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Overview of this Lecture

• Why Crystal Structure Validation ?

• What are the Validation Questions ?

• How is Validation Implemented ?

• What key problems are addressed ?

• Some Examples of Detected Problems.

• Evaluation and Performance.

• Summary.



  

Why Crystal Structure Validation ?
• The explosion of Reported Structure Determinations every 

year.
• Many analyses are done nowadays Black-Box style by 

non-specialists.
• There is a limited number of experts/referees trained and 

available to detect common pitfalls in publications.
• Validation offers a list of ALERTed (i.e. unusual) issues 

that require special attention of the analyst, the specialist 
and the referee. 

• Validation tries to be helpful and sets quality standards.
• New and sadly: Detection of clear fraud and fraudulent 

practices.
•  Recent Literature Example of Poor Refereeing



  

Has any Referee Looked at this Recent Paper ?

Ce(III), Ce(II) or Something else ?



  

The CSD Reports an Isomorphous Cd(II) Complex
Ma et al. (2006). Acta Cryst. E62, m32528-m2529

[Ce(C6H2N2O4)(H2O)3]n

P212121

a = 5.7479(8)
b = 10.909(2)
c = 15.370(2)
0.37 x 0.25 x 0.17 mm
R1 = 0.045, wR2 = 0.121
Ce1-O7a  = 2.399(6)
Ce1-O6a  = 2.406(6)
Ce1-O4    = 2.295(7)
Ce1-N1    = 2.359(8)
Ce1-O1   = 2.520(6)
Ce1-O2   = 2.212(8)
Ce1-O3   = 2.397(8)

[Cd(C6H2N2O4)(H2O)3]n

P212121

a = 5.7365(12)
b = 10.903(3)
c = 15.362(3)
0.37 x 0.35 x 0.27 mm
R1 = 0.034, wR2 = 0.090
Cd1-O1a  = 2.398(5)
Cd1-O2a  = 2.398(5)
Cd1-O4   = 2.287(5
Cd1- N2  = 2.346(5)
Cd1-O7   = 2.530(5)
Cd1-O6   = 2.210(5)
Cd1-O5   = 2.387(5)



  

Consult CSD/VISTA for Expected X-Ow Distances

Ce-Ow Distances Cd-Ow Distances

Conclusion: This is a Cd complex and not a Ce complex ?
The authors claim the use of Ce(NO3) in the synthesis !? 
We need the (absent) reflection data for an absolute proof !



  

Just two Examples of problems with 
entries archived in the CSD

• The CSD is a rich source of chemical information.
• However: An analysis of the > 500000 structures 

in the CSD learns that a not insignificant number 
of the entries has undetected serious errors.

• Nearly all searches in the CSD for statistical info 
show (e.g. with VISTA) outliers that, when 
inspected closely, can be shown to be erroneous.

• The following two problem cases were detected as 
part of a search for short S…S contacts.



  

Two Related Structures – Strange Metrical Differences

C1-O1 = 1.396(3)

C1-O1 = 1.213(3)

EXAMPLE 1



  

Huge Geometry Differences !?

There is obviously a problem with 3e: 
Where were the referees of this paper ?

EXAMPLE 1



  

Reported as Monomer

BUT 

EXAMPLE 2



  

DIMER: S-S Bridge !

EXAMPLE 2



  

WHAT ARE THE 
VALIDATION QUESTIONS ?

Single Crystal Structure 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?



  

Implementation Problems of 
Structure Validation Before 1990

• Multiple Data Storage Types (often listing files).
• No Standard Computer Readable Format for data 

exchange.
• Data entry for publication via retyping in the 

manuscript.
• Thus: multiple typo’s in Published Data.
• CSD Database Archival by Retyping from the 

published paper. 
• Published data often incomplete.
• No easy numerical checking by referees etc.



  

The CIF Standard Solution

• CIF-Standard Proposal for Data Archival and 
Exchange:

    S.R. Hall, F.H. Allen, I.D. Brown (1991). Acta 
Cryst. A47, 655-685.

