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Data Deluge
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Current (Open?) Practice in Crystallography

CHEMICAL CRYSTALLOGRAPHY

Overview

Crystallography is the most-used unambiguous technique for identifying the structures of
e chemicals. This structural characterisation is done either for basic research purposes or as
Report commissioned by the Research a service for other chemists who do not have their own crystallographic facility.
Information Networ k ( RIN ) The chemical erystallography community has long had a relatively organised approach to
data. Crystallographic data are highly-structured. Any heterogeneity resides in the
instrumentation and the software this uses rather than in the data outputs. Outputs are in
3 or 4 possible formats but there is a de facto standard adopted by the bulk of the
community, the CIF (Crystallographic Information File), and a standard protocol for making
data available to others. Probably 95+% of crystallography data is in the form of CIF files.

A CIF file represents derived data rather than raw data and chemists may derive further
data from the CIF. Various players have made software available for generating and
manipulating CIF files, including the Cambridge Crystallography Data Centre (CCDC) (see
below for more on this organisation). Examples of such software are Mercury (from the
CCDC)16, WinGX from Glasgow University!? and Olex, developed at Durham University!8.
All of them are free to the community. Additionally, researchers often write their own
software to perform particular tasks. There have been people capable of writing software for

Annex: detailed findings for the
eight research areas

ez AL crystallographic purposes in every major crystallography research group since the 1960s
and frequently in smaller outfits everyone is a one-man-band, able to perform all roles in
the data production process.
h The major public funder of chemical erystallographic research in the UK is the Engineering
.resea rc i and Physical Sciences Research Council (EPSRC), but a considerable amount of other
n form ation crystallography work carried out in universities is paid for by pharmaceutical or chemical
“ network companies. This of course has some repercussions on what can be made publicly-available
for sharing. but in general if a project is a purely academic one, even if funded by industry.
www.rin.ac.uk then the funder places no barriers to public revelation of the data outputs. At the other end

of the scale, some industry funded research is completely client-confidential, with the

e university crystallographic centres providing a bespoke service accordingly.

JiSC

http://www.rin.ac.uk/data-publication




Fie £t Yow Doamert Todk Wavdow e B n e eC
=

2o Bsemecon e Aem e

3 D | e -

3 Do - (i @, - (3 [

o e v

The Solution

)

%

research papers

Acts Crptlbgaphica Sewn b
Structural
Science

Cavers f Soratures

Serap Besli,* Simon ). Coles,™*

David B. Davies, Michael B.
E Hursthouse,” Adem Kikc,"

Thomas A. Mayer” Robert A.
Shaw' and Aylin Uslu*

Orpusmentof Chy, G
Tl o T, (olotanty

WOIN Y, gl

L T ——

< soxiion

Structural i ions of phospk t
compounds. 4. Steric and electronic effects i m
dibenzylamino derivatives of hexachlorocyclotri-
phosphazatriene and 4,4,6,6-tetrachloro-2,2-di

phenylcyclotriphosphazatriene'

Becavad 13 Decanber
Acarsed 7 e

A systemaic study i presented on the products of aminolyss
of N,PiC, (1) and N,P,Ph,CL, (4) with dibenzylamine. Two
series of mono- and disubstituted derivatives of compounds
(1) and (9, mamely NiPCLN(CHPhY] () and
NJPCLIN(CH:PE)]: (3) and NPyPh.CLIN(CH:Ph)] (5)
and NaPsPhCLIN(CH:Ph): (6) [where (2). (3). (5) and (6)
are new structures), ane investigated in order to determine
whether steric or elctronic effects prevailin the formation of
dibenzylamino-substituted cyclophosphazencs. The infiuence
of an clectron-rclcasing group (ie. phenyl) on the sterco-
chemistry and degree of substitation of the product is analysed
by comparison of the above two series. The difference in
unsymmetrically subsituted eadocyelic PN bond lengihs, A,
i s a measure of the degree of the clectronic
contribation, in_ combination with basiity constants, to
quantify the degree of the electron-releasing capacity of the
R group. In onder to compare geminal versus poa-geminal
substitution, a difunctional secondary amin was used to form
the compound NyP,CL{NMe(CH:):NMe] (7) (a reinvestiga-

* a3 s

dic

gE

Interpretation
(Journal
article, report,
etc

XN [N

108 b

Moo

den
23
H-Ninteractions giving scalar H

Fcoupling constants.

