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The International Union of Crystallography (IUCr) is a non-profit scientific union serving the worldwide interests of 
crystallographers and other scientists employing crystallographic methods 

▪55 National Committees make up the General Assembly

▪The scientific work is conducted through Commissions and Committees

▪The Committee on Data (CommDat) work with the IUCr’s Commissions, including the Commission on Journals, having a coordinating 
and advisory role regarding data

▪CommDat exist alongside, and have a formal relationship with, the Committee for the Maintenance of the CIF Standard (COMCIFS)

▪The Committee for the Maintenance of the CIF Standard (COMCIFS) oversees the development of the CIF and reports to the 
Executive Committee of the IUCr

▪Drafts of new definitions and official dictionaries are submitted to COMCIFS for technical validation and ultimately for approval

International Union of Crystallography: a scientific union

Simon Coles
CommDat chair

James Hester
COMCIFS chair

Elizabeth A. Wood, Crystals and Light: An Introduction to 
Optical Crystallography, D. Van Nostrand, Princeton 1964.
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Flavors and data cycle of crystallographic data
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Crystallographic data lifecycle

▪Raw data images collected in a diffraction experiment

▪Processed data (unit-cell parameters and indexed Bragg reflections with 
associated integrated intensities)

▪Crystal structure (symmetry, unit-cell parameters, atomic coordinates, ADPs)
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Lamzin, V. L.; Perrakis, P., Nat. Struct. Biol. 2000, 7, 978–981.

Raw (primary) data Processed data Derived (structural) data

Crystal structures are models!

▪The actual raw data in X-ray crystallography 
are diffraction data leading to electron density

▪Atom positions that make up a crystal structure 
are a model that attempts to explain the raw
data in as complete a fashion as possible
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Coherent information flow in crystallography

Hall, S. R.; McMahon, B. Data Sci. J. 2016, 15, 3.



Databases in the data deluge era
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Cambridge Structural Database (1965)

organic and metal-organic compounds

>1,370,000 structures

Inorganic Crystal Structure Database (1978)

inorganic compounds

>310,000 structures

Protein Data Bank (1971)

biological macromolecules

>240,000 structures

Crystallography Open Database (2003)

organic, metal-organic and inorganic compounds

>520,000 structures
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In 1991…

…USSR passes into history

…Operation Desert Storm began

…World Wide Web publicly debuts
(HTML, XML and Java were yet to come!) 

Im
a
g
e
 c

re
d
it
s
: 

W
ik

im
e
d
ia

 C
o
m

m
o
n
s
, 

N
Y
T
 a

rc
h
iv

e
, 
IU

C
r

N
e
w

s
le

tt
e
r

…IUCr introduced the Crystallographic Information File
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What is CIF and how is it used?

Crystallographic Information Framework (CIF) is a data exchange format for crystallographic and related structural science data

▪The CIF format and extensible CIF dictionaries are defined, adopted and curated by the IUCr

▪Until 2005 the acronym stood for ‘Crystallographic Information File’, but the name was modified
in recognition of its application across crystallography and all related structural science fields

▪CIF offers domain-specific ontology (collection of data identifiers, attributes and relationships)

▪Simple syntax well suited to archive and exchange purposes (human- and machine-readable)

▪Adopted by major databases (CSD, ICSD, COD, RRUFF, Mindat) and required as ESI in most journals

▪Can also be adopted for the hosting structure factors / reflection intensity data

▪ imgCIF/CBF can handle binary data (including raw data images) and is isomorphous to CIF

▪Canonical information on CIF contained in International Tables Vol. G
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Hall, S. R.; Allen, F. H.; Brown, D. Acta Crystallogr. 1991, A47, 655–685.



Wide applicability of STAR

CIF is based on the Self-Defining Text Archive and Retrieval (STAR) procedure

▪STAR language has the capacity to handle the more complex data representations found in various disciplines such as imaging, quantum 
chemistry, botany, etc.

▪Non-CIF STAR applications include

▪NMR imaging field (Biological Magnetic Resonance Data Bank)

▪Molecular Information File (MIF)

▪QCHEM ontology for quantum chemistry

▪Botanical ontologies (Florabase, Western Australian Herbarium), e.g. plant naming hierarchies lend themselves to the use of ‘definition’ 
methods to connect these hierarchies

(8)

Sydney R. Hall



Extensibility of CIF: dictionaries

CIF can host not only structural data 

▪Formally, the CIF approach makes no distinction between 'data' and 'metadata’ and is adaptable and extensible to any domain of structural science

▪CIF can host more than just data (symmetry, unit-cell parameters, atomic coordinates, ADPs); it can also host structural, experimental, and 
processing details, as well as provenance, authorship, journal details, etc.

