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Royal Society of Chemistry

The world’s leading chemistry community

• Over 51,000 members 
• Leading international not-for-profit 

publisher
• Scientific policy and education
• Conferences and events



Advancing excellence in the chemical sciences

Shaping the future of the chemical sciences for the benefit of 
science and humanity
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We are a vibrant worldwide community of people who are passionate about chemistry. We promote the best knowledge and share the best ideas, advancing excellence in the chemical sciences. 
We work to shape the future of the chemical sciences – for the benefit of science and humanity. 

Who we are 	The world’s leading chemistry community  
What we do	Advancing excellence in the chemical sciences 
Why we do it 	To shape the future of the 	chemical sciences for the benefit of science and humanity
What drives us 	Bringing chemical scientists together; promoting and sharing knowledge and ideas




• Our publishing activities span books, e-books, 
journals, databases and magazines

Leading international publisher

*The name THE MERCK INDEX is owned by Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Whitehouse Station, 
N.J., U.S.A., and is licensed to The Royal Society of Chemistry for use in the U.S.A. and Canada.
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Our publishing activities span:
books (100 per year), 
e-books (over a 1000)
39 journals spanning all of the chemical sciences - 16 journals launched in the last 5 years; Continual development of our portfolio’s (also in new areas)
Aim to be the first choice publisher of chemical science research

http://www.rsc.org/Merck-Index/
http://www.rsc.org/Merck-Index/


Summary: Current situation
OA is fast moving, we are in a transition period

Individual funding agency mandates - varying policies which 
can be confusing

Publisher experimentation continues

Rapid growth of OA journals and institutional repositories

Librarians as ‘Guardians’ of Open Access

RSC wants to work with the community to support them, and
be involved in the on-going discussions
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Talk about the change of authors and Librarians
New dynamic between author and librarian



Our Stance
“RSC supports Open Access models which seek to ensure that 

scholarly publishing activities operate in a long-term 
sustainable way”

• Maximise availability and accessibility of research
• Maintain standards and ethics of publishing
• Provide a quality service 

Gold OA is the best option – sustainable and provides 
immediate access

Green OA is also supported with our Chemical Sciences Article 
Repository: http://www.rsc.org/Chemical-Sciences-
Repository/articles/
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Bullet points are all in keeping with our ethos/mission statement
What we do has to be SUSTAINABLE  from a publishing point of view

We have a responsibility with our publishing programme – remember the quality, archiving etc we do. We have to protect all of this. And protect our audience (think of the recent science sting – a false article published anyway)

RSC content satisfies the fundamental pillars of scholarly publishing, namely: 

Certification (validation of quality and integrity) 
Registration (recognition of achievement) 
Accessibility (unparalleled online access, worldwide) 
Archiving (reliable perpetual accessibility) 
Discoverability (industry leading services to identify content) 

�


http://www.rsc.org/Chemical-Sciences-Repository/articles/


• Number of voucher codes received is what the 
institution pays for RSC Gold divided by £1,600

• We recognise researchers are being asked to 
publish OA, but may not have the funding 

• A reward for all RSC Gold subscribing institutions
• Institutions get voucher codes to publish Gold 

OA free of charge
• > £9Million invested in free Gold OA voucher codes 

for RSC Gold members
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CUE – Gold for Gold

What exactly is G4G: The G4G scheme gifts OA vouchers ….

BE ExPLICiT HERE  - REMEMBER AUDIENCE

Successful UK pilot scheme : ‘value’ of credits distributed to exceed £1m

Lots of govt support including from Rt Hon David Willetts MP, Minister for Universities and Science




Overwhelmed with data…



So much online data…

http://4.bp.blogspot.com/-TO45ti6gll4/Ts9q3RyqSOI/AAAAAAAABa0/1wUhBa164K8/s1600/unichem.png
http://4.bp.blogspot.com/-TO45ti6gll4/Ts9q3RyqSOI/AAAAAAAABa0/1wUhBa164K8/s1600/unichem.png


Organizations releasing data



Funders encourage openness



We model data – then lose it
What if we could share models and the 
underlying data via a central repository? 
This is MOSTLY not a technology issue!!!



Pharma Companies Repeat Work

Pre-competitive Informatics:
Pharma are all accessing,  processing, storing & re-processing external research data 

Literature
PubChem

Genbank
Patents Databases

Downloads

Data Integration Data Analysis Firewalled Databases

Repeat at 
each 

company
x



Publications lock up data



But what if we could navigate?

What’s the 
structure?

Are they in 
our file?

What’s 
similar?

What’s the 
target?Pharmacology 

data?

Known 
Pathways?

