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Overview of the Talk

• Some Examples of Recently Published Structures 
with a Problem that Apparently Escaped the 
Attention of the Referees.

• Promote CheckCif as the Current (Partial) IUCr
Solution to this problem.

• Details of what  PLATON can do in this Context.
• Discussion of some more Examples of Avoidable 

Errors.
• Some Concluding Remarks



Structure of an 
Interesting CH3

Bridged  Zr Dimer

Paper has been 
cited 

47 times !

So can we believe 
this structure?
The Referees did …!

H .. H = 1.32 Ang.  !

But …



Comment

• The methyl hydrogen atoms are expected outside 
the Zr2C2 ring (and indeed have been found in 
similar structures)

• Referees likely had no access to (or did not 
access) the primary data other than the ORTEP 
illustration in the paper.

• General problem: A limited number of experts is 
available to referee too many structural papers that 
offer only limited primary (deposited) data.



Dalton Trans. (2001), 729-735

Next Slide: ORTEP with downloaded CIF data 



From
CSD



Organometallics (2006) 25, 1511-1516

Next Slide: This is why the reported density is low and the R and Rw high 



Solvent 
Accessible 

Void of 

235 Ang3

out of

1123 Ang3

Not Accounted
for in the

Refinement
Model



SOLUTION

A solution for the structure validation problem was
pioneered by the International Union of Crystallography

- Provide and archive crystallographic data in the computer 
readable CIF standard format.

- Offer Automated validation, with a computer generated 
report for authors and referees.

- Have journals enforce a structure validation protocol.
- The IUCr journals and most major journals now indeed 

implement some form of validation procedure.



THE CIF DATA STANDARD

- Driving Force: Syd Hall (IUCr/ Acta Cryst C)
- Early Adopted by XTAL & SHELX(T)L.
- Currently: WinGX,Crystals,Texsan, Maxus etc.
- Acta Cryst. C/E – Electronic Submission
- Acta Cryst.:Automatic Validation at the Gate
- CIF data available for referees for detailed 

inspection (and optional calculations).
- Data retrieval from the WEB for published papers
- CCDC – Deposition in CIF-FORMAT.



VALIDATION QUESTIONS

Single crystal validation addresses three 
simple but important questions:

1 – Is the reported information complete?
2 – What is the quality of the analysis?
3 – Is the Structure Correct?



IUCr CHECKCIF WEB-Service

http://checkcif.iucr.org reports the outcome of:
• IUCr standard tests

Consistency, Missing Data, Proper Procedure, 
Quality etc.

• + Additional PLATON based tests
Missed Symmetry, Twinning, Voids, Geometry, 
Displacement Parameters, Absolute Structure etc. 



ALERT LEVELS

• ALERT A – Serious Problem
• ALERT B – Potentially Serious Problem
• ALERT C – Check & Explain
• ALERT G – Verify or Take Notice 



ALERT TYPES

1 - CIF Construction/Syntax errors,
Missing or Inconsistent Data.

2 - Indicators that the Structure Model
may be Wrong or Deficient.

3 - Indicators that the quality of the results
may be low.

4 - Cosmetic Improvements, Queries and
Suggestions.



In-House Validation with 
PLATON

- Details: www.cryst.chem.uu.nl/platon
- Available for UNIX/LINUX, Windows, 

Mac-OSX 
- Driven by the file CHECK.DEF with 

criteria, ALERT messages and advice.
- Unix: platon –u structure.cif
- Result on file: structure.chk
- Applicable on CIF’s and CCDC-FDAT



EXAMPLE OF 
PLATON GENERATED

ALERTS FOR A RECENT
PAPER PUBLISHED IN
J.Amer.Chem.Soc. (2007)

Attracted special attention 
in Chemical and 

Engineering News



Problems Addressed by 
PLATON/CIF-CHECK

- Missed Higher Space Group Symmetry
- Solvent Accessible Voids in the Structure
- Unusual Displacement Parameters
- Hirshfeld Rigid Bond test
- Misassigned Atom Type 
- Population/Occupancy Parameters
- Mono Coordinated/Bonded Metals
- Isolated Atoms (e.g. O, H, Transition Metals)



More Problems Addressed by 
PLATON

- Too Many Hydrogen Atoms on an Atom
- Missing Hydrogen Atoms
- Valence & Hybridization
- Short Intra/Inter-Molecular Contacts
- O-H without Acceptor
- Unusual Bond Length/Angle
- CH3 Moiety Geometry
- To be extended with tests for new problems 

‘invented’ by authors.



