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The problem with predicting the future!
ά¢ƘŜ ǿƛǎŜ ǎǇŜŀƪ ƻƴƭȅ ƻŦ ǿƘŀǘ ǘƘŜȅ ƪƴƻǿέ
(Tolkein)

Å Did you spot Google (or Facebook, or Twitter) ðand 
invest?
ï So why are you not on a beach in the Bahamas

Å How about the Polymerase Chain Reaction, who saw that 
coming? Thermophillic bacteria, chain reactions and 
cooking proteins

Å They said graphene couldnõt be made ðbut they didnõt 
think of making it with Sellotape !

.ǳǘ ǘŀƪƛƴƎ ŀ ŘƛŦŦŜǊŜƴǘ ǘŀŎƪΣ ǿŜ ŀǊŜ ƻƴ ŀ ΨƘƛǎǘƻǊƛŎŀƭ ǘǊŀƧŜŎǘƻǊȅΩΥ
The future is here. It's just not widely distributed yet."-William Gibson

So, what pointers are there to chemical information futures?



Biological data

Å180,079,582,087 nucleotide bases

Åover 800 organisms

Å55833 protein x-ray crystal structures

Å12 million citations in medline

Å40 main stream databases from EBI

ÅEnsemble : 24 million gene predictions

One thing is certain, the scale of Chemical Data will 

continue to increase enormouslyé

Chemical data

Å60,475,000 (86,000,000) chemical 

substances

Å3,700,000 chemical reactions

Å501,857 x-ray structures

Å613,000 available reagents

ÅBielsteinhas 600,000 reaction 

abstracts

Å>270,000 organic x-ray structures

ÅCombichemlibraries of

Billions of compounds

Patents
ÅEuropean patents ï150,000,000 

pages

Å150,000 applications/year

Å400,000 chemical patent 

hyperstructures

ÅOver 100 countries in patent 

cooperation treaty (PCT)

This implies a clear need to make maximum use of this astronomical

amount of data...

The BIG ûconnectionü =>innovation



We have a ôuniverseõ of data - so, 
what are the opportunities, what 

are the bottlenecks, what is 
possible?

ÅFinding data and knowledge ðits a network 
problem!

ÅWhat is ôchemistryõ - do we really capture 
it?

ÅWhat are the trends and where will they 
lead? Background Copyright notice 

http://apod.nasa.gov/apod/ap101124.html



Finding data - Information Engineering 
and The Kevin Bacon Game

Six Degrees of Kevin Baconis a trivia gamebased on the concept of 
the small world phenomenonand rests on the assumption that any 
individual can be linked through his or her film roles to actor Kevin 
Baconwithin six steps.

Its about starting from one point in information space and ending at 
another. hŦ ŎƻǳǊǎŜΣ ƛƴ ŎƘŜƳƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ΨǎǇŀŎŜΩ ǿŜ ŘƻƴΩǘ ƪƴƻǿ 
ǿƘŜǊŜ ǿŜΩǊŜ ƎƻƛƴƎ όƻŦǘŜƴύ ǎƻ ǿŜ Ǝƻ Řƻǿƴ ƭƻǘǎ ƻŦ Ǌŀōōƛǘ ƘƻƭŜǎΣ ƴŜǾŜǊ ǘƻ 
emerge!

LΩǾŜ ŎƻƳŜ ǘƻ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ǘƘŀǘ ŎƘŜƳƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀƭƭ ŀōƻǳǘ ƴŜǘǿƻǊƪǎΦ ¢ƘŜǊŜ ƛǎ 
ŀƴ ŀǿŦǳƭ ƭƻǘ ƻŦ ƛǘΣ ƛǘΩǎ ŜƳōŜŘŘŜŘ ƛƴ ŀ ƭŀǊƎŜ ŎƻƳǇƭŜȄ ƴŜǘǿƻǊƪ ƻŦ ƧƻǳǊƴŀƭǎΣ ŀǊǘƛŎƭŜǎΣ 
ōƭƻƎǎΣ ōƻƻƪǎΦΦΦόǇŜƻǇƭŜǎ ƘŜŀŘǎύΦΦΦ ŀƴŘ ǘƘŜ ǘƻƻƭǎ ǘƻ ŦƛƴŘ ǘƘŜ ΨƛƴŦƻǊƳŀǘƛƻƴΩ ŀǊŜ 
inadequate.