Working On 
Now?Connections 

to disease?

Expressed in 
right cell type?

Competitors?

IP?





What about this….

• We’re going to map the world
• We’re going to take photos of as many places 

as we can and link them together
• We’ll let people annotate and curate the map
• Then let’s make it available free on the web
• We’ll make it available for decision making 
• Put it on Mobile Devices, give it away…



Whoa…
• So the world can be mapped…
• We can enter a 3D world within the map
• We can add annotations
• We can use the data, reference it, we can 

extract it, we can make decisions with it
• And we can do it on our lap, in our hands
• Let’s do this for chemistry…



Science map

http://informationesthetics.org/documents/scienceMapPrintMockupEd2.jpg
http://informationesthetics.org/documents/scienceMapPrintMockupEd2.jpg


Chemical sciences map



Chemistry data is of value?
• Reference databases generate hundreds of 

millions of dollars/euros per year
• So much data generated that could go public
• Maybe 5% of all data generated is published
• There is no “Journal of Failed Experiments”
• Funding agencies start to demand Open Data
• Scientists want funding but also recognition



Taking on a big challenge…
• Let’s map together all historical 

chemistry data and build systems to 
integrate 

• Heck, let’s integrate chemistry and 
biology data and add in disease data too

• Let’s model the data and see if we can 
extract new relationships – quantitative 
and qualitative

• Let’s make it all available on the web





• ~30 million chemicals and growing
• Data sourced from hundreds of sources
• Crowd sourced curation and annotation
• Ongoing deposition of data from our 

journals and our collaborators
• Structure centric hub for web-searching
• …and a really big dictionary!!!



A Chemistry Data Repository 
to Serve Them All



Chemistry for the Community
• The Royal Society of Chemistry as a 

provider of chemistry for the community:
• As a charity 
• As a scientific publisher
• As a host of commercial databases
• As a partner in grant-based projects
• As the host of ChemSpider
• And now in development : the RSC Data 

Repository for Chemistry



ChemSpider



ChemSpider



Experimental/Predicted Properties



Literature references



Patents references



Books



Vendors and data sources



Aspirin on ChemSpider



Many Names, One Structure



The ultimate “dictionary”
• Search all forms of structure IDs

• Systematic name(s)
• Trivial Name(s)
• SMILES
• InChI Strings
• InChIKeys
• Database IDs
• Registry Number



Crowdsourced “Annotations”
• Users can add 

• Descriptions, Syntheses and Commentaries
• Links to PubMed articles
• Links to articles via DOIs 
• Add spectral data
• Add Crystallographic Information Files
• Add photos
• Add MP3 files
• Add Videos



ChemSpider 
• ChemSpider allowed the community to 

participate in linking the internet of 
chemistry & crowdsourcing of data

• Successful experiment in terms of building 
a central hub for integrated web search

• More people are “users” than “contributors”

• Yet basic feedback and game-play helps



ChemSpider Spectra



www.SpectralGame.com
http://www.jcheminf.com/content/1/1/9

http://www.spectralgame.com/


Micropublishing with Peer Review
(a chemical synthesis blog?)



ChemSpider SyntheticPages



Multi-Step Synthesis



Interactive Data



Publications-summary of work
• Scientific publications are a summary of work

• Is all work reported?
• How much science is lost to pruning?
• What of value sits in notebooks and is lost?
• Publications offering access to “real data”?

• How much data is lost?
• How many compounds never reported?
• How many syntheses fail or succeed?
• How many characterization measurements?



Deposition of Research Data
• If we manage compounds, syntheses and 

analytical data…
• If we have security and provenance of data…
• If we deliver user interfaces to satisfy the 

various use cases…
• Then we have delivered electronic lab 

notebooks for chemistry laboratories. ELNs 
are research data repositories



What did we learn???
Data Quality is an enormous challenge
Crowd sourced annotation can help!



Crowdsourced Enhancement
• The community can clean and enhance the 

database by providing Feedback and direct 
curation

• Tens of thousands of edits made 



ChemSpider is a building block



What are we building?

