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Calculation of Surface and Interfacial Energies

In the Owens-Wendt model, the surface energy is divided into two components: a polar
component and a dispersive component of non-polar interaction. Therefore, the surface energy is
given by:*?2
Vs =v§ +v5 (S1)
where y; is the surface free energy of a solid; y& and y£ are the dispersive and polar components
of the surface free energy of a solid, respectively. The dispersive and polar components of the

surface free energy of a solid can be determined using the following equation:®*

y.(1+ cosh) =2 /YSyLd + 2vEyf (S2)

where y, is the surface free energy of an immersion liquid, y{* and y{ are the surface free energy
of the dispersive and polar components of an immersion liquid, respectively, and 6 is the contact
angle of a liquid on the solid surface. In Equation S2, since the values for y{, yF and

v (Wherey, = y2 +yF) are known®, and 6 can be measured, we have only two unknowns, y¢&
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and y?£; therefore, we need two contact angles from two different liquids to solve for the two

unknowns. Eg. S2 can be re-written for the two liquids as follows:

Yi1(1 + cosf1) = 2 /)/sfi)/f‘l + 2JvEvh

Yi2(1+ cosf2) = 2 /)/sd)/i‘z + 2\vEvh,

The two liquids used to measure the contact angles on the SiO2 and GO surfaces are

(S3)

(S4)

hexadecane (CisHs4) and water. Hexadecane was chosen for its non-polar nature, and water was

chosen for its polar nature. The standard deviation for the contact angle measurements was + 2

degrees. The surface free energy of the dispersive and polar components of hexadecane and water

are shown in Table S1.

Table S1: Surface free energy of the dispersive and polar component of hexadecane and water

(taken from Ref. 5)

Water Hexadecane
v (mN/m) 21.8 26.35
vE (mN/m) 51 0
¥1. (MN/m) 72.8 26.35

The contact angles of water on the SiO2 and GO surfaces are 28° and < 5°, respectively.

The contact angles of hexadecane on SiO2 and GO surfaces are < 5°. The dispersive and polar

components of the surface free energy of SiO2 and GO are determined using Egs. S3 and S4, and

the results are shown in Table S2. The surface free energy (ys) of SiO2 and GO are determined

S2



using Eq. S1, and the results are also shown in Table S2. Surface energy and its components for

P3HT (available from the scientific literature)® are also presented in Table S2.

Table S2: Surface free energy of SiO2, GO, and P3HT.

SiO; GO P3HT
y& (mN/m) 26.35 26.4 24.6
¥& (mN/m) 38.9 46.8 2.3
¥s (MN/m) 65.25 73.2 26.9

After obtaining the surface energies of all the materials (Table S2), the interfacial energy

between two materials can be calculated using the following equation:!

ayiyd Py
yi+vd  yP+yl

Yie2 =VY1+ V2 — (S5)

The interfacial energy of P3HT/SiO2 and P3HT/GO interfaces are determined using Eq.

S5, and the results are shown in Table S3.

Table S3: Interfacial energy of P3HT/SiO2 and P3HT/GO

P3HT/SIO: P3HT/GO
Y1—2(mN/m) 32.58 40.39
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