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The Crystallography Open Database (COD) [1] contains a number of structures that are infinite in their nature. So-called 
polymers,  more precisely coordination polymers and Metal-Organic-Frameworks (MOF) [2]. Such molecules are used in 
design and development of new materials, and it is important to understand and analyze them. One such tool cif_molecule [3] 
reconstructs a molecule from an asymmetric unit (AU) and can distinguish if the molecule is a polymer. To better analyze, 
study, and apply existing algorithms [4], we need to have a finite representation of these infinite molecules. The theory for 
such representation was first introduced in [5] through the use of quotient graphs, which captures translationally equivalent 
bonds and atoms. While known for a long time, it is rarely used in crystallographic software. This work introduces quotient 
graphs to the cif_molecule algorithm and to its output, which guarantees polymer detection and dimensionality. 

Implementation of cif_molecule was revised and quotient graphs are now created during the reconstruction of a molecule, 
which allows the correct determination of polymer molecules, and their dimensionality. Quotient graphs are added to the 
output of cif_molecule with data items from the topoCIF dictionary, which allows us to use it in further analysis, and it is 
accepted by other software like Jmol [6]. Additional software was developed that utilizes quotient graphs: to convert quotient 
graph in CIF to other formats – cif2qg converts to graphviz [7] dot format, and to cgd format for Systre [8] input. 
cif_polymer_multiplicity to calculate polymer multiplicity [4] (number of self-penetrated molecules in the crystal). 

cif_molecule (release 3.11.0) with quotient graphs was run on the COD revision 291294, all 511329 structures were processed. 
In addition, cif2qg was run on the results to convert them to the dot format and to cgd, Systre was run to determine the RCSR 
symbols [9], and cif_polymer_multiplicity was run to calculate the multiplicity. The repository was created that contains the 
results of the calculations, and rules defined as Makefiles, which allow reproducible calculations on different revisions of 
COD, or other COD-like databases. A website was created to search and display the results, available at 
https://polymers.crystallography.net/polymers-viewer. 

Quotient graphs are a useful tool for creating a finite representation of infinite molecules. Now we can guarantee the correct 
representation of polymers. Expressing quotient graphs with data items defined in the official topoCIF dictionary allows 
calculation results to be easily used by other programs.  
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