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ABSTRACT

Understanding the diffusion of nanoparticles and macromolecules in biopolymer networks is im-
portant for many biological and medical applications1,2. For example, elucidating the mechanisms
underlying the transfer of macromolecular drugs into living tissue is essential for their use as drug
delivery vehicles3. The role of the structure of the diffusing species as well as the polymer matrix
in determining the physics of the diffusion process has been widely studied experimentally using
probe species such as nanoparticles or branched polymers with well defined topologies in semidi-
lute polymer solutions of linear polymer chains4−7. The results of these experimental studies have
been described by hydrodynamic8, scaling9 and computational models10, which have led to many
insights identifying the key length and time scales involved. The theoretical models have however
been confined to studying the diffusion of nanoparticles, which are hard spheres. The applicability
of these models to situations when the probe diffusing species are soft tenuous particles such as a
star polymers or dendrimers is currently unknown. In the present work, a multi-particle Brownian
dynamics simulation algorithm, based on a modification of the GPU-accelerated python package
HOOMD-blue11, is used to describe the diffusion of dendrimers of arbitrary topology in a semidi-
lute solution of linear chains. Diffusive and sub-diffusive regimes for the probe dendrimer and the
background linear chains are identified and their dependence on the key parameters that determine
length and time scales are elucidated. A new scaling law for dendrimer diffusivity as a function
of the ratio of its mean size to the correlation length of the semidilute solution is proposed, which
differs significantly from previously proposed scaling laws for hard sphere nanoparticles. With the
appropriate choice of scaling variables, it is shown that data for dendrimers of different architec-
tures can be collapsed onto a mater curve, independent of architecture. The Gaussian character of
normalised particle displacements at various times, as a function of solution concentration, is also
examined. It is shown that the central difference between dendrimers and hard sphere nanoparticles,
which is responsible for the distinctness of their diffusive behaviours, is the reduction in the mean
size of a dendrimer with increasing solution concentration.
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