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Abstract 

Three different zwitterionic polymer brush coatings for marine biofouling control were prepared by 
surface‐initiated atom transfer radical polymerization (ATRP) of sulfobetaine‐based monomers including 
methacrylamide (SBMAm), vinylbenzene (SBVB) and vinylimidazolium (SBVI). None of these brush 
systems have been assessed regarding marine antifouling performance. Antifouling tests performed 
indicate that surfaces featuring these three brush systems substantially reduce the adhesion of the 
marine microalgae, Amphora coffeaeformis, and the settlement of cyprid larvae of the barnacle, 
Amphibalanus Amphitrite, in a similar way, displaying comparable performance. Thus, it appears that 
the chemical structure of the polymerizable group has no substantial influence on marine antifouling 
performance.  

 

Keywords: marine anti‐fouling, sulfobetaine, polymer brush, ATRP, hydrolysis, amphora, barnacle 
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1. Introduction  
 
Polyzwitterionic brushes such as phosphobetaines, carboxybetaines and sulfobetaines have been reported 

as promising candidates for environmentally benign, ultralow fouling, marine coatings.[1-8] Considered 

as non-toxic and non-leaching coatings, polyzwitterionic sulfobetaine-based brushes have been explored 

to prevent (a) initial nonspecific protein adsorption[4,9-11] as well as (b) adhesion of various types of 

cells and marine organisms.[1,12-14] The dipolar nature of the sulfobetaine repeating units in 

combination with the polymeric brush structure, is considered to be responsible for the formation of a 

tightly bound and structured water layer, to which the suppression of non-specific protein absorption is 

attributed.[15] 

 Atom transfer radical polymerization (ATRP) is a robust and versatile technique, which allows the 

uniform growth of polymeric chains and fabrication of complex polymeric architectures.[16-19] ATRP 

can be initiated in solution or from a surface featuring surface-anchored initiators.[20] Owing to the high 

control over polymerization and the “living” character of the reaction, surface initiated ATRP (SI-ATRP) 

is frequently used for the preparation of various types of polymeric brushes.[16] Accessibility of the 

commercial sulfobetaine methacrylate (SBMA) monomer, and facile polymerization of methacrylates by 

ATRP[18] favoured research on SBMA brushes.[21-24] However, sulfobetaine monomers containing 

other polymerizable functional groups, such as methacrylamides or styrenes, have attracted substantially 

lower interest. The SI-ATRP of sulfobetaine methacrylamide, SBMAm, have been employed to prepare 

polymer brushes from gold,[25] silicon[26] and polymer surfaces[27]. Liu et al. reported the SI-ATRP of 

sulfobetaine vinylbenzene (SBVB), initiated from cellulose membranes[28] and polyurethane 

substrates[29]. SI-ATRP of sulfobetaine vinylimidazolium (SBVI), was carried out to prepare coated 

chips for Surface Plasmon Resonance (SPR).[30] Data on the growth of poly(sulfobetaine vinylbenzene) 

(PSBVB) and poly(sulfobetaine vinylimidazolium) (PSBVI) brushes (thickness versus polymerization 

time), optimized process conditions and fabrication of block copolymers have not been reported.  

 Surfaces grafted with PSBMAm, PSBVB and PSBVI have been reported to present improved 

resistance to nonspecific protein adsorption and platelet adhesion in physiological medium.[25,29,31,32] 

In view of the antifouling properties of PSBMA brush systems in biomedical applications, which 

correlates well with resistance against settlement of marine organisms,[1] it is of interest to explore other 

brushes featuring sulfobetaine groups, but different structures for the polymerizable group. This would 

allow one to better assess brush chemical structure-antifouling correlations.  

