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Polymer brush preparation
The polymer films were prepared via 
surface-initiated atom-transfer radical 
polymerization (SI-ATRP, Figure 1), 
which allows for good control of polymer 
thickness. A co-polymer of HEMA (2-
hydroxyethyl methacrylate) and 
PEG10MA (polyethylene glycol 
methacrylate) was grafted from a self-
assembled monolayer (SAM) of 
brominated initiator molecules on gold.
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Background – Marine biofouling
Marine biofouling is a major problem with considerable economic and 
environmental impacts for marine operations. Broad-spectrum biocides for fouling 
prevention are being phased out, or banned, due to environmental concerns.

To develop effective and environmentally benign (non-toxic) marine antifouling 
coatings, a molecular-level understanding of the interactions between fouling 
organisms and surfaces is essential. We aim to clarify how surface physicochemical 
properties influence the settlement and adhesion of marine fouling organisms, and 
also to understand the attachment strategies and adhesion mechanisms of marine 
fouling species.

Figure 1. Preparation of poly(HEMA-
co-PEG10MA) onto an initiator SAM 
on gold via the SI-ATRP process.

Results – Biofouling assays
The fouling resistance of poly(HEMA-co-
PEG10MA) brushes of different 
thicknesses was tested in four lab and 
field assays:

• Fibrinogen protein adsorption
• Attachment of the marine bacterium

Cobetia marina
• Settlement of zoospores of the marine

alga Ulva linza
• Static immersion field tests

Results show unambiguously that there is 
a thickness range around 200-400 Å 
where the antifouling performance is 
optimal, whereas thinner and thicker 
films reduce performance, see Figure 2.

We investigate how the performance of an antifouling polymer 
varies with the film thickness, and explore the reasons for the 
thickness-dependent fouling resistance.

Figure 2. Protein (fibrinogen) layer 
thickness, attachment of bacteria (C. 
marina), settlement of algal spores (U. 
linza) and total fouling in a field test, 
onto poly(HEMA-co-PEG10MA) 
brushes of different thicknesses. All 
data sets are normalized to the fouling 
at 100 Å thickness, and for each type 
the fouling at 100 Å is shown in 
parentheses in the legend.

To validate the physicochemical 
properties of the polymer brushes, 
several methods were used, which are 
not included on this poster [1] : 
Chemical characterization by infrared 
spectroscopy, wettability by sessile drop 
and captive bubble methods, 
ellipsometric thickness measurements, 
TM-AFM topography measurements.

Results – Swelling and hydration
Quartz Crystal Microbalance with 
Dissipation (QCM-D) with Voigt model 
data analysis was used to study hydration 
and viscoelasticity of the wet brushes.

The wet thickness increases for dry 
thicknesses up to 400-500 Å (Figure 3),  
but then levels out to constant thickness. 
Thus, as more monomers are added to 
the film, there is no further increase in 
hydrated thickness, resulting in higher 
polymer density and less available space 
for hydration. This change in brush 
structure may be caused by a change in 
monomer or initiator availability, loss of 
catalysts, termination reactions or mass 
transport limitations.

Conclusions
There is an optimum thickness range for 
the antifouling capacity of poly(HEMA-
co-PEG10MA) brushes around 200-400 Å 
(dry thickness). This range is associated 
with high hydration and maximum 
swelling.

Reduced antifouling performance 
below the optimum range is caused by a 
lower hydration capacity of the polymer, 
and at chain lengths increasing beyond 
the optimum range, entanglement and 
crowding in the film reduces the 
conformational freedom and the 
hydration capacity, leading to reduced 
antifouling properties.

Figure 3. Wet thickness of the 
polymer films, as obtained from the 
modeling of the QCM-D data in the 
Voigt model, yielding the acoustic 
thickness in a slab model. Also shown 
is the relative swelling due to water 
uptake.
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