▪CIF dictionaries provide a formal taxonomy of crystallographic terms and ideas that can be discipline-specific

▪Core dictionary (coreCIF) „set of data names designed to cover the requirements of archiving and exchanging raw and processed data and 
derived structural results”

▪Powder dictionary (pdCIF)

▪Modulated and composite structures dictionary (msCIF)

▪Electron density dictionary (rhoCIF)

▪Twinning dictionary

▪Magnetic dictionary (magCIF)

▪Topology dictionary (topoCIF)

▪Macromolecular dictionary (mmCIF)

▪Symmetry dictionary (symCIF)

▪Image dictionary (imgCIF)

▪Restraints dictionary
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Data flavors: the raw, the cooked and the medium-rare

▪Q: Which of the data types – (1) raw, (2) processed or (3) derived data –
can be described using the CIF format?

▪A: All of them! However, raw data requires imgCIF/CBF ontologies, the 
particular formats describing diffraction images.

▪Q: Do the major structural databases accept raw diffraction data?

▪A: Currently not, but most large-scale photon facilities host and make raw 
diffraction data publicly available after the embargo period. The in-house 
diffractometer data can be uploaded to free data-sharing platforms
(e.g. Zenodo).

▪Q: And how about the processed data (structure factors)?

▪A: From 2011 the Cambridge Structural Database (CSD) and the 
Inorganic Crystal Structure Database (ICSD) strongly encourage the 
inclusion of structure factor data along with CIFs, in line with the 
recommendations by the IUCr. This service is also available in the 
Crystallography Open Database (COD). Besides, many journals accept CIF 
files with structure factors as Electronic Supplementary Information.

The Big Data pyramid, after: J. R. Helliwell, Struct. Dyn. 2019, 6, 054306. 
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The element of trust: data validation

checkCIF is the IUCr service that reports on the completeness, consistency and integrity of CIF files

▪Began as IUCr journals in-house suite for validation and consistency checks

▪Consolidated with Ton Spek’s PLATON (tool for analyzing geometrical calculations,
e.g. bond lengths, angles, torsions and various structural tests, e.g. for missing
symmetry, voids in the lattice) and now offered as public service

▪Adopted by many journal publishers and databases (checkCIF reports required!)

Completeness check

Consistency check

A typo in a cell parameter
(b = 9.3092 Å instead of 
9.0392 Å) generates 
inconsistencies and 
anomalies in bond geometry

Anthony L. Spek

(11)



Three prongs of the checkCIF approach

FAIR principles do not, in themselves, cover the crucial aspects of intrinsic data quality and FAIR data are not per se high 
quality data! Three C’s of checkCIF*:

▪Completeness: Including minimal metadata (complete crystal description, details of the diffraction experiment, structure solution and refinement 
strategy), required for reproducibility

▪Correctness: Integrity and internal self-consistency (e.g. space group must agree with lattice parameters)

▪Context: Comparison with similar structures in the wider universe of knowledge (e.g. tests for missed symmetry, missed twinning, solvent 
accessible voids, and mis-assigned atom types)

*McMahon, B. The vital role of Crystallographic Information Files in chemical and biological crystallography to 
underpin the databases’ validation reports, Data Science Skills in Publishing Workshop, 2019, Vienna.
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checkCIF reports and alerts

The automated checkCIF report contains three types of alerts:

▪ALERT level A = In general: serious problem

▪ALERT level B = Potentially serious problem

▪ALERT level C = Check and explain

Try to eliminate the problems, but do not change the CIF or alter your refinement just to make checkCIF alerts vanish!
Sometimes alerts cannot be eliminated, but instead have valid reasons for their presence. In these cases validation reply form 
(vrf) statements can be inserted into a CIF file, which acknowledge and account for checkCIF alerts.

# start Validation Reply Form

_vrf_ATOM007_Sb3N5_35_GPa

;

PROBLEM: _atom_site_aniso_label is missing

RESPONSE: Due to incompleteness of the high pressure dataset for a sample

in a diamond anvil cell ADPs of all atoms were refined

in isotropic approximation.

