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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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Core of Self describing data

* Store of data that can
be viewed and
manipulated in
different ways

¢ User interfaces to suite
user and occasion

“He's charged with expressing contempt for data-processing.”

He is charged with expressing contempt
for meta-data
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Tpp Methyl ester Hydrolysis:- Methord 2

~3 P piversity
g and
Disability

Impact on researchers

Lab Note Book Or Experiment Code: FDH-5405-E7P26
P 5

pp_Methyl_ester_Hydrolysis
FOH/5405/E7P26
nt:27/11/08

ixture added to 100m! of DCM
isolved in DC!

" S * Higher Quality Record
. s M/MeOH + water and evaporated to near dryog I u I

. e in 200ml choroform+20mI meOH, sonicated most de: g

00 waer ade now s cen s winimeeeEBaon T ﬂ e Easier Collaboration

Wt Spoted (L):-stating matertl, mixed spo,reacon mixcure * Improve d p lannin g

this picture taken directly after transferance

= o L looo 1 e e sspomcon s e oo | [Fotnet e [ maeed ot om ot Jove * Improved discussions

Dorphyrin protenated green. ffrom  [(mm)
behavd now....loverly shade of green too. bottom) uv  [uv

e el o * Efficiency gain in production . . < .
Y of presentations/reports
U A * Change the nature of

and

M B - Professor/Student
e s o v interactions

o water re-extracted into e:
* organicfractions combined and dryed over anhydrous sodium sulfate
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Returning to the Lab Middleware

* Middleware is the connecting software between separated
or components

e M brokeri t d
How to get people to use the systems Sosage Drovering system e

* Increases scalability and interoperability

Get the Data there before them! * Without middleware )

Laboratory Middleware #

— ’ ‘ij ___________ > Y T == "
=
The SRF LabBroker Sotware = = /7 \ ‘
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Experimental review

Chamber (46:1047/
Plant Room (46:1047
Shelf top (4610471,
Laser hox (461047,

Chamber (46 1047/3/typeE thermocouple) Black [
Plant Room (46:1047/0ypeKthermnocouple) Red [=] TSN

Shelf top (46:1047/2ftypeK thermocouple) Green 4 .

Laser box (46:1047/1ypeK thermocouple) Blue v
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» Top UK innovation prize for IBM
11 Jun 04 | Technology

» Boom times ahead for
smartphones
27 Aug 04 | Technology

» E-mail provides Arctic lifeline
09 May 04 | Technology

» Heart treatment from a distance
11 Aug 04 | Health

RELATED INTERNET LINKS:

» Dr Frey's group

*» University of Southampton

» Combechem {e-Science project)
» IBM Hursely Labs

»EPRSC

The BBC is not responsible for the
content of external internet sites

TOP SCIENCE/NATURE STORIES
NOW

»'Pharmed’ goats seek drug licence
» DNA 'could predict your surname’
» Bird flu vaccine no 'silver bullet'

» Elephant seals dive for science

| What is RSS?

"It replaces the traditional notebook with some electronic
form, but it is not just about carrying around a computer - it
is much smarter than that.," Dr Jeremy Frev, from
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Decison Environment or
‘Complx Design Evaluaton

s

“We have /oT of information
technology. We just don’t have

any information.”
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RSS RSS

: % Also uses the ATOM feed

Semantic Chemistry Il PNNL

T posting markuP

- LabTrove SharePoint Integration
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OData

<2xml version="1.0" encoding="UTF-8'?>
- <service xmlns="http://www.w3.org/2007/app" xml:base="http://malaria.ourexperiment.org/odata/tcmdc_ap/" xmins:ap|
xmins:atom="http://www.w3.0rg/2005/Atom">
- <workspace>
<atom:title>TCMDC_ArylPyrrole</atom:title>
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b National Science Foundation T a—

N v ene orscoviares sronn —— How do we communicate?

