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Networks ④Augmented Chemical Intelligence?

• Surely Chemists have been building models for ages
• Representing molecules – Chemical Informatics
• Group additivity – Graphs – Networks
• What is AI/ML
• Barriers
• Limits
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Aromaticity – why is chemistry hard for 
computers…..

https://www.chemistryworld.com/features/the-search-
for-the-grand-unification-of-aromaticity/4013915.article

https://en.wikipedia.org/wiki/Benzene#/
media/File:Benzene_Representations.svg
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Representations of Molecular Structure

• Hückel Theory & Graph Theory
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Chemical Informatics

• These graphs are key to getting chemical information in and out of 
computers
• Allows us to process chemistry in software
• But simple input using SMILES makes life much easier
• Benzene is c1ccccc1

• Packages like RDKit can then deal with conversion to structures in 2D 
and 3D and some properties
• But what we really need is a map….
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Laws of Geography

• The First Law
”Everything is related to 
everything else, but near things 
are more related than distant 
things”.
• The Second law

"The phenomenon external to 
an area of interest affects what 
goes on inside".
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Waldo Tobler

maps Chemical Space



Benson’s Rules

Possible route to a map – Group additivity
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QSAR

Molecules
Data

Structure

Molecular Graph

Chemical Knowledge

Use Descriptors

Chemical Space
Regression Models

Random Forests

Statistical Models

QSAR

25/08/2021 ML & Big Data    Univeristy of York 8



https://pubs.rsc.org/en/content/articlehtml/2020/cp/d0cp02709j

Distribution of the molecules in the Lipophilicity dataset.
Clustering 

25/08/2021 ML & Big Data    Univeristy of York 9



Machine Learning

Molecules
Structure

Molecular Graph

Machine Learning

Learn Relevant Descriptors

Chemical Space
Latent Space

Can we get the learning back out of the ML Neural Network?
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AI Classification 
AI

General AI Narrow AI

Machine Learning Reasoning Systems Expert Systems
͙

Unsupervised 
Learning

Supervised 
Learning

Reinforcement 
Learning

͙
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Generative 
Models

• ML network learns the 
essential features for 
molecules with selected 
properties (e.g., a suitable 
drug candidate)
• Can be used to select 

suitable molecules from a 
library
• But a generative network 

‘creates’ possible 
molecules
• Then check if there is a 

synthetic pathway to make 
them!
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Quantum 
Chemistry 

Machine 
Learning

Provides molecular and 
material descriptors

Enhance Quantum Calculations
Molecular Alchemy &
Continuous chemical space

Quantum Chemistry 
and Machine Learning
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Molecular Dynamics Machine Learning

Machine Learning and Statistical Mechanics

Develop Force Fields

Faster Integrations

Identify patterns

Enhanced sampling
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The Logic of Scientific Discovery

Abduction
cc: Veronica Belmont - https://www.flickr.com/photos/28034678@N00
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Types of Logical Inference
(from Ross King)

• Deduction

• Induction

• Rule:  All swans are white
• Fact: Daffy is a swan
• Therefore, Daffy is white

• Rule: Daffy is a swan and white
• Fact: Tweety is a swan and white
• All swans are white

X Birdy is a black swan
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Types of Logical Inference

• Abduction • Rule:  All swans are 
white
• Fact: Daffy is white
• Daffy is a swan

X Daffy is a Duck
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Abduction from Molecules to 
Chemical Space

•How to go from the study 
of a few molecules to 
ideas about the entirety 
of chemical space?
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Barriers to Machine Learning - DATA

• DATA
• Not enough quality data
• In machine readable 

form
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Standards – as much time converting as 
extracting….
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Ethical AI – The Problems of Bias
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Explainable
Accountable
Reproducible

All needed for 
scientific discovery



The AI3SD Network

• Meetings & Workshops
• Feasibility funding
• Summer Internships
• Online Talks & YouTube Chanel
• Reports, Interviews Newsletters
• Conference

• www.ai3sd.org 

25/08/2021 ML & Big Data    Univeristy of York 22



SKills4Scientists

Seminar Series
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When chemistry becomes a discipline, mathematical 
chemists will design new materials, predict their 
properties, and tell engineers how to make them —
without ever entering a laboratory. We've got a long 
way to go on that one!  

Robert A. Heinlein, “Where to?” 1950

The Future (is ours to see)
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Talk2Lab

AI in the Lab
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Limits of Chemical 
Computation

There are computationally 
undecidable problems in 
quantum chemistry!
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A Key worry
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Overreliance on AI may put us in intellectual debt



All I am saying is that now is the time to develop the technology to deflect an asteroid 
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Trust me Mort - no electronic communications 
superhighway, no matter how vast and sophisticated, will 
ever replace the art of the schmooze

Thank you for listening 
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