• We are building the “RSC Data Repository”
• Containers for compounds, reactions, analytical 

data, tabular data
• Algorithms for data validation and standardization 
• Flexible indexing and search technologies
• A platform for modeling data and hosting existing 

models and predictive algorithms



Deposition of Data



Compounds



Reactions



Analytical data



Crystallography data



Deposition of Data
• Developing systems that provides 

feedback to users regarding data quality
• Validate/standardize chemical compounds
• Check for balanced reactions
• Checks spectral data 

• EXAMPLE Future work
• Properties – compare experimental to pred.
• Automated structure verification - NMR



Input data pipeline

Deposition Gateway

Staging 
databases

Compounds

Reactions

Spectra

Materials

Articles / CSSP

Compounds 
Module

Spectra 
Module

Reactions 
Module

Materials 
Module

Textmining
Module

…
Module

Web UI for unified depositions

DropBox, Google Drive, 
SkyDrive, etc

LabTrove and other templated 
data

Documents

API, FTP, etc

Raw data Validated data
Staging 

databases

All databases are 
sliced by data 
sources/data 

collections and 
have simple 

security model 
where each data 

slice/source is 
private, public or 

embargoed



User Interface Approach

Compounds Reactions Spectra Materials Documents

Compounds
API

Reactions
API

Spectra
API

Materials
API

Documents
API

Compounds
Widgets

Reactions
Widgets

Spectra
Widgets

Materials
Widgets

Documents
Widgets

Data tier

Data access 
tier

User 
interface 

components 
tier

Analytical Laboratory application

User 
interface tier

(examples) Electronic Laboratory Notebook

Paid 3rd party integrations (various platforms – SharePoint, Google, etc)

Chemical Inventory application



Can we get historical data?

• Text and data can be mined
• Spectra can be extracted and converted
• SO MUCH Open Source Code available



Extracting our Archive

• What could we get from our archive?
• Find chemical names and generate structures
• Find chemical images and generate structures
• Find reactions
• Find data (MP, BP, LogP) and deposit
• Find figures and database them
• Find spectra (and link to structures)



RSC Archive – since 1841



Digitally Enabling RSC Archive

Text, PDF, XML

Structures

Reactions

Spectra

Materials

Chemistry Validation and
Standardization Platform

(CVSP)

DERA
(Text Mining)

Biological 
Activities



SO MANY reactions!



Text Mining

The  N-(β-hydroxyethyl)-N-methyl-N'-(2-trifluoromethyl-1,3,4-
thiadiazol-5-yl)urea  prepared in Example 6 ,  thionyl chloride  
( 5 ml ) and  benzene  ( 50 ml )  were charged  into  a glass 
reaction vessel  equipped  with  a mechanical stirrer  ,  
thermometer and  reflux  condenser  . 

The reaction mixture  was heated  at reflux  with stirring , for a 
period  of about  one-half hour  . 

After this time  the  benzene  and unreacted  thionyl chloride   
were stripped  from  the reaction mixture  under  reduced 
pressure  to yield  the desired product  N-(β-chloroethyl)-N-
methyl-N'-(2-trifluoromethyl-1,3,4-thiaidazol-5-yl)urea  as a 
solid residue 



Text Mining

The  N-(β-hydroxyethyl)-N-methyl-N'-(2-trifluoromethyl-1,3,4-
thiadiazol-5-yl)urea  prepared in Example 6 ,  thionyl chloride  
( 5 ml ) and  benzene ( 50 ml )  were charged  into  a glass 
reaction vessel  equipped  with  a mechanical stirrer  ,  
thermometer and  reflux  condenser  . 

The reaction mixture  was heated  at reflux  with stirring , for a 
period  of about  one-half hour  . 

After this time  the  benzene and unreacted  thionyl chloride   
were stripped  from  the reaction mixture  under  reduced 
pressure  to yield  the desired product  N-(β-chloroethyl)-N-
methyl-N'-(2-trifluoromethyl-1,3,4-thiaidazol-5-yl)urea  as a 
solid residue 



Text spectra?

13C NMR (CDCl3, 100 MHz): δ = 14.12 (CH3), 
30.11 (CH, benzylic methane), 30.77 (CH, 
benzylic methane), 66.12 (CH2), 68.49 (CH2), 
117.72, 118.19, 120.29, 122.67, 123.37, 125.69, 
125.84, 129.03, 130.00, 130.53 (ArCH), 99.42, 
123.60, 134.69, 139.23, 147.21, 147.61, 149.41, 
152.62, 154.88 (ArC)



1H NMR (CDCl3, 400 MHz): 
δ = 2.57 (m, 4H, Me, C(5a)H), 4.24 (d, 1H, J = 4.8 Hz, 
C(11b)H), 4.35 (t, 1H, Jb = 10.8 Hz, C(6)H), 4.47 (m, 2H, 
C(5)H), 4.57 (dd, 1H, J = 2.8 Hz, C(6)H), 6.95 (d, 1H, J = 
8.4 Hz, ArH), 7.18–7.94 (m, 11H, ArH)



Turn “Figures” Into Data



Make it interactive



How is DERA going? 

