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International Union of Crystallography 
 

• International Scientific 
Union 
• Publishes 8 research 
journals: 

• New title in 
preparation: IUCrJ 

• Major reference work 
International Tables for 

Crystallography 

• Volume H: Powder 

Diffraction 
• Promotes standard 
crystallographic data file 
format (CIF) 



IUCrJ 
 
The new open-access 
high-influence journal 
from the IUCr 
www.iucrj.org to  
celebrate the 
International Year of 
Crystallography 
 
Inaugural issue to be published in 2014 
 



CIF – A timeline (1) 
• 1983,1988 – Standard Crystallographic File Structure         
 I.D. Brown 
• 1990 – Checking of data in Acta Cryst. C papers 
• 1991 – Publication of first CIF dictionary 
• 1991 – Techniques developed for processing CIF data 
  First article typeset from a CIF file. Willis et al. 

• 1992 – First unsolicited CIF submission 
• 1994 – Faster processing for CIF submissions 
• 1994 – First email versions of checkCIF/printCIF 
• 1996 – Acta Cryst. C – CIF submission only 



CIF – A timeline (2) 
• 1997 – Release of powder CIF dictionary (ver. 1.0) 
• 1998 – Automated submission by email – use of the 
 VRF (validation response form)  
• 1998/9 – web version of checkCIF/printCIF 
• 1997-2000 – Electronic only section in Acta Cryst. C 
• 2001 – Expanded checkCIF to include full PLATON 
 validation test 
• 2001 – First edition of Acta Cryst. E 
• 2007 – Full online submission of CIF, structure 
 factors and figures  
• 2008 – Acta Cryst. E became an open-access 
journal 



CIF dictionaries 
• core CIF 1991 

• powder diffraction CIF (pdCIF) 1997 

• modulated and composite structures (msCIF) 2002 

• electron density (rhoCIF) 2003 

• restraints 2011  



CIF as a vehicle for article submission 
_publ_section_title 

;\ 

Diaquahexa-\m~2~-dichloroacetato-\m~3~-oxido-\ 

tetrahydrofurandiiron(III)manganese(II)diiron(III) 

; 

 

loop_ 

  _publ_author_name 

  _publ_author_address 

   'Sadeghi, Omid'  

; Department of Chemistry 

  General Campus 

  Shahid Beheshti University 

  Tehran 1983963113 

  Iran 

; 

   'Ng, Seik Weng' 

; Department of Chemistry 

  University of Malaya 

  50603 Kuala Lumpur 

  Malaysia 

; 

  

_publ_section_abstract 

; In the oxido-centered title compound, 

[Fe~2~Mn(C~2~HCl~2~O~2~)~6~O(C~4~H~8~O)(H~2~O)~2~], 

the central O atom is linked to three metal atoms, 

which are themselves each linked to four 

dichloroacetate anions and are in a triangular 

configuration. Two of the metal atoms are each 

coordinated by a water molecule, whereas the third 

is coordinated by a tetrahydrofuran molecule. In 

the crystal, adjacent molecules are linked by  

O---H...O and O---H...Cl hydrogen bonds across 

centers of inversion, generating a hydrogen-bonded 

chain along the <i>c</i> axis. The Mn^II^ centers 

are disordered with respect to the Fe^III^, and the 

data_I  

  

_audit_creation_method            SHELXL-97  

_chemical_name_systematic  

;\ 

Diaquahexa-\m~2~-dichloroacetato-\m~3~-oxido-\ 

tetrahydrofurandiiron(III)manganese(II) 

;  

 

_chemical_formula_iupac  

   '[Fe2 Mn (C2 H Cl2 O2)6 O (C4 H8 O) (H2 O)2]'  

_chemical_formula_sum 

                       'C16 H18 Cl12 Fe2 Mn O16'  

_chemical_formula_weight          1058.34  

  

_symmetry_cell_setting            triclinic 

_symmetry_space_group_name_H-M    'P -1' 

_symmetry_space_group_name_Hall   '-P 1'  

  

loop_  

 _symmetry_equiv_pos_as_xyz  

 'x, y, z'    '-x, -y, -z'  

  

_cell_length_a                    9.380(1)  

_cell_length_b                    13.316(1)  

_cell_length_c                    15.432(1)  

_cell_angle_alpha                 90.131(1)  

_cell_angle_beta                  100.067(1)  

_cell_angle_gamma                 97.677(1)  

_cell_volume                      1880.1(2)  

_cell_formula_units_Z             2  



Validation with checkCIF 

OR 

Brick Wall 
Useful set of 

tools 



What is validation? 
Comparison against a set of test criteria 

• Are all the usually expected data and 
information present? 
• Are related parameters consistent?  
• Is the space group correct? 
• Has the refinement converged? 
• Are the assigned atom types correct? 
• Is the structure reasonable? 
• Has the structure been determined 
before? 