Problems Addressed by
PLATON/FCF-CHECK

• Information from .cif and .fcf files
• Report on the resolution of the data
• Report about randomly missing data
• Check the completeness of the data (e.g. for 

missing cusps of data
• Report on Missed (Pseudo) Merohedral Twinning
• Report on Friedel Pairs and Absolute Structure
• Next Slide: ASYM VIEW Display 



Missing cusp 
of data

Section in 
reciprocal 

space



The Missed Symmetry Problem

- Up to 10 % of the structures in space groups such 
as Cc have higher symmetry (e.g. C2/c, R-3c, 
Fdd2 etc.) than was originally reported.
(To be Marshed is not good for your scientific 
reputation as a crystallographer).

- MISSYM (Y. LePage) & PLATON/ADDSYM 
algorithm addresses the problem.

- Next Slide: Example 



Organometallics (2004) 23,2310



Change of Space Group ALERT



Misoriented O-H

• The O-H moiety is generally, with very few 
exceptions, part of a D-H..A system.

• An investigation of structures in the CSD brings 
up many ‘exceptions’.

• Closer analysis shows that misplacement of the O-
H hydrogen atom is in general the cause. 

• Molecules have an environment in the crystal !
• Example  



Example of a PLATON/Check Validation Report:  Two 
ALERTS related to the misplaced Hydrogen Atom



Unsatisfactory Hydrogen Bond Network Satisfactory Hydrogen Bond Network with new H-position

Example of Misplaced Hydrogen Atom

Validation Looks at 
inter-molecular 

contacts

ALERT !

Correct !



Wrong Structures
• Sometimes (semi) automatic structure 

determination procedures can come up with 
‘reasonably looking’ but wrong structures.

• Structure validation software should send 
out proper ALERTS to the investigators 
(e.g. IUCr Checkcif)



Structure Determination Artifacts

• Pseudo-symmetry easily results in false structures 
(often requiring a disorder model).

• Example: An Organometallic-AuCl compound 
from the CSD with the Cl in the 
wrong position Very Short C-H..Cl ?!
ALERTED by validation (C..Cl = 2.19 Ang)

• Moving Cl to the correct position drops
R from 4 to 2 % (see next slides).







Consult the CSD

• It is a good idea to always consult the CSD for 
previous reports on structures related to the one at 
hand (in particular when the result looks unique).

• The statistics provided by VISTA (CCDC) can be 
very helpful for this.

• However, be aware, such an analysis often shows 
outliers. Many of those appear to be errors.

• Example: A search for short S..S contacts gave:



Entry from the CSD

HS



But with Space Group Symmetry

=> Different structure with S-S Bond !



Some Statistics

• Validation CSD Entries 2006 + 2007
• Number of entries: 35760
• # of likely Space Group Changes: 384
• # of structures with voids: 3354
• Numerous problems with H, O, OH, H2O 

etc.



THE MESSAGE

- Validation should not be postponed to the 
publication phase. All validation issues should be 
taken care of during the analysis.

- Everything unusual in a structure is suspect, 
mostly incorrect (artifact) and should be 
investigated and discussed in great detail and 
supported by additional independent evidence.

- The CSD can be very helpful when looking for 
possible precedents (but be careful)



CONCLUSION 

Validation Procedures are excellent Tools to:
- Set Quality Standards (Not just on R-Value)
- Save a lot of Time in Checking, both by the 

Investigators and the Journals (referees)
- Point at Interesting Features (Pseudo-Symmetry,

short Interactions etc.) to be discussed.
- Surface a problem that only an experienced 

Crystallographer might be able to Address
- Proof of a GOOD structure.



Additional Info

http://www.cryst.chem.uu.nl
(including a copy of this powerpoint presentation)

Thanks 

for your attention !!


