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A simple one step procedure to fabricate superhydrophobic polymer surface was  successfully 

developed by spraying POSS-acrylic copolymer solution. The morphology of the superhydrophobic 

surface was made up of micron- and nano-scale spherical protrusions or particles. The hierarchical 

structure of the superhydrophobic surface was constructed by taking advantage of self-assembly of the 

POSS-acrylic copolymer in the spraying process. 
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A superhydrophobic polymer surface with hierarchical 

structures is  prepared by one-step spraying process with a 

POSS-acrylic random copolymer solution. The morphology of 

the superhydrophobic surface consists of micron/nano-scale 

spherical protrusions. The possible formation mechanism of 10 

the superhydrophobic surface is proposed. The as-prepared 

surface is of good superhydrophobicity and blood 

compatibility.  

In the past decade, superhydrophobic surfaces have received 

considerable attention in the field of materials and surface 15 

sciences, caused by their  outstanding performance, such as in oil- 

water separation, and anti-icing applications, as well as in blood 

compatibility.1-4 Serving as the best engineer and designer, nature 

forms unartificial superhydrophobic surfaces in many animals 

and plants such as water strider's legs and lotus leaves.5-6 Inspired 20 

by nature, a myriad of approaches, such as template synthesis, 

electrospinning, sol-gel method, casting and plasma etching, have 

been developed to fabricate superhydrophobic surfaces with 

water contact angle higher than 150° and low contact angle 

hysteresis.7-9 In general, to achieve superhydrophobic surfaces, a 25 

combination of low surface free energy materials and surface 

roughness is required. Thus far, a wide variety of materials 

including inorganic, organic and composite materials have been 

utilised to prepare superhydrophobic surfaces. Among them, 

polymeric materials have been considered to be appropriate 30 

substrates because of their unique and versatile properties.10 For 

example, Yuan et al. prepared superhydrophobic poly(vinyl 

chloride) (PVC) surfaces by the template and casting method,6 

and Levkin et al. obtained a superhydrophobic porous poly(octyl 

cyanoacrylate) coating by immersing a substrate coated with 35 
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cyanoacrylate in an aqueous solution.11 However, most of the 

techniques for the fabrication of superhydrophobic surfaces either 

involve multi-step processes and sometimes harsh conditions or 

are unsuitable for large-sized flat surfaces, which limit their 

practical applications. A larger-scale fabrication of 55 

superhydrophobic surfaces on substrates by using 

polydivinylbenzene chalk was reported, but the surfaces of these 

substrates required  a certain microstructure with rough 

mophology.12 

Spray coating is a simple and well established technique in the 60 

modern surface-coating industry, that generates superhydrop- 

hobic coatings by spraying a low concentration suspension on flat 

substrates.13-16 Ogihara et al. reported, for example, a 

superhydrophobic coating by spraying an ethanol suspension of 

SiO2 nanoparticles on a paper substrate.17 However, based on this 65 

method, polymeric materials have rarely been used in the 

preparation of superhydrophobic coating by themselves. In a 

previous report, our group successfully fabricated 

superhydrophobic surfaces through spraying a micelle solution of 

a fluorinated acrylic copolymer.4 In this communication, we 70 

present a one-step spraying-coating process for the fabrication of 

a superhydrophobic surface with a Polyhedral oligomeric 

silsesquioxane(POSS) -acrylic random copolymer solution. 

Compared with the above-mentioned approaches, the copolymer 

solution used herein is relatively low-priced, can be easily 75 

prepared, is translucent, and is applicable to multiple substrates. 

Of note, the superhydrophobic surface exhibits regular 

morphology and consists of micron- and nano-scale spherical 

protrusions or particles, leading to the formation of hierarchical 

micro-nano structures. The as-prepared surface shows excellent 80 

superhydrophobicity and good blood compatibility. The possible 

formation mechanism of the superhydrophobic polymer surface is 

also  proposed . 

 

Scheme 1 The structure of the POSS-acrylic copolymer (PAC)  85 
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At first, a POSS-acrylic copolymer (PAC) was synthesized by 

free radical solution polymerization. The structure of PAC is 

illustrated in Scheme 1. Experiments are described in detail in the 

ESI† and the fourier transform infrared (FT-IR) and 
1H nuclear 

magnetic resonance (NMR) spectra of PAC are shown in Fig. 5 

S1† and Fig. S2†, respectively. As confirmed by gel permeation 

chromatography (GPC), the copolymer had a number-average 

molecular weight of 35,000 with a polydispersity index of 1.91.  

