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The aim of this postdoc cooperation was the implementation of a crystal structure prediction 

module based on force field calculations in the molecular modeling software Momec
i
. 

As shown in the PhD thesis preceding this postdoc cooperation
ii
, crystal structure geometries 

can be used as starting structures for the calculation of magnetic properties with DFT methods 

in transition metal complexes. In order to be able to compare calculated results to 

experimental values, the structures have to be as close as possible to the real structure, which 

is often the crystal structure. However, crystal structures are not always available as starting 

structures for quantum mechanical calculations. Therefore, a DFT optimized structure is often 

the only available alternative to calculate magnetic properties. 

In order to tackle this problem it was decided to use a molecular mechanics approach to 

generate structures, which are close to the experimental crystal structure. These structures 

would then be used instead of a DFT optimized structure as the starting point for a magnetic 

properties calculation. As a first step towards the general prediction of crystal structures based 

solely on the connectivity of a molecule, it was decided to implement a module, which can 

reproduce experimentally measured crystal packings based on electrostatic and van der Waals 

interactions. 

With regards to the large amount of interactions between atoms and the increased number of 

atoms involved in a crystal lattice structure itself, the central calculation routines of the 

molecular modeling software have to be highly efficient and intrinsically parallel. As this was 

not the case for the routines implemented in Momec at the beginning of the postdoc 

cooperation, it was decided to first enhance the code up to this point. Unfortunately, the 

central routines are very sensitive to changes and great precautions have to be taken when 

changing these routines, as all calculation results directly depend on the correct behavior of 

the central modeling module. 

Also, suitable reference molecules and crystal lattice structures had to be identified and 

prepared. Later on, the new module, which predicts crystal structure geometries and 

reproduces crystal lattices, would use these reference data for parameterization and validation. 

These requirements lead to two short term project goals. First, a testsuite, which guarantees 

program consistency at all steps during the enhancement of the code, had to be established. 

Second, a set of supporting routines for the preparation of reference data, which minimizes 

the amount of errors introduced during the process, had to be implemented. 

 

 

 



The testsuite, which was developed during the postdoc cooperation, was implemented with 

the script language Perl. It consists of a set of high level tests and can easily be extended for 

future demands. Each of the tests can be started individually and tests a limited part of the 

Momec software. A typical test is to load a single reference molecule, calculate the single 

point energy and compare all calculated results against reference results. If a deviation is 

found, the test fails and returns an error. This can immediately be seen by the user or 

developer and associated with recent changes in the code. The tests therefore ensure that 

changes in the code, especially in the central calculation routines, do not change any of the 

expected results of molecular mechanics calculations. 

Other tests run in a similar fashion and test geometry optimizations, import and export of 

different file formats, automatic parameterizations based on a set of reference data or simple 

stress tests with hundreds or thousands of repetitions. Low level internal program tests are 

also accounted for. 

As the testsuite is based on Perl code, it can automatically be called during the compilation of 

the code. If the tests fail at that point, the compilation also fails, which prevents the build of a 

faulty version. 

The preparation of reference data is another crucial step in the process of crystal structure 

prediction. The automatic parameterization process, which ultimately generates the force field 

parameters, relies on carefully prepared reference data. 

Unfortunately, crystal structure data imported from the CSD database
iii

 often contain errors or 

additional molecules, i.e. solvents or counter ions, which are not relevant for the 

parameterization process. Also, several dozens of structures are needed for a meaningful 

parameterization, which makes the preparation of data a tedious and error prone process. A 

set of scripts, which automatically do most of the preparation steps, were therefore 

implemented in order to reduce the amount of human intervention in this process to a 

minimum. The scripts handle all format conversions, use a simple algorithm to identify and 

check the molecule of interest and perform structure checks after each step of the preparation 

process. The user can therefore concentrate on the important step, i.e. checking the structure 

of errors, and doesn’t need to care about correct formatting etc. 

With the help of the test environment and the scripts for the preparation of reference data, the 

necessary changes in the code to improve the performance for large calculations with many 

atoms and interactions, can be implemented without losing the compatibility to prior results. 
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