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Materials are the driver for innovation &‘(IT
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Materials Research for a Safe and Sustainable Future

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

3 Pascal Friederich, AiMat Research Group

SUSTAINABLE

v;x\\

5
2 M

NO GOOD HEALTH QUALITY
POVERTY AND WELL-BEING EDUCATION

i

INDUSTRY, INNOVATION 10 REDUCED
AND INFRASTRUCTURE INEQUALITIES

il

DECENT WORK AND
ECONOMIC GROWTH

‘“ (=)

PEACE, JUSTICE

AND STRONG

INSTITUTIONS
(14

13 foor 14 wovwe 19 oiian 1

3 2

S

5 DEVELOPMENT \J %"

SKIT

Karlsruher Institut fur Technologie

ALS

GENDER CLEAN WATER
EQUALITY AND SANITATION

i 12
AND PRODUCTION

abée

1 PARTNERSHIPS
FOR THE GOALS

Karlsruhe Institute of Technology (KIT)



Research group Al for Materials Science (AiMat) ﬂ(IT
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Al & ML
Methods

Virtual
Materials
Design

Bridge between
 Methods development in computer science
* Applications in materials science and chemistry
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Machine Learning for Materials Science and Chemistry &‘(IT
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Machine Learning for Materials Science and Chemistry &‘(IT
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Machine Learning for Materials Science and Chemistry &‘(IT
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Self-driving labs AT
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Idea

Closing the loop
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Al for Autonomous Experiments

Ceramics for additive manufacturing

Collaboration with
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Catalyst development

Collaboration with

Termination
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Responsive polymers

Collaboration with
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Photovoltaics materials

Collaboration with

Spin cast

Forschungszentrum
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Design of solar cell materials ﬂ(IT
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From synthesis ... ...to devices! ";/A,;\\\U

Friedrich-Alexander-Universitat

/Y|
3.1 Prepare solution/drop cast 3.2 Test Abs and PL of solution/film .
i ’ _V L _ Erlangen-Niirnberg

Microplate reader

wl Abs

2.3 Screen solvent

22 @ Synthesis
- sl A b (BB A8 2.4 Dissolve materials

Patterned ITO 2.6 Recrystallize
Bl il
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Local electrochemistry

3.5 Computational simulation

A

Christoph
Brabec

==

Cyclic Voltammetry

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.
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Synthesis in a space of 1,000,000 molecules A\‘(IT
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S S * Hole transport materials for perovskite solar cells
R  Automated synthesis of A-B-A molecules
I S  Library of ~1000 A and ~1000 B fragments
/fi L Q 0 E&\/\\&

. RS .
R — Chemical space of 1,000,000 molecules

b _@E’:&O io\ ‘ _
§i§ B0 - Q.O =1 (XX X J

(X X X J ®

B1 oo B849

Monomers 106

Wu, Friederich, Brabec et al., JACS, 2023.
Wu, Friederich, Brabec et al., Science, 2024.
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Synthesis in a space of 1,000,000 molecules &‘(IT
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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
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20.9% (26. 2%
Higher PCE and FF

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
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20.9% (26. 2%
Higher PCE and FF

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
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Think Bigger and Faster:
The Helmholtz Acceleration Alliance

Karlsruhe Institute of Technology

HELMHOLTZ information
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Machine Learning for Materials Science and Chemistry *‘(IT
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Scientific progress ﬂ(IT
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Scientific progress ﬂ(IT
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Creation of scientific ideas ﬂ(IT
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Creation of scientific ideas ﬂ(IT
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Creation of scientific ideas

Bringing
concepts
together

Improving an
existing concept
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Creation of scientific ideas ﬂ(IT
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Creation of scientific ideas ﬂ(IT
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Creation of scientific ideas
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Creation of scientific ideas ﬂ(IT
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Creation of scientific ideas
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From explanations to simpler models and new concepts A\‘(IT
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Core materials science literature
@ OpenAlex !