 The distinctive wetting characteristics of PSBMA brushes have been associated with the effect of the 

extremely high dipole moment of their zwitterionic groups and with the brush conformation.[21,22] 
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Although the sulfonate and quaternary ammonium groups in SBMAm, SBVB and  SBVI molecules, 

which are also separated by the three methylene units, have a similar structure (and thus a similar dipole 

moment), the polymerizable units linking the zwitterionic groups into a main chain show distinct 

differences (see Figure 1). Thus the question arises, whether indeed marine antifouling performance 

would show variations with the chemical structure. By systematically varying the structure of the 

polymerizable unit that connects the zwitterionic group with the backbone and preparing and 

characterizing the resulting brush systems we presume to obtain insights into possible variations of 

marine antifouling performance of the corresponding brushes. We also anticipate an improvement of 

hydrolytic stability when moving from methacrylic to styrene and imidazole based linkers,[33,34] which 

would be advantageous for marine antifouling applications. Additionally, enhanced hydration of 

polyzwitterionic brushes may compromise the stability of polymer brush system.[26]  

 In this work, controlled surface initiated polymerization leading to polymer brush fabrication is 

discussed in details for three different sulfobetaine-based monomers with three different polymerizable 

groups. Methacrylamide, vinylbenzene and vinylimidazolium derivatives were polymerized from a 

surface grafted ATRP initiator to prepare uniform polymer brushes. The fabricated polymeric structures 

were subsequently compared as antifouling films for marine application in assays against adhesion of 

microalgae and barnacle cyprid settlement.  

2. Experimental section 
Materials. Copper (I) bromide (Cu(I)Br, 99.999%), 2,2’-bipyridyl (BiPy), pentamethyldietylenetriamine 

(PMDETA) (99%), 1-vinylimidazole (>99%), 1,3-propanesultone (98%), and [3-

(methacryloylamino)propyl]dimethyl-(3-sulfopropyl)ammonium hydroxide inner salt (SBMAm) (96%) 

were purchased from Sigma-Aldrich and were used without further purification. N, N-

dimethylvinylbenzylamine was purchased from ACROS and sodium bromide from AR, Merck. (p-

Chloromethyl)phenyl-trichlorosilane) (CMPS, 95%), was purchased from Gelest, stored inside a nitrogen 

filled glove box and used as received. All other chemicals were reagent grade and were used without 

further purification. Deionised (DI) water (18 MΩ cm) and ultrapure nitrogen were used throughout. 

Silicon wafers with the thickness of 0.56 mm were purchased from Latech Scientific Supply Pte. Ltd 

(Singapore) and cut into 2 cm × 2 cm pieces. 

 

Measurements. The thicknesses of SAMs and polymeric films were measured with a Variable Angle 

Spectroscopic Ellipsometer (WVASE32) (J.A. Woollam Co., Inc.). Polymeric film samples on silicon 

were scanned with a light source wavelength ranging from 400 to 800 nm at 60, 65 and 70° angle of 

incidence, respectively. Experimental data was fitted against a three layer model encompassing 
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Si/SiO2/Cauchy layers, using the VASE software with atmosphere compensation. Refractive index (630 

nm) values of 1.46, 1.53 and 1.50 were calculated for PSBMAm, PSBVB and PSBVI, respectively, 

assuming isotropic and homogeneous brush structures. Four different points on each sample were 

measured, and the average values were reported in this paper. Static water contact angle (CA) 

measurements were performed in a Ramé-Hart CA goniometer. The sessile drop method was used with a 

3 µL droplet and at least 4 different drops were measured for each surface. Infrared spectra were acquired 

using an FT-IR spectrometer (Bruker, Vertex 80v) and a liquid-nitrogen-cooled MCT detector operating 

at 4 cm-1 spectral resolution across the 700-4000 cm-1 range. The spectrometer was purged with nitrogen 

before applying vacuum. Silicon substrates were measured in the transmission mode and at least 2000 

scans were recorded for each sample. X-ray photoelectron spectroscopy (XPS) was performed with a VG 

ESCALAB 250i-XL spectrometer using an Al Kα X-ray source (1486.6 eV photons). Emitted 

photoelectrons were detected by a multichannel detector at a takeoff angle of 90° relative to the surface. 