Is validation needed? 
CIF made possible the automated checking of structure 
determinations. 
 
• Incomplete CIFs 
• Syntax errors in CIFs 
• Too many avoidable oversights 
• Doesn’t meet accepted standards 
• More non-experts determining structures 
 
• Still some avoidable mistakes 



Automation of validation 
• Allows authors to get anonymous and instant feedback 
• Detect and fix problems prior to submission 
• Fewer and shorter revision cycles 
• Consistent application of criteria  
• Known application of criteria (no hidden hurdles to jump) 
• Allows editors and referees to focus on the science 
 

• Benefit – faster publication times! 



What does validation software do? 
• Identifies possible problems via ALERTs 
• Provides explanations of ALERTs 
• Suggests interpretations and possible solutions 
• A tool to help the author 

• efficiently check their work 
• avoid simple mistakes 

• Not intended as a hurdle to make life difficult 
• Not intended to hinder publication of correct results 
• Also a useful tool for reviewers 



Alert indicators 
380 ALERT 4 C Likely Unrefined X(sp2)-Methyl Moiety ...... C18 
412 ALERT 2 C Short Intra XH3 .. XHn : H19B .. H30A = 1.81 Ang. 
720 ALERT 4 C Number of Unusual/Non-Standard Label(s) .... 1 

Alert numbers 1-5 
indicate the type of issue Alerts levels A, B, C and G indicate 

the severity of the issue 



Alert levels and types 
ALERT level A = Most likely a serious problem – resolve or explain 

ALERT level B = A potentially serious problem, consider carefully  

ALERT level C = Check. Ensure it is not caused by an omission or oversight  

ALERT level G = General information/check it is not something unexpected  

 

ALERT type 1 CIF construction/syntax error, inconsistent or missing data  

ALERT type 2 Indicator that the structure model may be wrong or deficient   

ALERT type 3 Indicator that the structure quality may be low  

ALERT type 4 Improvement, methodology, query or suggestion 

ALERT type 5 Informative message, check  



Alert level A 
Alert A  Most likely a serious problem – resolve or explain 

Required item omitted, large deviation from usually 
expected value, or inconsistent values 

Alert A No crystal dimensions have been given 

Alert A Atom C58A    ADP max/min Ratio      18.00 
Alert A H…A calc 5.82(3);  rep 1.915;  dev 3.91 Å 
Alert A Space group symbol does not match sym. ops. 



Alert level B 
Alert B A potentially serious problem, consider carefully  

 
Item is a significant or unexpected outlier 

Alert B The formula has elements in wrong order 
Alert B ADDSYM detects Cc to Fdd2 transformation 
Alert B Refined extinction parameter < 1.9s 
Alert B Structure contains VOIDS of 130.00 Å3 



Validation Response Form 

• Indicates that there are issues which have 
triggered a level A alert 
• Provides a field for the author to respond to the 
alert 

_vrf_PLAT355_I  

; PROBLEM: Long O-H Bond (0.82A) O22 - H22O ... 1.14 Ang.  

RESPONSE: The H22O atom participates in a very strong nearly symmetric 

hydrogen bond which is discussed in details in the paper.  

;  

PLAT355_ALERT_3_A    Long    O-H Bond (0.82A)   O22    -   H220   ...       1.14 Ang. 



Example of an unsuitable VRF 
Alert A Given & expected crystal density differ 
Alert A Given & expected absorption co-efficient differ      
  Calculated density = 3.377  density in CIF = 1.689 
  Calculated mu =  2.063   mu in CIF = 1.031     

Author Response: 
It appears that the absmu- and the density-problem are related.  No 
explanation other than it is related to the disordered triflate groups and 
the refinement over several partially occupied sites 

Actual cause of alert: 
  Molecule sits over inversion centre in P21/n 
  Z given as 4, instead of 2 



checkCIF workflow 
Sample preparation 

Data collection 
Solution and refinement 

Structure analysis 

Prepare CIF and structure 
factors (or powder profile) 

Send to checkCIF 

Alerts not present 

Submit to journal 

Review process 

Alerts present 

Resolve alerts 

Complete VRF 



Limitations of validation 

• Test is not yet implemented 
• Test is not practical in these circumstances 
• Error is not a validation issue 
• Mistake cannot be detected from data in the CIF 
• Nonsense entries in the CIF 
 



Authoring tools 
(1) publCIF 

Desktop CIF publishing 
editor, validator and formatter 
for small-molecule, powder, 
modulated and 
incommensurate structure 
CIFs 
 

