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Structure of presentation

• Publication of crystal structure reports
• Data exchange/archive standards
• Publication workflow for small-unit-cell 

structures
• Community consensus for biological 

macromolecules
• Data publication at source



Publication of crystal structure 
reports



Crystallography

• The branch of science devoted to the 
study of molecular and crystalline 
structure

• Far-reaching applications in 
chemistry, physics, mathematics, 
biology and materials science



Crystal structures ‘published’
• Curated databases

– Cambridge Structural Database
• Small organic/metal-organic: 335,280 : 29,000/yr

– Protein Data Bank
• Biological macromolecules: 34,506 : 5,500/yr

– Inorganic Crystal Structure Database (82,676), CrystMet 
(99,893), Powder Diffraction File (240,050)

• IUCr journals
– Acta Crystallographica Sections C, E

• Small-molecule, inorganic: 2357 articles/year

– Acta Crystallographica Sections D, F
• Biological macromolecules: ~ 120+ structural articles/year



The crystallographic experiment

• Bench diffractometer, synchrotron, area detector, 
photographic film, space shuttle…

• Bragg’s law:  nλ = 2d sin θ



Consistent data pipeline
Characteristics of 
sample and 
specimen

Data reduction 
techniques

Solution and 
refinement 
strategies

Characteristics of 
apparatus



Crystal Structure reports -
data-rich scientific articles

• 3-d positional coordinates
• Atomic motions
• Molecular geometry
• Chemical bonding
• Crystal packing
• Chemical behaviour arising 

from structure

• Two dedicated IUCr 
journals: Acta Cryst. C, E

• Important part of scientific 
discussion in many other 
titles: Acta Cryst. B, D, F



Data that inform the discussion
Raw data
(image plate, 
diffractometer, film)

Primary data
(structure factors)

Derived data
(six-dimensional structural 
model)



Data exchange/archive 
standards



Examples of CIF data
Formulae, coordinates Raw (image) data
data_99107abs
_chemical_name_systematic
; 3-Benzo[b]thien-2-yl-5,6-dihydro-1,4,2-

oxathiazine 4-oxide
;
_chemical_name_common             ?
_chemical_formula_iupac          'C11 H9 N O2 S2'
_chemical_formula_moiety         'C11 H9 N O2 S2'
_chemical_formula_sum            'C11 H9 N O2 S2'
_chemical_formula_weight          251.31
loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_U_iso_or_equiv
_atom_site_adp_type
S4  S  0.32163(7)   0.45232(6) 0.52011(3) 

0.04532(13) Uani 
S11 S  0.39642(7)   0.67998(6) 0.29598(2) 

0.04215(12) Uani
O1  O  -0.00302(17) 0.67538(16) 0.47124(8) 

0.0470(3) Uani
O4  O  0.2601(2)    0.28588(16) 0.50279(10) 

0.0700(5) Uani
H5A H  0.1284       0.4834 0.6221 0.060 Uiso 
H5B H  0.1861       0.6537 0.5908 0.060 Uiso

data_CXVT_0132

loop_

_array_data.array_id

_array_data.binary_id

_array_data.data

image_1 1 

;

--CIF-BINARY-FORMAT-SECTION—

Content-Type: application/octet-stream; conversions="x-
CBF_PACKED“

Content-Transfer-Encoding: BASE64

X-Binary-Size: 3745758

X-Binary-ID: 1

X-Binary-Element-Type: "signed 32-bit integer“

Content-MD5: 1zsJjWPfol2GYl2V+QSXrw==

ELhQAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAADHcRzHcRxGQQwC
ZsGuAKUFAIhS93U8

/91rMvpiEXw1pwoceMIBYHj78x7u9nszkeh7qm3XK6jk/Aa4x3Ecx3Ec
x3Ecx3EcBzEEgApW

/y8xGar1BaqZXkcCow74Aw77fp8W5Sf2vP6O6A/SD8ZnixLf4/WMOzCg
EAhqVnnv3wsk8oO9

EFa5G/3Gfq94GwLjHNE+gd8ndgf1foI+GN2LQIAneVRf9rXyCkwIyc/y
/ILuHsdxHMdxHMdx

HMdxGAURAGraeHhJh6ccYbjVMKH5Xxjq3wx6VNQ4sPPCAxNNMrb/BEsA
DjdtYzBLtS+VJMtJ



Data dictionary definition
data_chemical_formula_weight

_name       '_chemical_formula_weight‘

_category            chemical_formula  

_type                numb

_enumeration_range   1.0: 

_units               Da

_units_detail      'daltons‘

_definition

; Formula mass in daltons. This mass 

should correspond to the formulae given

under _chemical_formula_structural,

*_iupac, *_moiety or *_sum and, together

with the Z value and cell parameters,

should yield the density given as

_exptl_crystal_density_diffrn.

;



Standard description of data
• Crystallographic Information 

Framework
– International Tables for Crystallography (2005). Vol. G, Definition 

and exchange of crystallographic data, edited by S. R. Hall & B. 
McMahon, 1st ed. Berlin: Springer.

• CIF file structure
– Hall, S. R., Allen, F. H. & Brown, I. D. (1991). The Crystallographic 

Information File (CIF): a new standard archive file for 
crystallography. Acta Cryst. A47, 655-685

• Dictionary definition language
– Hall, S. R. & Cook, A. P. F. (1995). STAR dictionary definition 

language: initial specification. J. Chem. Inf. Comput. Sci. 35, 819-
825.

