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Schedule… 

  Introduction: CSDS content and coverage, use in 
teaching structural chemistry 

  Web-based access: software tools and example uses 

  Advanced desktop applications: software tools and 
examples 

  IsoStar library of intermolecular interactions: overview 
and demo 

  SuperStar: predicting interactions  
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Crystal Structures are Uniquely  
Suited for Teaching Structural Chemistry 

  X-ray analysis method of choice for 3D structure 
characterization 

  Very precise: standard uncertainties <0.005 Å on bond 
lengths and <0.5 on valence and torsion angles 

  Provide remarkable richness of structural information: 
both the 3D geometric structures of molecules and also 
the nature and geometry of their interactions 

  > 750,000 crystal structures published in past 60 years, 
and modern instrumentation adding > 60,000 novel 
structures each year  
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Cambridge Structural Database 
 

 

  

CSD Growth 1970-2010 
 

 

Worldwide repository of validated small-molecule 
organic & metal-organic crystal structures  

Dec 09 – 500,000th structure 
milestone reached 

Lamotrigine 
Acta Cryst., Sect.C:Cryst Struct. 
Commun. (2009), 65, o460 
Refcode: EFEMUX01 
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Pedagogical Value 

  3D visualisations enhance students conceptual 
understanding and spatial abilities 
     - Williamson, V. M. J. Chem. Educ., 2008, 85, 718-723 

 - Bodner, G. M.; Guay, R. B. "The Purdue Visualization of  
  Rotations Test" The Chemical Educator   

 
  Use of experimentally measured data is of great 

pedagogical value, and has been shown to enhance 
student learning 
      - DeHaan, R. L. J. Sci. Educ. Technol., 2005, 14, 253-269 

  - Handelsman, J. Science 2004, 304, 521-522 
  - Prince, M. J. Eng. Educ., 2004, 89, 1-9 
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J. Chem. Educ., 2002, 79 
(10), p 1278, 
DOI :10.1021/ed079p1278 
 

 

Backbonding 
Eighteen-Electron Rule  
High-Spin vs. Low-Spin 
Jahn-Teller Effect 
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“...gives students a 
chance to move beyond 
their textbook structures 
and analyze data from 
actual molecular 
structures” 

 

J. Chem. Educ., 2009, 86 
(4), p 460 
DOI: 10.1021/ed086p460 
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  WebCSD: online search interface to the CSD 
  University-wide access: not required to download, 

install or register software on individual machines 
  Ease of use: search and visualise structures using a 

standard web browser 
 

Improving CSD Accessibility 



www.ccdc.cam.ac.uk


Search functionality 

 

  Text and numeric 

  Reduced cell 

  2D substructure 

  2D structure similarity 

  View specific refcode or browse the CSD 
 
 

 



www.ccdc.cam.ac.uk


WebCSD Usage Jan - Mar 2011 
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Learning Goals: 
 
•  Stereoselectivity 
•  Evidence for cyclic 
  halonium ions 
•  Stabilisation 

Example 1: Exploring Reaction 
Mechanisms using Crystallographic 
Data 

Cl -  UGIDP Br -  DAKVUG I -  WEVPOC 
Br - http://www.ccdc.cam.ac.uk/free_services/teaching/ 
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Mercury* 
Graphical display, 
packing analysis 

Database plus Access Software 
Acta Cryst., B58, 380-388 & 389-397, 2002 

Cambridge  
Structural  
Database 

Vista 
Data Analysis 

ConQuest 
Advanced 
search and  

retrieval  
PreQuest 

Database  
production 

*free downloads http://www.ccdc.cam.ac.uk/ 

WebCSD 
Simple search 
and retrieval  

Mogul 
Intramolecular  

Geometry 

IsoStar 
Intermolecular 

Interactions 

Knowledge 
Based libraries 
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Searching the CSD: ConQuest 

•  Searches: 
–  Text & numerical data 

–  Chemical substructures in 2D/3D 

–  Intermolecular non-bonded contacts 

Compound name, author name, 
Chemical formula, melting point, 
keyword….. 
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ConQuest 

•  Searches: 
–  Access CSD and  

in-house data at  
the same time 

–  Large range of filtering options based on 
experimental or chemical options 

–  Combine searches and manage hitlists 

–  Export results to Vista (numerical analysis), or 
Mercury (visualisation) 
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CSD System Software ConQuest Search:  
N-H…O=C(amide) H-Bonds 

Search criteria: 
•  C=O…H  vdW+0.4 

•  Cryst. R-factor <5% 

Calculate geometry: 
•  O…H distance         

•  O…H-N angle 

•  C=O…H angle 

•  Angle between N-H 
vector and amide 
plane 
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Analysing Geometrical Data: Vista 

 Histograms (Cartn, Polar) 
 Scatterplots (Cartn, Polar) 
 Apply mathematical functions 
  to spreadsheet parameters 
 Statistical analysis: 

    Means, medians,esd’s etc. for  
     parameter distributions 
    Regression 
    Principal components (PCA) 
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Example 2: Conformational Analysis 

