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TopicsTopics

Introduction to the “Introduction to the “CombeChemCombeChem” Project” Project
The concept of The concept of Publication @ SourcePublication @ Source
The LaboratoryThe Laboratory

Smart Tea, Smart Labs & TabletsSmart Tea, Smart Labs & Tablets
InstrumentsInstruments on the Gridon the Grid

The ‘The ‘Blog’ Blog’ as the Lab Notebookas the Lab Notebook
DisseminationDissemination

RepositoriesRepositories
Live Documents, Smart Papers, MeetingsLive Documents, Smart Papers, Meetings
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Chemists and programmingChemists and programming

Many Chemists Many Chemists 
think that they can think that they can 
programprogram

You still use FORTRAN!!
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What about that!  His brain still uses perl scripts

e-Workflow

Some 
Chemists
can
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PDB deposited

structures

CCDC deposited structures

The Data Explosion

Exponential growth

The future 
overwhelms the 
past, 
but the past 
must not be lost
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The The CombCombeeChem Chem ProjectProject
‘‘End to End’ linkingEnd to End’ linking

Data (lifeData (life--)cycle)cycle
Do things ‘right’ at the startDo things ‘right’ at the start

Make sure the metadata is of high Make sure the metadata is of high 
qualityquality
Record properly at source in Record properly at source in 
Digital FormDigital Form

Extensive provenanceExtensive provenance
Publication@Source

The Chemistry LabThe Chemistry Lab
People & Machines working People & Machines working 
togethertogether

QuickTime™ and a
TIFF (Uncompressed) decompresso

are needed to see this picture.

“We have lots 
of information 
technology.  
We just don’t 
have any 
information.”
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Combechem
Smart Lab

R4L

e-Bank

E-Malaria

Instruments on the Grid

BioSimGridStatistics

“Data Data Everywhere but nor the time to think!”
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If only I knew exactly 
how she did this 
experiments

I know all this supplementary 
information could be useful but 
will people really remember the 
format? Is it worth all the 
hassle?

I wish I could get 
the numbers from 
this graph - the pdf 
is not much use.

I wish I had 
recorded things at 
the start the way I 
do now…..

Typical 
laboratory
conversations
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First, they do an online search

•Need to 
make the 
data 
available

•Need to be 
able to find 
it

•But how to 
expose it?
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I am sure we collected that information a few 
years ago…

The details should be in her thesis…..

Can you read what he says here….?

Can you find the file of data that 
were used to make the plot?

Some problems are due to the lack of information recorded 
at the time, others are due to loss of information over time.

Supervisors and Managers
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Permanent, 
documented
and primary
record of 

laboratory 
observations

Electronic Laboratory Notebooks
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Observations are never
collected on note pads,

filter paper or other 
temporary  paper for 
later transfer into a 

notebook

If you are caught using the 
“scrap of paper” technique, 

your improperly recorded data 
may be confiscated by your TA
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COSHHCOSHH
LLeverage off things we already everage off things we already 
have to dohave to do

“We have a cunning plan”
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1 1 2 2 1 3 1 4

Sample of 4-
flourinated
biphenyl

Add CoolReflux

Butanone Sample of
K2CO3
Powder

Weigh

grammes0.9031

Measure

40 ml

Add

Weigh

2.0719 g

text

3 5

Add

g

Sample of
Br11OCB

2 6

Reflux

2 7

Cool

Water

Measure

30 ml

9

Liquid-
liquid

extraction

DCM

Measure

3 of 40 ml

10

Dry

MgSO4

11

Filter
(Buchner)

12
Remove
Solvent

by Rotary
Evaporation

13

Fuse

Silica

14
Column

Chromatography

Ether/
Petrol
Ratio

Butanone dried via silica column and
measured into 100ml RB flask.

Used 1ml extra solvent to wash out
container.

Started reflux at 13.30. (Had to
change heater stirrer) Only reflux

for 45min, next step 14:15.

Inorganics dissolve 2
layers. Added brine

~20ml.