• We have text-mined all 21st century articles… 
>100k articles from 2000-2013

• Marked up with XML and published onto the 
HTML forms of the articles

• Required multiple iterations based on 
dictionaries, markup, text mining iterations

• New visualization tools in development – not 
just chemical names. Add chemical and 
biomedical terms markup also!



Dictionary
(ontologies)

RSC ontologies
(methods, 
reactions)

Dictionary
(chemistry)

Text-mining

Curated dictionaries for known names

ACD N2S

OPSIN

Unknown names: automated 
name to structure conversion

XML ready for 
publication

Marked-up 
XML

Production 
processes

CDX integration 
(coming soon)

Chemical 
structures SD 

file

Is It Easy?



Support grant-based services
• Multiple European consortium-based grants

• PharmaSea (FP7 funded)
• Open PHACTS (IMI funded)

• UK National Chemical Database Service 
(http://cds.rsc.org) – developing data 
repository for lab data, integrate Electronic Lab 
Notebooks

http://cds.rsc.org/




http://www.openphacts.org

Open PHACTS is an Innovative 
Medicines Initiative (IMI) project, 
aiming to reduce the barriers to 

drug discovery in industry, 
academia and for small 

businesses. 

Semantic web is one of the 
corner stones

http://www.openphacts.org/


• 3-year Innovative Medicines Initiative project

• Integrating chemistry and biology data using 
semantic web technologies

• Open code, open data, open standards

• Academics, Pharmas, Publishers…

• To put medicines in the pipeline…



The Open PHACTS community ecosystem
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e-Science develop tools to check and standardise chemical structures

e-Science is creating the Open PHACTS chemical registration system

ChemSpider provides many of the physicochemical properties within the Open PHACTS Discovery Platform




UK Chemical Database Service

• The National Chemical Database Service is for 
UK academics



National Data Repository

University 1

Data Hub

Workstations

University 2

Data Hub

Workstations

Company 3

Data Hub

Workstations

Data Repository
indexed storage

Data Repository provided
data storage

Chemically 
intelligent services

Indexes

Data

External clients Publishers

Scientists Funding bodies



National Chemistry Database



Vision for the Service PART 1
• Provide access to databases and services of 

interest to the academic community to serve 
their needs. Access to services to include:
• Crystallography data – Organic and inorganic 

materials
• Thermophysical data
• Reactions Data including retrosynthetic analysis
• Prediction technologies – name generation, 

physicochemical parameters, NMR prediction



Vision for the Service PART 2

• Response to the call for proposals included 
our vision for a 21st Century data repository

• At a time of Open Access, Open Data and 
funding agency requirement to make data 
public – build a data repository

• Funding is split for licensing content and 
services (VAST MAJORITY) and some 
funding for research and development



An Initial “Vague” Vision Set 

• Manage “all” of the chemistry data associated 
with chemical substances 

• Data to be downloadable, reusable, interactive
• Build a platform that enables the scientist 

• Data storage, validation, standardization and 
curation

• Collaborative data sharing
• Provide data platform that can enable and 

enhance publishing of scientific papers



10 years ago…
• There was no iPad, no iPhone, no Android
• Facebook had only just been released
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10s of thousands of users per day
Over 30 million chemical compounds
Recognized as one of the worlds primary sources of chemistry data
But 7 years is a long time in software…
The data repository is the new foundation, ChemSpider is an interface and brand




Powered by RSC Data

• What will it be like when we are hosting 
chemistry data that doesn’t get published???

• Or hosting all data UNTIL it gets published??
• What will it be like when computer models are 

being rebuilt every time there is a new dataset 
– validating the data, flagging data

• What will it be like when publications are not 
only peer-reviewed but also computer 
reviewed?



Internet Data

The Future

Commercial Software
Pre-competitive Data

Open Science
Open Data
Publishers
Educators

Open Databases
Chemical Vendors

Small organic molecules
Undefined materials
Organometallics
Nanomaterials
Polymers
Minerals
Particle bound
Links to Biologicals



A Global Chemistry Network

• The Global Chemistry Network is much bigger 
than just data - scientific networking, 
micro/publishing, integration hub.

• The data repository as a handler for data, GCN 
as a submission interface, GCN as a profile 
handler, rewards and recognition platform etc.

• Data repository architecture designed to deliver 
the underpinning data containers and 
visualization widgets etc.



Thank you!

Come visit us at our stand to find out more

More information:
http://rsc.li/open-access
http://rsc.li/goldforgold

E-mail: OConnorB@RSC.ORG
Twitter: @btdoconnor
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We are happy to answer specific queries about Open Access at any stage of submission and publication.

http://rsc.li/open-access
http://rsc.li/goldforgold
mailto:OConnorB@RSC.ORG
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