
 

 

  

 

PhD position in:  

Modeling transport processes in crowded systems 

 
Recently, a new method to model a crosslinked network of 

macromolecules was developed [1] and used, e.g., to demonstrate 

the importance of the intrinsic dynamics of gel-like networks for 

the diffusion of small molecules in a crowded environment [2]. 

One of the challenges in modelling gel particles or closed 

(biological) membranes has been to find an algorithm to construct 

such a network without introducing any dangling ends or other 

defects. The new method is based on a procedure which was 

developed to simulate bulk gel materials or rubbers, without 

imposing any periodic boundary conditions. This was achieved 

by performing the simulations on the surface of a ball in 4 

dimensions, called S3 (the 3-sphere). The scope of the method was 

also extended to include crosslinked networks with 

inhomogeneities [3], which have been observed experimentally. 

A basic ingredient in these simulation methods is the solution of 

the diffusion equation on S3 in a form suitable for the efficient 

simulation of diffusion processes [4]. In fact, this solution and the 

formalism used to describe diffusion processes on S3 was also 

used to obtain a more stable algorithm for modeling diffusion on 

the “ordinary” 2-sphere [5]. 

 
Different stages in modeling diffusion in a nanogel particle  

 

To further develop the understanding of diffusion and other 

transport processes in crowded environments, one needs to 

develop models for diffusion in more general 1-, 2-, and 3-

dimensional structures with different geometries. With the 

development of experimental techniques which, e.g., can follow 

fluorescently labeled molecules in cells and other biological 

structures or in concentrated dispersions or emulsions, there is a 

growing interest to understand the relation between the crowded 



 

 

 

 

environment in a cell, a biological membrane, or in a gel particle, 

and the transport of molecules, ions, or small particles. Because 

of the importance of such transport processes (in, e.g., controlled 

drug release, in biosensors, or for tissue engineering, as well as 

for normal biological function) this is a very active research area, 

both experimentally and also for the development of improved 

models and more efficient algorithms. 

 

The purpose of the PhD project is to:  

 

(i) develop new methods within the geometry used, e.g., 

for curved membranes, in tori, and other structures 

found in biological or other systems, to model 

transport processes in crowded environments; 

(ii) to find the solution of the corresponding equations, in 

a form suitable for efficient algorithms 

(iii) to use the resulting algorithms in a simulation program 

to model transport processes in complex environments 

to compare with available experimental data. 
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This is a joint project between the Department of Chemistry – 

Ångström laboratory (Christer Elvingson) and the Department of 

Mathematics (Tobias Ekholm) at Uppsala University. 

The ideal applicant is someone having a background in applied 

mathematics with an interest in chemistry and physics or a 

chemist/physicist with a strong background in mathematics. 

If you have questions, you are welcome to contact  

 

Christer Elvingson 

E-mail: Christer.Elvingson@kemi.uu.se 

Phone: +46 70 425 0451 