• Data dictionaries



Publication workflow for small-
unit-cell structures



Peer-reviewed structure-reports 
journals

• Data submitted as CIF
• Automated checking on 

submission
• Reviewer reports
• Automated page 

composition
• Key indicators
• Supplementary data sets



Technical aspects of peer 
review

• Check internal consistency of data 
dependencies (CIF dictionary)

• Check scientific reasonableness of model
• Check completeness of experimental 

metadata
• Check quality of derived structural model
• Consistency checks between raw, primary 

and derived data



Feedback to submitting author (1)
In this example, a
query is raised 
about a minor
problem: the 
assigned chirality



Feedback to submitting author (2)
In this example, some mandatory 
information is missing: the author
must explain or supply



Example review report (1)
Bond precision:    C-C = 0.0036 A   Wavelength=0.71073 
Cell: a=18.120(4)  b=11.317(2)  c=19.777(4)

alpha=90  beta=90  gamma=90

Calculated               Reported 
Volume                 4055.6(14)               4055.6(14) 
Space group            P b c a                  P b c a 
Hall group             -P 2ac 2ab               -P 2ac 2ab 
Moiety formula         C22 H27 Cu N3 O2         C22 H27 Cu N3 O2
Sum formula            C22 H27 Cu N3 O2 C22     H27 Cu N3 O2 
Mr                     429.02                   429.01 
Dx,g cm-3              1.405                    1.405
Z 8 8 Mu (mm-1)        1.099                    1.099
F000                   1800.0                   1800.0
F000'                  1803.09 
h,k,lmax 24,15,27                 24,15,27
Nref 5559                     5497 
Tmin,Tmax 0.768,0.874              0.824,0.903 
Tmin'                  0.644 
Correction method= 'INTEGRATION' 
Data completeness=  Ratio = 0.99 
Theta(max)= 29.33 
R(reflections)= 0.0465( 4147) wR2(reflections)= 0.0973( 5497)
S = 1.091 Npar= 255



Example review report (2)
• Alert level A

PLAT725_ALERT_1_A D-H     Calc     0.91000, Rep 1.01000 Dev... 0.10 Ang.

N3   -H3      1.555   1.555

PLAT725_ALERT_1_A D-H     Calc     0.97000, Rep 1.09000 Dev... 0.12 Ang. 

C19  -H19B    1.555   1.555

PLAT725_ALERT_1_A D-H     Calc     0.97000, Rep 1.09000 Dev... 0.12 Ang. 

C29  -H29B    1.555   1.555

PLAT726_ALERT_1_A H...A   Calc     2.25000, Rep 2.16000 Dev... 0.09 Ang.

H3   -O11     1.555   5.665 

• Alert level C

PLAT199_ALERT_1_C Check the Reported _cell_measurement_temperature 293 K 

PLAT200_ALERT_1_C Check the Reported _diffrn_ambient_temperature . 293 K 

PLAT728_ALERT_1_C D-H..A  Calc      118.00, Rep 116.00 Dev... 2.00 Deg. 

C19 -H19B -O21      1.555   1.555 1.555



Reader 
assessment



Community consensus for 
biological macromolecules



Extending the approach

• Consensus in small-
molecule 
crystallographic 
community

• Emerging standards 
in macromolecular 
crystallography

• actabiostandards



Setting the standards



Validation of macromolecule 
structures



Data publication at source



Making public the data

• Small-molecule crystallography ‘routine’
• Burden of writing full report articles in the 

literature
• Crystal structures by-products of chemistry 

research
• Valuable results never enter public domain
• Rise of laboratory ‘repositories’



Extending the scholarly publication 
paradigm

• ePrints repository
• OAI-PMH
• Standard metadata
• All data
• Links to publication
• Rights
• Quality



ALPSP Award 2006
ALPSP Award for Publishing Innovation
This year, the panel reviewed 12 applications from which they selected a shortlist of three. 

The judges considered the originality and innovative qualities of the projects submitted, 
together with their utility and long term development prospects.

This year’s award was made to the International Union of Crystallography (IUCr) for their 
Data Exchange, Quality Assurance and Integrated Data Publication (CIF and 
checkCIF). 

The judges were impressed with the way in which CIF and checkCIF are easily accessible 
and have served to make critical crystallographical data more consistently reliable and 
accessible at all stages of the information chain, from authors, reviewers and editors 
through to readers and researchers. In doing so, the system takes away the donkeywork 
from ensuring that the results of scientific research are trustworthy without detracting 
from the value of human judgement in the research and publication process. 

The development and maintenance of CIF and checkCIF is sponsored by several publishers, 
but it is freely accessible to all. IUCr already works closely with other related structural 
science communities and is looking to extend this cooperation. The judges felt that in 
developing CIF and checkCIF, the IUCr has established an important example of data 
quality assurance with potential applications in other scientific, medical, and indeed 
social sciences publishing. 

“The IUCr is honoured by the 2006 ALPSP Award for Publishing Innovation, which 
recognises the hard work and dedication of our publishing staff and academic 

collaborators, and the role that learned societies can play in introducing novel and 
valuable contributions to scientific information exchange. The Crystallographic 

Information Framework owes much to the special nature of crystallography and its 
relatively compact community of practitioners; but we hope that this award will 

encourage other scientific disciplines to follow similar approaches to integrating research 
data and literature, and to extending the tradition of peer review more deeply into the 

supporting data.”

Peter Strickland, Managing Editor, IUCr Publications



Summary

• Standard data format
• Automated checking/quality assessment
• Objective publication standards
• Adoption of standards in wider community
• Improvement in quality
• Potential to extend consistency checking 

even further
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