Al and ML for Chemists
Topic 3.1: Chemical Data

Pre-lecture Explore

Dr. Ganna (Anya) Gryn’ova



Data in ML
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Data Data Data

— information, especially facts or numbers, collected
to be examined and considered and used to help
decision-making, or information in an electronic form
that can be stored and used by a computer.

Cambridge Dictionary

https://lwww.datarobot.com/blog/the-importance-of-machine-learning-data/ 2



Garbage In — Garbage Out

Good training data is:
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Your analysis is as good as your data.

Creating a good training dataset involves:

1.

2
3.
4

Data collection
Data cleaning
Data labelling

Data preprocessing (filtering, scaling, etc.)
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How many molecules are there?

A popular estimate of 1090 refers to molecules composed of C, H, N, O, and H atoms, containing no
more than 4 rings and weighting less than 500 Da.

Several other “theoretical” subspaces populated by small organic (often, drug-like) molecules have
been enumerated, e.g., a more conservative estimate of 3.4 x 10° for molecules with <100 carbon
atoms and the “Chemical Universe Database” GDB-17 with 166.4 billion molecules with up to 17 C,
N, O, S, and halogen atoms.

Across the entire chemical space, ca. 219 million organic substances, alloys, coordination
compounds, minerals, mixtures, polymers, and salts have been published and are recorded in the
Chemical Abstracts Service (CAS) registry.

According to various estimates, the number of possible chemical
compounds is in the range of 1018-10200,

It is estimated that there may be 1078 to 1082 atoms in the known universe.

Gryn'ova et al., J. Chem. Inf. Model. 2024, 64, 5737. 4



Experimental data

Numerous databases of chemical data (physical and é E
chemical properties of molecules) exist — see

https://en.wikipedia.org/wiki/Chemical database and , ‘
https://en.wikipedia.org/wiki/List_of chemical_databases. O«CSO ‘ |
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Is this data good? See “Activity”.
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The situation is even worse for reaction data (e.g., yields, ee values, etc.):
« Good (large, reliable, and diverse) reaction datasets are proprietary.

« Publicly available datasets are either small or biased (or both).

Voinarovska et al., J. Chem. Inf. Model. 2024, 64, 42. S


https://en.wikipedia.org/wiki/Chemical_database
https://en.wikipedia.org/wiki/List_of_chemical_databases

Computed (synthetic) data

Curated datasets of computed molecular data have been created in the recent years.

For an up-to-date list, see the awesome-chemistry-datasets page:
https://github.com/kjappelbaum/awesome-chemistry-datasets.

Example - QM7 dataset:
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chemistry.

Ramakrishnan, Dral, Rupp, von Lilienfeld, Sci. Data 2014, 1, 140022.
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https://github.com/kjappelbaum/awesome-chemistry-datasets

Datasets of materials

Open Materials Database

The ' Materials
Materials
Project

OQMD

The Open Quantum
Materials Database



https://materialsproject.org/
http://openmaterialsdb.se/
https://nomad-repository.eu/
http://oqmd.org/
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