HOME | FUNDING | AWARDS | DISCOVERIES | NEWS | PUBLICATIONS | STATISTICS | ABOUT | FastLane

Eraighy vt sharee * Surprisingly difficult to

explain what a process

Press Release 10-077 H
3 Scientists Seeking NSF Funding Will Soon Be |nvo|ves
News | Ri;uired to Submit Data Management Plans N MUCh Of the detall iS

News From the Field
- Government-wide emphasis on community access to data supports substantive

For the News Media push toward more open sharing of research data a SS u m ed to be

s:eclal Reports May 10, 2010 . , u nderstood and nOt
If you have a plan then make use of it! explicitly discussed

Research Overvi:

NSF-Wide Invest)

Speeches & Lect:

el /ust like the UK COSHH safety plans are ideal basis for * Thisis Wher.e the miss-
S C'riving an Electronic Laboratory Notebook understandings usually
arise.

With a little extra work a plan becomes a useful way to
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PLAN is a key ingredient to efficient and safe working
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COSHH

Leverage off things we already have to
do — “We have a cunning plan”

COSHH ASSE
AL | QUANTITY

SMENT FORM Recosd No
AT

secific weozute Megyded

The fully semantic ELN - everything is linked!
Processes, materials and data
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ELN In Application

Andrew Bailey
ajb302@soton.ac.uk

20/07/2012 Semantic Chemistry Il PNNL



The Two Interfaces A Worked Example

e —————————
4| moreTea Lab Tool [CN=Andrew Bailey, OU=Che...
[ sanout |
X
— i Tobe] " o DA
moreTea  Welcome T NS : NEt, N
e o = NH HN.
ST Bouser TSRSt Mateial Preparation of ester using 2-pyricyl methanal and W oy DCM
signin prritct bt 1,8-naphthyridine-2,7-dicarbonyl dichloride c c Z o X
Usemanme 1. Sign Up and SignIn utio Atomic Waight ‘ = ! =
Password re you can get stanied using moreTea. you must first . P~
— B e e T Status 1,8-naphthyridine-2,7 2-(aminomethyl) N,N-bis(pyridin-2-ylmethyl)-1,8-
ofl then just sign i instead. i — 4 of 4 materials have been measured. -dicarbony! dichloride pyridine naphthyridine-2,7-dicarboxamide
2 Create and Plan ) (] 6 0f 7 steps have been completed.
e e e ™ i
3 RocorgendOnsene Acid Chloride  + Amine ——Amide
e e S (LTSI otmenors
e T e
R S S | o Na))
4 Review and Wite:p .
par ofyour wile p. ==
Planning and Review Implementation
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The Planning Process Materials

Edit Material
- productseen o have formed. The Sm (-OH) was I excess 5o sl presen. Reactontaken o - )
moreTea My Expeﬂments Description Amount Units
Steps 1,8-Naphthyridine-2,7-dicarbonyl dichloride 1.1 g -
ML oser| | Youhawe 28 exp Add experiment water This (e [cconcn
. Tb Complexation by N,N"-bis(2-aminomethyTT+s x Racnstdem i ener adaon . —
2ib302 naphthyridine carboxamide
Refesh Sign Out fististel: Sl Step?
Syntax Tips oy Smsprtnridne N,N"-bis(pyridin-2-ylmethy1)-1,8 i x
Use el o ertr creoame Add Experiment 2= 27-dicarboxamide
exponments. Materials (3 of 4 measured) Procedure (4 of 5 steps complete) aBS125/55 [n Progress|
R~ 00z 1 mecatnarios s asomsiens) NAME — — Identifer : ‘ : Edit Material
- | N-bis{pyridin-2-yimethyl)-1.8-naphthy . 7-dicarboxamid 5125
_OCZ Ocaub>ze/zub> naphinyridine dicarboxamide ( ; e oriie2oboahid L8 saphihyica 2] Sonbaatie * Description Amount Units
’ P30y Temn s e & Wk Description -
mg Teroum Chiorce Hycrste » - 1.8-Naphthyridine-2,7-dicarbonyl dichloride 1.1 g -
(240mgused) 5. Characarse A Preparation of N.N-bis{pyridin-2-yimethyl}-1.8-naphthyrdine-2,7-dicarboxamidel TN
100 mg Sodum Hycroude 5
—— Ratio Atomic Weight Moles
100 mibetnanol (120 miusea) =
pempen) L= bis-(pyridin-4-yimethy|)-1,8-naphthy x 1 255.1 0.00431
Add materal :
2,7-dicarboxylate
safety apS125154 n Progress) Safety Notes
ethanot Preparaion of is{pcin-4 ety Bnaphirridine 2 7-icaroonate Not Known, Treat as toxic
HignFrammatle Toxic Rk of
rversioe secs by i outes Materials (4 of 4 measured) Procedure (5 of 7 steps complete)
DS 2 omg1 i
aminometnypyridinel 15 27-acaroop dehlonide (5030 mg  enlonde .
naphthyridne dicarvaxamide 2. Take upin stiled dienioromethane simple
Treatas todc 470.0mg 3. Add 4-(Hydroxymethyl)pyridine
4-(Hydroxymethyl)pyridine ( 474.0 (Hydroxmethylpyri
Sodum Hydroxide Lo 4 Agtietnyamine
Causes Bums 30.0 mi Dichloromethane (30.0ml 5. Leave to stir overnight
‘Terbium Chloride Hydrate =0 6. Workup
Terbium chior 08 miTretyiamine (08 miused) o oo o
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N,N‘ i idin-2-y y1)-1,8:
2,7-dicarboxamide

