
 

 

Challenges & Opportunities in Polymer Characterization through Traditional & AI Approaches 
 

Novel Separations for Complex Architectures – from Single Chain Nanoparticles to Multichain 
Assemblies 

 
Albena Lederer  

Leibniz Institut für Polymerforschung Dresden 
Germany 

 
Recent developments in field flow fractionation (FFF) enable the separation and the extensive characterisation 
of intricate macromolecular architectures and their hybrids. The advancement in theoretical understanding, 
technology and design of thermal (ThFFF) and asymmetric flow (AF4) field flow fractionation enable insights 
into new levels of structural distributions allowing a precise separation and recognition of small 
macromolecular variations and their structure. 

This presentation gives an overview of different questions of compositional distributions, such as the scaling 
properties of single-chain nanoparticles depending on their structural parameters based on AF4 
multidetection,[1] chain-walking polyolefins with a specific bottle-brush branching architecture as well as the 
indication of ring formation in polyester structures based on their thermophoretic properties by ThFFF.[2] 

New developments in detection and technology in FFF make the separation and analysis of “difficult” polymers 
possible. In contrast to highly branched chain-walking polyolefins, analysis of high-performance industrial 
polyolefins is challenging, especially when ultra-high molecular weights or extremely long-chain branching 
combined with low solubility at ambient temperatures are involved. HT-ThFFF can overcome this limitation as 
its separation mechanism is gentle and intrinsically sensitive to branch separation. A novel design for ThFFF 
separation in an high temperature environment enables the effective separation of highly complex 
polyolefins.[3] 

ThFFF can also help separate delicate hybrid structures due to the gentle forces applied during separation. A 
good example is the distribution of the composition of polymer-metallic nanostructures, which could be 
visualised for the first time using three-dimensional correlation ThFFF (3DCoThFFF). This method enables the 
analysis of multiple sizes, shapes, compositions and their respective distributions that are synchronously 
correlated by time-resolved LSPR as derived from multiple 2D UV-Vis spectra per ThFFF time unit.[4] 

 
Compared to ThFFF, AF4 is well known for the characterisation of carrier systems for drugs or enzymes based 
on synthetic polymer vesicles, though limited in terms of detection to sizes larger than 20 nm. [5] Distribution of 
multiple parameters such as small polymer micelles, and thickness of polymersome membranes in 
combination with their stability, loading, and release properties are difficult to interpret even with multiple light 
scattering or viscosity detectors. A coupling of AF4 with powerful scattering techniques, such as SAXS opens 
new avenues to characterize such small structural dimensions and their distributions and understand their role 
in new biohybrid systems. 
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