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The Transforming Power of Technological 
Advances

https://ourworldindata.org/grapher/the-price-for-lighting-per-million-lumen-hours-in-the-uk-in-british-pound

The price per million
lumen-hours in GBP

How long you had to work to get an hour of light

1750 
BCE

1800 1880 2010

400 hours

50 hours

3 hours

1 second
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Rarely used   Useful    Essential  Take over?
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1950-1960 
2st AI Boom

1970 
First AI 
Winter

1990 
Second AI 

Winter

1980-1990
2nd AI Boom

1997 Deep 
Blue Chess

2011
IBM wins 
Jeopardy

2016
AlphaGo

2012 
AlphaFold

2023 
ChatGPT

Deep Learning Boom
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Augmented Chemical Intelligence?
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Chocolate rules the world

Correlation and Causation – Causal reasoning and Explainable AI



Models

• All models are wrong, but some are 
useful (Box) 

• Different models are useful in different 
circumstances and for different 
audiences 

• Sometimes more than one model is 
useful for the same problem

• In Chemistry sometimes the very 
models used at the same time are 
mutually inconsistent

• This all goes to make the concept of 
explanation in Chemistry qualitatively 
different from scientific disciplines
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What is special about Chemistry?



Models

The explanations freely flow back and forth between the rigorous 
mathematical style of the physical sciences to the more category style of 
historical biological and medical explanations.

The ability to handle mutually inconsistent explanatory principles of a 
characteristic of Chemists and their training.

It is one of the reasons why a chemistry training is useful more widely than 
just in Chemical sciences.
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We need to do something about this!  

In 2020 the IUPAC Top Ten Emerging Technologies included AI
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From QSAR to Machine Learning
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https://en.wikipedia.org/wiki/Donald_Rumsfeld
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Physical Chemistry
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Gold

Blue

Purple

Brown

Green
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https://www.ai4science.network/ai3sd-online-seminar-series/ai4sd-machine-learning-summer-school-2022/ 
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https://shorturl.at/cfuvZ

https://www.ai4science.network/ai3sd-online-seminar-series/ai4sd-machine-learning-summer-school-2022/


A map of chemical space?

The First Law of Geography
”Everything is related to everything else, but near 

things are more related than distant things”.
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Waldo Tobler

• “Chemical Space is big. You just won't believe how vastly, hugely, mind-bogglingly big 
it is. I mean, you may think it's a long way down the road to the synthetic chemist’s lab, 
but that's just peanuts to space.”

―With apologies to Douglas Adams, The Hitchhiker's Guide to the Galaxy

https://www.goodreads.com/work/quotes/3078186


In Praise of High Dimensionality
The Central Limit Theorem
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Increasing sample size



In high dimensions all the data is 
at the edge!

Volume of the sphere around a data point 
vs the volume of the space (cube)

The Curse of High Dimensionality - Where are all the data points?
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Dimensional 
Reduction 
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24

Enzyme Michaelis 
Menten & the Steady 
State Approximation 
(SSA)

S+E ⇄ ES ⟶ P+E

Statistical Thermodynamics 

6N 
dimensions 
(position & 
momenta)

PV = nRT

individual particles 
to collective 
variables

Global (state) variables

Formally Equivalent
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Revive the 1950’s – The Wisswesser Alphabet
WLN notation uses uppercase alphabetic characters, numerals and specific punctuation

CDKDepict for all image generation
25

Getting molecules into the Computer - We can do better than SMILES
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WLN 
encode 

Chemical 
Knowledge

Obtain WLNs 
PUBCHEM & 
ChemSpider 

Build an 
ANN to 

map 
SMILES 
to/from 

WLN

ANN not 
that 

accurate

Roger 
Sayle has 

a WLN 
READER!!

Use the 
READER to 

create more 
data for the 

ANN

Try 
TRANSFORMER

technology 

From Wendy 
obtain WLN 

Books

limitation
s were 
DATA 

Problems!

