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Chemical Data Is 
Context-Dependent

Processing history of materials, 
synthesis procedure, …. 

Too flexible for tabular data

Nat. Chem. 2022, 14 (4), 365–376.

You have to 
shake it only 
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Nat. Chem. 2022, 14 (4), 365–376.
Images: E. PETERSEN/SCIENCE, University of Cambridge 

a b

Much of Chemical Data Is in Fuzzy 
Form
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We Need To 
Care About 
This Fuzzy 
Data

Matextract.pub and arXiv:2407.16867 
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Finding the Best Pancake Recipe in the 
Conventional Way

Time ⏰ Banana 🍌 Milk 🥛 Egg 🥚

30 1 100 0

10 0 129 0,5

5 2 140 1

12 2 80 2

Rating 🤩

4

5

3,4

2

Correlating descriptors with 
ratings

Machine learning models can 
correlate descriptors of our 
recipes to ratings

In this way, we could score 
new recipes



Making 
pancakes: 
Generalized 
Learning on 
Scale
Large-language models can 
answer natural language 
queries.

It can do without being 
explicitly trained to do so.

66
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Actionable Machine Learning Powered By 
Large Language Models

“Conventional” ML works on data we have little direct control over.



Transforming Chemistry 
With Transformers

    Kevin M Jablonka (HIPOLE Jena) 
    @kmjablonka  | mail@kjablonka.com | jablonkagroup.uni-jena.de

8
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LLMs Can Play Many Roles

Director
Orchestrating tools and 
creating novel interfaces

Curator
Extracting structured 

data

Storage of fuzzy 
knowledge

Making experience and 
knowledge accessible 

Digital Discovery 2023, 2 (5), 1233–1250
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Predictions as Text-Completion

composition phase
Co1Cu1Fe1Ni1V1 multi-phase

Pu0.75Zr0.25 single-phase
BeFe multi-phase
LiTa multi-phase

Nb0.5Ta0.5 single-phase
Al0.1W0.9 single-phase
Cr0.5Fe0.5 single-phase

Al1Co1Cr1Cu1Fe1Ni1Ti1 multi-phase
Cu0.5Mn0.5 single-phase

OsU multi-phase

prompt completion
What is the phase of Co1Cu1Fe1Ni1V1? multi-phase
What is the phase of Pu0.75Zr0.25? single-phase
What is the phase of BeFe? multi-phase
What is the phase of LiTa? multi-phase
What is the phase of Nb0.5Ta0.5? single-phase
What is the phase of Al0.1W0.9? single-phase
What is the phase of Cr0.5Fe0.5? single-phase
What is the phase of 
Al1Co1Cr1Cu1Fe1Ni1Ti1?

multi-phase
What is the phase of Cu0.5Mn0.5? single-phase
What is the phase of OsU? multi-phase

1. Tabular dataset with 
string representation of 
system 

2. Transform into sentences

3. Fine-Tune LLM (e.g. , 
GPT-3) to complete prompts

4. Query LLM to complete 
prompt

What is the phase of Co1Cu1Fe1Ni1V1?###

0@@@

LLM

What is the phase of Tb0.5Y0.5?###

1@@@

fine-tuned LLM

Nature Machine Intelligence 2024,  6,  161–169. /w Andres Ortega, Philippe Schwaller, and Berend Smit
First in AI for Accelerated Materials Design NeurIPS 2022 Workshop, 2022 (before ChatGPT)



Automatminer
Automatic machine learning that 
optimizes featurizers and models
npj Computational Materials 2020, 6 (138).

CrabNet
Composition-based transformer 
model
npj Computational Materials 2021, 7 (77).

Domain-specific model (RF)
Tree-based model with hand-
tuned features on about 1000 
points
npj Computational Materials 2020, 6 (1). 