;

_vrf_PLAT029_Sb3N5_35_GPa

;

PROBLEM: _diffrn_measured_fraction_theta_full value Low .      0.462 Why?  

RESPONSE: This is a high pressure data set, a substantial part of

a reciprocal space was shaded by the diamond anvil cell.

;

_vrf_PLAT911_Sb3N5_35_GPa

;

PROBLEM: Missing FCF Refl Between Thmin & STh/L=    0.600         80 

Report

RESPONSE: Certain part of the reflections is missing due to shading

by the diamond anvil cell.

;

# end Validation Reply Form

A. L. Spek, Acta Crystallogr. E 2020, 76, 1–11.
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CIF and checkCIF: Editors’ requirements
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CIF and checkCIF: Editors’ requirements
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Raw data: cross-referencing between CCDC and external databases (e.g. Zenodo)

DOI: 10.5517/ccdc.csd.cc2jmntn

Courtesy of Simon Coles
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doi:%2010.5517/ccdc.csd.cc2jmntn


Continuing FAIRification of raw data within CIF

A brief history of raw data deposition

▪Launch of IUCrData for peer-reviewed short structure reports (2016)

▪A Gold Standard for metadata to describe an MX raw data (2020)

▪Raw Data Letters, a new section of IUCrData for authors to describe
unprocessed diffraction images (2022)

▪checkCIF for raw data (2022)
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New challenge: Crystal Structure Prediction standards and CIF dictionary

Number of theoretically calculated crystal structures far exceeds that of experimentally determined structures!

▪In one year a draft of the final dictionary will be communicated to the IUCr and the finalized version will be officially published

▪In the meantime feedback, input and approval from community is required

▪Available at: github.com/COMCIFS/Structure_Prediction_Dictionary

James Hester

Ian Bruno

Nicholas Francia
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Potential of CIF to host non-crystallographic (spectroscopic) data
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Synergies between IUCr and other scientific standard organizations

CIF integrates standards developed within IUPAC

▪Wavelength description uses the IUPAC nomenclature

▪Enantioexcess is as per IUPAC recommendation

▪InChi and InChIKey can be embedded in CIF

▪Systematic chemical name and chemical formula follow IUPAC standards

▪Topological CIF dictionary includes recommendations of IUPAC on nomenclature for coordination polymers

Liaisons between CIF and CDIF

▪Physical Sciences Data Infrastructure (PDSI) at Southhampton managed by Simon Coles strives to introduce CDIF (the CODATA Cross Domain 
Interoperability Framework) that integrates a wide range of resources across chemistry (with crystallography and CIF at the core)
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Coalition for the Sustainability of Digital Data Standards in the Chemical Sciences

IUCr (representing the CIF standard) actively participates in the DigSustain meetings from the beginning

(21)

DigSustain1: Sustainable Business Modeling for Digital 
Standards Development, Cambridge, UK, March 2024

DigSustain2: Digital Data Standards Sustainability in 
Chemical Sciences, Delitzsch, Germany, April 2025

DigSustain3: Coalition for the Sustainability of 
Digital Data Standards in the Chemical Sciences 
Planning Meeting, London, UK, November 2025

Stay tuned for more details in the talk of Wendy Patterson!



Where do we go from here?
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Impact of CIF can be assessed by its popularity

▪ ‘The single most important impact of CIF has been the ability to easily access data globally across journals, databases and laboratories’*

▪CIF is now one of Universal Data Languages

▪Peter Murray-Rust called CIF ‘the best working data system in the scientific world’ (2014)

▪ ‘Technology lock-in’: foundational technology choice can become so embedded that it stifles future alternatives

Progress and adoption can be measured only indirectly

▪Efficiency to submission–deposition processes

▪Better understanding of particular data items across 
laboratories and databases

▪Adoption in programming libraries and end-user software

▪ ‘Anyone can place their own tag–value items into a CIF, but 
until their definitions are accepted into the global ontology 
they can only be for local use’*

▪Official global ontology is the responsibility of the IUCr
COMCIFS group, who moderates and maintain the standard

▪Important to keep momentum and train new generations

▪The art of understanding and being understood

*S. R. Hall, B. McMahon, Data Science Journal 2016, 15, 1–15.
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Thank you for listening!
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