XPS data processing, including peak assignment and peak fitting (fitting algorithm Simplex), was done 

using the software package Thermo Avantage, version 4.12 (Thermo Fisher Scientific). A NanoWizard II 

instrument (JPK Instruments AG, Berlin, Germany) equipped with a NanoWizard head and controller was 

used in tapping mode for dry AFM measurements. For AFM measurements silicon probes with 

aluminium reflection coating (Budgetsensors, Tap300AI-G) were used. The nominal spring constant of 

the cantilever was 40 N/m. 

 

ATRP-initiator layer fabrication. Silicon wafers were exposed to oxygen plasma for 5 min at 250 W 

using a microwave plasma chamber (Triple P, Duratek) in order to activate the surface. Subsequently, 

CMPS ATRP-initiator was deposited from gas phase and exposed to 120 °C for 3 min.[35] The organo-

modified silicon wafers were stored in a nitrogen filled glove box. 

 

Monomer synthesis. Following the nomenclature frequently used for sulfobetaine monomers, N,N-

dimethyl-N-(p-vinylbenzyl)-N-(3-sulfopropyl) ammonium and 4-(3-vinyl-1-imidazolio)-1-

propanesulfonate are referred in this work as sulfobetaine vinylbenzene (SBVB) and sulfobetaine 

vinylimidazolium (SBVI), respectively. SBVB and SBVI monomers were synthesized via quaternization 

of the tertiary amine precursor with sultone (Figure 1). The monomer SBVB was synthesized using a 

modification of the earlier reported protocols.[36,37]   In a 250 mL flask, 2.44 g (20 mmol) of 1, 3- 

propanesultone dissolved in 100 mL of dry acetonitrile was added to 3.22 g (20 mmol) of N, N-

dimethylvinylbenzylamine in acetonitrile through the addition funnel drop wise under argon at room 

temperature. The reaction mixture was then heated at 50 °C for 48 h. The white precipitate obtained was 
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washed with acetonitrile, and vacuum dried to yield a crude product in 81.2% yield. It was recrystallized 

from ethanol to yield fine white needles which were highly hygroscopic. [37]  1H NMR (400 MHz, 

NaCl/D2O,  δ, ppm): 7.5-7.6 (m, 4H, aromatic CH), 6.7-6.8 (dd, 1H, olefin CH),  5.95 (d, 2H, cis and 

trans CH), 4.4 (S, 2H, benzyl CH2), 3.43 (t, 2 H, CH2N(CH3)2),  3.02 (s, 6 H, N(CH3)2), 2.96 (t, 2 H, 

SCH2), 2.3 (m, 2H, CH2).  
 The SBVI monomer was synthesized by a modified method of T. A. Wielema et al. [38] 1-

Vinylimidazole (6.42 g, 6.18 mL, 68.2 mmol) was added slowly to a solution of 1,3-propanesultone (10 g, 

81.86 mmol) in dry THF (60 mL), placed in a round bottom flask at room temperature and stirred for 30 

min. The clear liquid phase was decanted off to another clean round bottom flask to remove small 

amounts of yellowish sticky product. The mixture was subsequently heated at 50 °C and stirred for 46 h. 

The precipitated white product was collected by centrifugation and washed with dry THF (2×40 mL) to 

produce hygroscopic white powder after drying in vacuum oven at room temperature for 3 h. The 

monomer is soluble in H2O, MeOH and insoluble in THF, DMF, DMSO and acrylonitrile. Yield: 13.07 g 

(88.6 %). 1H NMR (400 MHz, D2O, δ, ppm): 2.24 (m, 2H, CH2), 2.85 (t, 2H, CH2-S), 4.31 (t, 2H, N+-

CH2), 5.33 (d, 1H, vinyl CH2), 5.72 (d, 1H, vinyl CH2), 7.05 (m, 1H, vinyl CH), 7.53 (s, 1H, imidazole N-

CH), 7.69 (s, 1H, imidazole CH-N+), 9.0 (s, 1H, reduced intensity, imidazole N-CH-N+).  

