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Webinar overview

• An opportunity for you to learn about:
• The Cambridge Structural Database (CSD)
• The Inorganic Crystal Structure Database (ICSD)
• The CCDC and FIZ Karlsruhe collaboration

• An opportunity for us to learn:
• How you would like to see our joint services develop 
• User requirements for an advanced interface for searching all organic, 

metal-organic and inorganic structures
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The CCDC

Dedicated to the advancement 
of chemistry and 

crystallography for the public 
benefit through providing high 

quality information services and 
software.

A UK registered charity
Originated in 1965

Follow us on:
Twitter: @ccdc_cambridge
Facebook: ccdc.cambridge

www.ccdc.cam.ac.uk

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

Scientific Software Provider
Search/analysis/visualisation tools

Scientific applications

Education and Outreach
Conferences, Workshops, 

Bespoke Training, Teaching Materials

Collaborative Research Organisation
New methodologies

Fundamental research



FIZ Karlsruhe

ICSD - short presentation, August 28, 20204

One of the large non-academic information 

infrastructure institutions in Germany

Member of the Leibniz Association

Non-profit Institution

Main Shareholders: 

German Federal Government

Federal State of Baden-Württemberg

We offer data, information and knowledge, software 

and services for research and innovation on open, 

law-compliant platforms. To this end we develop and 

operate both commercial and free products and 

services. 
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Today’s presenters

Suzanna Ward

Head of Data

CCDC

Matt Lightfoot

Editorial Team Lead

CCDC

Stephan Rühl

Product Manager ICSD

FIZ Karlsruhe

Paul Raithby

University of 
Bath

Dejan Zagorac

Nuclear Sciences 
Vinča, Belgrade
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Today’s agenda

www.ccdc.cam.ac.uk

• Introduction 
• The CSD 
• The ICSD

• The CCDC and FIZ Karlsruhe collaboration
• User perspectives

• Paul Raithby
• Dejan Zagorac

• What’s next?
• Q&A: the floor is yours



The CSD
Suzanna Ward
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The vision

J.D. Bernal and research group including Olga Kennard at Stonehenge in 1948 

• Established in 1965 
by Olga Kennard

• She and J.D. Bernal 
had a vision that a 
collective use of 
data would lead to 
new knowledge 
and generate 
insights
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The vision
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The Cambridge Structural Database (CSD)

XOPCAJ - The millionth CSD structure. 

An N-heterocycle 
produced by a 
chalcogen-bonding 
catalyst. Determined 
by Yao Wang and his 
team. 

▪ Every published 
structure
▪ Inc. ASAP & early view
▪ CSD Communications
▪ Patents
▪ University repositories
▪ Thesis

▪ Discoverability of data 
and knowledge

▪ Sustainable for over 55 
years

1,074,302
Structures 
published 
that year

Structures 
published 
previously
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Inside the CSD

Not Polymeric
89%

P
o

lym
eric: 11%

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%

Organic
• Drugs
• Agrochemicals
• Pigments
• Explosives
• Protein ligands

Metal-Organic
• Metal Organic Frameworks
• Models for new catalysts
• Porous frameworks for gas 

storage
• Fundamental chemical bonding

ligands

ligands

Links/subsets
• Drugbank
• Druglike 
• MOFs
• PDB ligands
• PubChem
• ChemSpider
• Pesticides

Additional data
• 11,415 polymorph families
• 171,331 melting points
• 909,992 crystal colours
• 778,663 crystal shapes
• 24,916 bioactivity details
• 11,379 natural source data
• > 250,000 oxidation states

ligand
s



The CSD
❑ Links to over 490,000 articles in over 

1,500 journals from over 200 publishers

❑ Recognised data repository

▪ CoreTrustSeal certification

▪ Clear Data Preservation Policy

❑ Datasets enriched and annotated by 
experts at the CCDC to enable: 

