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Motivation: Accelerate materials discovery

We want new materials, more sustainable, more efficient and we want them fast

Problems:

* Limited fraction of data in
machine-readable format

e Data are manually curated.

Possible solutions:

e Automated data extraction
tools

e Natural language models for
information extraction
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Problems:
* Trial and error approaches

* Lack of reproducibility

Possible solutions:
e Data driven experimentation
e High-throughput experiments

e Autonomous laboratories
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Motivation: Accelerate materials discovery
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Autonomous synthesis of polymer electronics
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Autonomous synthesis of electrochromic polymers
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Autonomous synthesis of polymer electronics
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1. Extract and analyse data
from existing literature

2. Train ML models

3. Establish a robot network
to run autonomous
experiments
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Autonomous synthesis of electrochromic polymers

PR - RN

- 2 3 4
Start from a Create Look up Dataset
related query in database with  absorption spectra figures Table with
a selected all the images * structure images polymers and color
journal and related  text describing the ECPs coordinates
keywords
{journal: nature, Polymer
reference
Sy EDOT
electrochromic
polymers } PRODOT
DMP

% U.8- DEPARTMENT OF ﬁrgagne National \FaEbDratu{yti’s a

/ . Department of Energy laboratory A

“/ENERGY managed by UChicago Argonne, JLLE. rgonne
NATIONAL LABORATORY




Autonomous synthesis of electrochromic polymers
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Autonomous synthesis of electrochromic polymers

> My @ >, )

Image categories extracted for electrochromic polymers discovery

photographic images

colour

schematic/cartoon

photo

mechanism

electrochromic characterization

device o
Cyclic voltammetry (CV)
others
absorption spectra
molecular structure

General categories Specific categories NATIONAL LABORATORY

structures
: 14.7%

1.0%

X-ray diffraction  / 6.9%

energy diagram —~ B




10

Autonomous synthesis of electrochromic polymers

Database e
i device 1.33
. [ J
microscopy e scanning techniques
20 .. L J ‘ °
..’.. «* ..‘ o .~. .q
° .. .. .. s g - ..
A ° 2% . [ ® ° 2 . s
:' Lo s measurements
> o .. @ ® e_O
° ‘g o & o @R x-ray diffraction
) AP O .80’0 o o
-« Q¥ oo ¢ ® L.
o ° @ ° )
—10 . [ ] o r. .. [ 1 J
[ ]
e & o 8T .
o ". ﬂ absorption spectra
~... [ J ‘ L
e :. o L] 8 ° ..‘
> ooy #3 S 8
o . :;.. :% : o. @
: : 4. ® %
A :.:s:'.' ® molecular structure

0 10 20 30 40 50

Argonne &

https://github.com/openai/CLIP NATIONAL LABORATORY




11

Autonomous synthesis of electrochromic polymers
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Autonomous synthesis of electrochromic polymers
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Autonomous synthesis of electrochromic polymers

ML models comparison Molecular representation
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Autonomous synthesis of electrochromic polymers
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Autonomous synthesis of electrochromic polymers

SDL campaign: Synthesize on demand ECPs with a selected color.

. Objective: Minimize color distance from user selection (AELab).

Goal achieved within three experimental loops
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Autonomous synthesis of electrochromic polymers

SDL campaign: Synthesize on demand ECPs with a selected color.
. Objective: Minimize color distance from user selection (AELab).

Goal achieved within three experimental loops
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