 

Fig. 1. Synthesis of SBVB and SBVI monomers using sultone as quaternization agent at 50 °C in 

acetonitrile and in THF, respectively (a); chemical structures of SBMAm and of the ATRP ligands (b) 

and (c). 

 

Surface initiated ATRP (SI-ATRP). Synthesis of poly(sulfobetaine vinylbenzene) (PSBVB). In a 

typical procedure, 2.4 g of SBVB (11.8 mmol) was added into an oven dried Schlenk flask and 

deoxygenated by four consecutive vacuum-nitrogen refill cycles. To this flask, 16 mL of degassed 0.5 M 
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NaBr/Methanol (1:1) mixture was added and the mixture was stirred until complete dissolution of the 

monomer. Subsequently, this solution was transferred by cannula to the Schlenk flask containing CuBr 

(33.8 mg, 0.24 mmol), previously deoxygenated by four consecutive vacuum-nitrogen refill cycles. The 

ligand, PMDETA (55 µL, 0.26 mmol) was then added under nitrogen protection and the resulting yellow-

green colour reaction mixture was stirred until homogenization. In a nitrogen filled glove box, ATRP 

initiator-modified silicon substrates were sealed in a customized reactor (or in glass vials for kinetic trials) 

with rubber septa. The polymerization mixture was added by cannula (or purged syringe) into the reactor 

when placed in an oil bath at 60 °C. The reaction was allowed to proceed with stirring for 24 h. Substrates 

were taken off the reactor and repeatedly washed with 0.5M NaBr solution, DI water and methanol, 

rinsed with DI water and dried under a stream of nitrogen. 

 For the synthesis of PSBVI brushes BiPy ligands were used instead of PMDETA and degassed together 

with CuBr. Following a similar procedure, SI-ATRP of SBVI (4.2 g, 20.7 mmol) was carried out at a 

[SBVI]:[CuBr]:[BiPy] molar feed ratio of 60:1:2.2 in 1:2 water/DMF mixture at 80 °C with 15%w/v 

monomer concentration in solvent. After completion of the polymerization, the substrates were repeatedly 

washed with warm water and methanol and finally rinsed with water and dried under a stream of nitrogen. 

SI-ATRP of SBMAm was prepared according to our previous report.[26] The molar feed ratio 

[SBMAm]:[CuBr]:[BiPy] was 50:1:2 in 4:1 water/methanol mixture at 60 °C with 15%w/v monomer 

concentration in solvent. 

 

Amphora adhesion assays. Amphora coffeaeformis (UTEX reference number B2080) was maintained in 

F/2 medium[39] in tissue culture flasks at 24 °C under a 12 h light: 12 h dark regime for at least a week 

prior to use. The algae were gently removed from culture flasks with cell scrapper and clumps were 

broken up by continuous pipetting and filtering through a 35 μm Nitex mesh. The cell count was 

determined with a hemocytometer and a suspension containing 10,000 cells per mL was made up in 3% 

salinity, 0.22 μm filtered seawater (FSW). Silicon wafer controls and silicon wafers coated with polymer 

brushes were placed randomly in each well of 6-well Nunc multi-well culture plates, with four replicates 

for each treatment. In each well, 5 mL of algal cell suspension was added. The experiment was allowed to 

incubate for 24 h in a 12 h light: 12 h dark cycle at 24 °C. After incubation, unattached cells were gently 

rinsed off with seawater (3%, 0.22 μm filtered).  This rinse step was repeated three times. Slides were 

fixed in 2.5% glutaraldehyde for at least 24 hours. During assessment, the slides were gently rinsed with 

seawater (3%, 0.22 μm filtered) before scoring under a fluorescent microscope. Twenty images covering 

an area of 0.6 mm2 for each slide were captured with a digital camera Canon EOS-M attached to the 

microscope with 10x objective under UV light.  
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Barnacle Settlement Assay. Barnacle larvae were spawned from adult Amphibalanus amphitrite 