▪ Generation of new knowledge 

▪ Application of knowledge in digital 
platforms

▪ Support for scientific innovation 
across academia and industry



13

From experiment to knowledge

Experiment

Knowledge
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The CSD software
Software enabling research across the breadth of structural science

CSD-System

To search, visualise, analyse 
and communicate structural 

data

CSD-Discovery

To discover new molecules 
with pharmaceutical 

applications  

CSD-Materials

To understand and 
predict solid form stability 

and properties

CSD-Enterprise
All CCDC application software (available to all Academics)

The Cambridge Structural Database 
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Recent developments and activities

• Data
• New data releases
• New data links and subsets

• Software
• New CSD KNIME nodes
• CSD Pipeline Pilot Component 

Collection
• Aromatics Analyser in CSD-Materials
• Descriptors Module in CSD Python API

• Research
• Targeted classification of metal-

organic frameworks

• Education, Outreach and Events
• CCDC Home Learning

• New workshops and How To videos

• Global UGM – October

• Crystal Conversations

• Collaborations and initiatives
• ICDD collaboration

• BioChemGRAPH collaboration between 
PDBe, ChEMBL and CCDC

• New Hindawi workflow

• CSP Consortium and CCDC Blind test



August 28, 2020

An Overview of Content  
and Recent Developments

ICSD



ICSD has a history of 40 years
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▪ 1977 initiated by Prof. Bergerhoff, University of Bonn, Germany

▪ Crystal Structure Depot since 1980 (old paper version and

electronic CIF archive)

▪ 1985 ‒ 1989 joint venture University of Bonn and FIZ Karlsruhe

▪ 1989 ‒ 1998 joint venture of the Gmelin Institute and FIZ Karlsruhe

▪ 1997 – 2017 joint venture FIZ Karlsruhe and NIST 

(National Institute of Standards and Technology)

▪ Since 2016 cooperation with Technicum Scientific Publishing

in Stuttgart and Vinca Institute in Belgrad

▪ Since 2016 cooperation between FIZ Karlsruhe and CCDC 

(Cambridge Crystallographic Data Centre)

ICSD - short presentation, August 28, 2020



ICSD contains records of inorganic crystal structures published since 1913
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All crystal structures include atomic coordinates

Old definition:

no C-C- and C-H-bonds

inorganic compounds, minerals, elements, metals and alloys

New definition:

all structures according to the old definition

plus organometallic structures with material properties relevant 

for inorganic applications and at least 3 metals/semi-metals

plus similar compounds with partly organic ligands

ICSD - short presentation, August 28, 2020



ICSD contains records of inorganic crystal structures published since 1913
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Added content:

▪ Wyckoff sequence, Pearson symbol → Structure Types

▪ standardized structures 

▪ reduced cells

▪ mineral name/group

▪ special information for theoretical structures:

▪ calculation methods

▪ cutoff energy

▪ K-point mash

> 210,000 records

> 1,500
journals

> 9,000 
structure types

> 80,000 authors

> 30,000 records
(derived

coordinates)

> 80,000 articles

ICSD - short presentation, August 28, 2020



Theoretical structures in ICSD
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Typical applications

▪ Prediction of new compounds

▪ Prediction of specific material properties

▪ Comparison of experimental and theoretical structures

▪ Optimization of experimental structures

Main problem

▪ Large number of potential theoretical structures

ICSD - short presentation, August 28, 2020



Theoretical structures in ICSD
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Selection criteria

▪ Publication in a peer-review journal

▪ calculated minimum of total energy (Etot)

▪ If more than one method is used (comparison), the one with results 

closest to experimental results is chosen

Important information for theoretical structures

▪ Calculation method used and comparison with experiemental

structure, if applicable

▪ Keywords for material properties

Check relevant journals

Select theoretical
structures

Create ICSD record

Evaluate record

Include further
information (method, …)

Complete record

ICSD - short presentation, August 28, 2020



Traditional Application New fields of application

Typical applications of ICSD in crystallography and material science

ICSD - short presentation, August 28, 202022

ICSD

Aids for qualitative 
and quantitative 

analysis

Search for
individual 
structures

Development and
optimization of

materials

Prediction of
structures and

materials properties

Further 
development of

methods



Recent developments

ICSD - short presentation, August 28, 202023

Set up complex search queries using:
• boolean operators (AND, OR, NOT)
• brackets

Expert Search ICSD Rest API 

Use all ICSD functionality, including Expert Search to get
specific data or programmatically download the whole
database for data mining projects



Our vision of ICSD
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We want to support the community by further developing  
ICSD into an indispensable tool for materials science.