• Pioneered and Adopted by the International Union 
for Crystallography and Syd Hall (XTAL-System)

• Early adoption by the author of the now most used 
software package SHELXL97 (G.M.Sheldrick)

• Most current software now reads & writes CIF



  

CIF File Structure

• Both Computer and Human Readable Ascii 
encoded file

• Free Format

• Mostly 80 columns wide (maximum 2048)
• Parsable in units (Data names and Values)
• Data Order Flexible
• Dataname and Value associations
• loops



  

Constructs

• data_name
where name the choosen identifier of the data

• Data associations e.g.
 _ cell_length_a    16.6392(2)

• Repetition (loop)
loop_

      __symmetry_equiv_pos_as_xyz
       ‘x, y, z’
       ‘-x, y+1/2, -z’



  

Construct for Text

• Text can be included between semi-columns
• Used for Acta Cryst. Section C & E submissions
• Example
_publ_section_comment
;
This paper presents to the best of our knowledge 

the first example of a very important MOF 
contruct.

; 



  

CIF Example File



  

CIF Completion

• CIF files are mostly created by the 
refinement program (e.g. SHELXL).

• Missing data can be added with a Text 
Editor, The Program enCIFer (from the 
CCDC) or publCIF (From the IUCr).

• The syntax can be checked with a locally 
installed version of the program enCIFer

   (Freely Available: www.ccdc.cam.ac.uk).



  

Missing Data

Error detected with
PROGRAM enCIFer

EDITOR



  

How is Validation Currently 
Implemented ?

• The results of a structure analysis are now 
required to be available in the computer readable 
CIF format. 

• Validation checks can be executed at any time 
both in-house or through the WEB-based IUCr 
CHECKCIF server. 

• A file (Check.def) defines the issues that are tested 
 with levels of severity and associated explanation 
and advise. (www.cryst.chem.uu.nl/platon/CIF-VALIDATION.pdf)

• Most non-trivial tests are executed with routines in 
the program PLATON



  

VALIDATION ALERT LEVELS

CheckCIF/PLATON creates a report in the 
form of a list of ALERTS with the following 
ALERT levels:

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



  

VALIDATION 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 – Info, Cosmetic Improvements, Queries and

      Suggestions.



  

The Chester CHECKCIF Server http://checkcif.iucr.org



  



  

PLATON/CHECK CIF + FCF Results



  

Which Key Validation Issues are  
Addressed

• Missed Space Group symmetry (“being Marshed”)
• Wrong chemistry (Mis-assigned atom types).
• Too many, too few or misplaced H-atoms.
• Unusual displacement parameters. 
• Hirshfeld Rigid Bond test violations.
• Missed solvent accessible voids in the structure.
• Missed Twinning.
• Absolute structure
• Data quality and completenes.



  

Simple Validation Issues

• Many data sets are apparently collected at 
either 293(2) or 273 K

• Improper program defaults or values from 
previous papers are retained.

• Data collected with a CCD system and 
corrected for absorption with Psi-scans ! ?



  

Examples of Correctable Issues

• Following are some examples of the type of 
problems addressed.

1 – Refinement in the Wrong Space group. 

2 – Wrong Atom Type Assignment.

3 – Misplaced H-Atoms.

4 – Missing H-Atoms.



  

WRONG SPACEGROUP

J.A.C.S. (2000),122,3413 – P1, Z = 2

Strange geometry
and displacement
Ellipsoids in P1



  

P-1, Z=2

CORRECTLY REFINED STRUCTURE



  

Published with Wrong Composition

N  O

C  B

C  B
Corrected
Structure
BORAX !

Unexpected
Result !

=> Retracted

Strange
Ellipsoids



  

Structure of a 
strange 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 …

Searching for structures with a Methyl
Moiety bridging two metals …



  

HOT STRUCTURE – FAST LANE PUBLICATION

Cp*(+) !! . ?



  

THE STABLE PENTAMETHYLCYCLOPENTADIENYL CATION

J.B.Lambert et al. Angew. Chem. Int. Ed. 2002, 41, 1429-1431

Cp*(+) ?

No ! Two missing H’s



  

NOT SO HOT AFTER ALL !!

Editors Note in the next issue of Angewandte Chemie



  

Evaluation and Performance

• The validation scheme has been very successful 
for Acta Cryst. C & E in setting standards for 
quality and reliability.

• The missed symmetry problem has been solved 
for the IUCr journals (unfortunately not generally 
yet: There are still numerous ‘Marshable’ 
structures).

• Most major chemical journals currently have now 
some form of a validation scheme implemented.

• But, has it solved all problems … ?



  

Problems to be Addressed

• Synthetic Chemist View: ‘Addressing Crystallographic 
Details holds up the Publication of Important Chemistry’ 
(but see previous example in Angew. Chemie !)