[Na(ELO) INONBAP 1] (AT = CJF (4a) or GF,GF (Sa))
Although dicyanamide has four lone pairs and is therefore

B dobe Reader - [5m0049.pdf]
3 Fle Gt ow Docmet Took Vndow Heb.

Underlying data

2o [ smencomr (5 rt @ o ) Sewen

| it somcren - G || @, - e s - @ S e PO
Dy D kauu .
Table 1 v
Expesimeotal detads o

Institutional
data repository)

‘Bookmuks

Coyw cats
Chemicl formuls
Chemicat ormuls

weight
Cd mting. spoce

wm o
90)

Lo Sowhres

Frges

Ee (R Yew Go Booneks ok b
G D B 0 O [Wrimmcosmoroasises
L e Bt .| ot | it

polstyrene standards in the range 580483000 ;
mivture was strred for 2

product was washed e

camaNg,
sinas
Monockini. 72,/n

11335 @0 161163

Block, colouress
0% x 020 x

ot KD

CaltaCLNP,
e
Orthorbcestc, Phos
18298 (4 17411 9,
19567 ()

| yandw.
| e e
| Asmwscor = @ W ||| ) Ioow i | &~ e[z - @ ||53-|| & ] o oxes
by passing through columns of PO, with mosture mdwstor and  Preparation of CPh,KC,H 1o s s
4 K mokecular sves. Gel permeation chromatography (GPC)
measurements were performed on a Polymer Laboratories PL- "*’5"“:'(~th ‘";‘ 15200
GIC-220 instrument. eqmmv-aha PLgel 5 A Mixed-C colum, b smel) were stien
uLIF Lo gve a yellow solutc . ooas
The GIC lu v clbvd ving ot oo e s v vvled Tamgeo -
5 ‘ e 034 maol) and dichlord Range ofh. .4

cac
75256

caane, cm.an
nas ool

Meacclini, Py Momliic, P2,/

Ontheehobic, P

AT @), KT, K01 22SC). T D, LA,
170 173% @) 140752 (4)

%4 ) 007(1) =
s ) $0018(8)
H 3
Lo L3
Mo K Mo Ka
013
2092749 201 29127
5w 1110
1502) @) 190)
w— Block,colourkess Pl colonrless
2x 01 % 088 04 X0Wx OIS 030 0 x 408
Nosius KappaCCD  Nowin KapgaCCD N KipguCCD.
o scims ¢ ands wans o and o scam
Mt cans Mihiscans Ml scam
oo os7ss o738
ogurt

oome asin
13855, 4508, 3152 @584, st 7150 7501, 3272, 30

15200

Preparation of CPAINCPBB (1) wacwo 10 Yiekd a yellow<

[x] Pt i (06 1.l v o 1 e

e andmortur s dy b PRB(OATS 0.5 memtyand 3

A b e i e s e ' 2 L o v N
1o et fo 13 . The et was semered i o 1 Tt M 210 (P 1441 . 1030
i s wbich s wahod wih v e (9 b1 6 ). 1 e 120910 NN €D, 0 C 03
give KINCPBB) as a white powder (0.495 g 485 mmol). Thissolid ~ MHzx & ~ . 1 B N-B(CuFuh). 1B(C

S WG T \\lkul»w 20 v,w.‘,,m..h

in Gxbloromethane (15 mL) for 2 h. The sloticn s flred .1 ) 159 b 1P -12250(e1 Py