ap Pr

APreparaion
Materials Procedure

50.0 mi Dichloromethane L |
1.31 miTiethylamine [y

1191/
2.7-dicarbony dichloride
097mi
2-(aminomethypyricine
Add material

safety

1,8-Naphthyridine-2,7-dicarbonyl
dichioride
Not Known, Treat as toxic

2.{aminomethyl)pyridine
Harmful in contact with skin and if
swallowed. Causes burns. Density
=1.04890/mL (22 eqv =1.0259
=0.977mL)

Dichioromethane
R 40 Limited evidence of a
carcinogenic effect COSHH form
checked

Triethylamine
R 11 Highly flammable R 2021122
Harmful by inhalation, in contact
with skin and f swallowed. R 35
Causes severe bums. (0.73 gimL.
1012 gmol)

20/07/2012

Procedure

Procedure

1. The 1,8-Naphthyridine-2,7-dicarbonyl
dichloride weighed out and placed in a round
bottom flask

To this still dried Dichloromethane was
added and the flask placed above a magnetic
stirrer plate.

2-(aminomethyl)pyridine is added dropwise
via a needle and syringe

Following this the triethylamine was added
dropwise

The reaction was left to stir overnight and was
monitored by TLC

Once the TLC showed the completion of the
reaction it was poured into 50 mL of water
The Organic layer was retained and was
‘washed with further water (2 x 50 mL)

The organic layer was then washed with 50
mL of brine and the organic was then reduced
in vacuo

The solid residue was then recrystallised
from a DCM:diethylether mixed solvent
system

. The product was characterised

»

w

=

]

Ed

~

L

©

=

1"
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Into the Lab!

0 of 4 materials have been measured.
0 of 10 steps have been completed.

NN -bis(pyridin-2-yimethyl)-1, , 7-dic...

Description Procedure - Step 7 of 10

A Preparation of Instructions

NNbl VeIl L The Organic layer was retained and was washed with further
‘water (2 x 50 mL)

Status

Observations/Notes

ot ! 10" Mol [0em
00T A W achie

o

T T

This drew a little more colour off the organic layer and left it slightl
y cloudy and yellow

Next step >>

20/07/2012
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moreTea Lat

Into the Lab!

is(pyridin-2-ylmethyl)-1

Summary] | Measure

Des
APreparation of

Materials

Status

NN 2-yimethyl)-1,8-

0 of 4 materials have been measured.
0 of 10 steps have been completed.

1,8-Naphthyridine-2, 7-dicarbonyl dichloride
/2-(aminomethylpyricine

Selected Material - 1,8-Naphthyridine-2,7-dicarbonyl dichloride

Atomic Weight Amount
2551 Required
COSHH i l1lg
Not Known, Treat as toxic Used
1.1483 g

Record Amount

20/07/2012
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15/05 foss cc

APrep: pyridin-2-yimethyl)-1. ine-2, (5] o
@ofa ) (9 0f 10 steps 15 Neghliocd 110, A3 A b [
[60.0 mI Dichioromethane (50.0 mi| [T The 1,8-Naphthyridine-2,7-dicaroonyl 2, F-dicocbony! “Treek s boxic.

used)

[1.31 ml Triethylamine (1.3 ml
used)

