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Abstract. Treatment of materials by sol-gel technique can be an excellent tool to convey new 
properties to surfaces, therefore the hybrid organic-inorganic materials show the properties of 
both phases, contributing for example to the obtainment of an anti-fouling coating. In this 
research, the explored procedure includes the co-condensation of silane coupling agents with 
epoxide and amine tail-groups, (3-Glycidyloxypropyl)-trimethoxysilane (GPTMS) and (3-
Aminopropyl)-triethoxysilane (APTES), respectively, in combination with two perfluorosilane 
precursors, namely glycidyl-2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-hexadecafluorononylether and 
trimethoxy-(3,3,3-trifluoropropyl)-silane, either individually or together. This synthetic 
approach allows collecting stable hydrophobic, non-toxic, anti-fouling coatings that were 
investigated to study their morphology and chemical structure by different physical-chemical 
techniques. The anti-fouling properties were evaluated through test on treated glass slides in 
different microbial suspension in seawater-based medium per 24 h at room temperature. 
During tests, each suspension was maintained in continuous agitation to simulate the natural 
movement of seawater, and the attachment of cells on bare degreased glass slides is compared 
with that occurring on the treated slides. Results show that the fluorinated coatings have good 
antimicrobial activities and low adhesive properties, no biocidal effects towards the studied 
microorganisms were observed. 

1. Introduction 
The undesired colonization of submerged surfaces by marine micro- and macro-organisms such as 
bacteria, diatoms, algae, barnacles, and seaweeds is called biofouling [1]. It has detrimental effects 
among which on aquaculture systems and oceanographic sensors. Moreover, this natural phenomenon 
on shipping and leisure vessels causes severe problems for marine industries due to corrosion and 
hydrodynamic drag, which leads to elevated fuel consumption and higher maintenance costs [2-4]. In 
order to reduce both economic and environmental penalties, the primary strategy for inhibit marine 
fouling is to use biocide-containing paints [5-8]. At the same time, environmental business and 
legislation are driving science and technology towards non-biocidal solutions based only on physical-
chemical and materials properties of coatings [9-14]. From this point of view, advances in 
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[29]. These properties were tested on treated glass slides in different microbial suspension in seawater-
based medium for 24 h at room temperature. The fluorinated coatings have good antimicrobial 
activities and low adhesive properties towards the studied bacteria, furthermore the eventual biocide 
effect due to the product release in the liquid medium evaluated by counting the microbial cells before 
and after the period of incubation showed no biocidal effects [30]. 

4. Experimental Details 
(3-aminopropyl)-triethoxysilane (APTES, labelled A), (3-glycidyloxypropyl)-methyldiethoxysilane 
(GPTMS, G), 3,3,3-trifluoropropyl-trimethoxysilane (F3), glycidyl-2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-
hexadeca fluorononyl ether (F16) (Figure 1), absolute Ethanol (HPLC grade) were purchased from 
Sigma Aldrich and used without any other purification. In a typical procedure of G/A_F3, 2.013 g of 
GPTMS were mixed with 0.943g of APTES in 37.48 g of ethanol under stirring. Then 0.2 g of F3 was 
added to the clear ethanol solution and left at room temperature under stirring for 24 h. The other 
functional alcoxysilane sol gels, G/A, G/A_F16, G/A_F3_F16, were synthetized in the same way. 
FT-IR spectra were acquired by means of a Thermo Avatar 370, equipped with Attenuated Total 
Reflection (ATR) accessory. A diamond crystal was used as internal reflectance element on the ATR 
accessory. Spectra were recorded, at rt, in the range from 4000 to 650 cm-1, with 32 scans and a 
resolution of 4 cm-1. 1H and 13C{1H} NMR spectra were performed in methanol-d4 at 298.2 (±0.1) K 
with a Varian 500 spectrometer, equipped with a 5 mm OneNMR (TM) probe operating at 500.1 and 
125.7 MHz.  
 

4.1. Evaluation of anti-fouling properties  
Different sets of glasses were placed in separate sterile glass Petri dishes ( 120 mm) and sterilized 
overnight under UV. Twenty ml of each microbial suspension were then added and Petri dishes, 
previously coated with G/A, G/A_F3, G/A_F16 and G/A_F3_F16 sols, were placed in a horizontal 
shaker and incubated for 24h at room temperature set at 25C for bacteria and for 6 days in the light at 
30C for the diatoms. The evaluation of the anti-fouling properties was carried out with a Gram 
negative strain Stenotrophomonas maltophilia BC658, a Gram positive spore forming strain Bacillus 
aquimaris BC 660, a diatom strain Navicula sp, in sea-based culture media; all isolated from marine 
habitat. Antifouling properties of the coatings was determined comparing cells adhesion to the 
untreated and treated glasses observed under Light microscopy, (LM) and Epifluorescence microscopy 
(EM) a. The toxicity of the coatings was evaluated by the measurement of the density and/or by 
counting the cells before and after the incubations in the liquid medium. 
After incubation time, glasses were rinsed with sterile PBS and prepared for three different treatments: 
one set was air dried by placing the glass directly to the Bunsen flame for 30 seconds, observation was 
carried out in LM or under epifluorescence microscope (EM) after staining with Acridine Orange 
(AO). 
The second set was prepared for epifluorescent microscopy and fixed in a solution of a fixation buffer 
(4% paraformaldehyde in PBS, pH 7.2) with PBS (3:1 molar ratio) and incubated for 90 min at 4 C. 
Bacterial cells were dyed with Acridine Orange (AO)(0.1mg/ml) diluted in sterile distilled water 1:2 
(v/v) for 3-4 min, [11] and the last set of glasses was prepared for SEM microscopy by fixing in 
glutaraldehyde 2,5% in Phosphate buffer (PB) 0.1M pH 7.4 per 6h at 4°C, and then air dried.  
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