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Figure S1. FTIR spectra of (a) pristine graphene nanosheets (GN) and (b) chemically modified 

graphene nanosheets (GN-chem). The band appeared at around 2000 cm−1 in GN might be assigned 

to (CO, stretch)[1]; though further studies are required to elucidate the origin of this peak and the 

accuracy of the assignment. 
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Figure S2. Schematic illustration of chemical modification of GN nanosheets and possible changes in 

functional groups during the modification process with respect to FTIR and Raman observations. As 

shown, elimination of some groups from the edge and the basal plane (hydroxyl and R1, R2 = -CH2, -

CH3) led to partial restoration of SP2 domains and aromatic structure of carbon atoms; this might have 

also helped the GN-chem nanosheets to act more efficiently as “physical barriers” in hybrid coatings 

while exposed to the corrosive environment. In addition, according to FTIR, appearance and 

intensification of some vibrational bands such as C–O–C may suggest that some reactive groups such 

as epoxy were created during the chemical modification. 

The UV-vis-NIR absorption spectra of GPTMS, GT and GT/GN-chem sols are presented in 

Figure S3. As underlined in the manuscript, the broad peak between 1950 and 2175 nm in the 

spectrum of GPTMS is assigned to epoxy rings. These bands partially disappeared in GT and GT/GN-

chem sols might indicating the opening of some of the epoxy rings, agreeing with the FTIR analysis, 

and resulted in a more cross-linked Si−O−Si network. 

 



 3 of 8 

 

 

Figure S3. UV-vis-NIR spectra of GPTMS, GT and GT/GN-chem sols. 

The surface morphology of GT, GT/GN-chem, GTS and GTS/GN-chem coatings were 

investigated by AFM as depicted in Figure S4. Smoother surfaces were observed for GT and GTS 

samples. According to roughness analysis in Figure S5, the surface roughness increased from 0.5 nm 

and 2.3 nm for GT and GTS coatings to 0.9 nm and 3.6 nm for GT/GN-chem and GTS/GN-chem, 

respectively. It is known that the inclusion of fillers such as graphene nanosheets and silica 

nanoparticles into composite matrices increase the surface roughness [2,3].  
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Figure S4. AFM topography images of (a) GT, (b) GT/GN-chem, (c) GTS and (d) GTS/GN-chem 

coatings on aluminum alloy substrates. 
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Figure S5. AFM topography 2D images and corresponding 3D views of surface morphology of (a) 

GT, (b) GT/GN-chem, (c) GTS and (d) GTS/GN-chem coatings on aluminum alloy substrates. (XYZ 

axis values are (a) 2.0 µm, 2.0 µm, 3.4 nm (b) 2.0 µm, 2.1 µm, 6.2 nm (c) 2.0 µm, 2.1 µm, 15.6 nm and 

(d) 2.0 µm, 2.0 µm, 41.8 nm, respectively. 



 6 of 8 

 

 

 

 

Figure S6. Schematic illustration of GT, GT/GN-chem, GTS and GTS/GN-chem coatings. The structure 

and the network integrity are shown before and after addition of fillers (GN-chem and SiO2 

nanoparticles). 
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Figure S7. Schematic illustration of the effectiveness of filler addition (GN-chem and SiO2 

nanoparticles) to the coatings in achieving an impermeable barrier against the penetration of corrosive 

ions. (Red arrows show the track of corrosive ions attacking and penetrating into the coating.). 
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Figure S8. Visual illustration of the surface coating alteration after exposure to the corrosive 

environment. As evidenced by the image, the lowest surface damage is observed for the GTS/GN-

chem coating. 
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