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Research on biobased polymers recently intensified with new monomers, new polymers, new processes. 
Monitoring the polymerization of these new monomers, and characterizing the molecular structure of these 
new polymers, rely on the methods used for fossil-based polymers. These methods are thus not providing a 
sufficiently accurate characterization to understand some of the structure and properties of these new 
polymers. For example, a number of biobased polyesters or polyamides are expected to have a branched 
topology,[1] but the degree of branching, type of branched topologies or molar mass of the branches are not 
known, while they are expected to affect the materials performance. In order to produce polymers that can be 
characterized by the current methods, the polymerisation of heavily purified biobased monomers have been 
investigated, including at the IPCM.[2] The objective of this project is now to polymerize biobased monomers 
as obtained from the biomass or wastes (with minimal purification), monitor and understand their 
polymerization and predict or measure their molecular structures. 
We are particularly interested in "dimer acids". These biobased monomers are sourced from renewable and 
natural oleic acids, such as wood pulp, tall oil, canola oil, rapeseed oil, cottonseed oil, or castor oil. These 
unsaturated fatty acids are "dimerized" on clay catalysts to lead to dimer acids. The oils contain several fatty 
acids and even more isomers and thus the resulting dimer acids consist of complex mixtures including cyclic 
and acyclic dicarboxylic acids (diacids) along with cyclic tricarboxylic acids (triacids), cyclic oligocarboxylic 
acids, and acyclic monocarboxylic acid (monoacids). The diacids and triacids are the monomers, the latter 
leading to branched or cyclic topologies, while the monoacid stops the polymerisation. 
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There are only a few studies characterizing dimer acids and not with the most modern characterization 
methods. For example for mass spectrometry, only electron-impact mass spectrometry (EI-MS) has been used 
so far for dimer acids but electrospray ionization MS (ESI MS) will be used in this project. Characterization by 
chromatographic methods requires a tedious sample preparation. We have shown that for charged molecules, 
capillary electrophoresis allows for robust separation and characterization with minimal sample preparation.[3] 
Capillary electrophoresis will thus be used to separate, characterize and quantify the different molecules 
composing the dimer acids. Coupling of capillary electrophoresis with ESI MS is straightforward[4] and will be 
used. The CE method will first be established to characterize dimer acid, and it will then be used to monitor their 
polymerization. This will allow to identify the molecules that participate in the polymerization process at different 
times. This will also allow to predict the molar mass (primarily from the monomers conversions and consumption 
of the monoacids) as well as the branched structure (from the conversion of the triacids). The obtained 
polyesters and polyamides will then be characterized to assess the predictions. The average size of the 
obtained polyesters and polyamides will be measured using the capillary electrophoresis instrument and Taylor 
dispersion analysis (TDA). Selected polymers will be analyzed by advanced polymer chromatography 
(multiple-detection SEC) with hydrodynamic volume primarily determined, as well as molar mass by universal 
calibration as well as light scattering. The relations between the composition of the non-purified dimer acid, their 
polymerisation and the  structure of the resulting polyesters and polyamides will be established. This will allow 
the synthesis of precise macromolecular architectures from the non-purified biobased dimer acids.   


