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Renewable energy
Photovoltaics

Batteries

Electronics
Chips

Semiconductors

Medicine
Antibiotics
Vaccines

Mobility
Transport
Aerospace

Materials are the driver for innovation
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https://sdgs.un.org/goals

Critical contributions of materials research

• Clean-energy materials 
(batteries, solar cells, magnets)

• Environment-friendly construction materials

• Non-toxic replacements of base chemicals

• Materials for innovative health technologies

• Sustainable production and processing
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Materials Research for a Safe and Sustainable Future
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Research group AI for Materials Science (AiMat)

aimat.science

Bridge between
● Methods development in computer science
● Applications in materials science and chemistry



Karlsruhe Institute of Technology (KIT)5 Pascal Friederich, AiMat Research Group

Machine Learning for Materials Science and Chemistry
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Self-driving labs

Idea
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AI for Autonomous Experiments

Jenewein et al.,
J. Mat. Chem. A  2023.

Ceramics for additive manufacturing

Filtration membrane design

Responsive polymers

Seifermann et al.,
Small Methods 2023.

Glass et al.,
ACS Appl. Mater. Interfaces 2024.

Collaboration with

Collaboration with

Collaboration with

Collaboration with

Schubert et al.,
Open Ceramics 2024.

Catalyst development

Collaboration with

Wu et al.,
JACS 2023.

Wu et al.,
Science 2024.

Photovoltaics materials

Dahms et al.,
In preparation 2025.

Electrochromic films

Collaboration with
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Design of solar cell materials

7/2/26

From synthesis ... ...to devices!

Christoph
Brabec

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.

10.1021/acs.accounts.4c00095
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Synthesis in a space of 1,000,000 molecules

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.

● Hole transport materials for perovskite solar cells 
● Automated synthesis of A-B-A molecules 
● Library of ~1000 A and ~1000 B fragments

→ Chemical space of 1,000,000 molecules
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Synthesis in a space of 1,000,000 molecules

Autonomous exploration

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.

● Hole transport materials for perovskite solar cells 
● Automated synthesis of A-B-A molecules 
● Library of ~1000 A and ~1000 B fragments

→ Chemical space of 1,000,000 molecules
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Optimzation of device performance through HTL design

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.
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Optimzation of device performance through HTL design

Performance in optimized device: 26.2%

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.
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Optimzation of device performance through HTL design

Multiple candidates with >25% efficiency!

...

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.
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Scientific progress

7/2/26

Image: Doug Belshaw, CC0, https://blog.dougbelshaw.com/solving-complexity
Wikimedia Commons, https://de.wikipedia.org/wiki/Datei:Iceberg.jpg
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Image: Doug Belshaw, CC0



Karlsruhe Institute of Technology (KIT)21 Pascal Friederich, AiMat Research Group

Creation of scientific ideas
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Creativity if ideas

Image: Doug Belshaw, CC0
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Improving an 
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Image: Doug Belshaw, CC0
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Creation of scientific ideas
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Image: Doug Belshaw, CC0
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From explanations to simpler models and new concepts

7/2/26

Core materials science literature

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824

Thomas
Marwitz
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From explanations to simpler models and new concepts

7/2/26

Core materials science literature

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824

Thomas
Marwitz

All of materials science and chemistry
● 11,000,000 papers
● 1,300,000 concepts (15+ occurences)
● Coming soon...
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LLMs help with the extraction

7/2/26

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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MAP of materials science

7/2/26

Marwitz et al., arXiv:2506.16824, 2025.

http://inspire.aimat.science/

Explore all 137,000 concepts

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Steels
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MAP of materials science

Explore all 137,000 concepts

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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From concepts to a concept graph

7/2/26

Inspired by work of Mario Krenn
Nature Machine Intelligence 5, 1326–1335 (2023)

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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New ideas are combinations of concepts

Graph in 2016 New links from 2017-2019

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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New ideas are combinations of concepts

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Personalized recommendations

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Personalized recommendations

Expert interviews
A1: known
A2: trivial
B: nonsense
C: interesting

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Personalized recommendations: Examples
"Conventional ceramic" + "Graphene oxide"

"Tensile strain" + "Molecular architecture"

"Multiphase structure" + "Selective laser melting"

"Stress induced phase transformation" + "Hexagonal boron nitride"

"In-plane polarization" + "Organic solar cell"
Ben Breitung

Christoph
Brabec

Horst Hahn

Alexander
Colsmann

Christoph
Kirchlechner

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824

Try it yourself
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Thank you for your attention!

aimat.science
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