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Measurements of water contact angles and surface free energy

The surface free energy was calculated by using the Owens–Wendt–Rabel–Kaelble 

(OWRK) model,19 in which the surface free energy is divided into polar and disperse part. 

The relationship (commonly referred to as Young’s equation) between the contact angle θ 

(Table S1), the surface tension of the liquid γl, the interfacial tension γsl between liquid and 

solid and the surface free energy γs of the solid is as follows:

(1)

The interfacial tension γsl is calculated based on the surface tensions γs and γl between the 

phases. These interactions are interpreted as the geometric mean of disperse part γD and 

polar part γP of the surface tension or surface free energy:

(2)

At least two liquids (we used water and diiodomethane as reference; Table S2) with known 

disperse and polar parts of the surface tension are required to determine the surface free 

energy of the solid, wherein at least one of the liquids must have polar part >0. 

If equations (1) and (2) are combined, the equation (3) called OWRK can be written as: 

(3)

Equation (3) can be represented in the linear form as

(4)
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where ,   and  

Table S1. Wettability results obtained for water and diiodomethane. 

Sample Water contact 

angle (°)

Diiodomethane contact 

angle  (°)

Disperse 

(mN/m)

Polar 

(mN/m)

GOP 66.13 41.31 38.95 9.48

GOP-AP 84.10 41.64 38.78 2.40

GOP-DAN 87.96 42.04 38.51 1.48

GOP-ODA 102.77 68.07 23.96 0.59

GOP-DAD 90.07 36.35 41.40 0.78

Table S2. Surface tension of water and diiodomethane.

Solvent Total surface tension 

(mN/m)

Disperse surface 

tension (mN/m)

Polar surface tension      

(mN/m)

Water

Diiodomethane

72.8

50.8

21.8

50.8

51.0

0.0

3