collected from the Kranji mangrove, Singapore. The naupliar larvae were fed with an algal mixture 1:1 

v/v of Tetraselmis suecica (CSIRO Strain number CS-187) and Chaetoceros muelleri (CSIRO Strain 

number CS-176) at a density of ∼5 × 105 / mL, and reared at 27 °C in 2.7% salinity, 0.2 μm filtered 

seawater. Nauplii metamorphosed into cyprids after 5 days. The cyprids were aged for 2 days at 4−6 °C 

prior to use in settlement assays.  Settlement assays were conducted by droplet assay.[40] A 300 μL drop 

of FSW containing 15 to 25 barnacle cyprids was added onto each wafer carefully, and the slides were 

incubated in the dark for 48 h at 26-28 °C. Plasma cleaned silicon wafers were used as the positive 

control. After 48 hours, the condition of all the larvae on each treatment was scored as either settled, 

swimming cyprid or dead. 

 

Statistical analyses. The effect of polymer brush coatings on the number of organisms adhered on each 

surface was analysed using ANOVA tests followed by post hoc Tukey’s multiple comparison test 

(α=0.05) using R (Development Core Team, 2010) software package to compare the treatments.  

 

3. Results and discussion 

 
The three zwitterionic monomers selected for this study share structural similarity responsible for 

antifouling properties. All have positively charged quaternary ammonium groups separated from 

negatively charged sulfonate groups by three –CH2– units. In SBVI, the positive charge is located in the 

aromatic ring in resonance with the double bond. In addition to the listed similarities, the three selected 

monomers bear different groups participating in the polymerization process (referred to as the 

polymerizable groups). The supporting information provides details of the ATRP polymerization 

conditions in the bulk solution.  

 Polymer brushes were prepared using reaction conditions indicated in bulk experiments by the grafting 

from method using silicon substrates coated with ATRP-initiators. The grafting process is depicted in 

Scheme 1. The silanization of oxygen plasma treated silicon substrate surface with the CMPS ATRP-

initiator via vapour deposition rendered the silicon surface hydrophobic with static contact angles of 84 ± 

2°. The thickness of the CMPS layer (0.8 ± 0.2 nm) was measured by ellipsometry. The thin layer of the 

initiator was undetectable by transmission FT-IR measurements. X-ray photoelectron spectroscopy (XPS) 

was used instead to characterize initiator coverage. In the XPS spectrum the characteristic peaks of CMPS 

were observed at 284.5 (C 1s), 201.0 (Cl 1s) and 99.5 (Si 2s) eV (see spectrum in SI), respectively. 
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Scheme 1. Grafting of sulfobetaine-based polymer brushes on silicon wafers. 

 

 

Table 1 Ellipsometric thickness and water contact angle values of polymer brushes prepared by copper-
based catalyst after 24 hours polymerization. 

Entry Material Ligand/Solvent Thicknessa 
(nm) 

CA (°)b 

1 PSBMAm BiPy 
DI water/methanol (4:1) 

26 (3) 20 (2) 

2 PSBVB PMDETA 
0.5 M NaBr/Methanol (1:1)

26 (2) 34 (2) 

3 PSBVI BiPy 
DI water/DMF (1:2) 

33 (1) 21 (3) 

a Average and standard deviation, in brackets, of at least two independent yet identical trials. 
b Static water contact angle and standard deviation of  5 drops in brackets. 
 

