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Theoretical background of wettability 
Wettability of a surface is characterized by the contact angle θ. The value of the con-

tact angle depends on the interaction between the interfacial surface tension of the solid, 
vapor (air), and liquid (Figure S1). Superhydrophilic surfaces are characterized by a con-
tact angle below 10°, hydrophilic by a contact angle below 90°, and hydrophobic by a 
contact angle above 90°. However, superhydrophobic surfaces have a contact angle above 
150° and are completely water-repellent [1-3].  

(a) (b)

(c) (d)

Figure S1. Wettability of surface (a) superhydrophilic surface θ<10°, (b) hydrophilic surface θ<90°, 
(c) hydrophobic surface θ>90°, (d) superhydrophobic surface θ>150°.

Interaction between contact angle and interfacial surface tensions is given by Young
equation (S1) [4-5]: cos 𝜃௒ ൌ ఊೞೡିఊೞ೗ఊ೗ೡ   (S1) 

where: θY – contact angle in Young model; ϒsv - interfacial surface tension of solid-
vapor; ϒsl - interfacial surface tension of solid-liquid; and ϒlv - interfacial surface tension of 
liquid vapor. 
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The Young equation applies to flat surfaces of a solid state (Figure S2a) [5]. In the case 
of rough or porous substrates, the value of the contact angle may change, because the 
contact angle depends on surface formation. The wettability of a rough surface is given 
by the Wenzel equation (S2). The Wenzel equation includes the impact of surface 
formation on strengthening effect of hydrophilicity and hydrophobicity (Figure S2b) [2,5-
7]: 𝑐𝑜𝑠𝜃௪ ൌ 𝑟 ఊೞೡିఊೞ೗ఊ೗ೡ ൌ 𝑟𝑐𝑜𝑠𝜃௒  (S2) 

where: θw – contact angle for a structured surface in Wenzel model; θY – contact angle 
for a flat surface in Young model; and r – roughness ratio. 

 
 

(a) (b) 

  
(c) (d) 

Figure S2. A drop of water on (a) flat surface – Young model, (b) rough surface – Wenzel model, (c) 
nano/micro-structured surface – Cassie-Baxter model, (d) nano/micro-structured surface – 
Metastable model. 

In the Cassie-Baxter model, a drop of water is placed on top of a structured substrate 
and does not penetrate the nano and micro cavities of the structure. Therefore, it does not 
wet the entire structure (Figure S2c). The contact angle in the Cassie-Baxter model 
depends on the interaction between liquid, solid, and air in the nano/miro cavities of the 
structure, and is given by equation (S3) [2,5,7,8]: 𝑐𝑜𝑠𝜃஼஻ ൌ 𝑓𝑐𝑜𝑠𝜃ଵ ൅ ሺ1 െ 𝑓ሻ𝑐𝑜𝑠𝜃ଶ (S3) 

where: θCB – contact angle in Cassie-Baxter model; f - fraction of the surface area of 
the substrate which is wetted by liquid; θ1 – contact angle of substrate; and θ2 – contact 
angle of substance in the nano/mirco substrate. 

If the substance in the nano/micro cavities of the structure is air, then θ2 is equal to 
180° and the Cassie-Baxter equation is given by (S4) [2, 5]: 𝑐𝑜𝑠𝜃஼஻ ൌ 𝑓ሺ𝑐𝑜𝑠𝜃ଵ ൅ 1ሻ െ 1 (S4) 

However, the Cassie-Baxter model is rarely applied, because frequently nano and 
mirco cavities in the structure are partly wetted by water (Figure S2d). The Metastable 
model was discussed in the literature and is given by equation (S5) [9-12]: 𝑐𝑜𝑠𝜃ெ ൌ 𝑟𝑓𝑐𝑜𝑠𝜃ଵ ൅ ሺ1 െ 𝑓ሻ𝑐𝑜𝑠𝜃ଶ (S5) 

where: θM – contact angle in the Metastable model. 
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Theoretical background of wettability 
The climate parameters in Warsaw during the durability test in natural conditions 

and the anti-fouling tests are given in Figure S3. Average temperature, relative humidity, 
and precipitation were evaluated based on weather data from the website Meteoblue [13]. 

 
Figure S3. Average temperature, relative humidity, and precipitation in Warsaw in the period from 
21 July to 24 November 2021. 
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