F was stired with tripheay khloromethane (0.135 g, 0.3%:

onBCAF) .“,L.,.,...‘
Signals (—13415, ~13439, —13495, 13527, -
T S AT W e e
~L4975(L1F).~1SL11 (1,1 F).~1S465(L 1 F), ~1S493 (L 1 F).
~1SS32(L1F).~156.86(1,1 F),~15724(1, 1), ~157.55 (.1 F)
—155.29 (m. 1 F), 15890 (1.1 ), ~19.57 (L3 F.J = 20 He
PoF on BICF,1). ~159.98 (11 ). ~161.44 (br.2 F). 1640t

164.4 (overlapping signals, 3 F), —165.33 (br. 2 ) ~166.12 (.
3F.J =20 HemF on BCFy)). Anal. Caled for CuHaB,F N

i p b0 O ol
5] ) e < w01 10| ok romeroet- 3. [ ar55e0med (ot L X

G 1030 m 1403 (.
1464, 1403, 1396, 1369, 136.3, 1253, 1135, 109.5 (Ar C-F).

"B NMR (CD,Cl. 20 °C, 96.3 MHzy 4 ~16.2 (br 5). "F NMR
| 5 a

theoretically capable of binding to three or possibly four borane B 200551c0254.res - WordPad
molecules, only the diborates were obtained, even in the presence e EX Vow Insert Fomat Heb
of excess B(Ary), (Scheme ). Colourless crystals of the sodium .
A Hutneoved vasntabi DEH SR # /"B B
for X-ray diffraction studies. Further reaction of the sodium salts TITL 2005erc0254 in Fhoa
Be BN Uew G fodeeds loks tep with Ph,CCl in dichloromethane afforded the trity derivatives, CELL 0.71073 19.2600 107723 21.5617 90.000 90.000  90.000
@ D 4@ & B [0 etoiipubs.rsc orgleiiCCrzmibAOHOS o [Ph,CINICN-BAF, )] (A § (4) and C,F,CF; (Sb)]. The ZER B 0.0016  0.000  0.000  0.00(
‘ structure of 4b is shown in Fig. 7. Long term storage T 1
ofSheventully yielded orange crystal sutabe for X-r sm a2 - w -4 w2
B&(2 -8 0B (K >N |es |0 wh;': hmnﬂ]vr,un« ‘.w.[n;:y:d“m h,ur:-n:'m . Sy 12 +% 12 -1 -2 T ———
e crystal structure of 4b (Fig 7) confirms that the B(C,Fs); -
Sl SRy B ~ 2t E Bom oo koa o Eow- It e e
Q| le- & i CIE [l Al == b sl o "E] WIT 120 224 48 24 24 8 flo 0% Mo lniet fomet 1P
. . o MERG 2
H g -|f== ot -a.00 ss.00 >
» . " omr 0 o 4 H
P omT 5 1 3 H
- § jo omr 0z o o
i S £ omT 1 0 4 o
w ) L ez o
L 10 o
. » ————o SIZE 0.3 0.0 0.50 o
w e wmo ST oy °
o o ) o H
L.s. °
TENP -153.00 °
Fig. ~ 1000, WGET  0.065600  1.521600 H
05 K 205K 3500,2) FuA 0.3 o
et M - 380,03 po M = 3800, ining ciz 1 -ooveass  o.aseeer o813 o
295 K M~ M - 3800 Mw = 3090 12356 -0.05488  0.02299 0.1 o
aFIx o
Bz 2 0.022517  0.508714  0.822728 °
particular, we noted that very small material thst is for sl intents and AFTX °
changes to structure led to dramatic and urpases, msoluble. Again, traditional i1 oosmess ot 0saisss o
unprodiciable changes in phase behavior, 3 themnodynamic models provide no B 014498 -0.01405  0.105 0.9 o
frustraing situation. For example, it has  guidance here. AFIX o
been known for almost a decade! that We believe that at least part of the B T 0 oaaemss o o.emes °
polymethyl acrylate (PMLA) and py answer o these puzzles lies in COy's 2 .
acetate (PVAc) exhibit miscibility ability 10 act as bath Lewis acid and Lewis &P s o om0 o .
bty o o b oo s St f oz g O 1 — : : 2
bar-this result would not be predicied by neighboring subtiucats on the acidity of f. oo P oanise  osaes  o.sseise o
eroup contribation thermodynamic ctain proons. For cxample. Wallen und Pz °
model currently i use without purely colleagues?? in an analysis of interact omon g L8700 Cis 1 _o.0s747  0.26s308  0.770494 °
empirical adjustments. Indeed. the between accae groups and €O, ound . Fy e °
PMAPVAC effect is preserved even when  that the acidity of the methyl acetat by 9299 ) = H
vw eaxmiern 0= W 4 ;f-‘ 2
oene °
o
/stan] 5] crocteome... | 3 etk ) dosy o - | - Cobord-sts... | TN @ i tutens... [ @ biossobepar . |« H 4 3 170 o
o




