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Pre-Digital 
Computers

Computers 
are useful

Computers 
are 

essential

Computers 
take over – 

AI Scientist?
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X-ray 
microscope 
phase 
recovery for 
imaging

Chart Recorder

Physical model 
of the Solent 
basin

https://en.wikipedia.org/
wiki/BBC_Micro

http://news.bbc.co.uk/1/hi/sci/t
ech/4233757.stm

Robotic Labs?

The progress of 
digitalization of 
my research



2004 2024

Dark Lab or Smart Lab:  The 
challenges for 21st Century 
Laboratory Software, Frey 2004

Digital chemistry: navigating 
the confluence of computation 
and experimentation – 
definition, status quo, and 
future perspectives, Bräse 2024
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Augmented Chemical Intelligence?



Data Driven Science
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Chocolate and Nobel  Prizes
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Correlations
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Problems

• We need for a map of 
chemical space

• What do we mean by 
related?  

• What do we mean by 
“near’?

• In high dimensions useful 
ideas of distance become 
less well defined!

• Central Limit Theorem 
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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?

ChemTalk Basel 2024 25/09/2024

Induction
Deduction
Abduction
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Data
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Data, data everywhere 
but not enough to model



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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Making Haystacks to 
find needles 
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At least get help in 
making the best 

haystack



Dimensional 
Reduction 
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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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The Shape of Data – Topological Data Analysis
Does Chemical Space have holes?

https://pixabay.com/photos/foo
d-eat-diet-plain-bagel-
2202382/

https://pixabay.com/photos/okto
berfest-pretzel-meal-
gastronomy-963852/

https://www.reddit.com/r/datais
beautiful/comments/b8ihhr/com
parison_between_the_london_tu
be_map_and_its/
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At least share you haystack!
eScience Data Infrastructures:  From eBank to PSDI

Figure 1: The Scholarly Knowledge Cycle 

Database), as such databases require some level 

of service guarantee from a service provider. 

Provision in other chemistry areas i.e. on 

spectroscopic data is patchy due to the cost of 

maintaining the data as well as attitudes towards 

sharing. 

 

Eventually, useful and interesting 

knowledge can be interpreted from the 

processed data; this knowledge is interpolated 

into a scientific article for communication with 

the scientific community through the 

publication process. Sufficient data must be 

included to support the arguments and claims 

advanced in the article, however the practical 

limits of the publication medium mean that the 

data is shown in a very restricted form (such as 

a graph or summary table).  As well as 

submitting the paper for peer review and 

publication, it may be deposited in an eprint 

archive for immediate dissemination and 

discussion by the community.  

 

These secondary items (the articles and 

database tables) can themselves re-enter the 

research cycle through a citation in a related 

paper or inclusion in a meta-study, or inclusion 

in postgraduate training or undergraduate 

learning activities by a reference in a reading 

list or in modular materials as part of an online 

course in a Learning Management System.  

 

The eBank UK project is addressing this 

challenge of whole-lifecycle reuse by 

investigating the role of aggregator services in 

linking data-sets from Grid-enabled projects to 

e-prints contained in digital repositories through 

to peer-reviewed articles as resources in e-

learning portals.  

2. The eBank UK Project –  

addressing the data publication 

bottleneck  

This innovative JISC-funded project which is 

led by UKOLN in partnership with the 

Universities of Southampton and Manchester, is 

seeking to build the links between e-research 

data, scholarly communication and other on-line 

sources. It is working in the chemistry domain 

with the EPSRC funded eScience testbed 

CombeChem [combechem], which is a pilot 

project that seeks to apply the Grid philosophy 

to integrate existing structure and property data 

sources into an information and knowledge 

environment. The specific examplar chosen 

from this subject area is that of crystallography 

as it has a strict workflow and produces data 

 

publication metadata, any links made between different datasets, or datasets and publication can be revealed to the user 

in the display of the search results.  Links can be made indirectly, for example by identifying common occurrences of 

author names, keywords or other subject-specific terms (such as chemical identifiers in our particular crystallography 

exemplar).  Alternatively, direct links can be created if there is a specific reference, in the dataset or the publication 

metadata, to the related work.  For example, an OpenURL could be generated to link to an instance of a journal article 

that is available electronically in a user’s institution, if sufficient metadata about this related article is included in the 

metadata record describing the data set. 

 

One further area of work in the eBank UK project is the embedding of the search service into external services to reach 

the user base by means of alternative points of entry.  There are a number of mechanisms by which this can be 

achieved.  All the mechanisms would allow a third party service to make requests to the service provider, which in turn 

returns results in a manner that can be manipulated by the third party to fit the look and feel of their interface, for 

example the University portal or a subject portal.  EBank UK has implementation experience of using CGI-

mechanisms, web service protocols (SRW Search/Retrieve Web Service [13]) and portal technologies.   These 

techniques will be used to present the search service through PSIgate, which has an audience in higher and further 

education, mainly in the UK, but also worldwide, with an interest in the physical science.  The eBank UK search service 

will complement the other features of PSIgate, adding discovery and access of research data to the landscape of 

scientific services already on offer at PSIgate. 