• Interesting Author Question in response to referee issue: 
    What does it mean “Space group Incorrect”
• Crystallographic Education (beyond Pushbutton training 

and Black Box operation) is getting scarce nowadays.
• Sadly: Referees who do not understand or do not know 

how to respond adequately to ALERTS
• Recently: The need to Detect Fraud and Fraudulous 

manipulation ….



  

Note on Editing the CIF

• The Idea of editing the CIF is to add missing 
(experimental) information to the CIF.

• However: Some authors have now been found to 
polish away less nice numerical values.

•  This leaves traces and is generally detected 
sooner or later by the validation software and is 
not good for the scientific career of the culprit…

• The recently implemented FCF-Checking now 
addresses this issue in even more detail.



  

Reflection CIF (FCF)

Cell Data
Should 
correspond 
with CIF data



  

FCF-VALIDATION

- Check of CIF & FCF data Consistency
- Check of completeness of the reflection data set.
- Automatic Detection of ignored twinning
- Detection of Applied Twinning Correction without 

having been Reported in the paper.
- Validity check of the reported Flack parameter 

value against the Hooft parameter value.
- Analysis of the details of the Difference Density 

Fourier Map for unreported features.



  

Sloppy, Novice or Fraudulent ?

• Errors are easily made and unfortunately not 
always discernable from fraud.

• Wrong element type assignments can be 
caused as part of an incorrect analysis of an 
unintended reaction product.

• Alternative element types can be (and have 
been) substituted deliberately to create a 
‘new publishable’ structure. 



  

The need of serious validation by 
knowledgeable Referees

• The validation issues and tools are probably 
best illustrated with an analysis of a few 
fraudulous papers that reached the recent 
literature and (unfortunately) the CSD.

• Early warning signs are generally: 
troublesome displacement parameters and 
unusual short inter-molecular contacts.



  

Some Relevant ALERTS

Wrong atom type assignments generally cause:
•  Serious Hirshfeld Rigid Bond Violation ALERTS

• Larger than expected difference map minima and 
maxima.

• wR2 >> 2 * R1
• High values for the SHELXL refined weight 

parameter



  

[Sn(IV)(NO3)4(C10H8N2)2]

Acta Cryst. (2007), E63, m1566.

Retracted 

Structure



  

2.601 Ang. 
Missing H !

Missing H in bridge & Sn(IV) => Lanthanide(III) 

Novice, 
Sloppy or 
Fraud ?



  

Published structure is claimed to form an 
infinite hydrogen bonded chain

However: This structure does not include a dicarboxylic acid but the 
previously published para-nitrobenzoic acid.

PROOF: Difference map calculated without the 2 carboxylic H-atoms



  

NO2



  

There  are clear ALERTS !  But apparently ignored



  

The Ultimate Shame

• Recently a whole series of ‘isomorphous’ substitions was 
detected for an already published structure.

• Similar series have now been detected for coordination 
complexes (Transition metals and lanthanides)

• How could referees let those pass ?
• Over 100 structures now retracted 
• Fraud detected by looking at all papers of the same authors 

of a ‘strange’ structure (and their institutions)



  

BogusVariations (with Hirshfeld ALERTS) on the Published Structure 
2-hydroxy-3,5-nitrobenzoic acid (ZAJGUM)



  

Comparison of the Observed data for two ‘isomorphous’ compounds.

SLOPPY 

Or

FRAUD ?

Same 
Data !The Only Difference 

Is the SCALE !



  

Summary & Conclusions

Validation Procedures:
- May save a lot of Time in Checking, both by the 

Investigators and by the Journals (referees).
- Often surface problems that only an experienced 

crystallographer might be able to detect/address.
- May point at Interesting Structural Features 
    (Pseudo-Symmetry, short Interactions etc.) to be 

investigated/discussed.
- Set Quality Standards (Not just on R-Value).
- May provide Proof of a GOOD or Fraud structure.
- Deposition of structure factors is strongly advised



  

Thanks !
For your attention

www.cryst.chem.uu.nl/platon
www.cryst.chem.uu.nl/xraysoft
www.cryst.chem.uu.nl/platon/CIF-VALIDATION.pdf
www.cryst.chem.uu.nl/platon/FCF-VALIDATION.pdf 

• Papers on structure validation:
• A.L.Spek (2003). J. Appl. Cryst. 36, 7-13.
• A.L.Spek (2009). Acta Cryst. D65, 148-155.
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