The e

y

L Abaut | Browse by Yesr | Browse by People |
Legin | Create Account

6.7.9.10,12,13,15. 16-Octahydro-benzo

Sample Originator: Esther Rousay”* and Jeremy G. Frey*

Data Collection: Simon J Coles*

Structure Determination: Simon J. Coles”® and Michael B Hursthou

Univa ity of South ampsen®
CratonCs

InChi=1/C 14H2005/¢ 1-2-4-14 133-1)18-11-8.16.7. 5-1568-17-
14/h1-4H 5 1202
ldemtification 10 3

737/ecrystats. chem Sofon ac uk/145
Numbe;:

Controlled oWr) ethers, crown
Heywords-

Date 07 Octoper 204
Created:

Deposited 21 sz 2006 15 29
On:

Deposited [y Simon J Coles
By:

= | D|C|C

10-12-18.

Crystals Data Repository

Uni - . . 1
W= L Quick & simple to deposit
==l o Software tools
-1.4.7.10, 13-pentaoxacyclopenradecm h |Ve
 Laboratory arc
« Community involvement
se’ y g
» ‘Embargo’ facility
» Structured foundations
* Discoverable & harvestable
s— o Odsjc0831.0e8 6k
Available Files Chermical formuda €14 H20 05 O4sjc0831 x1.Ist 34k
nal Kesult Crystallisatson Solvent bor
ﬂm_g! Crystal morphology Flate 045ic0831.pip Gk
“!m 1.cml Crystal system Orthorhombic 045icO831 xs.tust 0%
Space group symbol Pbca N ‘
Cell length 3 16 4963(18) y
Cel length b 8.325(3) Odsjc0831. 1kt ::2"
Cell kength ¢ 200618) &Ml 3
Cell angle alpha K000 wﬂg 57k
Cell angle bets K00 Odsjc0831 WoLjpg 85k
Cell angle gamma 000 OdsjcO0831_hid).jpq 88k
Data cobection temperature 1202) lectin
O4s{c0831_crystal jpg 17k
Solution Sgure of merit 00409 ther Fie
R Factor (O8s) 00487 0dsfc0831.doc 78k
R Factor gaty 00977 o 31.1me =
Weghted R Factor {Obs) 0 1008 S
Weighted R Factor gy o112 04sjc0831 Ik
- Tk
‘4":'/’”" Roussy, Esther sng Frey, Jeremy G gng Coles. Sun } mm
57:;;”:;“;;9::;[27:; ,.a; (.'!,'04/ Unirvers. Ly Z’ SDL;;Jm:f;n‘ ::,;:’:/J e 39 oll “. 2k
10.3737 ecr ks chem.soton, oc. 145, 19k

ejprints




A Thorough Approach to Dissemination

 Using simple Dublin Core protocol (OAI-PMH)
* Crystal structure
* Title (Systematic IUPAC Name)
 Authors
« Affiliation
 Creation Date
» Additional chemical information through Qualified Dublin Core
« Empirical formula
* International Chemical Identifier (InChl)
« Compound Class & Keywords
« Specifies which ‘datasets’ are present in an entry