Energy diagram for 
conformations  
of butane 
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CSD torsional distribution 
about central C-C bond in 
butane substructures Anti (DUCKOB04) 

Gauche (ABIPIK) 
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Interactive display and analysis of numeric CSD search data 
Replacing Vista 
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Example 3:  
High spin vs. low spin complexes 

High spin and low 
spin forms of 
octahedral Fe(III) 
 
cf. octahedral Ni(II) 
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Example 3:  
Ni coordination geometries 

Sum of L-Ni-L 
angles showing 
square planar and 
tetrahedral 
geometries  
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Further Information   

  Teaching 3D Structural Chemistry Using Crystal Structure Databases 
1. An Interactive Web Accessible teaching Subset of the Cambridge 
Structural Database 
Gary M. Battle and Frank H. Allen, Gregory M. Ferrence 
J. Chem. Educ., 2010, 87 (8), pp 809–812 

  Teaching 3D Structural Chemistry Using Crystal Structure Databases 
2. Teaching Units that Utilize an Interactive Web Accessible teaching 
Subset of the Cambridge Structural Database 
Gary M. Battle and Frank H. Allen, Gregory M. Ferrence 
J. Chem. Educ., 2010, 87 (8), pp 813–818 

  Applications of the Cambridge Structural Database in Chemical 
Education 
Gary M. Battle and Frank H. Allen, Gregory M. Ferrence 
J. Appl. Cryst. Special Teaching Edition, 2010, 43, 1208-1223 
   



www.ccdc.cam.ac.uk


Free Educational Resources 

  Teaching subset of 500 CSD entries chosen to 
illustrate a wide range of 3D structural issues  

  Web-based interface for browsing the teaching subset 

  Tutorials, class exercises and worksheets  

http://www.ccdc.cam.ac.uk/free_services/teaching/ 

NSF Discovery Corps Fellowship Grant No. 0725294 
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Part #2 

  IsoStar and SuperStar 
  IsoStar: Assessing non-bonded interactions   

  SuperStar: using IsoStar data to predicting binding 
site interactions 
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A Knowledge Base of  Intermolecular Interactions 

•  Experimental data taken from: 
–  Cambridge Structural Database 

–  Protein Data Bank (protein-ligand 
complexes only) 

•  Interaction distributions displayed as 
scatterplots or contour surfaces 

IsoStar 
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central group: -CONH2 
contact group: NH 

IsoStar Methodology 

Search CSD or PDB for structures containing 
desired contact 

Superimpose hits and display as scatterplots 
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Density Maps 

Can also represent distribution as density maps 
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J.Comp.-Aided Mol. Des., 11, 525-537, 1997 

  Experimental data from CSD and PDB protein-ligand 
complexes 

  >300 central groups, >50 contact groups 

  >22,000 CSD scatterplots 

  >7,400 PDB scatterplots 

  1,550 theoretical energy minima from DMA/IMPT 

Generate your own scatterplots using IsoGen 

Coverage of Groups 
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Typical Uses of IsoStar  

Probability of an interaction occurring 
Will fluorine act as an H-bond acceptor?  

Is the N or the O of oxazole more likely to H-bond? 

Preferred geometries 
Do H-bonds to ether O lie along lone pairs? 
Do aromatic rings stack or form T-shape arrangements? 

Design strategies 
Do thiazole and oxazole form similar interactions? 

How can we bind to a Trypsin residue? 
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Strong acceptors compete for  
donor-H groups 

O-H and N-H H-bonds to N- and O-
acceptors in isoxazole rings 

Scatterplot of  O-H…O H-bonds in esters Scatterplot of  O-H…O H-bonds in esters 

Scatterplot of  O-H…O H-bonds in 
esters 
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Electronegativity and electropositivity 

alkyl C-H around a phenyl (–C6H5) 
central group 

Scatterplot of  O-H…O H-bonds in esters Scatterplot of  O-H…O H-bonds in esters 

carbonyl (–C=Oδ-) groups around a 
phenyl (–C6H5) central group 
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SuperStar 
Knowledge-base can provide input for other software  
 
  SuperStar is a program for identifying interaction sites 

in proteins or around small molecules 
  Predicts where a given functional group ('probe') is 

likely to interact at binding site 
  Based exclusively on experimental data in IsoStar 

  Validated successfully on >300 protein-ligand 
complexes from PDB 

  Uses include pharmacophore generation 
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Tyrosine kinase (1fgi) 
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GLU562 ALA564 

ASN568 
PHE489 

Tyrosine kinase (1fgi) 
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Map for CO Oxygen Probe 
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ALA564 

ASN568 

Map for CO Oxygen Probe 
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Map for aromatic CH carbon probe 
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Thank you!   

  Email us… 
Teaching@ccdc.cam.ac.uk 

  Follow us… 
www.facebook.com/ccdc.cambridge 

   

NSF Discovery Corps Fellowship Grant No. 0725294 
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