To achieve this, we will

▪ Expand the scope of the database and include as much „inorganic“ data as

possible

▪ Offer scientists working at the interface between inorganic and organic 

chemistry an easier and faster way to find relevant structures

▪ Optimize access to ICSD data for data mining applications

ICSD - short presentation, August 28, 2020



Contact

Except where otherwise noted, content is 
licensed under a Creative Commons 
Attribution 4.0 International License.

© FIZ Karlsruhe 2020
Leibniz-Institut für Informationsinfrastruktur GmbH

www.fiz-karlsruhe.de

Dr. Stephan Rühl
Product Manager ICSD
Content & Services

Thank you!



The CCDC and FIZ Karlsruhe 
collaboration
Suzanna Ward and Matt Lightfoot
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The CCDC and FIZ Karlsruhe

Partnership goal: Connecting data 
resources, increase discoverability 
and simplify deposition of organic, 
metal-organic and inorganic 
structural data.
A good fit:
• Established, trusted databases
• Value quality and high levels of 

curation 
• Comprehensive
• Shared communities
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Joint services - Access

• Free to access 
• Ability to search 

across the CSD 
and the ICSD
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CSD and ICSD 
entries

Data citation 
including Data DOI

Download 
deposited CIF, hkl, 
checkCIF

Link to article

3D representation 
and link to ICSD



30

Links to and from publications
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Benefits of joint access

• Every published structure free to download
• Each new dataset assigned a data citation including DOI
• Ability to search across all organic, metal-organic and inorganic 

structures
• Increased discoverability of and linking of data
• Joint partnerships and workflows increase efficiency and speed 

data is available through databases



Joint services - Deposition



Joint services - Deposition



Joint services - Deposition



Joint services - Deposition

Level A
Most likely a serious problem,
resolve or explain

Level B
A potentially serious problem,
consider carefully

Level C
Check. Ensure it is not caused 
by an omission or oversight

Level G
General information/check it is 
not something unexpected

CheckCIF Responses:



Joint services - Deposition
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Deposition workflow

• Joint deposition service aim to 
make it easy for you to:
• Follow community 

recommendations

• Provide reliable data and 
metadata

• Deposit all organic, inorganic and 
metal-organic data

Login Upload Check 
Syntax Validation Add 

Publication
Enhance 

Data Review

• Components include:

• Identification of contributors

• Use of standard formats & syntax checking

• Generation of validation report

• Capture of publication, experimental and 
chemical metadata

• Additional enrichment of data by CCDC and FIZ

• Ability to publish directly in the CSD or ICSD as 
Communications
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Extending our partnership

Exploring the generation of a more advanced search interface 
across the CSD and the ICSD
• Joint survey

• Held in July/August
• Designed to gauge interest in an advanced search interface

• Webinar today to gauge your interest
• Interactive discussion session planned for October to gather your 

requirements
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Survey results
CSD Usage ICSD UsageAccess Structure 

Usage
Access Structures

Satisfaction
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Survey conclusions

• All respondents were from academia
• Most popular sectors 

• Materials science
• Catalysis
• Education
• Porous Frameworks

• >40% respondents interested in an advanced 
search interface



Searching the CSD and ICSD

Paul Raithby
Department of Chemistry, University of Bath, UK

E-mail: p.r.raithby@bath.ac.uk



Structural Science Areas where there are 
Advantages in Searching the CSD and ICSD
• Coordination and Materials 