 Application Profile http.//www.ukoln.ac.uk/projects/ebank-uk/schemas/

* DOI links http://dx.doi.org/10.1594/ecrystals.chem.soton.ac.uk/145

* Rights & Citation http://ecrystals.chem.soton.ac.uk/rights.html
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A Thorough Approach to Preservation

A study of Curation and Preservation
Issues in the eCrystals Data Repository =
and Proposed Federation IS
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Final Version Revised): ™ Septeraber 2007

Maxgjula Patel
UKOLY, DCC
Urtversity of Bath, UK

vlojcic
—— e

Simor. Coles
National Crystellography Certre
Unaversity of Southampion, UK

http://www.ukoln.ac.uk/projects/ebank-uk/curation/

Java | Solaris  Commurnities | Partners | My Sun | Sun Store United States | Worldwide

SUN INNER CIRCLE

FORIN

TION TECHNOL

Project Honeycomb: Intelligent Storage for Massive Data

Volumes Check outthe past Netwark

computing event for mare
Project Honeycorh is an innovative storage system thatintroduces a whole new level of intelligence and information on Sun's
programmaility to the category. To leam more about it we talked to Mike Davis, Senior product manager for — sysiems approach to
Honeycorb inthe Storage Group. storage.

The second level of programmability is what I'm most excited about — the realization of an intelligent storage
system. Honeycomb can manipulate data on the fly as it comes in and out of the system, and that's where it
really becomes strategic for a lot of customers and application parners.

There used to be a very clear distinction between what was above the wire and what was below the wire or
whatwas executed in the application server and what was executed in the storage system. Honeycomb blurs
that distinction.

Q: How does Honeycomb work?

MIKE: There are two elements to Honeycomb: a highly reliable Serial ATA-based storage system based on a
clustered architecture and a rich extensibility framework for access and management of data. Embedded in
the cluster is fully distributed high performance database technology that is aligned very well with the storage
system.

' 1h's archi is desi to reduce or elimi and single points of failure that exist
in legacy architectures. Built-in parallelism improves performance and provides outstanding performance for
query as well as data /0.

). 2
Q: What does H address? We know that IT budgets
MIKE: Honeycomb was developed to solve continuing problems in the tendito be static though
management of large-scale repositories, and by that | mean any large data sets are growing
collection of unstructured data that tends to grow over time. This design exponentially, and our goal

concentrates on reducing administrative and service costs. We know that [T~ 5 0 enabie a single system
budgets tend to be static though data sets are growing exponentially, and our ~ 8ciministrator to manage &
goal is to enable a single system administrator to manage a petabyte of petabyte of storage.
storage.

Inexpensive storage hardware is easy to find, the trick is reducing the need to configure, repair, provision,
senvice, migrate data, and other tasks that contribute to the true cost of the system.

Large r itories need failure resili — the ability to sufier multiple types of failures without risk of losing
data integrity. Through parallelism, Honeycomb can provide a level of reliability that is arguably better than
what customers can getin any SAN environment.

The last major unsolved challenge for these customers is the management of metadata, the rich set of
attributes that describe the data and allow it to be recalled instantly.