Fix the data 
analyse the 

Transformer -> 
Enhance the 

READER

Develop a WLN 
Writer and we now 
have a Rules based 
AI system for WLNs

Providing a 
Chemical 
Prediction 

Network with 
SMILES and 

WLN is 
effective

A story of the success of Augmented Intelligence

https://github.com/Mblakey/wisswesser

https://github.com/Mblakey/wisswesser


Deep Learning

AlphaGo, 

We have more data and we can use more data…

But we rarely have enough in Chemistry

Need also to include chemical insight

AlphaFold….
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Data, Data everywhere 
but not enough to model



CSD   

10 x PDB

Rapid increase in the number of 
available crystal structures

Small proportion of the number of 
structures determined.
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https://www.metoffice.gov.uk/weather/learn-
about/weather/how-weather-works/water-cycleHydrological Cycle

Data Cloud

Data Management

Data Evaporation

Data-logical Cycle 

Data Rain

Data Lake

Data Steam

Data Ocean

Data River

Data Archive Data Fog

Data Forest

Data Exchange

Underground Data

Data Diffusion
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Comets Solar Wind 
Erosion 



https://www.st-andrews.ac.uk/media/environmental-
health-and-safety-services/Electrical-Adapters.pdf

Available from Amazon 
Other suppliers are available

(DATA) Standards
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Standards – as much time converting as 
extracting….



OECD Principles of 
QSAR (ML) Modelling

• Add a Principle ‘0’ – Characterize the data
• … the original OECD principles did not call out a 

specific principle to capture the importance of data 
aggregation and curation prior to modelling, 

• Transparency in Modeling through Careful 
Application of OECD’s QSAR/QSPR Principles via a 
Curated Water Solubility Data Set, 

• C. N. Lowe, et al, Chemical Research in Toxicology 2023 36 (3), 
465-478
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Making Haystacks to 
find needles 
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At least get help in 
making the best 

haystack



We can't 
make 

everything
Need to 
reduce 

number of 
experiment

s

Need help 
in deciding  

what to 
make

We need a 
good 

Predictive 
Model

Needs 
access to 

lots of 
quality data

Which 
requires 

many good 
experiment

s
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We need to be more insightful, creative, 
efficient, environmentally conscious…



Highlight some relevant types of 
Machine Learning
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Transfer Learning

Re-enforcement 
Learning 

(including Human 
in the Loop)



AI needs IA

Information 
Architecture

3508/03/2024 Jeremy Frey Flavour Talk

Smart Labs - Talk to Lab

There is a need to restructure labs
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https://www.data-revival.com

https://www.youtube.com/watch?v=kJalCEEYHQY&t=365
s

Sam Munday

UoS stored Chemistry 
notebooks 
~ 2000 Chemists years 
~ 10 Tb scanned data

DATA REVIVAL - Recover old inaccessible data

https://www.youtube.com/watch?v=kJalCEEYHQY&t=365s
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2000’s e-Science Programme 
recognised a growing need for 
the global (virtual) equivalent 

of the “Tea Room”

Covid mitigation strategy 
built on these online 

collaborations

38

AI & ML
ChatGPT 

Large Language Models

Let’s Have a Chat



Large Language Models

Jerem
y Frey Flavour Talk

08/03/2024 39

Very powerful Dilemma for teaching Can be used securely 
and on well defined 

data

Need careful 
prompting

May well be able to 
do much of the heavy 
lifting in data science
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Ethical & Explainable AI 
Needed for scientific discovery
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ChatGPT – will an AI win the Chemistry Nobel Prize?
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As an AI language model, I cannot predict 
the future… …. it is possible for an AI to 
contribute significantly to chemistry 
research that could be awarded a Nobel 
Prize
However, it is important to note that the 
Nobel Prize is awarded to individuals or 
groups of individuals, not to machines or 
algorithms…. 
Even if AI plays a critical role… the prize 
would likely be awarded to the human 
scientists who developed and applied the AI 
methods.



The Future 
(is ours to see)

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. 

Robert A. Heinlein, “Where to?” 
1950

Further thoughts from the 
1950’s
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https://en.wikipedia.org/wiki/Robert_A._Heinlein_bibliography


Culture
cc: jovike - https://www.flickr.com/photos/49503078599@N01
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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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All I am saying is that now is the time to 
develop the technology to deflect an 

asteroid 

Thanks to all the brilliant members of my research group and my 
excellent colleagues, that made this work possible 
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