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Overview

This lecture lists and discusses the 
various tools and descriptors that 
are available for the analysis and 
validation of a single crystal study 
as implemented in the PLATON 
program.

Structure Analysis

• Analysis of the Intra-molecular Geometry
• Analysis of the Inter-molecular Geometry
• Analysis of the Coordination Geometry
• Bond Valence Model (Brown et al.)
• ‘CALC ALL’ - LISTING

Intra-molecular Geometry

• Generation of the symmetry expended  
Connected Set on the basis covalent radii 
plus a tolerance..

• Special tolerances are applied for certain 
types of X-Y bonds/contacts, either to 
include or avoid them.

• Residues grow from a starting atom by 
recursive spherical expansion.

Intra-molecular Geometry

• Detection of residues and derivation of the Moiety 
formula, Z and Z’.

• Bond distances, Bond Angles, Torsion Angles.
• Automatic ring search,automatic seach of planar 

parts in the structure



Intra-Molecular (Continued)

• Determination of the hybridization, R/S 
assignments and ‘topology numbers’.

• Listing of the plane-plane and bond-plane  
angles.

• Ring puckering analysis (Cremer & Pople)

Inter-Molecular

• Hydrogen Bonds (linear, bi- and trifurcated)
• Automatic analysis in terms of 1, 2 and 3-D 

networks (aggregates or cooperative)
• Search for pi-pi and C-H..pi interactions

Structure Comparison

• Quaternion Fitting
- Modified version of A.L.Mackay (1984), 
A40,165-166 (Note: 180 degree singularity)
- Alternative: S.K.Kearsley (1989), A45, 
208-210.

• Comparison of Simulated Powder Patterns
• StructureTidy (Inorganics)

QUATERNION FIT

• In many cases, an automatic molecule fit 
can be performed

• A) Identical atom numbering
• B) Sufficient number of Unique Atoms
• C) By manual picking of a few atom pairs



QUATERNION FIT

Cg1 0.946 0.234 0.592

Cg2 0.441 0.253 0.581

Simulated Powder Patterns

• It is not always apparent that two crystal 
structures are identical. The assigned unit 
cell or space group can differ.

• Comparison of the associated calculated 
powder patterns should solve the issue.

• Example for the CSD:



“Orthorhombic”
Polymorph Tetragonal

Polymorph

“Orthorhombic”

Tetragonal Absolute Structure

• The absolute structure of a compound is 
normally determined with the refinement of 
the Flack parameter. 

• The value of the Flack parameter can be 
inconclusive in view of a high su.

• A detailed scatter-plot may be more 
conclusive.

BIJVOET PAIR

SCATTER PLOT

Validation

• ORTEP
• IUCr – CHECKCIF Structure Validation
• FCF- Validation (Completeness & 

Twinning)



Praseodymium complex

J.A.C.S. (2000),122,3413 – P1, Z = 2

P-1, Z=2

CORRECTLY REFINED STRUCTURE

STRUCTURE VALIDATION 

Single crystal structure validation addresses 
three important questions:

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

IUCR-CHECKCIF
IUCR-TESTS:
- MISSING DATA, PROPER PROCEDURE, QUALITY
PLATON TESTS:
- SYMMETRY, GEOMETRY, DISPLACEMENT 

PARAMETERS
ALERT LEVELS:
- ALERT A - SERIOUS PROBLEM
- ALERT B - POTENTIALLY SERIOUS PROBLEM
- ALERT C - CHECK & EXPLAIN

Problems Addressed by 
PLATON

- Missed Higher Space Group Symmetry
- Solvent Accessible Voids in the Structure
- Unusual Displacement Parameters
- Hirshfeld Rigid Bond test
- Miss-assigned Atom Type 
- Population/Occupancy Parameters
- Mono Coordinated/Bonded Metals
- Isolated Atoms

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



Validation with PLATON

- Details: www.cryst.chem.uu.nl/platon
- Driven by the file CHECK.DEF with 

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

BAMYEU

Dalton Trans
2003,134-140

Cc

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. 

Example of Misplaced Hydrogen Atom



Two ALERTS related to the misplaced Hydrogen Atom Unsatisfactory Hydrogen Bond Network

Satisfactory Hydrogen Bond Network with new H-position



Consult the CSD

• It is a good idea to always consult the CSD 
for previous reports on structures related to 
the one at hand.

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

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

Entry from the CAD

HS

But with Space Group Symmetry

=> Different structure with S-S Bond !

Concluding Remarks

• Automatic Validation both ALERTS for 
potential errors and for interesting features 
in a structure to be discussed.

• Detailed analysis of intermolecular 
interactions appears often to be ignored in a 
service setting.

SIENA 2005
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