Chemistry

• For example:
• Functional coordination complexes
• Ferroelectric materials
• Perovskite and hybrid 

organic/inorganic materials

• To study structure/property 
correlations in the solid-state and 
solution

• Applications in catalysis, energy 
and electronic materials

Pyridinium 
periodate

Co4(Nb2O9)



Contents of the two Databases

 

ORGANIC AND INORGANIC SALTS 

ICSD CSD 

[A][B] 

[Inorganic][Inorganic] [Organic][Organic] [Inorganic][Organic] 

[Organic][Inorganic] 



A Simple Example – the Nitroprusside Dianion

• CSD
• 30 hits –with one or more organic 

or organometallic/metallo-organic 
cations

• ICSD
• 42 hits – with inorganic cations 

such as Na+, Ca2+ 

• Some overlap between the two 
databases but two distinct sets 
that could be combined. 

[Fe(CN)5(NO)]2- dianion



Why the interest in Nitroprussides?
The nitrosyl group can undergo photoactivated switching 
between the M-NO form and the M-ON form, and also a 
side-bound form in the solid state, with changes in 
physical properties. Potential for molecular switches or as 
binary counting devices.

Within the nitroprusside 
complex the nitrosyl ligand (NO) 
can act as an ambidentate 
ligand. The different bonding 
modes are described as linkage 
isomers.

Analysis of bond parameters  
of a large number of 
nitrosyl-containing 
complexes, both inorganic 
and metallo-organic, helpful 
for reactivity studies. 



Solid State Photoactivated Switching in Transition 
Metal Nitro to Nitrito Linkage Isomers
Transition metal complexes that contain nitro 
groups can also form linkage isomers

180 K



Designing Effective Nitro-based Photoswitches

Require the photoactivated 
process to be:
• Fast
• Fully reversible
• Occur near room 

temperature
• No significant degradation 

of the crystalline phase

Successful design requires:
1) Control of kinetic factors
2) Control of crystalline environment around the photoactive species –

control of intermolecular interactions and of the reaction cavity
Data from structural databases is very helpful in understanding (2)



Engineering High Photoconversion - sterics

• Design of systems capable of very high photo-conversion levels 
(100%) using crystal engineering principles

• Use sterically-demanding, photo-inert ancillary fragments (co-
ligands and/or counter-ions)

• Bulky inert fragments dominate crystal packing, generating a 
“reaction cavity” around the isomerising group 

• Facilitates high photo-activation with minimal strain



• Avoiding H-bonding interactions all together is an unfortunate design limitation: 
H-bonds are among the crystal engineers key tools 

• Two new crystal systems: [Pd(Et4dien)(NO2)]OTf and [Pt(Et4dien)(NO2)]OTf show 
that H-bonding limitations can be mitigated by careful temperature control

• Strong intermolecular H-bonds involving the GS NO2 groups in both systems

• At low temp (100 K), only low photo-conversion achieved (c.a. 60 % max.)

• On warming to 150 K, 100% photo-conversion could be reached

• Raising the temperature weakens the H-bonding interactions and increases the 
reaction cavity volume – facilitating 100% activation

Engineering High Photoconversion – H-bonding

hv,  >150K



Search the CSD and ICSD for Transition Metal 
Nitro Complexes
Look for patterns and trends:

• Extent of intermolecular 
interactions 

• Presence or absence of 
hydrogen bonding

• Assess the available volume 
within the unit cell (reaction 
cavity)

• ICSD has 44 hits of inorganic 
nitro complexes

• CSD has 829 hits fortransition
metal  organometallic and 
coordination complexes



Conclusions

• The combination of the CSD and ICSD offers new opportunities for 
knowledge mining that were not previously possible

• The comprehensive CSD software package makes searching for trends 
easier.

• I think that there are particular opportunities in the areas of
• Materials chemistry

• Coordination Chemistry

• Thanks go to the members of the CSD for providing insights into 
structural data and to my research group for carry out many of the 
studies. 



