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Abstract

The conformational properties of flexible polymer macromolecules grafted to an attractive partially penetrable
surface with fractal dimension @} = 91/49 are studied. Employing computer simulations based on the pruned-
enriched Rosenbluth chain-growth method, estimates for the surface crossover exponent and adsorption transition
temperature are found. Our results quantitatively reveal the slowing down of the adsorption process caused by the
fractal self-similar structure of the underlying substrate.
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1. Introduction

The study of polymers near disordered surfaces is of great importance, since most naturally occurring substrates
are rough and energetically (or structurally) inhomogeneous. Surface heterogeneity has a crucial effect on polymer
adsorption phenomena [1, 2, 3, 4, 5]. Since most chemical substrates are proved to be of fractal nature [6], studying
the influence of a non-trivial surface geometry on polymer adsorption is of particular interest. It is established [7] that
the adsorption process is enhanced (diminished) when the fractal dimension of the substrate is larger (smaller) than
that of a plain Euclidean surface. A number of studies has been dedicated to polymer adsorption on a family of finitely
ramified fractals [8, 9, 10]. Also of great importance is the study of polymers in the vicinity of fluctuating surfaces,
such as membranes [11].

Energetical inhomogeneity arises due to the presence of various chemical compounds in the substrate, interacting
with the monomers of the polymer chain in a different manner. In the language of lattice models, such surfaces can
be modeled as a two-dimensional regular lattice with different types of randomly distributed sites, e.g., one type with
attractive interactions with the monomers and the other one being neutral (treated as defects or impurities). In this
concern, it is worthwhile to study the situation when the concentration of attractive sites on the surface is exactly at
the percolation threshold and a spanning percolation cluster of attractive sites appears [12]. A percolation cluster is a
fractal object with fractal dimension d?° = 91/49 ~ 1.89 [13]. The neutral sites of the surface (which do not belong
to the percolation cluster) could be considered as penetrable for the polymer chain, so the polymer is adsorbed on an
attractive fractal with fractal dimension @%°. This can thus model the process of polymer adsorption on an attractive,
partially penetrable membrane, which could be of interest in biophysical applications.

In the present paper, we report a careful computer simulation study of polymer adsorption on a fractal substrate
formed by a percolation cluster on a two-dimensional square lattice.
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Figure 2: Specific heat per monomer as a function of temperature for a polymer chain near (a) a homogeneously attractive surface and (b) an
attractive percolation cluster as a function of temperature. Squares: N = 40, filled diamonds: N = 100.

of polymer chains in three dimensions grafted with one end to the percolation cluster are studied with the pruned-
enriched Rosenbluth method (PERM). Examining the peak structure of the heat capacity, we find an estimate for
the surface crossover exponent, governing the scaling of the adsorption energy in the vicinity of the transition point,
@ = 0.425 + 0.009, and for the adsorption transition temperature we obtain TE" = 2.64 £ 0.02. As expected, the
adsorption is diminished, when the fractal dimension of the surface is smaller than that of the plain Euclidean surface
due to the smaller number of contacts of monomers with attractive sites.
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