
Supporting Information 

 

Cyclosiloxane Hybrid Polymer as a Robust Transparent Eco-friendly 

Anti-fouling Coating 

 

Xun Sun,#,1,2 Di Zhu,#,1,2 Ming Liu,2,* Yujie Song,3,* and Jun Wang1,* 

 

1ColllgegC l C ategiatl C ciagcigC tc C oegiaitlC nceacggiace C atiiacC nceacggiaceC

Ucavgi aey CatiiacC150001 Coeact 
2cielllC l C oegia eiyC tc C oegiaitlC nceacggiace C atiiacC Ic eaeuegC l C Tgiecllley C

atiiacC150001 Coeact 
3nceacggiaceCLtiliteliyCl CA vtcig CncgieyCategiatl  CNaceilCIc eaeuegCl Categiatl C

TgiecllleyC&Cnceacggiace Coeacg gCAit giyCl Cciagcig  CNaceilC315201 Coeact 
#CTeg gCtueeli Cilceiaiueg CelCeea CwlikCgqutlly. 

*CE-mail:Czeqw1888@ leu.ili Clauiace0117@eae.g u.ic C lceyujag@caieg.ti.ic 



1. Experimental section 

1.1 Materials 

2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane (D4
V), 1, 3, 5, 7-

tetramethylcyclotetrasiloxane (D4
H) were purchased form Sigma-Aldrich Co., LLC. 

Platinum (0)-1, 3-divinyl-1, 1, 3, 3-tetramethyldisiloxane complex (Karstedt’s catalyst, 

3.2 wt% Pt) were bought from Alfa Aesar, and used as received. Sylgard 184 elastomer 

kit was purchased from Dow Corning Co. Ltd.. Bisphenol-A epoxy resin (E51, DGEBA, 

epoxy equivalent weight: 0.51 mol/100 g) was purchased from Wuxi Bluestar 

Petrochemical Co., Ltd.. Polyether amine curing agent Jeffamine T403 was purchased 

from Huntsman International LLC..  Deionized water was purified using a Milli-Q 

Plus system (Millipore, Schwalbach, Germany). Artificial seawater (ASW) was 

prepared according to ASTM D1141. 

1.2 Synthesis of CHP 

CHP was synthesized in accordance with previous literatures reported with 

modification. Typically, the platinum catalyst was dissolved in D4
V to prepare 

ingredient A (the mass fraction of Karstedt’s catalyst was 0.1 wt%). After 30 minutes’ 

magnetic stirring, D4
H was charged into the mixture as ingredient B. The molar ratio of 

D4
H: D4

V was 1.43:1. The obtained transparent uniform compound was sealed in a 

reagent bottle and stored in refrigerator at -10℃ for further use. 

1.3 Preparation of test samples 

The as-prepared cyclosiloxane mixture was brushed onto glass slides and glass fiber 

reinforced epoxy panels (the average of coating thickness ~200-300 μm) for laboratory 

assays of bacterial and diatoms adhesion, the tribometer tests, and the pseudo barnacle 



attachment tests. 1 cm × 1 cm CHP pieces were prepared through casting the well 

blending mixture into a teflon mold for atomic force microscope (AFM) tests, nano-

indentation tests. The epoxy samples E51 and the PDMS samples were prepared by 

mixing the resin and the curing agent with mass ratios of 5:3 and 10:1, respectively. 

1.4 Pseudo barnacle attachment test 

The pseudo barnacle attachment test was conduct in accordance with the ASTM D5618. 

Wooden studs (diameter 20 mm) were glued to the coating surface which coated on the 

glass fiber reinforced epoxy panels. The adhesion force was measured by a force gauge 

(AIGU, NK500).  

1.5 Characterization Methods 

The chemical structures of CHP, and unreacted mixture were confirmed via fourier 

transform infrared spectroscopy (FTIR) spectrums obtained with a Perkin Elmer 

Spectrum 100 Fourier transform infrared spectrometer by using potassium bromide 

disks. The thermal stability of CHP was evaluated with thermal gravimetric analysis 

(TGA, TA instruments, TA 2950). The test was run with a heating rate of 10 ºC/min 

from room temperature to 900 ºC in nitrogen with a flow rate of 40 mL/min. The 

nanoindentation test was conduct via a nano-indentorwith a Berkovitch-type diamond 

tip (Micro Materials Ltd., Wrexham, United Kingdom). The tip indented with a rate of 

1mN/s to 5 mN and was held at 5 mN for 5 seconds then unloading with the same rate. 

For each sample, 5 pointes were indentation to guarantee the reliability of data. The 

morphology of test samples was investigated with Atomic Force Microscopy (AFM, 

Bruker Icon, USA) images with areas of 500 nm × 500 nm. A UV-Vis 



spectrophotometer (TU-1901, Beijing persee Ltd.) was used to study the test samples 

transparent performance. A JEOL JSM-6480A microscope was used to investigate the 

fouling behaviors of marine bacterial and diatoms on test samples by taking the images 

at an accelerating voltage of 5 kV after coating the samples with gold. An automatic 

adhesion tester (PosiTest AT-A) was employed to estimate the coatings’ pull-off 

strength in accordance with ASTM D4541-09 with a stub (a measurement area of 20mm 

in diameter) glued on the glass fiber reinforced epoxy resin panel with the pull rate of 

0.2 MPa/s. An average value was calculated with five different points on each sample 

to guarantee the reliability of data. A Contact Angle System OCA50 (Dataphysics) was 

applied to measure the coatings’ surface contact angle at room temperature. Deionized 

water (DI) and N, N-dimethylformamide (DMF) were used for measuring the surface 

free energy (SFE) in this experiment. Five different points on each sample were taken 

to calculate an average value and guarantee the reliability of data. 

