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The Cambridge Crystallographic Data Centre

~60 staff

Editors and Deposition 
Coordinators

Software developers
Applications scientists

Cambridge UK • Piscataway NJ

The Cambridge Structural Database (CSD)

A database of organic and metal-organic 

crystal structures

Established in 1965

International Data Repository
Archive of crystal structure data
High quality scientific database

Scientific Software Provider
Search/analysis/visualisation tools
Scientific applications and APIs

Collaborative Research Organisation
New methodologies
Fundamental research

Dedicated to the advancement of chemistry and crystallography for the public benefit through 
providing high quality information services and software.
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The Cambridge Structural Database

• Over 890,000 small-molecule crystal 

structures

• Over 60,000 datasets deposited annually

• Enriched and annotated by experts

• Structures available for anyone to download

• Links to over 1,000 journals



5

URAFUQ – A ferrocene Ferris wheel

CCDC 1420914 
doi:10.5517/ccdc.csd.cc1jpkyq

Michael S. Inkpen, Stefan Scheerer, Michael Linseis, Andrew J. P. White, 
Rainer F. Winter, Tim Albrecht and Nicholas J. Long

Nature Chemistry, 2016, 8, 825, DOI: 10.1038/nchem.2553
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The Cambridge Structural Database

• CSD provides insights into

– molecular dimensions and shape

– molecular interactions

• Widely used for

– drug design and development

– design of new materials

– crystal engineering

– structure validation



7

The Cambridge Structural Database

CSD EntryDeposited CIF
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Community Standards: CIF format

• A standard format for archive and 
exchange of crystallographic data

‒ derived results

‒ raw and processed data 

‒ experimental conditions

Acta Cryst., 1991, A47, 655 doi:10.1107/S010876739101067X 

Syd Hall Frank Allen David Brown
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Community Standards: checkCIF

• Checks consistency and 
integrity of the data

• Generates alerts that 
should either be 
corrected or explained

• Structure factors enable 
more rigorous checks

• API enables integration 
with deposition 
workflows

Much of checkCIF based on 
components of PLATON 

developed by Ton Spek, Utrecht 
University
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What’s in the CSD?

Organic
43%

Metal-Organic
57%

At least one transition metal, 
lanthanide, actinide or any of Al, Ga, 

In, Tl, Ge, Sn, Pb, Sb, Bi, Po

Single 
Component

56%

Multi 
Component

44%

Dalton Transactions, 2011, 40, 10071, DOI: 
10.1039/c1dt10830a

DACKID: CCDC 817568 
doi:10.5517/ccdc.csd.cc1lwvv5
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Structure Curation at CCDC

• Automatic syntax checking

• Duplication and revision checks

• Automated enrichment – Using Decifer

– Resolves disorder

– For polymers, identifies monomeric unit

– Deduces chemical structure from the coordinates

– Assigns a reliability score

– Generates a chemical diagram and chemical name

• Expert review and validation by editorial team
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Decifer: Automatic Assignment of Chemistry

C=C, prob = 0.20

C-C, prob = 0.004

2 hits

Low probability bond lengths:

C5-C6  1.405, av(CSD) = 1.505, prob = 0.001

C2-C3  1.345, av(CSD) = 1.514, prob = 0.001

C3-C4  1.338, av(CSD) = 1.514, prob = 0.001

C3-C6  1.798, av(CSD) = 1.546, prob = 0.001

Reliability level: 2

Bruno, Shields and Taylor (2011) Acta Cryst., B67, 333-349 10.1107/S0108768111024608

Competing Evidence Bayes’ Theorem

7208 hits Chemical Assignment + Reliability Report

http://dx.doi.org/10.1107/S0108768111024608
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Decifer Validation
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Where Decifer is wrong about being right

H atom disorder but Decifer does not recognise structure as being disordered

CSDDecifer
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Decifer Validation
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Challenges

• Missing H atoms

– one bridging oxygen is hydroxy

– the other has no H atoms

• Poor geometry

– carbon chains include C-C bonds 
around 1.3 A

– suggests double but are in fact 
single
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Challenges: Oxidation State

CBZQCR  DOXQAI  GUNFOK
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Challenges - Crystallographic Disorder

The structure is disordered. 
The SQUEEZE/PLATON 

program has been used to 
model some disorder. The unit 

cell was found to contain a 
void of 9116 A3 holding 3767 

electrons.

