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Project Overview

* 18-month project between University of Cambridge
and Imperial College London to develop customized
tools to deposit chemistry data in digital repositories

» Part of the JISC Digital Repositories programme

» Closely integrated with eBank and eCrystals (Bath and

Soton)
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The Problem

Experimental chemistry data is aresource / asset ...
almost always omitted from traditional publishing

» PDF image files (supplementary data) : not machine readable
* Proprietary spectra formats (NMR, IR, UV) : ~5-year shelf life
* CIF xray : 80% remain unpublished

Cambridge / Imperial: 100,000+ NMR Spectra/year
300 xray
...much of which will become lost or unreadable

Most of the problems are social, not technical



Requirements & use determined by survey

Chemistry is multi-disciplinary : experimental & theoretical studies on small
macromolecular and polymeric structures. Requirements in selected user

disciplines

. synthetic organic chemistry

. departmental crystallography services
. computational chemistry

Determined by general voluntary questionnaire of all researchers.

Specific needs identified by one-to-one interviews
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Survey Results

The main conclusions were:

A complex list of data file formats (particularly proprietary binary
formats) being used

« Much data is not stored electronically (e.g. lab books, paper copies of
spectra)

A significant ignorance of digital repositories
A requirement for restricted access to deposited experimental data



Selective NMR Data Capture

Raw binary data
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Non-binary formats which are accepted data standards within the

various chemistry disciplines :

 Crystallography: CIF files
* NMR: JCAMP-DX and MDL molfiles
« Computational Chemistry: Gaussian Archive files

Chemical Markup Language (CML) can provide machine-based validation of marked-up
chemistry data through the use of XSD schemas. All four file types identified above
converted to the appropriate CML subtype and validated before deposition.

 ‘Low hanging Fruit’

« No raw experimental data (e.g. x-ray diffraction patterns, nmr FID’s)



Conversion of MDL molfile structure format to CML

Data validation with XSD Schemas (data type, data range)
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<atormn id="ag"
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<bondAray>

elernertType="C
elernentType="C
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elermentTypa="C"
elermentType="0"

<rnole cule xrnlns="http: / Sfererwccmil -cmloorg Sschema fomil 2 fcore " =

#2="-0,280600" y2="-0,720800" />
#2="-0,281800" v2="-1,548200" />
#2="0.333100" vZ="-1.961000" /=
#2="1.049500" v2="-1.547700" /=
#2="1.046600" vZ="-0.F17200" /=
#2="0.331300" vZ="-0.308000" /=
#2="1.759600" v2="-0.30Z2000" /=
¥2="2.475600" vZ="-0.711800" /=~
H2="1.736400" vZ="0,523000" />

<bond atormRefz2="a4 a%" order="1" /=
<bond atormmRefz2="a2 a3" arder="1"f =
=bond atormmRefz2="a% a6" order="2" /=
<bond atormRefz2="ab al" order="1" /=
<bond atormRefz2="al a2" aorder="2" /=
<bond atormmRefz2="a% a7" order="1" /=
<bond atormRefz2="a3 a4" order="2" /=
<bond atormRefz2="a¥ a8" order="1" /=
<bond atormRefzz="aF a®9" order="2" /=

</bondAreay =
</molecule>



The Solution

Capture selected data from chemistry workflows in open format
(JCAMP, MOL, CIF)

Add context-specific and embargo metadata +
Persistent identifiers

l

Deposit as METS package in DSpace Digital Repository
New feature (Controlled) public release

/ AN
Internet

/ N\

User search tools OAI-PMH Metadata
Harvesting




2. Metadata extraction =
; 2. Embargo creation E— mbarga
File Uplaad )
e tpea 4. METS Fackaging Repositony

Researcher

Repository Deposition

1. Walidation # ChiL creation

Denarmental Data Manaoament

e//

Institutional Repository

(Dpen Accass + Prasehation)




Adding Metadata to NMR file package

rEmbargo - |
Embargo Period |Mo embargo - publish immediatelyj

) # Publish automatically
when period has elapsed

 Review
rExperiment data
Experiment
Dy [am7nas7 =
Experiment I
Ref.
Spectrum * 1p— - 2o
Type Mucleus Mucleus Pulse Sequence
I'IH vl [Select at least one) |[ Select ane | j
1H
13
15M
19F
3P
Other

Solvent ICDCI3 'I
Temperature IAmbient 'I

rChemical data
Chemical Formula |C GHEO1

Systematic Chemical Name

Compound Class IOrganic 'I o

Initials (e g. W.H.) LastMarne

Chemist |W.H. |F'erkin Add rnore I

Supervisor I I

rauthors




CH,
Computational 2D Chemical NMR 3D X-ray
Chemistry Calculations Structures Spectra Structures

~ /

SPECTRa Deposit Tools
Create CML, InChl, metadata

DSpace
Escrow

InChl :
InChI=1/C8H80/c1-7(9)8-5-3-2-4-6-8/h2-6H,1H3

CML :

<molecule xmIns="http://www.xml.cml.org/schema">
<atomArray> SPECTRa Search Tools
<atom id="al" elementType="C" x2="-0.380600" y2="-0.720800"/> .
a2" elementType="C" x 1.548200"/> OAI-PMH Harvesting
a3" elementType="C" x: .961000"/>
a4" elementType="C" x: .547700"/>
a5" elementType="C" x2: .717200"/> \
a6" elementType="C" x: .308000"/>
a7" elementType="C" x: .302000"/>
a8" elementType="C" x2: .711800"/>
<atom id="a9" elementType="0" .523000"/>
</atomArray>
<bondArray>

4 a5" order="1"/>
2 a3" order=
<bond atomRefs2="a5 a6" order=
6 al" order=
1 a2" orde
5 a7" order=
3 a4" order=
7 a8" ordel
7 a9" order="2"/>

</bondArray>
</molecule>




Crystallography Tool Architecture

Crystallographer
Upjogds CIF fiie

Crystallographer

Adds missing metadata

- Researcher i
JMal display of ) ¥ - o Extract metadata from cif
CIF file M  Search §retrieve data Deposit Interface
uzing SPECTRat toals |, -
N = »|  Creste InChlf CML
28 | web
N o PE | Server
e I g . Create METS manifest
1 |
Metwaork Metwaork
'
Search §retrieve data

wig DS pace web interface

DSpace

Cpen

DSpace

Emhargo

Laocal
Handle

Server

Create Handle 1D J
Update URL

Global
Handle
Server




Some OQutcomes & Recommendations

Data Management : No tradition amongst chemists (crystallographers apart)
for organized deposition and re-use of experimental data.

Data re-use : Additional analysis tools will be required to add value to large-
scale data aggregates.

Legacy Data : We did not appreciate the scale of non-conformance and
changing standards for legacy file formats and data types.

IPR : Who owns the deposited data? Guidelines for scientific data should be
prepared by JISC in consultation with research funding bodies.

Data Management : The project did not investigate the resource requirements
for large-scale deposition and management of this experimental data
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Something completely different ....



..a cool chemist
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