Moreover, only one peak appeared at the elution volume for GPC 

(Fig. S3†), indicating copolymer formation. 10 

Then the resultant PAC was dissolved in ethyl acetate to form 

a translucent solution containing 10 wt% of the copolymer. The 

diluted copolymer solution was deposited onto a copper net and 

dried at room temperature. The morphology of PAC self-

assembly aggregates was characterised by transmission electron 15 

microscope (TEM) (Fig. 1). the copolymer was prone to 

aggregation, forming many nano-scale spherical particles with 

diameters of 20∼40 nm after solvent evaporation. The self-

assembly of the copolymer and surface mobility of the POSS 

moieties in the copolymer possibly contributed to sphere 20 

formation.18-20 

 

Fig. 1 TEM micrograph of the PAC self-assembly aggregates 

After spraying the above-mentioned solution on a glass 

substrate and subsequent drying process, the copolymer formed a 25 

superhydrophobic POSS-acrylic copolymer (SPAC) surface. 

Meanwhile, the hydrophobic POSS-acrylic copolymer (HPAC) 

surface was also fabricated by spin coating for comparison (the 

preparation method of the HPAC surface is seen in the ESI†). 

The morphologies of the HPAC and SPAC surfaces were 30 

examined by scanning electron microscopy (SEM). The HPAC 

surface was smooth (Fig. S4†), and the static water contact angle 

(CA) on the HPAC surface was 106±2.3° (Fig. S4†, inset). 

However, the SPAC surface consisted of many connected 

micron-scale spherical protrusions, similar to the previous 35 

reported morphology,21 forming a rough structure (Fig. 2a). The 

high-magnification SEM image (Fig. 2a, inset) clearly showed 

numerous nano-scale outshoots on the surface of each micron-

scale spherical protrusion. The XPS spectrum of SPAC is shown 

in Fig. 2b, and the carbon, oxygen and silicone atomic 40 

percentages were estimated to be approximately 65.5%, 24.7% 

and 9.8%, respectively. There is a higher ratio of silicone to 

carbon in the XPS data (9.8%:65.5% ≈ 0.149:1) than the 

theoretical value of the PAC molecule ( ≈0.036:1), suggesting 

that the migration of the POSS groups containing silicone to the 45 

coating surface, which is essential to obtain superhydrophobic 

surfaces with low surface energy. As shown in the insets of Figs. 

2c and 2d, the water CA on the SPAC surface could reach 158 ± 

3.5° and the sliding angle (SA) was less than 3°, exhibiting 

outstanding superhydro- phobicity. Moreover, these large-scale 50 

superhydrophobic surfaces were easily formed on other substrates 

including paper, PVC film, steel mesh and aluminum plate (Fig. 

S5a-d†). Although the coated film exhibited a decrease in 

transmittance compared with the PVC film (Fig. S5e†), caused by 

the light scattering and diffuse reflection of the surface 55 

roughness,12 the samples were visible after spray-coating the 

PAC solution (Fig. S5a and S5b†). 

The possible formation mechanism for the superhydrophobic 

polymer surface prepared by spraying can be described as follows 

(Fig.3a). During spray coating, the polymer solution is atomised 60 

to large numbers of tiny liquid droplets with different particle 

sizes by the pressure at the spray gun nozzle. Fig. 3b shows the 

cumulative particle size distribution curve of liquid droplets (the 

 