1.1 g 1,8-Naphthyridine-
2,7-dicarbonyl dichloride ( 1.1483
lg used)

10.97 ml 2-(aminomethyDpyridine (
[1.0 ml used)

Add material
Safety

,8-Naphthyridine-2,7-dicarbonyl
dichloride
ot Known, Treat as toxic

2-(aminomethyl)pyridine

Harmful in contact with skin and if
lswallowed. Causes burs. Density
= 1.0489g/mL (2.2 eqv = 1.025g
0.977 mL)

Dichloromethane

IR 40 Limited evidence of a
carcinogenic effect. COSHH form
Ichecked

Triethylamine

R 11 Highly lammable.R 20/21/22
Harmful by inhalation, in contact
ith skin and if swallowed. R 35
Causes severe burns. (0.73 g/mL.
101.2 g/mol)

070772012

2.

-

)

. The Organic layer was retained and was

dichloride weighed out and placed in a round

bottom flask

To this still dried Dichloromethane was
added and the flask placed above a magnetic
stirrer plate.

2-(aminomethyl)pyridine is added dropwise

via a needle and syringe

Following this the triethylamine was added “Tre i [N

At Ml ol

dropwise
The reaction was left to stir overnight and was

monitored by TLC

Lol by o e
(huien

burng

Once the TLC showed the tion of the

reaction it was poured into 50 mL of water Dighl

I SOml

Sobveat Lok dl ewdunce
4

c ogeny

washed with further water (2 x 50 mL)

The organic layer was then washed with 50
mL of brine and the organic was then reduced

invacuo

The solid residue was then

from a DCM:diethylether mixed solven

system

The product was characterised

ke
Tty Dforitypuridine (0] A 4]
Vo ool o The mecohin S muphl

neodle_tsurix

Toll

by
s thiy B foonay [1:300 Bornd). | |

wre i dopose

The rtachon e Mo W by shy

wp

¥ S
ovecriabt pnd Wer TLCH  befers kvfymdu

T

Propesedl Kok g
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Observations

stept aa <l
T Vi
o mury o sl Ackucl ens of LK nephth. PRV ZEN
step3 (C) University of Southampton IT Innovation Centre, 2009
R TS R A A G A = Disslones of e olid il DCM_gove = mecks /
s [T S ) ;j Copyright in this library belongs to the University of Southampton
” : i '/ University Road, Highfield, Southampton, UK, SO17 1BJ
As the triethylamine was added the white precipiate dissolved. Ok ﬁAM?&(L,,i’hijﬂ'ﬂL,,,m,L\/L\Af& R il / ) ) .
626 v dAehiE ais ke addiitin o baioH /ThIS software may not be used, sold, licensed, transferred, copied
O /or reproduced in whole or in part in any manner or form or in or
'/ on any media by any person other than in accordance with the terms

without the prior written consent of the copyright owners.

Eludt 1%, Moo e - TR R 3l
T PG SEoRT ik e e e TEC
0 o|~l5fss = y i 7
{Ba'=n

~ BT (0% o [DEA

j// of the Licence Agreement supplied with the software, or otherwise
/

Mo T

= // This software is distributed WITHOUT ANY WARRANTY, without even the
e =M. TR T b o % iPmpIied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR

purple it a : RPOSE, except where stated in the Licence Agreement supplied with
Somé procuct atnough fwas Impossio o comfim f e feaction has goneto completion. Jormsd_some_produck Hoowver i (5 heed
200t ) 1 007l il v oo vsa i o YN Nu,m;\"hw i § cehibn // the software.
sone due to olenty dbhe  sm 5 y Created By : Ken Meacham
This ave twoayered separation, when shaken he aq layer (op)became red and he botor b T /  Created Date : 2009/07/20
toerwas an o yllow Tl workop poadd oo J(E{Ia.m. //  Created for Project : moreTea
stp7 T Recohice goomed b’ weter - SN /
e o . sepehed. St y///////////////////////////////////////////////////////////////////////
Step8s Tl 07 o e b ol S e .
—— anamen 1283 i o IAE B, TRl 2 % Dependencies : none
sieps v o Sol* £
— . Pr— A S é///////////////////////////////////////////////////////////////////////
08 ol Ly ackin L(‘:Ln . Th iy <IDOCTYPE rdf:RDF [
- Y e L “\éq”; dinm e gt o felloo sol= <IENTITY rdf 'http://www.w3.0rg/1999/02/22-rdf-syntax-ns#’'>
- (e d W

%S - <IENTITY rdfs 'http://www,w3.org//2000 01/rdf-schema#’>
beoract fonn 0L der nfonin fo j"'d <IENTITY xsd 'http://www.w3.0rg/2001/XMLSchema#’'>

o Q At i uft/"ﬂ \u . schenfa!aE>NT|TY base 'http://schemas.it-innovation.soton.ac.uk/moretea/experiment/0.2/rdf-
e b MK H +T 1 awahay (€am .