 

EBANK SCHEMAS 

 

The services that can be built on aggregated metadata can only be as good as the metadata that is available to them.  To 

achieve interoperability between dataset and publication metadata, there must exist some consensus on the data models 

and the metadata schemas being used to exchange metadata.  Furthermore, to support discovery facilities between 

datasets from different communities, there must be some agreed commonality in the models and schemas if cross-

disciplinary services are to be built. 

Fig. 2 . The links between metadata records, HTML views of the records and data sets (left) and the eBank

UK architecture (right) 

https://eprints.soton.ac.uk/8183/1/eBank_AHM.pd
f

http://www.ukoln.ac.uk/projects/ebank
-uk/dissemination/PV2004-heery.pdf
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https://www.data-revival.com

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

A person standing in front of a screen with a message on it

Description automatically generated with low confidence

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


Andy Cooper, 
Liverpool, UK

Wenhao Sun, 
Michigan, 
Ann Arbor, USA

“Extracting details of material synthesis from the literature, tells 
us more about what experimental researchers think about 
synthetic possibilities, than what is synthetically possible.”

“What theoreticians think about how experimental researchers 
work, and the constraints that exist, rarely align with the realities of 
the laboratory” 

Faraday Discussion, Data Driven Science, 
Trinity College Oxford, Sept 2024
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How do we communicate models and 
process?

• Surprisingly difficult to 
explain what a process 
involves

• Much of the detail is 
assumed to be understood 
and not explicitly discussed

• This is where the miss-
understandings usually arise.

If you can't describe what 
you are doing as a 

process, you don't know 
what you're doing. 

W. Edwards Deming 
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http://news.bbc.co.uk/1/hi/technolog
y/8388485.stm

Methods are as important as the data 

30



OECD Principles of QSAR (ML) 
Modelling …. from 2004

• 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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Faraday’s laboratory 
notebooks are also 
remarkable in the amount 
of detail that they give 
about the design and 
setting up of experiments, 
interspersed with 
comments about their 
outcome and thoughts of a 
more philosophical kind. 
All are couched in plain 
language, with many vivid 
phrases of delightful 
spontaneity….

Peter Day, ‘The Philosopher’s Tree: A 
Selection of Michael Faraday’s Writings’
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Chemistry is a Social Machine

• The aim is for the IUPAC standards 
to facilitate the smooth interaction 
of people, computers and 
equipment on a global scale.

• Producers and Consumers of data 
must not be like the non-
communicating paths of a double 
spiral staircase (DNA)

25/09/2024 ChemTalk Basel 2024

University of Reading, Department of Chemistry
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Augmented Intelligence

Information Architecture

What do we need to do  to get the data we 
want?

AI 
needs 

IA



http://news.bbc.co.uk/1/hi/sci/tech/4233757.stm

Friday, 4 February, 2005, 08:47 GMT 

25th Anniversary of MQTT
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Ethical & Explainable AI 
Needed for scientific discovery
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Should students 
give up with 
traditional 

chemistry and 
traditional 
chemistry 
courses?

ChatGPT
Education 
will need 

to change!

Derek Lowe
In the Pipeline
Chemistry World

… Do you know who will find these things out?  Not 
our AI and ML systems, although I’m sure they’ll help 
whenever possible.  No, it is going to be us.  Just like it 
always has been.  The law of conservation of data



Limits of Chemical Computation

There are computationally 
undecidable problems in 
quantum chemistry!
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Data & Decisions
Data 
Should be FAIR

Findable

Accessible

Interoperable

Reusable 
Barend Mons etal 2016

Decisions 
should be Intelligently Open
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Accessible

Comprehensible

Useable 

Assessable
Onora O’Neil 2002



ETHNO-SCAPE TECHNO-
SCAPE IDEO-SCAPE FINANCE-

SCAPE MEDIA-SCAPE

Chemists, Cooperation, Equipment, Society, Industry, Funding, Dissemination, Data 

Appadurai’s 5-scapes for globalisation: 
Global (Chemical) Cultural Flow
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Limits of Chemical 
Computation

There are computationally 
undecidable problems in 
quantum chemistry!

Godel Turing
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We are still in a Liminal period 
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Dissemination is part of the research
But beware of “Engrooved behaviour”

concept highlighted in teaching by 
Paul Trowler
http://www.brad.ac.uk/sustainable-
universities/media/sustainableuniversities/Keyn
ote-Prof-Paul-Trowler.pdf
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http://www.todayandtomorrow.net/2010/02/22/quarter-mile-groove/
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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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https://en.wikipedia.org/wiki/Robert_A._Heinlein_bibliography


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 

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

Humanity has a 100 years 
on this planet, Hawking
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