IBECAW : CCDC 1424017 doi:10.5517/ccdc.csd.cc1jst15
tris(μ-1-((1-benzyl-1H-1,2,3-triazol-4-yl)methyl)-3-((pyridin-2-yl)methyl)-1,3-dihydro-2H-

benzimidazol-2-ylidene)-tri-copper tris(hexafluorophosphate) unknown solvate 
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Challenges - Mixed Metal Disorder

The metal sites have 
mixed occupancy 
Cr:Ni:In. 

Each site has been 
refined with 
0.75 Cr, 0.13 Ni,0.13 In

For reasons of charge 
balance the CSD entry 
has one of the mixed 
metal sites assigned as 
In and one as Ni 

GUJYIU: CCDC 705752 doi:10.5517/ccrpd60
Dipropylammonium octakis(m2-fluoro)-hexadecakis(m2-pivalato)-hexa-chromium(iii)-indium(iii)-nickel(ii) acetone solvate 

C80H144Cr6F8InNiO32
-, C6H16N+, 2(C3H6O)
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Chemical representation differences

ZAPTOC: CCDC 1520090 doi:10.5517/ccdc.csd.cc1n0s5m
bis(1-(2-((((t-butoxycarbonyl)amino)acetyl)oxy)ethyl)-3-

ethylimidazol-2-ylidene)-gold bromide 
Dalton Transactions, 2017, 46, 2988, DOI: 10.1039/C6DT04834J

In the CSD

10% 87%

3%
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Published in: Lisa Suntrup; Sinja Klenk; Johannes Klein; Sebastian Sobottka; Biprajit Sarkar; Inorg. Chem. 2017, 56, 5771-5783.

DOI: 10.1021/acs.inorgchem.7b00393

Copyright © 2017 American Chemical Society

Chemical representation differences
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In the CSD

63%

37%

Chemical representation differences
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CSD

Paper

Decifer
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Sn-S bond lengths in the CSD
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Chemical representation differences

• CSD contains structures added over 50 years

• The representation of certain types of structures in the literature and the 
CSD has changed over this period

• Chemistry given by authors is not always consistent within publications and 
between publications

• We now have a more automated approach to assigning chemistry

• Some structures are represented in a standard way in the CSD

• But if structures are represented in various ways in the literature then they 
are probably represented with the same differences in the CSD

• Generally CSD users know of these inconsistencies and allow for these in the 
way that they search

• But this can cause problems for new and inexperienced users
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Chemical representation differences

• What could we do to help this?

• Provide an additional standard chemical representation for all 
structures?

– Not a simple process

– Not always clear what the standard should be

• Improve our searching algorithms to find all representations?
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CIF, MIF and Chemistry Standards

• CIF has data items for a 2D chemical representation

– these are rarely used in deposited data files

– identified 3 uses in ~480,000 deposited files (2015)

• MIF: proposed standard similar to CIF for chemical data

• Would this help?

_chemical_conn_atom_[]

_chemical_conn_atom_charge

_chemical_conn_atom_display_x

_chemical_conn_atom_display_y

_chemical_conn_atom_NCA

_chemical_conn_atom_NH

_chemical_conn_atom_number

_chemical_conn_atom_type_symbol

_chemical_conn_bond_[]

_chemical_conn_bond_atom_1

_chemical_conn_bond_atom_2

_chemical_conn_bond_type

The Molecular Information File (MIF): Core Specifications of a New Standard Format for Chemical 

Data. Frank H. Allen, John M. Barnard, Anthony P. F. Cook, Sydney R. Hall (1995) J. Chem. Inf. Comput. 