So How Much Does it Cost?
APPENDIX 4- CASE STUDY : THE UNIVERSITY OF SOUTHAMPTON KE EPIN G RESE ARCH D AT A

BACKGROUND

Information to be considered as a case study for the cost model will be collected from the UK

National Crystallography Service (NCS), The School of Chemistry and the National

Oceanography Centre, Southampton (NOCS). SA' I

The National Crystallography Service

History

The National Crystallography Service has been operation since 1981, firstly at Queen Mary
College London, then at the University of Wales College of Cardiff and since 1998 at the A COST M O D E L A N D G U l DAN C E FO R
University of Southampton. For the whole period of its existence the NCS has always been

housed within the respective Schools or Departments of Chemistry at these institutions and

has been funded by a succession of research grants under both the rolling grant and U K U N IVE RS I TI ES

responsive mode funding schemes of the EPSRC. The NCS provides an analytical service
for UK chemists, based on state of the art experimental data collection facilities. This service

Neil Beagrie, Julia Chruszcz, and Brian Lavoie

includes the provision of raw data for those ‘skilled in the art’, who wish to work up a crystal

structure themselves but don't have experimental facilities available to them or the provision with case studies contributed by the Universities of Cambridge. Southampton, Klng's

of fully analysed crystal structures for chemists who do not have the necessary training or

College London, and the Archaeology Data Service University of York.

facilities to conduct these experiments.
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Scaling Up: A Community Solution

Interviews & analysis

Synthesis: IR Policy & Practice,
Laboratory Practice & Workflows, Technical
Interoperability & Standards, Metadata
Schema & Application Profiles, Semantic
Interoperability, Data Citation, Identifiers &
Linking, Federation Architectures & Third
Party Services, Rights & Licensing, Data
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Recommendations, commentary

Matters Arising: Diverse lab practice,
LIMS and proprietary formats, Data policy
should reflect lab practice & institutional
model, Data quality criteria/validation,
“Prior publication” problem, We need
scalable assignment of “terms” for data
discovery, No discipline preservation model
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Packaging and Interoperability

* New moves in Digital Libraries community to enable distributed
repositories to fully describe and exchange content

* OAI-ORE (Open Archives Initiative — Object Reuse and Exchange)
* http://www.openarchives.org/ore/

» Describes an aggregation of objects in an exchangeable format

« OREChem testbed project
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Big Business

Google to Host Terabytes of Open-Source Science Data

By Alexis Madrigal January 18, 2008 | 2:23:21 PM Categories: Dataset, Research

Sources at Google have disclosed that the humble domain,
http://research.google.com, will soon provide a home for
terabytes of open-source scientific datasets. The storage will be
free to scientists and access to the data will be free for all. The
project, known as Palimpsest and first previewed to the scientific
community at the Science Foo camp at the Googleplex last
August, missed its original launch date this week, but will debut
soon.

Building on the company's acquisition of the data visualization
technology, Trendalyzer, from the oft-lauded, TED presenting
Gapminder team, Google will also be offering algorithms for the
examination and probing of the information. The new site will have YouTube-style annotating and
commenting features.

The storage would fill a major need for scientists who want to openly share their data, and would allow
citizen scientists access to an unprecedented amount of data to explore. For example, two planned datasets
are all 120 terabytes of Hubble Space Telescope data and the images from the Archimedes Palimpsest, the
10th century manuscript that inspired the Google dataset storage project.

UPDATE (12:01pm): Attila Csordas of Pimm has a lot more details on the project, including a set of slides
that Jon Trowbridge of Google gave at a presentation in Paris last year. WIRED's own Thomas Goetz also
mentioned the project in his fantastic piece of frecing dark data.

One major issue with science's huge datasets is how to get them to Google. In this post by a SciFoo
attendee over at business|bytes|genes|molecules, the collection plan was described:

(Google people) are providing a 3TB drive array (Linux RAID5). The array is provided in
“suitcase” and shipped to anyone who wants to send they data to Google. Anyone interested
gives Google the file tree, and they SLURP the data off the drive. I believe they can extend
this to a larger array (my memory says 20TB).

You can check out more details on why hard drives are the preferred distribution method at Pimm. And we
hear that Google is hunting for cool datasets, so if you have one, it might pay to get in touch with them.

Image: flickr/dannysullivan



A solid foundation for Open/Self-Publishing
of Chemistry Data???
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