August 27, 2020

ICSD examples and 
connections to CSD 
database

Dejan Zagorac

Senior Scientific Editor

Webinar CCSD/ICSD



1. How to Search ICSD for experimentally observed (synthesized) inorganic 
structures

ICSD - short presentation, August 27, 202053

• Let’s start with simple search perovskite. Perovskite is a calcium titanium oxide mineral composed of 

calcium titanate (CaTiO3). It is also applied to the class of compounds which have the same type of crystal 

structure as CaTiO3 (ABX3), known as the perovskite structure. Different cations can be embedded in this 

structure, allowing the development of diverse engineered materials .



1. How to Search ICSD for experimentally observed (synthesized) inorganic 
structures

ICSD - short presentation, August 27, 202054



1. How to Search ICSD for experimentally observed (synthesized) inorganic 
structures

ICSD - short presentation, August 27, 202055



1. How to Search ICSD for experimentally observed (synthesized) inorganic 
structures: Example with Organic-Inorganic Hybrid Material

ICSD - short presentation, August 27, 202056



2. How to search for new (not-yet synthesized) structures or materials

ICSD - short presentation, August 27, 202057

• Maybe one of the most important examples for the experimental CSD/ICSD users is the use of the 

theoretical category: predicted (non-existing) crystal structure. As crystal structure predictions become 

more and more reliable, this category can be an excellent tool for synthesis planning. 



2. How to search for new (not-yet synthesized) structures or materials

ICSD - short presentation, August 27, 202058

• Obtaining information on predicted not-synthesized unknown compounds, or/and not-synthesized 

modifications of known compounds, could be an important advantage for CSD/ICSD users with numerous 

scientific, technological and industrial applications. 

• Search for new predicted (non-existing) structures or materials can be more precise if the user combines 

search with standardized keywords in the ICSD. 

Theoretical category in the ICSD No. of CIF files 

Predicted (non-existing) crystal structure 3860 

Optimized (existing) crystal structure 2461 

Combination of theoretical and experimental structure 1368 

 
Table 1. Number of theoretical crystal structures (CIF files) in the ICSD 

Desktop (2019.2)



3. Search for parameters for method development and future calculations

ICSD - short presentation, August 27, 202059

• Optimized (or existing) crystal structures are theoretically calculated structures of existing experimental 

crystal structures in the ICSD until the year of publication. 

• In experimental materials science and related sciences, they can be used as an excellent tool for industrial 

and technological applications where it is very important to fine-tune materials, because slight deviations 

between the calculation and experiment can lead to different properties of the material. [1] 

• In computational materials science and related sciences, optimized 

structures can be used for method development and to generate parameters 

for future calculations. 

• In the following text we show one such example. 

[1] D. Zagorac, H. Müller, S. Ruehl, J. Zagorac and S. Rehme, J. Appl. Cryst. (2019) 52, 918-925.



3. Search for parameters for method development and future calculations

ICSD - short presentation, August 27, 202060



4. How to search ICSD for experimental and theoretical data on 
nanostructures

ICSD - short presentation, August 27, 202061

• Optimized structures are excellent tool for various applications, and maybe one of the most interesting is 

combination of optimized structures with standardized keywords. 

• This searches can involve properties of materials (electronic, magnetic, optical, etc), or the use of keywords 

combined with, for example, chemical (elements) search, or structural (structure types) information easily 

enables searches for special materials like superconductors or piezoelectric materials, or technical applications 

like solar cells or solid electrolytes. [1,2] 

• Search for nanostructures can be even further examined by including experimental nanostructures. This can be 

performed by using theoretical category: combination of theoretical and experimental structure (Table 1). 

• If such data exist in the manuscript they are highly valuable to all materials scientists with a great variety of 

possible applications, owing to the high precision of the published data. 

• In the following examples we will show how to search the ICSD for nanostructures.