Outperforms the State-of-the-Art

11
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Works for Different Representations

N N

NO2

O=[N+](C(C=C1)=CC=C1/N=N\C2=CC=CC=C2)[O-] SMILE
S

[O][=N+1][Branch2][Ring1][Branch1][C][Branch1][Ring1][C][=C][=C][C][=C]
[Ring1][Ring2][/N][=N][\\C][=C][C][=C][C][=C][Ring1][=Branch1][O-1] SELFIES

InChI=1S/C12H9N3O2/c16-15(17)12-8-6-11(7-9-12)14-13-10-4-2-1-3-5-10/
h1-9H/b14-13- InChI

(Z)-1-(4-nitrophenyl)-2-phenyldiazene IUPAC 
name
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Datasets Tasks
“What is the 
transition wavelength of 
2-phenyldiazenylaniline”

“What is the lipophilicity 
of COc1cc(N2CCN(C)CC2)c3nc
(cc(N(C)C)c3c1)C(=O)Nc4ccc
(cc4)N5CCOCC5?”

“What is a molecule 
with E isomer transition 
wavelength of 325 nm,
Z isomer transition 
wavelength of 286 nm?”

Molecules

Materials

Reactions

Cl

N
N

“low”

Classification Regression Inverse Design

3.3

GPT -3 GPT -3 GPT -3

NO

Cl

N

P
O

O

O

N N

N
N

N
N

NH2

N

O
N

H
N

O N
ON

N
N N

N

Across Chemical Space
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Actionable Machine Learning Powered By 
Large Language Models

“Conventional” ML works on data we have little direct control over.
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Curator
Extracting 
structured 

data



16Polymer Chemistry Lecture Notes, Ulrich S. Schubert and Martin Hager

A B

A A B
A A

A A A
B

A B A
B

A B A A
B B

B
B

B
B A B

B
B A

B

Reactivity Ratio Determines Co-Polymer Architecture

Mara Schilling-
Wilhelmi



Structured Data Extraction for 
Copolymerization Reactions

17

A B

Depends on 
copolymerization 
mechanism 

Depends on solvent

Polymer 1993, 34 (5), 1032–1037.



Structured Data Extraction for 
Copolymerization Reactions

18

Have to deal with 
old papers

Have to deal with 
rotated pages, …
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Comparing VLMs and LLMs

Collection of 
Journal 
articles

Structured 
Data

OCR

Conversion 
Into 

Image

LLM

V-LLM

{
‘temperature’: 100, 
‘monomer_1’: ‘CCCO’, 
‘monomer_2’:’CCCN’
‘r_1’: 1.1, 
‘r_2’: 1.1

}
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Comparing VLMs 
and LLMs

Only the vision models have 
acceptable performance
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Quality 
Classifier 
Can Futher 
Boost 
Performance corpus of papers about

copolymerizations

# Polymer paper

## Introduction

## Results

| monomer | r1 | r2 |
| ------------ | -- | --- | 

Markdown document

image

{
    "polymerization_type": "free radical",
    "solvent": "carbon tetrachloride",
    "method": "bulk",
    "temperature": 60.0,
    "temperature_unit": "°C",
    "reaction_constants": {
        "constant_1": 0.52,
        "constant_2": 0.06
    },
    "reaction_constant_conf": {
        "constant_conf_1": 0.05,
        "constant_conf_2": 0.01
    },
    "determination_method": "Kelen-Tudor",
    "monomers": [
        "methacrylic acid",
        "styrene"
    ]
}

structured data

quality scores

probability of correct extraction

VLM

VLM

LLM

Random forest 
classifier

Boost from 77% 
accuracy to 94%



22Matextract.pub and arXiv:2407.16867 

Mara Schilling-
Wilhelmi

Martiño Ríos 
García

Pepe Márquez

Santiago Miret

María Victoria Gil

Christoph T Koch

Sherjeel Shabih
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How Good Are Current Models Compared to Experts?

