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Polymer brushes are smart scaffolds that can be used to understand, confine and direct molecular diffusion. The 

properties of surface-bound polymer molecules, or brushes, can be tuned to investigate the diffusion of small or 

polymeric molecules, in response to changes in the properties of the environment (pH, T), substrate (brush grafting 

density, height, chemical functionality) or molecular probe (molecular weight, length). Furthermore, polymer 

brushes are easy to prepare in (1) homogeneous, (2) patterned or (3) gradient forms. Our research group has 

synthesised and studied the diffusive behaviour of an array of molecules in brushes of these three types. 

Our main research tool is fluorescence correlation spectroscopy (FCS), which can study minute variations in the 

intensity of fluorescent molecules. In our first approach, this technique was used to investigate the diffusive 

properties of fluorophore-tagged polymeric molecules (e.g. poly(ethylene glycol – PEG) inside homogeneous PEG 

polymer brushes of varying grafting densities. These studies proved that the higher the grafting density of the 

underlying polymer brush, the slower the diffusion of the diffusing polymers on top of the brushes. (Figure 1) 

 
Figure 1. Grafting density vs. diffusion coefficients for PEG molecules on PEG brushes 

On a second instance, it became apparent that patterned polymer brushes are effective in confining and controlling 

surface diffusion. To this end, patterned polymer brushes were created by interferometric lithography (IL) by 

selectively deprotecting regions of the initiated surface using UV radiation. Square grids with dimensions in the nano 

and micron scales were manufactured and the behaviour of polymer molecules inside the brush barriers was 

studied to understand diffusion in confined environments. The presence of two modes of diffusion, a slow and a fast 

surface diffusion coefficient were seen on patterned surfaces. The proportion of the molecules in the slow diffusion 

mode increased as the size of the grids decreased (Figure 2). 

 
Figure 2. Relationship between the confinement parameter and the diffusion coefficient for PEG molecules on patterned 

polymer brushes. NB The confinement parameter is defined as the square of the ratio between the beam waist and the grid size. 

Finally, polymer brush gradients were synthesised, to study the chemotactic behaviour of polymer molecules and 

small molecules of biological relevance (e.g. fluorescent ubiquinone analogues). The diffusion rates of these 

molecules were analysed by studying the system’s behaviour along different points in the gradient. 