1.6 Calculation of the mean of maximum peak to valley height (Rtm) 

The Rtm is defined as the mean of all maximum peaks to valley heights in the section 

obtained from the AFM cross section images in Fig. S1 The value of Rtm is calculated 

followed by the equation below: 

𝑅𝑡𝑚 =
1

𝑛
∑ 𝑅𝑡𝑖
𝑛
𝑖=1                                        (1) 

Where n is the number of maximum peaks along the cross section. 

1.7 Laboratory Assay 

1.7.1 Anti-bacteria test 

Marine bacterial strains were collected from Bohai, China (39º13’N, 122º44’E). After 



culturing in sterilized liquid medium (marine bacteria 2216E) at 25 °C for 2-3 days, the 

suspension was obtained by resuspending the cells with sterilized artificial seawater 

(ASW) by centrifuging the bacteria containing broth (3000 rpm, 10 min) and removing 

the supernatant. The test samples were incubated in the as-prepared bacterial 

suspension for 1 h, then washed with PBS three times before fixing with glutaraldehyde. 

The obtained samples were coated with gold and investigated with the scanning 

electron microscope (SEM, JSM-6480A). 

1.7.2 Diatom adhesion experiments. Diatoms (Petgl tieyluiC eiailicueui, N.C

oll egiaui, and NtvaiultCgxaeut) were obtained from Xiamen University. The coatings 

were immersed into diatom suspensions and incubated 24 h (12 h/12 h light-dark) at 

25 °C. Samples were washed with ASW to remove unattached diatoms and examined 

with a fluorescence microscope (OLYMPUS DP74). The diatom settlement results 

were recorded with Ten random fields (20× magnification, 0.916mm2/per field) for 

each sample and analyzed with One-Way Analysis Variance (Tukey post-test). 

1.7.3 Diatom activity experiments. The test samples were immersed into the diatom 

solutions (the diatom suspension/the algal nutrient solution, 1/50, v/v) at 25 °C for 15 

days in a light growth incubator. A hemocytometer was applied to determine the diatom 

count and recorded every day. 

1.7.4 Track of diatom gliding assay 

Diatom NtvaiultCgxaeut was selected to estimate the adhesion behavior of diatom to 

substrate due to its motility. The test diatom was centrifuging (5000 rpm, 2 min) to 

remove the medium and then vortex with a fresh Woods Hole (WH) medium. The as-



prepared diatom sample was introduced into a chamber (20mm×20mm; made by glass 

slides, coverslips, and double-sided tapes and sealed with wax) and recorded via an 

optical microscope with a 20 X objective. The obtained video was stored at 18 frames 

per second for further analysis. The format of frames was changed to gray-scale by 

using Image J to obtained high contrast diatom images. The diatom’s trajectory was 

determined by a simple method developed in LabView (National Instruments, Austin, 

TX). 

1.7.5 Staining and visualization of diatom adhesive trails 

The test sample was immersed into the diatom NtvaiultCgxaeut suspensions (incubated 

at least 15 days in a light growth incubator prior to use) and incubated 24 h (12 h/12 h 

light-dark) at 25 °C. After that, the suspensions were removed and then the sample 

surface were overlaid with a Stains-All (Sigma-Aldrich) solution (1 mg/mL, 

formamide). With 15 min incubation in dark place, the stained solution was removed 

and the sample was washed with deionized water three times. The photograph of diatom 

adhesive trails was visualized with an optical microscope (OLYMPUS DP74). 

 



 

Fig. S1 The AFM images and cross section height vs. position curves of (a) CHP, (b) 

Sylgard 184, and (c) E51 surfaces. 

  



 

Fig. S2 The pseudo-barnacle adhesion strength of CHP and Sylgard 184. 

  



 

Fig. S3 Load-displacement curves of CHP obtained by nano-indentation test. 

  



 

Fig. S4 The adhesion strength to glass fiber reinforced epoxy plate of CHP and Sylgard 

184 coatings immersed in the artificial seawater for 15days. 

  



 

Fig. S5 The growth curves of N.Coll egiaui populations exposed to glass slide and CHP 

coated glass slide for 15 days. N.Coll egiaui populations count on both bare glass slide 

and CHP coated glass slide after 15 days did not show any significant difference, 

indicating CHP coating is non-toxic, eco-friendly. 

  



 

Fig. S6 The underwater UV-vis spectrum of bare glass (BG), CHP coated glass side, 

Slygard 184 coated glass slide, and E51 coated glass slide. 

  



 

Fig. S7 Visual pictures of glass slides coated with Sylgard 184, E51 and CHP immersed 

in N.Coll egiaui suspension for 1 day and 15 days. 

 

 

 

 

 

 

 

 