Test yourself at chembench.org

http://chembench.org


24arXiv:2404.01475

Adrian Mirza Nawaf Alampara

Sreekanth 
Kunchapu

Martiño Ríos 
García
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Large Corpus Testing Diverse Skills
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On Average: 
Superhuman 
Performance
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But 
Performance 
Depends on 
Topic
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Connecting Tools

Conventional user interfaces are rigid 
chemistry is flexible

LLMs can do semantic search

LLMs can dynamically create 
interface components

LLMs can reason about the data



29 Nature Chemistry 2022, 14 (4), 365–376. 
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Matthew Evans, Joshua D. Bocarsly, Ben E. 
Smith in Digital Discovery 2023, 2 (5), 1233–
1250

Chatting 
With Your 
Data
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Binding Molecular Embeddings

!"#$%&'(&)*

+,##-'"$.+/

-01230-

4%,'5 2&*6"%'%&*(

-+310-

What if you can find 
the procedure that 
best matches the 
spectrum you want to 
see? 

Adrian Mirza

Architecture: Girdhar, Rohit, et al. Proceedings of the 
IEEE/CVF Conference on Computer Vision and Pattern 
Recognition. 2023 

AI4Mat 2024 Spotlight
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Building Matching Structures That Match Spectra
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Spectrum To Structure

0 0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

Found

Top 10

Top 5

Top 1

fraction of correct predictions

Perfect score
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Spectrum To Structure

0.6 0.7 0.8 0.9 1
0

20

40

60

Found
True
False

cosine similarity
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t

perfect sim
ilarity
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Multimodal Embeddings for Photovoltaics

SOL-AI (Helmholtz Foundation model initiative)
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Testing the 
Limitations of 
Multimodal 
Models: 
MaCBench

Lab scenarios
This is a photograph 
from a chemistry lab. 
The apparatus is in 
operation. What is the
safety issue here?

Options:
a) The setup should be 
placed perpendicular 
to the ground
b) There is risk of the 
apparatus falling down
c) The round bottom 
flask is not touching 
the oil bath
d) Everything is correct, 
no safety risk

Lab scenario comparisons

The chemist wants to separate two liquids with 
a separation funnel. Which is image, A or B, 
shows the correct protocol?

Glassware identification
In this photograph, 
what do you see?

Options:
a) Funnel
b) Separatory Funnel
c) Chromatography Column
d) Burette

Handdrawn molecules
What is the SMILES of this molecule?
a) C[Al](C)NC1=NC=CS1
b) C(F)(F)(F)S(=O)NP(=S)(N)N
c) C\1=C/C(=N\Br)/C(=C/C1=N/Br)Cl
d) C/C(=C\C(C(C#C)[Si](C)(C)C(C)
(C)C)(O)[Si](C)(C)C)/C#C

Band structures
What is the 
characteristic of 
the electronic 
structure in 
the image?

a) metallic 
b) direct gap
c) indirect gap

Reasoning about crystal structures
What is the crystal
system of this 
crystal structure?

a) monoclinic
b) orthorhombic
c) tetragonal
d) hexagonal
e) rhombohedral
f) cubic

AFM images
How many gold
nanoislands 
can be 
observed in 
the image? 
Consider only 
those with a 
positive 
height as gold
nanoislands.

Table understanding
Does this table contain 
any material 
composition?

Do all the material 
compositions present 
in the table add up? 

 
/w Anoop Krishnan (IIT Dehli) 
NeurIPS AI4Mat 2024 Spotlight

Nawaf 
Alampara

Mara Schilling-
Wilhelmi

Martiño Ríos 
García
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Testing the 
Limitations 
of 
Multimodal 
Models
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Predicting Material 
(Properties) Using LLMs
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But They Cannot Even Do Math!