Sci., 35 (3), 412–427. 10.1021/ci00025a009

dx.doi.org/10.1021/ci00025a009
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De facto Chemistry Standards

• How best to reliably represent 
organometallics?

– dative vs covalent bonds?

– explicit hydrogens/valencies?

– dummy atoms?

– zero-order bonds?

1 Single Bond

2 Double Bond

3 Triple Bond

4 Quadruple Bond

5 Dative Bond

6 Complex Bond

7 Ionic Bond

PubChem SDF
PUBCHEM_NONSTANDARDBOND

M  ZZF  3   1  41   2  42   3  43

M  ZZH   1  5   2   3   4   5   6

M  ZZH   2  5   7   8   9  10  11

M  ZZH   3  5  12  14  15  16  17

M  ZZE  2  42  18  43  18

ACD/Labs MOL V2000 Extensions

1 = single

2 = double

3 = triple

9 = coordination

10 = hydrogen

MOL V3000

* excluding query bond types

Accurate Specification of Molecular Structures: The Case for Zero-
Order Bonds and Explicit Hydrogen Counting. Alex M. Clark.
J. Chem. Inf. Model., 2011, 51 (12), 3149. doi:10.1021/ci200488k
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Impact of representation challenges

• GOAL: Reliable standard InChI representations to enable intersection of the 
CSD with e.g. ChemSpider and PubChem

• Can confidently generate InChIs for ~22% of CSD entries

• If multi-component entries included then ~35% assuming no other issues

22%

58%

13%
6%

2%

Order of filtering:
• Not organic
• Multi-component
• Inchi alerts
• Stereochemistry Issues

Based on a subset of 495,751 
entries from CSD V5.36

InChIs successfully generated 
for 108,570 entries
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Shared Challenges

• Current InChI Working Group Discussions

– Organometallics

– Mixtures

– Polymers

– Stereochemistry

– Tautomers
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Back and forth with SMILES – aromatic metal atoms

JIKROK

SMILES: Cl[ti]1(Cl)(np(o[ti](Cl)(Cl)(np(o1)(c1ccccc1)c1ccccc1)(N#CC)N#CC)(c1ccccc1)c1ccccc1)(N#CC)N#CC

(I) (II) (III)

I. CCDC Representation
II. SMILES interpreted by drawing package
III. SMILES interpreted by online sketcher
IV. Representation of chemistry in article

10.1039/DT9910000663
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Why is structure representation important?

Findable Interoperable Reusable
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Why is structure representation important?

• Consistent and reliable representation of chemical structures is 
important for

– interoperability between tools and data resources

– data discovery and reuse

– effective communication of science
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Who’s responsible for getting it right?

Those responsible for providing infrastructure:

 Support the development of standards based on researcher needs

– Funders

– Professional bodies

– Institutions

 Adopt standards and implement them in systems and workflows

– Tool providers

– Repositories

– Publishers

Aim - Enable researchers to conform to standards without really trying!
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Integration of integrity checks

Validation reports now available to depositors and reviewers pre-

publication and researchers post-publication alongside the data
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Data enrichment: By the depositor

Opportunity for 
crystallographer to 
provide additional 

domain-specific 
data items

Chemical 
interpretation of 

3D data generated 
by CCDC software. 

Downloadable after 
deposition
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Connecting the experimental and publishing workflows

• We all want to make the data more reusable and a more consistent 
chemical representation helps with this.

• All parts of the experimental and publishing workflows should be as 
interconnected as possible to help this.

• Everyone involved in the process potentially has a role to play in this.
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Scientific Knowledge

Experimental Data

Jeff Dahl, CC-BY-SA
CC-BY-SA

Radspunk, CC-BY-SA

C10H16N
+,Cl-

http://commons.wikimedia.org/wiki/File:X-ray_diffraction_pattern_3clpro.jpg
http://commons.wikimedia.org/wiki/File:X_Ray_Diffractometer.JPG
http://upload.wikimedia.org/wikipedia/commons/2/2d/Crystal_Meth.jpg
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