 
Table 1 summarizes PSBMAm, PSBVB and PSBVI brushes thicknesses, as measured by spectroscopic 

ellipsometry, after 24 h of polymerization. In all cases, bromine halogen was selected as a copper salt 

catalyst to improve initiation efficiency from benzyl chlorine grafted initiator (halogen exchange 

technique)[41,42]. Although the different halide nature between EBriB and CMPS initiators used for 

solution and surface initiated ATRP did not seem to affect SBVI polymerization, attempts to conduct SI-

ATRP in DI water/Methanol (4:1) mixture, resulted in polymer brush growth with thicknesses below 10 

nm after more than 24 h of reaction time. The replacement of methanol by DMF helped to overcome this 

problem. Several mechanisms could be listed as responsible for the observed effect. DMF can (a) reduce 

Cu(II) complex dissociation, (b) prevent Cu(I) disproportionation in aqueous media[43] and (c) expose 

active polymerization site through improved solvation of the brush. 
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 Low fouling properties of zwitterionic brushes have been ascribed in the previous studies to brush 

thickness between 20 to 30 nm.[22,44,45] Polymer brush systems prepared in this work targeted dry 

thickness values in this range. Polymer brush thicknesses can be controlled by SI-ATRP through variation 

of polymerization time for predetermined reaction conditions. Figure 2 shows the film thickness as a 

function of polymerization time of SBMAm, SBVB and SBVI monomers. For all systems, the initial 

increase in thickness is linear with time, which is indicative of a controlled reaction. We speculate that the 

low monomer concentrations selected to carry out the polymerizations, helped to have a controlled system 

at the expense of slower brush growth. Dilution not only decreased the availability of a monomer, which 

affects brush propagation rate, but also the Cu(I) catalyst concentration was reduced, which in turn helped 

to control brush growth.[46] The polymer growth rate is slowing down for longer reaction times (16 h). 

This is correlated with previous reports on SI-ATRP of different monomers,[46,47] including SBMA 

monomers,[22,45] for longer polymerization times. Loss of the active catalyst and/or termination by 

radical combination[47] may explain the decrease in the reaction rate. 

 

 
Fig. 2. Evolution of PSBMAm, PSBVB and PSBVI dry brush thickness as a function of the 
polymerization time (measured by ellipsometry).   

 

As expected for zwitterionic polymers, the three polymer brushes systems were hydrophilic, with water 

contact angle values around 20° (Table 2). PSBVB showed a slighter higher contact angle which would 

correlate with the observed slightly lower solubility of this monomer in water and agrees with the 

reported value of 36°.[48] The presence of polymer brushes on silicon substrates was further assessed by 

transmission FT-IR measurements. The thickness of polymer brushes, about 30 times higher than the 
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initiator layer, enabled the use of this technique. The distinctive absorption bands of sulfonate group (-

SO3
-) at 1200 cm-1 and 1036 cm-1 were observed in all three cases (Figure 3).[29,31]  

 The IR spectrum of PSBMAm showed absorption bands at 3340 (N-H stretching), 1649 (C=O 

stretching) and 1485 (quaternary ammonium), PSBVB at 1618 the distinctive C=C aromatic stretching of 

styrene unit and PSBVI at 3135 cm-1 the imidazole υ(C=CH, N=CH) (ring) stretching.[49] The formation 

of uniform polymer brush surfaces was evidenced by AFM measurements in air. Root mean square 

roughness values (RMS) of about 1 nm for polymer brushes with thicknesses between 26 and 32 nm over 

a large area of 10 μm x 10 μm were determined from AFM surface morphology scans (Figure 4). 

 

 

 
Fig. 3. Transmission FT-IR spectra of PSBMAm, PSBVB and PSBVI brushes grafted from silicon. 
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Fig. 4. AFM height images in air of (a) PSBV (RMS = 1.2 nm), (b) PSBVB (RMS = 0.9 nm) and (c) 

PSBMAm (RMS = 0.5 nm) polymer brushes. 

 

In order to check whether the polymerizations maintained a “quasi” living character, we performed 

sequential exposure to the second monomer of SBMAm following removal of the substrates from feeds of 

the first monomer. This process was carried out on short brushes formed from PSBVB and PSBVI, 

respectively. Successful layer extension was accomplished as corroborated by an increase in thickness to 

32 and 53 nm, respectively, measured by ellipsometry and by the presence of characteristic strong 

carboxylic absorption bands of amide groups at 1649 cm-1 in transmission FT-IR spectra. These findings 

evidence formation of diblock copolymer brushes. For further details please see the supporting 

information.  