 

http://journals.iucr.org/services/cif/publcif/ 
 

 

http://journals.iucr.org/services/cif/publcif/


Authoring tools 
(2) printCIF 

Online CIF publishing validator 
and formatter for small-molecule, 
powder, modulated and 
incommensurate structure CIFs 
 

 

http://publcif.iucr.org/services/tools/printcif.php 
 

 

http://publcif.iucr.org/services/tools/printcif.php


Authoring tools 
(3) Enhanced figure toolkit 

http://submission.iucr.org/jtkt 
 

 

Create interactive three-
dimensional 
visualisations with Jmol, 
a viewer that allows direct 
interaction with the 
underlying data 
 
These figures form an 
integral part of the online 
published article 

http://submission.iucr.org/jtkt


Authoring tools 
(4) checkCIF 

• checkCIF reports are generated following 
the upload of a CIF to the checkCIF 
service 

• For single-crystal studies the 
structure factors are also validated 
 

 
• Within the submission system the 
checkCIF report is made available to the 
reviewers 

http://checkcif.iucr.org/ 

http:///


Authoring tools 
(5) Experimental tables 

Online service for formatting 
complex geometry and 
experimental tables for small-
molecule, powder, modulated 
and incommensurate structure 
CIFs 
 
Output available in rtf format 
 

http://publcif.iucr.org/services/tools/ 
 

http://publcif.iucr.org/services/tools/


Duplication query 
The system checks the 
article against an internal 
database to determine if 
the structure has been 
submitted to or 
published by the IUCr 
previously. 
 
In addition an automated 
check is performed 
against the CCDC 
database. 
 
If duplicates occur, then 
the author is able to note 
why their article should 
be considered for 
publication. 



Why publish data? 

Some reasons: 
• To enhance the reproducibility of a scientific experiment 
• To verify or support the validity of deductions from an experiment 
• To safeguard against error 
• To safeguard against fraud 
• To allow other scholars to conduct further research based on 
experiments already conducted 
• To allow reanalysis at a later date, especially to extract 'new' 
science as new techniques are developed 
• To provide example materials for teaching and learning 
• To provide long-term preservation of experimental results and 
future access to them 
• To permit systematic collection for comparative studies 



Reading the data 
Interactive 
figures as 
an integral 
part of the 
article 
 
Author 
views 
 
Reader 
freedom to 
explore 



Working with the data 

For any 
published 
structure, the 
reader can 
generate a 
predicted 
powder 
diffraction 
pattern 



Part 2 

 CIF for powder studies 
 Current perspective 

 The future 



Advantages of CIF for powder 
studies 

• Data in CIF ideally written directly by 
refinement software – fewer errors 

• Forms a complete record of the experiment 
• Data validation possible 
• Can use to typeset experimental details, 

coordinates, bond lengths, angles etc. for 
journal article or thesis – fewer errors 

• Easier and quicker for authors 



Successful? 

• Single-crystal studies – yes (aided by a 
small number of refinement programs) 

• Single phase 
• Single data set 
• Straightforward experiment  
• Can validate with checkCIF – useful 

results 



Powder studies 
• Several refinement programs 
• Different output (different residuals etc.) 
• One phase/multiple phases 
• One data set/multiple data sets (and 

weighting) 
• Multiple wavelengths (Cu Kα, synchrotron, 

neutron, time of flight…) 
• Diverse experiments (but all can be 

described using the powder CIF dictionary) 



• Refinement program might not write all 
necessary details to CIF 

• CIF may have to be created by hand – errors! 
• checkCIF struggles with multiple phase studies, 

time of flight experiments, ‘non-standard’ 
wavelengths… 

• Powder diffractionists go elsewhere… 
 



Short term – improve checkCIF 

• Suppress irrelevant tests 
• Add powder-specific tests 
• Develop checkCIF so can handle multiple 

data blocks/`non-standard’ wavelengths 
• Expertise requested for validation of 

powder data based structures and 
incommensurate structures 

• Feedback and suggestions welcome 
 



Long-term measures 

• Could existing refinement programs write 
more details to the CIF? 

• Could we ask for other file formats as a 
record of the experiment? 

• Develop a tool to read the most common 
file formats (which are these?) and convert 
them to powder CIF 



Data deposition 

• Raw data? (Too unwieldy?) 
• Profile (not necessarily in CIF format) 
• Structure factors, if available? 
• IUCr Data Deposition Working Group – 

suggestions welcome 
 



International Tables for 
Crystallography 

• Volume H on powder 
diffraction 

• Editors: Chris 
Gilmore, Jim Kaduk 
and Henk Schenk 

• Due 2014 
(International Year of 
Crystallography) 
 



Thank you 