òThus, science is not merely a set of ideas but also the flow of 
these ideas through a multipartite and highly differentiated 
social system.ó (Martin Rosval)

http://en.wikipedia.org/wiki/Trivia
http://en.wikipedia.org/wiki/Game
http://en.wikipedia.org/wiki/Small_world_experiment
http://en.wikipedia.org/wiki/Film
http://en.wikipedia.org/wiki/Kevin_Bacon
http://en.wikipedia.org/wiki/Kevin_Bacon


Tracing Science networks based on journal 
citations

¢ƘŜ ǇƘȅǎƛŎŀƭ ǎƛȊŜ ƻŦ ŜŀŎƘ ƳƻŘǳƭŜ ƻǊ ΨΨŦƛŜƭŘΩΩ 
on the map reflects the fraction of time 
that a random surfer spends following 
citations within that module.

By analysing such networks, we can see 
ǇŀǘǘŜǊƴǎ ƛƴ ΨǎŎƛŜƴǘƛŦƛŎ ǘƘƻǳƎƘǘΩ ŀǇǇŜŀǊƛƴƎ 
from the structure.
Suppose we are looking for a piece of 
information. The connection from our 
starting point to the information is often a 
ΨǊŀƴŘƻƳ ǿŀƭƪΩΦ /ŀƴ ǿŜ ǉǳŀƴǘƛŦȅ ǘƘƛǎ ŀƴŘ 
optimise the process?

Where are we now? - Analysing the science citation network

TimeWalkersand Spatial Dynamics of Aging 
Information L. Lizana, M. Rosvall, and K. 
Sneppen. L. Lizana, M. Rosvall and K. Sneppen
Phys. Rev. Lett. 104:040603 (2010

ÅEureka!



7,940 journals connected by 9.2 million citations 

Maps of random walks on complex networks reveal community structure. Martin Rosvall, Carl T. Bergstrom PNAS, 

, 105(4),  1118-1123 and  Hierarchical organization in large integrated systems,  M. Rosvall,  C. T. Bergstrom 
(Submitted on 3 Oct 2010)

The connectivity of the sciences ςwho cites who and where?
60,000,000 citations from more than 7000 journals over the past decade.

http://www.tp.umu.se/~rosvall/livemod.htmlfor some fascinating network models

http://www.tp.umu.se/~rosvall/livemod.html
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A knowledge network ς
finding
the best route through is by 
choosing the best exit routes

Self organising networks of
Ψ!ƎŜƴǘǎΩ ǳǎŜ ƭƻŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ
establish locally connected networks
6-degrees of Kevin Bacon

M. Rosvall, P. Minnhagen, K. Sneppen
Phys. Rev. E.71:66111 (2005)

Autonomous 
agents to 
search for 
personalised 
information

The Future

http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PLEEE8000071000006066111000001&idtype=cvips&gifs=yes


The Ecology of Chemical Information
Å Will Cloud computing change the way we use computers? 
Within the cloud will exist an ôecosystemõ of data and 
programs. There will be an awful lot of it.

Å Autonomous software program. Not a virus, more like a 
bacteria. Learns, mutates, inhabits its own ecosystem, 
contributes to the environment ðis symbiotic.

Å An example currently being developed: A negotiator (which 
will negotiate with other robots) for the best deal in 
purchasing electronics ðIBM is developing these

Å Could we do the same for chemical information? Also, if 
really smart e.g. Design a synthesis, or at least find the 
expert. It could learn ðwhich scientists  knows this 
chemistry (what works), identify uses for compounds and 
also find potential customers.