 

Adhesion and settlement assays. Assessment of antifouling properties was carried out using two 

common fouling organisms available for laboratory testing. The benthic microalgae, Amphora sp. is 

commonly encountered in biofilms on submerged surfaces including many commercial copper antifouling 

coatings. In laboratory assays, the critical step for adhesion occurs through the interaction of a secreted 
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adhesion complex with the surface.[1]  Amphora coffeaeformis adhesion in lab assays was evaluated on 

silicon wafers grafted with PSBMAm, PSBVB and PSBVI brush systems (Table 1). Corresponding 

results are shown in Figure 5. After 24 h exposure, the incubation number of cells attached per unit of 

area on coated surfaces with polymer brushes was found to be up to 70% lower than on the clean bare 

silicon wafers used as a control. Some small differences in adhesion between coatings were observed. 

PSBVB brushes showed the least resistance to cell adhesion while no significant difference (p>0.05) was 

observed between PSBMAm and PSBVI brush systems. The slightly reduced performance of PSBVB, as 

compared to PSBMAm and PSBVI, could be attributed to the higher hydrophobicity of this brush as 

reported in Table 1. This effect is however demonstrated only at the edge of statistical significance. These 

results concur with results for the diatom Navicula perminuta, obtained for PSBMA brushes on glass, 

where the density of number of cells attached on PSBMA was 15% compared with the control glass 

substrate.[1] 

 
Fig. 5. Combined Amphora adhesion assays results, error bars given refer to the standard deviation 

calculated from four replicates. 

 

Unlike diatom cells, cyprid larvae of barnacles are able to actively explore a surface before settlement. 

Hence, settlement is determined firstly by the exploratory interaction between the larvae and the surface, 

followed by that of the secreted adhesive and surface. Settlement assays using Amphibalanus amphitrite 

cyprids have been widely used to evaluate the antifouling properties of zwitterionic coatings.[50] The 

results of our study, shown in Figure 6, indicate that the three polymer brush coated surfaces substantially 

reduce the settlement of barnacle cyprids. It appears that PSBMAm may have a slight toxic effect, 

whereas the reduced settlement on PSBVI and PSBVB was repellent and cyprid mortality was low. These 

results correlate well with previously reported settlements on PSBMA brushes.[14] We stress that 

variations in the antifouling performance were minor. Thus comparing the three polymer brushes we 

conclude that the antifouling effects are not substantially affected by the structure of the polymerizable 

groups used to obtain the three brushes. Styrene, imidazolium and acrylamide polymeric chains bearing 

sulfobetaine zwitterionic side groups show similar antifouling performance.  
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Fig. 6. Barnacle cyprids settlement results, error bars given refer to the standard deviation. The 

experiments were conducted on separate occasions. 

  

4. Conclusions 
 
Sulfobetaine vinylbenzene (SBVB) and sulfobetaine vinylimidazolium (SBVI) monomers have been 

polymerized via SI-ATRP to prepare polymer brush coatings to provide an antifouling surface. Controlled 

living radical polymerization conditions were established for bulk solution and surface initiated processes, 
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respectively. SBVB and SBVI are considered and compared with methacrylate and methacrylamide 

sulfobetaine-based monomers. The antifouling activity of PSBVB and PSBVI brush coatings were 

investigated and compared with PSBMAm brushes for the adhesion prevention of microalgae, Amphora 

coffeaeformis, and barnacle (Amphibalanus amphitrite) cyprids. Slime formation by Amphora on the 

coated surfaces was reduced by twofold compared to the control surfaces, and a reduction in barnacle 

settlement was also observed. In a similar manner, fraction of settled cyprids was clearly reduced to a 

similar extent on all coated surfaces. The capability of SBVB and SBVI monomers to be polymerized by 

ATRP, enabling the formation of uniform polymer brush systems, together with antifouling properties 

that are comparable with the usually used SBMA represent a class of non-leaching coating materials for 

marine antifouling applications. 
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