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Findable & AI Ready



Materials, materials, …
Materials are decisive for every aspect of our society

Communication

Tools
Transportation

Entertainment

Light harvesting

Computing

Lighting

Health



Our environment …

1890 … electric



How is our research?

green
ecological

responsible
sustainable

efficient
fair

green

Have you thought about recycling?



What do we find in publications?

A table? 
A figure?
A structure?
A few numbers?

We never provide all information!



Let's keep recycling …

Not useful for
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research
Apparently

not successful
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publications
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labbooks
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Carry lots of
knowledge

Bad for one, good
for another purpose

Only annoted data
can be reused

Need to learn 
from failures



Raw material of the 21st century

Turn trash into a gold mine!

Metadata
Candidate
materials

ResidualSynthesis
recipes



Trends & patterns The exceptional

Beyond interpolation

Research of tomorrow

Relevant, high-quality data

Fully documented, published models

Novel tools

The right data



A bit of history

2011

2015

2016

Feb 6, 2015: 
“… That data underlying 
scientific publications 
are not available for 
confirmatory analysis, 
reuse, and repurposing is 
an anachronism that we 
aim to address. …”



A bit more of history …

2014
Archive

Encyclopedia AI Toolkit

> 140 mio. calculations

F
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I

R
C. Draxl and M. Scheffler,               MRS Bulletin 43, 676 (2018); J. Phys. Mater. 2, 036001 (2019).

2014



Institutions with registered users



FAIRmat is the NFDI consortium 
for solid state physics and 

the chemical physics of solids

NOMAD is a web-based software for 
FAIR research data management 

in materials science
https://nomad-lab.eu

More FAIRness ….

https://fairmat-nfdi.eu



Our Areas
Broken into Tasks



Our Areas
Broken into Tasks



A specific example



A long way to the roof …

T. Unold,                                                               Faraday Discuss. 239, 235 (2022).



Classical solar-cell research Literature

Synthesis Device 
Publication

SLOW

SLOW SLOW

Characterization 



Classical solar-cell research Literature

SLOW

P. Dale and M. A. Scarpulla,                                                              Sol. Energy Mater. Sol. Cells (2023).



The Perovskite Database Project

Pioneering project
100 authors 
Manual handling of 

42 000 devices
16 000 publications 

More than 400 metadata categories
Synthesis information 

Difficult to update

J. Jacobsson, et al.                                                               Nature Energy 7, 107 (2022).



Heterogenous sources 

Efficiency tables

Databases

Lab notebooks



Explore solar cells in NOMAD
https://nomad-lab.eu



Explore solar cells in NOMAD
Ef

fic
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y

Open Circuit Voltage [V]

P. Marquez

https://nomad-lab.eu



Local data infrastructure

Combinatorial synthesis
High throughput characterization
Autonomous labs
AI support

Synthesis

Characterization 

SLOW



Combinatorial explosion

Device stack

Synthesis Device 

SLOW
HTL

contact

contact

absorber
ETL

ETL: electron transport layer
HTL: hole transport layerCharacterization 



Device stack

2600 nodes
Charge transport layers



A Solar Network



Back to data infrastructure

Thanks!!
JOSS 8, 5388 (2023).