https://community.openai.com/t/chatgpt-simple-math-calculation-mistake/62780
https://prompt.16x.engineer/blog/why-chatgpt-cant-count-rs-in-strawberry

https://community.openai.com/t/chatgpt-simple-math-calculation-mistake/62780
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Data collection

pretraining

pretraining
data scaling

!netuning

Representations

Composition

Atom Sequences

Atom Sequences ++

SLICES

Crystal-text-LLM

Z-matrix

CIF Symmetrized

CIF P1

Local-Env

Benchmark

property 
prediction

formation 
energy

shear 
modulus

bulk 
modulus

### Question: What is the {property} of the 
{MatText Representation}?
### Response: {}

language 
modeling

Analysis

hypothetical 
potential

attentiontokenization

bonding symmetry geometry

coarse grainingperiodicity composition

100k30k 300k 2000k

Inductive biases

M TText

Nawaf AlamparaSantiago Miret
(Intel Labs) 

arXiv 2406.17295
AI4Mat 2024 Spotlight



42

Stoichiometry Bonding Geometry Symmetry Periodicity Coarse Graining

Composition ✔

SLICES ✔ ✔

CIF P1 ✔ ✔ ✔

Crystal-text-LLM ✔ ✔

                         Novel Representations

Atom Sequences ✔

Atom Sequences++ ✔ ✔

CIF Symmetrized ✔ ✔ ✔ ✔

Z-Matrix ✔ ✔ ✔

Local-Env ✔ ✔ ✔ ✔

Encoding Inductive Biases
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Geometry and Scale Do Not Help!
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Geometry and Scale Do Not Help!

There is some small improvement with 
scale

But does not beat baselines

Geometric information is not 
effectively leveraged
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Little Attention Paid to Numbers

Overall contribution over layers per 
token class

Most attention is on atoms
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Separating Data From Model Effects

E = αEcomp + (1 − α)Epos =
k

∑
k=1

wknk

Ecomp

+
N

∑
i=1

V (ri) +
N

∑
i=1

∑
j∈𝒩(i)

V ( ri − rj )
Epos

, α ∈ (0,1)
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Approach and Techniques Applications

data
management

generative modeling

human-in-the-loop
active learning

and more ...

[     ]n

data capture 
and mining

collaborations 
with experimental 

groups and engineers

sustainable polymers

driven with autonomous agents

MattAssist Chat with MattAssit KJ

History
Tipps

Export Invite collaborators Chat Settings

API

25 June 2024 2:32 p.m.

25 June 2024 2:33 p.m.

I am looking to nanopattern a gold surface 
in a pH-responsive way at room temperature.
The system must withstand corrosive conditions.
Where should I start?

Various system of pH responsive block co-polymers, many contain 
poly-N,N-diethylaminoethyl methacrylate (PDEAEMA) blocks. 
You can find an ovierview of the lineage along with trustworthiness below. 

Corrosive conditions have not been investigated for this  system 
but for systems with benzotriazole.  
Hence I recommend you try the following experiment ...  

Open paper

Open ProtocolOpen Protocol
Zhang et al. 2014
333 K for 10 h, then 50 h aneal

10 Successful Replications Open paperOpen paper

Open ProtocolOpen Protocol
Wagner et al. 2016
275 K for 3h, then wash with acetone

3 Successful Replications

Open paperOpen paper

Open ProtocolOpen Protocol
Gabor et al. 2016
289 K for 5h, then wash with DMF

1 Failed replication

Open paperOpen paper

Open ProtocolOpen Protocol
Jackson et al. 2022
253 K for 7h, then ramp, then wash 

5 Successful Replications

carbon capture
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I’m hiring!
For Ph.D., PostDoc, MSc., 
internship, etc. in ML for materials/
chemistry (and RDM tools) contact 
join@lamalab.org

cat cost nature

mailto:join@lamalab.org
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Adrian Mirza Nawaf Alampara

Current Ph.D. Students

Sreekanth 
Kunchapu

Mara Schilling-
Wilhelmi

Reza Aliakbari Abdelrahman 
Ibrahim

Msc. Students

Ali Asghar 
(Sadra) Aghajani 

Anagha Aneesh
(Fullbright Scholar)

Martiño Ríos 
García
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Develop Materials 
That Work in the 
Real World With our 
Digital Assistants


