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Fig. 1: Taverna Workflow for reading and processing CIFs to CML

The computation of crystal geometries, energies and physical properties usually requires several programs and systematic 

variation of parameters. To automate this we have created workflows with the OpenSource Taverna and Condor/DAGMan 

architectures. The components are engineered to accept and emit XML, specifically CML (Chemical Markup Language), and 

include legacy conversion (e.g. to and from CIF). We can support codes such as GULP, CASTEP, SIESTA, DL_POLY, MOPAC 

and GAMESS-US and display the results in SVG or the Jmol visualiser. We give two examples of current use.
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Automatic download of CIFs from Acta Cryst. E and 

computation of molecular properties by high-level QM

Conclusion

We can provide an infrastructure of distributable components where   

robots can:

• read journals, extract molecules and compute their properties 

• publish them to newsfeeds and Open repositories

• perform multi-step simulation processes, e. g. for time consuming      

QM calculations   

Fig. 2: Chemical enhancement (Jumbo, CDK, JChempaint, Jmol) of Acta Cryst. E 

For each structure the chemical and crystallographic contents are compared. 

We are currently using atomistic simulations to compute the bulk and surface 

properties of minerals, especially calcium carbonate polymorphs, and their 

interaction with small organic molecules. This requires systematic computa-

tional sweeps over the following variables:

• Polymorph

• Surface and area of interest

• Small molecule identity and conformation

• Level of theory and parameterisation

• (e.g. Force Field, basis set)

A simple example involves the calculation of surface properties on a rectan-

gular grid, with one job per point. In the example above an organic anion is 

systematically moved over a calcite surface. At each point the z-coordinate is 

optimised and properties calculated (e.g. with GULP).  When all jobs have 

finished, the results are fed to a second program to analyse and display the 

properties.

The workflow strategy for this has been developed in the eMinerals project 

using the CONDOR system to take advantage of unused cycles on teaching 

and other machines [3]. DAGMan ensures that jobs are run in the correct 

order and can detect failed jobs and resubmit them. Only when all jobs are 

completed does the plot routine collect and analyse the complete area. 

2-D plot

(a) The Taverna architecture was configured to locate and download CIFs from the 

Acta Cryst. E  site and convert them to CML. 25,000 CIFs can be downloaded [1] and 

converted in a few hours, including extraction of  chemistry from atomic coordinates. 

(b) The semi-empirical program MOPAC running in a CONDOR architecture can 

process ca. 1 million jobs [2]. We are now investigating the agreement in geometry 

between molecules in crystals and the results of high-level QM gas-phase calcula-

tions (GAMESS-US at B3LYP/6-31G* ). From the Acta Cryst. E structures those with 

disorder, inconsistent formulae, heavy atoms (Z > 18) and > 15 non-H atoms were 

rejected. So far about 1000 discrete organic moieties have been automatically com-

puted, using over 1000 days CPU time. 
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Fig. 3: Typical DAGMan-CONDOR architecture for systematic computation of 

properties over a surface
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