Organics are yellow
solution

Washed MgSO4 with
DCM ~ 50ml

Measure

excess

Observation Types

weight - grammes

measure - ml, drops

annotate - text

temperature - K, °C

Key

Process

Input

Literal

Observation

Add CoolRefluxAdd
Add Reflux Cool Dry Filter Remove

Solvent
by Rotary

Evaporation

Fuse Column
Chromatography

Dissolve 4-
flourinated
biphenyl in
butanone

Add K2CO3
powder

Heat at reflux
for 1.5 hours

Cool and add
Br11OCB

Heat at
reflux until
completion

Cool and add
water (30ml)

Combine organics,
dry over MgSO4 &
filter

Remove
solvent in
vacuo

Liquid-
liquid

extraction

Extract with
DCM
(3x40ml)

Fuse compound to silica &
column in ether/petrol

4 8

Add

Add

text

Annotate

Annotate

text

Weigh

Annotate

g

Annotate Annotate

text text

Future Questions

Whether to have many subclasses of processes or fewer with annotations

How to depict destructive processes

How to depict taking lots of samples

What is the observation/process boundary? e.g. MRI scan

1.5918

Combechem

30 January 2004
gvh, hrm, gms

Ingredient List

Fluorinated biphenyl 0.9 g
Br11OCB 1.59 g
Potassium Carbonate 2.07 g
Butanone 40 ml
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Simple Context 
Sensitive Interfaces
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Information in 
context -
geospatial, 
temporal, 
logical -
delivered 
appropriately
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Metadata LifecycleMetadata Lifecycle

Creation and maintenance of metadataCreation and maintenance of metadata
Need a metadata infrastructure as well as Need a metadata infrastructure as well as 
a data infrastructurea data infrastructure
Capture process as well as resultsCapture process as well as results
Automatic metadata generation when Automatic metadata generation when 
possiblepossible
Human annotation will always be neededHuman annotation will always be needed
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He is charged with expressing contempt for meta-data
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Services

Results
Data

Semantic 
Web
Links

User

Data access via
Semantic Web

Semantic
Data

Provenance
Data

Middleware
(SOAP)

ServicesServices

Results
Data

Semantic 
Web
Links

User

Data access via
Semantic Web

Semantic
Data

Provenance
Data

Middleware
(SOAP)
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Chemical Ontologies - some built top down some bottom up
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Properties in RDFProperties in RDF
<c:OrganicMolecule 

rdf:about="file:///storage/ba8efc2ce0edada69d63b02d1b86
30c6.rdf">

<c:has-inchi>1.12Beta/C12H13NO2/c1-2-15-8-9-5-6-11(14)12-
10(9)4-3-7-13-12/h1H3,2H2,3-7H,8H2,14H</c:has-inchi>

<c:has-cas>22049-19-0</c:has-cas>
<c:has-empirical-formula>C12H13NO2</c:has-empirical-

formula>
<c:has-stereocentres>0</c:has-stereocentres>
<c:has-property>
<c:MeltingPoint>
<c:has-information>
<c:Information>
<c:has-value>150</c:has-value>
<c:has-uncertainty>
<c:Range>
<c:has-value>16</c:has-value>
</c:Range>
</c:has-uncertainty>
</c:Information>
</c:has-information>
</c:MeltingPoint>
</c:has-property>
</c:OrganicMolecule>

Schema
<rdfs:Class rdf:about="&c;OrganicMolecule">

<rdfs:label>Organic Molecule</rdfs:label>
<rdfs:subClassOf rdf:resource="&c;Molecule" />

</rdfs:Class>

<rdfs:Class rdf:about="&c;PhysicalProperty">
<rdfs:label>Property</rdfs:label>

</rdfs:Class>

<rdfs:Class rdf:about="&c;PartitionCoefficient">
<rdfs:label>Paritition Coefficient</rdfs:label>
<rdfs:subClassOf 

rdf:resource="&c;PhysicalProperty" />
<rdfs:description>Ratio of substance dissolved 

in octan-1-ol and water
</rdfs:description>

</rdfs:Class>
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Quantities and Units using RDF

<ch:Quantity>
<ch:has-value>100</ch:has-value>
<unit:has-unit>
<unit:Unit>
<rdf:type rdf:resource=”unit:Joule”/>
<unit:prefix rdf:resouce=”unit:Milli”/>
<unit:power-of>1</unit:power-of>

</unit:Unit>
</unit:has-unit>
<unit:has-unit>
<unit:Unit>
<rdf:type rdf:resource=”unit:Kelvin”/>
<unit:power-of>-1</unit:power-of>

</unit:Unit>
</unit:has-unit>

</ch:Quanity>

Try to avoid space craft crashing into Mars, or 
planes running out of fuel
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Need instruments of the Grid - X- Ray Crystallography The NCS
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The Smart Laboratory: PubThe Smart Laboratory: Pub--SubSub

