Synthesis and characterization of lanthanide containing polymers
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The influence of an applied magnetic field on (paramagnetic) metal ion solutions has been studied for over 40 years, particularly because it affects electrochemical processes such as the rate of electrodeposition of metals, deposit morphology, hydrogen production, corrosion and rest potential, however magnetoelectrochemistry remains a relatively unexplored territory.1
A uniform magnetic field is not expected to influence the distribution of paramagnetic species in solution due to their weak magnetization and competition with Brownian motion. However, if the applied magnetic field is non-uniform, various cases of unexpected behavior in solution are reported, presumably due to magnetophoretic effects. 

In recent years, evidence is growing that under non-uniform magnetic fields, the concentration of paramagnetic ions in solution can locally be enriched close to the magnet. For instance, it had been observed that Mn2+ ions can be concentrated from uniform solutions in the vicinity of a small magnet, which creates a strong field gradient.2 In another experiment, it was proposed that paramagnetic ions move as a large group, not as single ions, when they are spotted onto silica gel and subjected to a magnetic field gradient, because the movement was shown to be dependent on the ion concentration.3
To explain these phenomena, the concept of collective behavior between paramagnetic ions in solution was suggested. Magnetic species would diffuse as a large coherent group, called ‘magnion’, with correlation lengths of tens of nanometers.4 However, its structure and mechanism of internal interaction are still unknown.
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In our project, we would like to create experimental conditions that can provide a better understanding of the effect exhibited by paramagnetic species in a non-uniform magnetic field. It might be possible to use this effect for solution-phase magnetic separation of different elements, according to their magnetic susceptibility. 
As a suitable model, we considered lanthanide coordination complexes, connected with each other in a polymeric water-soluble structure, which is developed to model magnion behavior.
We are using controlled radical polymerization to synthesize a library of polymers with narrow mass distribution with chelating groups containing a specific lanthanide (i.e. Ho3+, Dy3+, Er3+, Tb3+, etc., cf. Scheme 1). A magnetophoretic effect in solution of such polymer is expected to be observed when a magnetic (gradient) field is applied and will be studied via fluorescence microscopy and light scattering.
Potentially, this project will create the opportunity to control the shape, size, conformation, and/or the diffusive properties of polymers by applying weak (< 0.5 T) magnetic fields.
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Scheme 1: Representation of the synthetized polymers (M = Ho3+, Dy3+, Er3+, Tb3+)