B RatTo 08380 wmien D) Eyn ] <IENTITY experiment '&base;#'>

w2t o PR, e d Xomy ptbellogephg 3

W‘Z‘]O/W 2012 Semantid Chenfistry-H-Phit - })S/(N/ZUIZ Semantic Chemistry Il PNNL

P& E Peony

“The oreChem Project

P&E Ontology: Planning

http://en.wikipedia.org/
wikiFile:PaeoniaSuffrutic

* Prospective provenance

* Describes a scientific
experiment that will be
enacted (in the future)

“An ontology for Planning and Enactment”

Take Sample - - - Measure pH
follows

requires requires emits

* Three entity types:

“In theory, there is no difference N
— Flan

between theory and practice.
] : . — Plan Stage
But, in practice, there is. — Plan Object

derives

Unknown (possibly Yogi Berra)

20/07/2012 Semantic Chemistry Il PNNL 20/07/2012 Semantic Chemistry Il PNNL



450000

P&E Core Ontology: Enactment The Data Explosion e
: 25000:: | Structures =3
* Retrospective provenance Exponential growth | I

e Describes a scientific
experiment that was
enacted

* Three entity types:

— Run
— Stage
— Object -
R The future
overwhelms the
20/07/2012 Semantic Chemistry Il PNNL Semantic Chemistry Il PNNL paST
Unavailable Information oreChem Plan for eCrystals
* Not just lots of data but why are many of the * Structure [t et emen ]
structures unpublished so certainly determination
unavailable? WorkﬂOW iS described ‘App\yX*aycrysta\lographytechniquestoco\lectrawdata‘
* The E-Crystals and E-Bank Project looked at by an oreChem Plan
how to address this issue * Available online @
q . — http:// tals.chem.soton.ac.uk/
* Is making data available the same as planrdf e
depositing a copy with someone else? EoE T e mr—r—

== e —

Convert crystal structure to Chemical Markup Language (CML) format ‘ ‘ Generate IUPAC InChl for crystal structure ‘ ‘ Validate crystal structure ‘

l Deposit new record into eCrystals repository ‘
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= oction: Smo" coee® & Michael B Hursthouse®
ta Colk Jos® a0
Data m.’mm,ﬂun simon J. GO —— m
ructure
* ‘s Source" opHOn
uwersity S rystals o browsers Vie¥ page
H05 W XML use YoUr .
o L 1 ToseotreurdefY? 1,4,7,10.13
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onens | pack euing an HTML V" 5 16 Octah hydro decin
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swructure ¥ creator: HU®
project te: 200
Data collr o > s
31 unl’V h
calfc 10 <m»r"' . ~ _
_ Chem stages ( ) Z
" 3
stage: P =
plan.rdf
! 8
20/07/201 2 plan.rdf Semantic Chemis' |2
M
Z
-
S
- UT\CE‘\ k4 RS
A S5 y Sy
s Blogs Home  thi/pigg
Sample Originator: Michael B. Hursthouse, Simon J. y Pubhshmg | Dubhsm
Tucker, G. McSkimming and Mark E. Light. Novation the-ch,
R e'mcal sem.
CyaHsgN,Of RSC pypy; Sh\ a’“‘DWeh/
P S AT o T
7h310,17H,1-2,11-16H2 “ ”“C w b niversity drive
Identification Number: P
Date Created: 17 January 200 T
charg
Deposited On: 21 Jan 2008 © S0 g s,
o Semansc o
Deposited By: AN. Admin
(if you need more space to type, click the & *Tog, en mode"” icon)
Advanced
Tags Crown, Crystallography
(use commas *," to separate multiple tags) S
Category (eCrystals 1#) .
New Category

Save Changes | or Cancel

Cormgos3imm )

e

OfE/tethmta
\/ZU
nd ot 11/05/16/'S

NIVersity-drive.