[1] D. Zagorac, H. Müller, S. Ruehl, J. Zagorac and S. Rehme, J. Appl. Cryst. (2019) 52, 918-925.
[2] https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd

https://icsd.products.fiz-karlsruhe.de/en/howuse/using-keywords-perform-very-specific-searches-icsd


4. How to search ICSD for experimental and theoretical data on 
nanostructures

ICSD - short presentation, August 27, 202062

Figure 4a. Example on how to search the ICSD for theoretical nanostructures (ICSD Desktop 2019.2) 



4. How to search ICSD for experimental and theoretical data on 
nanostructures: Example with Organic-Inorganic Hybrid Material

ICSD - short presentation, August 27, 202063

Figure 4b. Example on how to search the ICSD for combined theoretical and experimental nanostructures 
(ICSD Desktop 2019.2); Example with Organic-Inorganic Hybrid Material(Zhang et al.) 



5. How to search for experimental metal-organic structures (MOFs)

ICSD - short presentation, August 27, 202064

• Recent advances in chemistry show that the distinction between inorganic 

and organic structures has become vague. This becomes more obvious in 

research areas on, for example, zeolites, catalysts, batteries, or gas storage 

systems. 

• We now include pure inorganic structures plus organometallic structures 

where material properties are available or where inorganic applications are 

known.

• Biotechnological, medical or pharmaceutical contents are still not included. 



5. How to search for experimental metal-organic structures (MOFs)

ICSD - short presentation, August 27, 202065



5. How to search for experimental metal-organic structures (MOFs)

ICSD - short presentation, August 27, 202066



Summary and Perspectives

67 ICSD - short presentation, August 27, 2020

• How to search for:  

• experimentally observed (synthesized) inorganic structures

• new predicted (not-yet synthesized) structures or materials

• parameters for method development and future calculations

• experimental and theoretical data on nanostructures

• experimental metal-organic structures (MOFs)

• Enables searches for group of structures/data  with common descriptors (data mining, machine learning, 

etc.) 



Summary and Perspectives

68 ICSD - short presentation, August 27, 2020

• Reliable databases (such as CSD and ICSD), and crystal structure data of high quality can serve as an 

excellent tool in pandemic situation worldwide with less possibilities for performing experiments

• Border line between organic and inorganic materials in not strict 

• Generation of a common search interface to provide researchers with easy access to the entire data set of

inorganic and organic crystal structures (CSD&ICSD), trying to keep the content and increase the amount of

data in the fields, especially with regard to data mining projects [1].



Contact

Except where otherwise noted, content is 
licensed under a Creative Commons 
Attribution 4.0 International License.

© FIZ Karlsruhe 2020
Leibniz-Institut für Informationsinfrastruktur GmbH

www.fiz-karlsruhe.de

FIZ Karlsruhe – Leibniz-Institut für Informationsinfrastruktur
Hermann-von-Helmholtz-Platz 1
76344 Eggenstein-Leopoldshafen, Germany
Tel.: +49 7247 808 555
Fax: +49 7247 808 259
E-Mail: helpdesk@fiz-karlsruhe.de

Thank you for your attention and stay healthy!

Your comments and suggestions are welcome as well as 
theoretical CIF files which you can send to: crysdata@fiz-

karlsruhe.de
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Next steps

This webinar and our recent survey were designed to explore your 
need for a more advanced search interface across the CSD and the 
ICSD
What next?
• Short Q&A session today
• Slides and recording available via CCDC and FIZ Karlsruhe 

websites
• We want to know more about your requirements and priorities

• Interactive discussion session 7th October 2020
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Q&A

• Type your questions in the box as shown
• We will try to answer your questions and if 

we don’t get time to answer them all we will 
get back to you after the webinar with a 
response
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Thank you
hello@ccdc.cam.ac.uk

The Cambridge Crystallographic Data Centre

12 Union Road, Cambridge CB2 1EZ, United Kingdom

Registered Charity No. 800579