Fig. 2 SEM image (a) and XPS survey spectrum (b) and optical images of 65 

the water CA (c) and SA (d) of SPAC surface 

test method is seen in the ESI†). The results indicate that 

approximately 50% of liquid droplets have sizes at or below 

19.78µm, including approximately 10% of liquid droplets less 

than 9.38µm, and 40% of those have sizes between 19.78 and 70 

34.26µm. Before these tiny liquid droplets impact the substrate, 

the droplets gradually become smaller owing to the rapid 

evaporation of the solvent in air. Simultaneously, this process is 

accompanied by the self-assembly aggregation of the POSS-

acrylic copolymer. The POSS functional groups can easily 75 

transfer to the air-copolymer solution interface (outside of the 

droplets) due to their self-aggregation behaviour and surface 

mobility,19,20 while the hydrophilic hydroxyl groups attached to 

the copolymers can migrate to the inside of droplets. This leads to 

the formation of submicron-sized polymeric particles. As a result, 80 

these particles stack and adhere together irregularly on the 

substrate when these particles hit the substrate surface, finally 

bringing about the formation of different-sized spherical 

protrusions of 500nm to 3µm (Fig. 2a). The surfaces of these 

micron-scale spherical protrusions appear a significant amount of 85 

nano-scale outshoots because of the self-aggregates behaviour of 

POSS functional groups (Fig. 2a, inset), ultimately leading to the 

formation of hierarchical micro-nano structures. As indicated 

above, the possible morphologies of the relatively rough surface 
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may be affected by a number of factors, such as the particle size 

distribution of liquid droplets, concentration of the polymer 

solution, evaporation rate of solvent, and self-assembly 

aggregates behaviour. 

 5 

Fig. 3 Schematic representation of forming SPAC surface(a) and  the 

cumulative particle size distribution curve of “liquid droplets” prepared 

by spraying(b), D10=9.38µm, D50=19.78µm, D90=34.26µm. 

In theory, superhydrophobic surfaces have been speculated to 

possess good hemocompatibility.22 A widely accepted postulate 10 

in biomaterials science is that protein adsorption (especially, 

fibrinogen) is the first step in the blood-material interaction, 

followed by platelet adhesion and activation, leading to thrombus 

formation. 23 Fig. 4 shows the amounts of bovine serum albumin 

(BSA) and bovine fibrinogen (BFG) adsorbed on the HPAC and 15 

SPAC surfaces from their respective PBS solutions (1mg/ml). 

The SPAC surface had lower amounts of adsorbed BSA and BFG 

as compared with the HPAC surface. This result indicates that the 

SPAC surface could resist protein adsorption to some extent in 

accordance with the superhydrophobic surfaces reported by 20 

Shirtcliffe and Advincula.24, 25   Furthermore, the amount of BSA 

adsorbed on the SPAC surface decreased by approximately 27% 

as compared with that adsorbed on the HPAC surface; however, 

more importantly, the amount of adsorbed BFG decreased by 

approximately 64%, which is deemed to be one of the major 25 

factors affecting platelet adhesion.26, 27 
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Fig. 4  BSA and BFG adsorbed amounts on the surfaces of HPAC (a) and 

SPAC (b) 

It is well known that platelet adhesion and activation are 30 

considered as key events in blood coagulation.27 In order to 

further evaluate the blood compatibility of the superhydrophobic 

surface, the platelet adhesion experiments on the HPAC and 

SPAC surfaces were also carried out. For comparison, similar 

experiments were conducted on PVC surfaces. As shown in Fig. 35 

S6†, numerous adhered platelets were spread out on the PVC 

surface, and pseudopodia were clearly observed, implying that 

they have been extremely activated. However, for HPAC surface, 

the number of adhered platelets dramatically decreased (~79%) as 

compared with that on the PVC surface (Fig. S7†), and their 40 

morphology was maintained with almost no pseudopodia (Fig. 

5a). More exhilaratingly, the adhering platelets nearly 

disappeared (Fig. S7†), and few pseudopodia as well as 

deformation were observed on the SPAC surface (Fig. 5b). This 

should be attributed to the superhydrophobicity and the relative 45 

low protein adsorption on the SPAC surface.22,24,28 

 
Fig. 5  SEM images of the platelets adhesion on the surfaces of HPAC (a) 

and SPAC (b) 

In conclusion, we successfully developed a simple one-step 50 

procedure to fabricate superhydrophobic polymer surfaces 

through spraying a POSS-acrylic copolymer solution. The 

hierarchical structure of the superhydrophobic surface was 

constructed by taking advantage of the self-assembly of the 

POSS-acrylic copolymer in the spraying process. The as-prepared 55 

surface by the spraying method presents excellent 

superhydrophobicity, outstanding anti-adhesion to platelet and 

protein adsorption resistance. Although the formed 

superhydrophobic polymer surface is not completely transparent, 

this study describes a facile method for fabricating large-scale 60 

superhydrophobic surfaces with potential applications in blood 

compatibility, anti-icing, antifouling, and water repellency. 
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