Making use of

Chemspider ID InCh Key

Basic Info

publicety—

“LC30

XUOPMAWJWUNALK-UHFFFAOYAO

2-[2-[2-(9-anthryloxy)ethyl-methanidyl-
aminolethoxylethyl-methylene-oxonium

Motecular Formutz: C22F125NO3

available
Chemistry

0. 2 21389224 "
I J’ InChl=1/C22H25NO3/c1-2 & Molecular Weight: 351.439
- Nominal Mass: 351 Da
he Average Mass: 351.439 Da
Monoisotopic Mass: 351.183 Da
ChemSpider ID InChi Key Basic Info
20/07/2012

Services

Human AND Computer Readable

XHTML XHTML with RDFa

Mark's Blog

20/07/2012
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It is no
t neces
sary to ch
ange.
Reproducible Papers

Survival i
is not mand
W. Edwards Demingatory.

code for compete data an2

ws 10/11
,","L.‘fF what is Sweave?
Sweave i3 190 2 Jows o embed e
S ent. The PUTCT, e o create AYN2TE ode i, which can b
ut he P analvss o0 o ad of InsertS 2 o crabrcated 9307 S
Iy Cdocument N2 e code neces Sotain i
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or analysis change: which allows fi
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papers

Reports
Presentations
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LINKS
® nelp(*sweave’s paddue:"uﬁls')
Bloconductor
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anich R CU, v papers a1 T tional examples:
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Quantit |— Names
D from rsta.royalsocietypublishing.org on July 19, 2012 [ R/LISP Papers | y
Symbol
P <- read(“http://eprints.soton.ac.uk/frey/reproducible. Value
PHILOSOPHICAL THE ROYAL MATHEMATICAL, computable.paper| Units
TRANSACTIONS & ENGINEERING Summary(p) Prov
OF SOCI ETY SCIENCES The rate constant for the OH reactions......
Abstract(p) vs pSAbstract {First abstracts the paper, second gives the
papers’ abstract}
Grid-based dynamic electronic publication: a case pSTitle
study using combined experiment and simulation OH Rate constants for Atmospheric Chemistry and Combustion
studies of crown ethers at the air/water interface
Print(pSText); variables <- pSQuantities
Esther R Rousay, Hongchen Fu, Jamie M Robinson, Jonathan W Essex and
Jeremy G Frey . -,
Graph <- pSGraphs or to access the data in the graph p$Graphs$TableSQuantities
Phil. Trans. R. Soc. A 2005 363, 2075-2095
doi: 10.1098/rsta.2005.1630 Context(P)
AH(OH) = Frey & DeRoure
Context(P) <- New.Context(new_thermodynamic_data) Stockholm
pl <- Run(p) ; run with new context : value of A;H(OH) 4t Paradigm Next Step
Warninh:you do not have the resources to re-run this paper.... meeting
20/07/2012 Semantic Chemistry Il PNNL Diff/s7:0:7 p1 ; what conclusions change,;;. Chemistry Il PNNL 4 Dec 2011
Change in the whole way we design and build We must speed up the knowledge discovery process

B tome Producs Games cemessmre swp = 7""gy )
EmindsTorms

i<
£
53
24
28
¢
ok

. 5 All I am saying is that now is the time to
3D Printers Shared Space: develop the technology to deflect an asteroid
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Thanks Thank you for listening

UK e-Science Programme

RCUK, EPSRC, JISC, BBSRC, HEFCE,
Microsoft & IBM, for funding

Southampton Colleagues and
Students from Chemistry,
Electronics & Computer Science,
Engineering, Mathematics,
iSolutions and the Library

Colleagues at UKOLN, STFC,
University of Reading

Colleagues from Penn State, Cornell,
PNNL, UNSW, USyd

\
B3
]
S
N
g

‘ercollection. All rights reserved.

arker Bosk of Technalagy Carésons

Trust me Mort - no electronic communications
: superhighway, no matter how vast and sophisticated,
20/07/2012 Semantic Chemistry Il PNNL will.ever replace the art of the.schmooze




