheetham, Seshadri. Chem Matter (2024)

Perspective on the Article: Scaling Deep Learning for Materials 
Discovery

Trivial adaptations of know 
compounds with higher 
symmetry

“2000 compounds 

have been placed in 

the Gnome archive”

“Not achieved by 

design or serediplity, 

but by exploring 

opportunities in the 

extensive reposititory
of compounds that 

are already known”

“Only periodic perfect 

compounds excluding all king of 

real materials:

disordered phases,  glass, 

polymers, composites, …”

“Not checked by real 

synthetize but by quantum 

calculation (inclusion of 

radioactive elements)

No functionality 
demonstrated”

https://www.nature.com/articles/s41586-023-06734-w
https://www.nature.com/articles/s41586-023-06734-w
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Generative Approaches in Material Sciences: 
→ Accelerating Discovery and Innovation

Conclusion remarks

Interdisciplinarity: Bridging Scientific Communities: 
→ Not Just Data Science: Successful material discovery through 
AI requires the integration of domain expertise in crystallography, 
materials synthesis, and chemistry.

→ Collaborative Approach: AI experts, data scientists, and 
materials scientists must work together to interpret AI predictions, 
validate findings, and guide the iterative development of new 
materials.
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