Pub Sub & Data BrokersPub Sub & Data Brokers
Important way to includeImportant way to include laboratory laboratory 
environmentalenvironmental & people data in a flexible & people data in a flexible 
mannermanner
Backed by archive database serviceBacked by archive database service
Correlate with experiments via time & placeCorrelate with experiments via time & place
Facilitate automationFacilitate automation

Pub-Sub systems provide the flexible & extensible approach 
to distribution of real time laboratory monitoring & archiving

Data Source

Archive
Client

Web
Client

Mobile
phone

Data Source

PDA

Message
Broker

Translator
Service BLOG

Smart Laboratory Spaces
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“I just realized, Howard, that everything 
in this apartment is more sophisticated 
than we are”
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Much more automation in modern chemistry

“That is so cool Dave, you only need a palm pilot”
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Experiments on the Grid

National Crystallography
Grid Service
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PlansPlans

Plans in advance are usefulPlans in advance are useful
This is the waThis is the wayy things are supposed to be things are supposed to be 
donedone
TheThe PlanPlan pproviderovidess aa digital context so digital context so 
increases the value of planningincreases the value of planning
Key to our ‘Smart Lab’ approach….Key to our ‘Smart Lab’ approach….
But is it the best way?
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Detailed
Data Flow
Detailed

Data Flow

ModelsModels

DiscussionDiscussion ConversationConversation
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Laboratory “Laboratory “BlogsBlogs””

Laboratory notebook is a Laboratory notebook is a BlogBlog
Encourage and facilitate collaborationEncourage and facilitate collaboration
Need a data repository behind the Need a data repository behind the BBloglog

R4LR4L
EE--BankBank

Flexible Flexible 
Service oriented approach Service oriented approach being developedbeing developed

A VREA VRE
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BLOG

Explanation and details about the 
experiment and all the required 
metadata to describe the context of the 
data

Intensity Reference
1 .98876950 .46630860
2 .00000000 .44433590
3 .00000000 .42480470
4 3.66943400 .56640630
5 .00000000 .53466800
6 .00732422 .51025390
7 .02685547 .49072270
8 .03662109 .46875000
9 .02441406 .44921880
10 .01220703 .42968750
11 .01953125 .41259770
12 .88378910 .43212890
13 1.07177700 .46142580
14 1.40869100 .50048830
15 .01708984 .47851560
16 .00000000 .45654300
17 .02929688 .43945310
18 .00244141 .41992190
19 .02929688 .40039060
20 1.08398400 .42968750
21 .00000000 .41259770
22 .00000000 .39306640
23 .30761720 .38818360
24 .29052730 .38330080
25 .01220703 .36865230
26 .01464844 .35156250
27 .91796880 .37597660
28 .00000000 .35888670
29 .83007810 .37841800
30 2.39502000 .46630860
31 .00000000 .44189450

Experiment

Data
Analysis

Blog as a ELN & a Repository: Local or Distributed 

Discussion
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Comments and Comments and 
AnnotationAnnotation

A picture worth a thousand words! 
Chemists like to sketch!
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BlogBlog--jectsjects
Equipment become first classEquipment become first class members of members of 
the webthe web
Interacts well with PubInteracts well with Pub--Sub as itemsSub as items are are 
attached to topics, topics relate the Bog attached to topics, topics relate the Bog 
itemsitems
With automationWith automation this evolves to a twothis evolves to a two--way way 
communicationcommunication
Live CopyLive Copy essential essential 
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The ‘Scientific Blog’ to combine ELN & publication
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Record the ‘Scientific Conversation’ –
this part of the record often exists only 
in the ‘grey literature’

CoAKTing
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People, Equipment & 
Data are no different
online

But do you trust the information?

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

“I can’t explain it - it’s just a 
funny feeling that I’m being 
Googled.”
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Growing need for the global (virtual) 
equivalent of the “Tea Room” 

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Trust me Mort - no electronic communications 
superhighway, no matter how vast and 
sophisticated, will ever replace the art of the 
schmooze
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Proflocate
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ValidationValidation

Increasing the value of data Increasing the value of data 
How to bring all the necessary information How to bring all the necessary information 
together to enable appropriate validationtogether to enable appropriate validation
Increasingly difficult & expensive to Increasingly difficult & expensive to 
achieveachieve
Need provenance and contextNeed provenance and context
Essential step otherwise just a collection Essential step otherwise just a collection 
of items of items 
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SVG “active”graphics