—=|(clande2 — [cl1,¢c2]

2009

2014
N

Thomas Dataset: Concept Extraction:
Marwitz ~221,000 papers ~137,000 concepts

c1 and c2

1, (i,

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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From explanations to simpler models and new concepts A\‘(IT
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Core materials science literature

e N B
@ODGDNGX —|cland€2 — [c1,€2]
2009 |=| c1ande2 a Badl@ — B

€3 and ¢4 / \ /

Thomas Dataset: Concept Extraction:
Marwitz ~221,000 papers ~137,000 concepts

All of materials science and chemistry
* 11,000,000 papers
e 1,300,000 concepts (15+ occurences)

« Coming soon... Marwitz et al., Nature Machine Intelligence 2026

arXiv:2506.16824

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



31

LLMs help with the extraction
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Abstract excerpt

Extracted concept

"Strengthening mechanisms in short car-
bon fiber reinforced Nb/Nb5Si3 compos-
ites"

carbon fiber reinforcement

"Removal of Metal Impurities from the"

metal impurity removal

"Resistance of Al203Coatings on Func-
tional Structure"

al203 coating

"Both fully and partially amorphous rib-
bons have been obtained"

fully amorphous ribbon, par-
tially amorphous ribbon

"Successive ionic layer adsorption and re-

action SILAR trend for"

successive ionic layer adsorp-
tion and reaction

Pascal Friederich, AiMat Research Group

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

Explore all 137,000 concepts

Ql

E"‘!p-lf _.[- 1

)R

http://inspire.aimat.science/

Marwitz et al., Nature Machine Intelligence 2026

arXiv:2506.16824
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MAP of materials science

Explore all 137,000 concepts
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Processing. (solid)

Steels == -

Simulations

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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From concepts to a concept graph ﬂ(IT
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- N N N ™

2009 On £ 62
@ ‘DpenAIex [S) stanaiz — (o1, &2 O/ E
cl cl 37 0.6 .

b ’ |
~
.’

2009 @mandtﬂ 07. s
5 @ances — (68, &) g

c3 B
\2014 @.and./ \ y \OWOI/ O\O

Dataset: Concept Extraction: Concept Graph: Link Prediction
~221,000 papers ~137,000 concepts ~13,000,000 edges

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

2015
power
delivery

super-
capacitor

2012

charge
storage
mechanism

2012

35 Pascal Friederich, AiMat Research Group

capacitor

Link Prediction
Model (NN)

SKIT

Karlsruher Institut fur Technologie

New links from 2017-2019

2017 - 2019
~~~~~~~~~~ p=09

-
s
-
~ -
-
-~ -
-

super-

2012 charge 2015 /
2012 storage power
mechanism delivery
2012
2017 - 2019
p=0.3

hybrid ion
capacitor

Marwitz et al., Nature Machine Intelligence 2026

arXiv:2506.16824
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New ideas are combinations of concepts

1.0

True Positive Rate

4 0.00

i 0.000 0.001 o0.002
0.2 ) Baseline AUC: 0.9109
¢ —— C(Concept Embeddings AUC: 0.8855
y —— Combination of features AUC: 0.9147
Pod Combination of models AUC: 0.9372
// ——- Random
0.0 . - . .
0.0 0.2 0.4 0.6 0.8 1.0
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False Positive Rate
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Nature Machine Intelligence 2026
arXiv:2506.16824

Karlsruhe Institute of Technology (KIT)



Personalized recommendations A\‘(IT
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bulk heterojunction ... Sl iadl g
/ \ charge carrier transport / K /

Individual Papers Individual Concept Extraction Individual Suggestions

/ \ / “ power conversion efficiency g \ / Report \
Google Scholar Tl hetronuction § O Comcents Combinat

Profile | il  Eall é wn concepts L.ompinatons

: g % . 0.992

h @ a electrostatic stabilization |:>

S solar cells are ... nanoparticle dispersion Other COncept Combinations

LLM organic solar cell NN x C—): 0.987

N interpenetrating network T :

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Personalized recommendations
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Occurance
Section Category Number Fraction
Expert interviews Al 31 30.77%
Al: known S A2 21 20.8%
A2: trivial B 25 24.8%
B: nonsense C 24 23.7%
C: interesting Al 17 22 1%
5 A2 8 10.4%
own X other B 35 454%
C 17 22.1%

Pascal Friederich, AiMat Research Group

Marwitz et al., Nature Machine Intelligence 2026

arXiv:2506.16824
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Personalized recommendations: Examples - ﬂ(l'l'
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. 'SRT " . n 1= Q\F Karlsruher Institut furr Technologie
"Conventional ceramic" + "Graphene oxide iz
"Tensile strain" + "Molecular architecture" :

Christoph Try it yourself
Christoph Kirchlechner b hil
Br ab ec {I:_._,-'::-' @.}.. .s~.. ..‘ Q
- | AL el Ty
ﬁ‘ y‘w (™ 4 3

S

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

Marwitz et al., Nature Machine Intelligence 2026
arXiv:2506.16824
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Machine Learning for Materials Science and Chemistry
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Institute of Theoretical Informatics (ITI) & Institute of Nanotechnology (INT)
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Thank you for your attention!

Federal Ministry
% of Education /z leM
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