Å Chem4Word is being developed to be semantically rich ðand 
can identify what you ôintendõ through chemical ôintuitionõ and 
avoid errors. Could this be extended to e.g. discover 
synthetic reactions or even suggest research topics based 
on intuitive information networks?

¢ƘŜ Ψ/ƭƻǳŘΩ



Where does the data come from? Open Science ?
More recent developments in data availability are changing the way 
that research is performed. It has become more common for 
individuals, Universities, companies, publishers, government ςto 
make data available on a grand scale to the community.  In 
Chemical information, this has been less common than say 
bioinformatics, however, that is changing in interesting ways.

Recent initiatives such as Pubchem, which contains 63M records on 
37M unique chemical structures and 1500 bioassays is an example 
of a resource that is publicly available. Another example is the 
ChEMBLdatabase, from EBI, of bioactivities of compounds and the 
recent acquisition of ChemSpiderby the RSC to make chemical data 
available freely. CCDC have made available structures and tools for 
teaching.

Etc. 

Linked chemical data on
The web (Rafael Sidi),
Chemspidergains prominence



If we have the data, how do we interact with 
computers? An opportunity is the ôhumanisationõ 
of computers. Helping humans find knowledge

Developments in Natural Language Processing for example, means 
that complex human-created documents can be processed by robots 
to extract useful  information, and in particular concepts, that can be 
searched for or re-used by other robots.

The publishing Industry is well aware of the potential, as are 
companies interested in Intellectual Property, and the better use of 
patents. This is currently a $Billion industry in patent searching. 
{ǘǊŀƴƎŜƭȅΣ ƛǘΩǎ ƭŀǊƎŜƭȅ ǳƴǎƻƭǾŜŘ. Patents tend to be written in as an 
obscure way as possible! So searching is difficult.

There is significant investment going into enhanced search methods 
to utilise language approaches to finding information. The semantic 
processing of legacy data is the immediate need, but over the long 
term much effort will be devoted to tools that can enhance content 
during the publishing process, so that later use is better facilitated. 

Much of this work in Chemistry was spearheaded by Peter Murray-
wǳǎǘΩǎ ƎǊƻǳǇ ŀƴŘ Ƙŀǎ ƎƛǾŜƴ ǳǎ ǿƛŘŜ Ǿƛǎƛōƛƭƛǘȅ ŀƳƻƴƎ ƻǘƘŜǊ ǎŎƛŜƴǘƛǎǘǎΦ 
Project Prospect is now a major RSC initiative along with ChemSpider.

http://www.rsc.org/Publishing/Journals/ProjectProspect/Examples.asp

http://www.rsc.org/Publishing/Journals/ProjectProspect/Examples.asp




Example: a search of PubMedfor άcompounds in 
grapefruitέςfetched 200 abstracts- chemistry marked up



A similarity search for compounds
ά[ƛƪŜ [ƛƳƻƴŜƴŜέ

Of course, natural language processing is quite challenging ςmy favourite, 

Time Flies Like an Arrow    :     Fruit Flies like a Banana



But, what is chemistry ςhow can chemistry 
be represented - a difficult problem!

Å 500 years of reductionism

Å DƻƛƴƎ ŦǊƻƳ ΨŀƭŎƘŜƳȅΩ ǘƻ ōŜŀǳǘƛŦǳƭƭȅ ŎƻƴǎǘǊǳŎǘŜŘ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀƭƎƻǊƛǘƘƳǎ 
ǊŜǇǊŜǎŜƴǘƛƴƎ ΨƛŘŜŀƭƛǎŜŘΩ ŎƘŜƳƛǎǘǊȅ

Å Notice the yellow film

- this is a chemical ς

Actually, its a purified (>95%)

mixture of (mostly) one

ǎǳōǎǘŀƴŎŜΦ  wŜŀƭ ŎƘŜƳƛŎŀƭǎ ŘƻƴΩǘ

exist as connection tables. 