Link to data, follow links 
back to the raw data 
archive

Link to simulation, full 
simulation data archived 
in BioSimGrid R4L

Paper organized 
using RDF
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Source

HTML

RDF
Interpret

Structure & Links

Ontology

RenderContent

HTML
Page

TriScape Browser

E-paper and Triscape Browser
Browser

Dictionary
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Publishing Data and Information LossPublishing Data and Information Loss
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ee--CrystalsCrystals:: access to underlying dataaccess to underlying data
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

You see that dark, spooky image on the 
screen?  That’s your credit history coming 
back to haunt you Previous experiments
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Laboratory IRs and Information Management
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Laboratory Data Management and Laboratory Data Management and 
ArchiveArchive

The The eCrystals eCrystals Public Data Public Data 
ArchiveArchive
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LinksLinks
The problem of providing and maintaining the The problem of providing and maintaining the 
linkslinks

Provenance &Provenance & NavigationNavigation
Update & NotificationUpdate & Notification
Update, reUpdate, re--calculate (choice, possibilities)calculate (choice, possibilities)
must work over webmust work over web
Link managementLink management
Operations on the linksOperations on the links -- searchsearch

Live CopyLive Copy
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Need to know who is using your dataNeed to know who is using your data

Citations of all types of researchCitations of all types of research outputoutput
Track PowerPoint SlidesTrack PowerPoint Slides

Special type of CC License that Contains a Special type of CC License that Contains a 
‘call back’‘call back’
Report use of Report use of ppt ppt slideslide

Repository of Repository of ppt ppt slidesslides
Send back updated slidesSend back updated slides
Track evolution of slidesTrack evolution of slides
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21 Nov  200621 Nov  2006 Jeremy G. FreyJeremy G. Frey
University of SouthamptonUniversity of Southampton

DCC Conference 2006

Instrument Blog

 ‘Blog-jects’

Used by

C
ontributed

21 Nov  200621 Nov  2006 Jeremy G. FreyJeremy G. Frey
University of SouthamptonUniversity of Southampton

DCC Conference 2006

The ‘Scientific Blog’ is being tried in an
attempt to combine laboratory notebooks
and publication

Used by

C
ontributed

21 Nov  200621 Nov  2006 Jeremy G. FreyJeremy G. Frey
University of SouthamptonUniversity of Southampton

DCC Conference 2006

Used by

C
ontributed

21 Nov  200621 Nov  2006 Jeremy G. FreyJeremy G. Frey
University of SouthamptonUniversity of Southampton

DCC Conference 2006

Format Issues
– everyday and
for the long
term

Used by

C
ontributed

Slide Repository -
Save & Track
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Transformation
Agents

Archive

Sensors
Sensors

Sensors

E-print
Rep.

Lab
Rep.BLOG

BLOG

Broker

Instruments
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Subversive 
and furtive 
sharing & 
exploitation 
of data in 
virtual 
space

Data

CAS
RDF

OAI 
Taxi

E-

user

Labs
Digital Repository
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Access to information requires Access to information requires 
crossing administrative domainscrossing administrative domains

Researcher

National
Archive

Research
Group Institution International

Database

Research
Group
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Information 
Providers Information 

Consumers

These are the same people – if we 
can ‘talk’ to ourselves efficiently 
over time then that is a good start 
to be able to ‘talk’ to others
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Surfing the 
data?

Following 
endless 
trails?

Forgotten 
why you 
started?

Are we thinking here, or is this just so much 
pointing and clicking 
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All I am saying is that now is the time to 
develop the technology to deflect an asteroid 

We must speed up the knowledge discovery process
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People & FundingPeople & Funding
SouthamptonSouthampton
ECS, MATHS & CHEMISTRY, ECS, MATHS & CHEMISTRY, 
ITIT--INNOVATIONINNOVATION
BRISTOLBRISTOL
UKOLNUKOLN
CCLRCCCLRC
INDIANAINDIANA
SYDNEYSYDNEY
MANCHESTERMANCHESTER

EPRSC EPRSC ee--Science Science & & 
Chemistry Chemistry 
ProgrammesProgrammes
JISC, DTIJISC, DTI

See web site for full details and linksSee web site for full details and links
www.www.combechemcombechem.org.org
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Web sites?

www.combechem.org
www.smarttea.org
www.ncs.chem.soton.ac.uk
ecrystals.chem.soton.ac.uk


