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Introduction: Control of surface properties is of great 
importance in materials science, chemistry and biotechnology.1 
Therefore, simple methods of surface modification for the 
introduction of a variety of desired properties have attracted 
increasing attention for materials science and biomedical 
applications.2 However, the lack in general of reactive functional 
groups on material surfaces makes the modification of these 
materials difficult. Dopamine can undergo self-polymerization 
to produce an adherent polydopamine layer on many different 
substrates. Taking advantage of this unique property, different 
molecules like growth factors and other biomolecules have been 
immobilized on surfaces to achieve many different properties.3 
Inspired by this, we developed a facile and general method for 
surface modification by combining the advantages of dopamine 
and conventional radical polymerization. First, a dopamine 
derivative, dopamine methacrylamide, a molecule with adhesive 
properties that mimic those of mussels, was subjected to 
oxidative polymerization in a basic aqueous medium to coat the 
substrate. Carbon-carbon double bonds were thus formed on the 
surface and could subsequently copolymerize with different 
monomers by radical polymerization. Using this method 
different materials can be functionalized leading to surfaces with 
a variety of properties. 
Methods: Dopamine methacrylamide (DAMA) was prepared 
according to the method previously reported.4 Polyvinylchloride 
(PVC) film and gold-coated silicon wafers were used as model 
substrates. Vinyl-functionalized Surfaces were prepared by dip-
coating method. Poly(N-vinylpyrrolidone) (PVP)-Grafted 
Surfaces was prepared by radical copolymerization on vinyl-
functionalized surfaces. Double bond surface functionalization 
and subsequent polymer grafting were verified X-ray 
photoelectron spectroscopy (XPS) measurements. The quantities 
of adsorbed fibrinogen were determined by surface plasmon 
resonance (SPR) measurement.  
Results: The scheme of surface modification process is shown 
in Figure 1.  In this method, DAMA molecules are attached to 
the materials by immersion in an alkaline solution for a given 
period. 

 
Figure 1. The scheme of surface modification process. 

 
The carbon-carbon double bonds introduced enable 
copolymerization with other functional monomers thus giving 
surfaces with the desired properties. The XPS data for PDAMA-
functionalized PVC surface and PVP-grafted PVC surfaces are 
showed in Figure 2. For a PVC-PDAMA surface, the 
appearance of nitrogen at 400 eV in the XPS spectra confirmed 

that DAMA was covalently attached to the PVC surface. After 
the graft polymerization of NVP, the characteristic signals 
attributed to carbon C1s, nitrogen N1s, and oxygen O1s became 
much stronger, indicating that a thin layer of PVP was grafted 
on the surface. 

 
Figure 2. XPS spectra of the PVC substrate before and after 

PVP modification. 
 

The above-described method based on DAMA/DA treatment 
was used to modify the gold surface of SPR chips. The levels of 
Fg adsorption on unmodified and PVP-grafted SPR chips were 
0.59 μg/cm2 and 0.086 μg/cm2, respectively; i.e., PVP grafting 
reduced Fg adsorption by 85% compared with unmodified chips 
(Figure 3). The present data suggest that this method has strong 
potential for surface modification of sensor chips. 

 
Figure 3. Fibrinogen adsorption (1 mg/mL) on the SPR sensor 

chips before and after PVP modification. 
 

Conclusions: The one-step incorporation of carbon-carbon 
double bonds into various substrate surfaces using dopamine 
methacrylamide offers the advantages of introducing different 
properties to a solid surface by choosing various double-bond 
containing monomers by conventional radical polymerization. 
The materials thus modified may find potential applications in 
different areas, in particular bioengineering.  
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