The next generation of chemical information tools

should capture the history of the materials

which went to make up the substance, as

well as its measured and predicted properties. Including

Human/robotic senses ðvideo, scene interpretation, spectroscopy...

To do this, we will need a robot chemist (of sorts) to help capture data



Astounding Stories, 
March, 1931
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When we look at this scene, we add a huge amount of information from 
our senses and knowledge ðbut it nearly all gets lost!
Representing chemistry needs to be re -engineered to represent materials 
and processes

Not a smiles string or a 
connection Table !!



When we look at this scene, we add a huge amount of information from our senses 
and knowledge ςbut it nearly all gets lost!
Representing chemistry needs to be re-engineered to represent materials and 
processes

Not a smiles string or a 
connection Table !!

ά²Ŝ Ŏŀƴ ŀƭƭ ŀǇǇǊŜŎƛŀǘŜ ǘƘŀǘ ǎȅƴǘƘŜǎƛǎ ƛǎ ōƻǘƘ 
an art and a craft. At one level it can be seen as 
a process to deliver materials in appropriate 
quantities and purities for further functional 
evaluation. At its best, however, it is an 
exquisite masterpiece that bears both the 
hallmark and signature of its creator and 
ǎǘŀƴŘǎ ǘƘŜ ǘŜǎǘ ƻŦ ǘƛƳŜΦέ
Steve Ley, Organic Chemist



Video camera (Networked)

Data capture
(Networked)

Flow chemistry controller
Precisely controlled
Chemistry (networked)

Supported reagents

Novel reactors
- instrumented

Microwave 
heating/cooling
(networked)

The first step is the automated lab ςdata capture using the human senses integrated into 
robotics. Integrating the real and virtual worlds.

Data Capture
Semantification
Presentation...



5ŀǘŀ ŎŀǇǘǳǊŜ ǿƛƭƭ ōŜ ǇŀǊǘ ƻŦ ΨtŜǊǾŀǎƛǾŜ ŎƻƳǇǳǘƛƴƎΩ

ÅPervasive computing ςnow arriving
ïAllows acquisition and access to information, data, 

knowledge, decisions at all times

ïFor example: intelligent fume cupboards, safety 
monitoring, reaction monitoring and control ς
design experiments (e.g. In flow chemistry)

ïElectronic Lab notebook is a start in this direction, 
we recently implemented one.

ï/ŀƴ ŀŎŎŜǎǎ ŦǊƻƳ ŀƴȅ ΨŘŜǾƛŎŜΩ ςe.g.  Chemspiderand 
SciFinderare accessible on a smartphone

ï Information is retained ςmajor plus!!

ïWhat can we do in this area? ςnew devices?

ïhttp://singularityhub.com/2009/03/04/the-next-
generation-in-human-computer-interfaces-
awesome-videos/

ï¢Ƙƛǎ Ŧƛǘǎ ƛƴ ǿƛǘƘ ƻǳǊ ƛƴǘŜǊŜǎǘ ƛƴ ΨVirtual Laboratory 
bƻǘŜōƻƻƪǎ ό±[bύΩ a step further

http://singularityhub.com/2009/03/04/the-next-generation-in-human-computer-interfaces-awesome-videos/
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Chemical information will increasingly be 
derived from Simulation ςcoming of age

ÅPetabyteŎƻƳǇǳǘƛƴƎ όDt¦ΩǎύΣ ǘƘŜ ŎƭƻǳŘΣ ǘƘŜ о5-
Web, infiniband(300-1000Gb/sec)...
ÅChemical information should not be static ςthe 

dynamic properties of molecules and materials 
are increasingly seen as important data
ÅMillisecond simulations of complex biological 

phenomena are now possible
ÅThere will be an increasing use of simulation to 

check, predict and design materials
ÅThis is a challenge to discover, archive, select 

appropriate knowledge/data

Maragakiset al., Microsecond Molecular Dynamics Simulation Shows Effect of Slow Loop Dynamics on
Backbone Amide Order Parameters of Proteins J. Phys. Chem. B 2008, 112, 6155-6158


