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Surface free-energy calculation

The Van Oss-Chaudhury-Good method is used to calculate SFE values of Cu surfaces.!
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Where,

0 is the contact angle between the solid and measuring liquid,

Lw Lw
YL is the SFE of the measuring liquid, and Y's and Y L are the Lifshitz-van der Waals

components of solid and liquid,

- +
respectively. YL and ¥ L are the basic and acidic constituents of measuring liquid,

respectively,

- +
and V'S and ¥ S are the basic and acidic constituents of measuring solid, respectively.

Total
Y 'S is the total SFE of a solid surface.

Surface tension and components for different chemicals are as follows [R],
Lw - +
Diiodomethane (yL=50.8 mIm2,V L =50.8 mJm=2, ¥ $=0 mJm?2, and ¥ L =0 mJm2)
Lw - +
Deionized water (V1=72.8 mIm2, ¥ L =21.8 mJm2, ¥ $=25.5 mJm=2, and ¥ L =25.5 mJm?)

w - +
Formamide (yL=58 mJm?2, ¥V L =39 mJm2, ¥ $=39.6 mJm2, and ¥ L =2.28 mJm2)

By using these values to equation (1), the following equations are observed.!?

LW
V's =12.7(1 + CosPp) 3)
vt 0 0 0,5
S = {0.1747 + 6.0634 Cos?F —2.2757 Cos?p1 — 3.6130 CosPp? @)
V'S = {3.7386 - 6.0634 Cos?F +9.4840C0s?p1 + 03180 Cos?p12 (5)



Where Op is the contact angle between the solid and Diiodomethane,

Op1 is the contact angle

between the solid and deionized water (DI water), and OF is the contact angle between the solid

and Formamide, respectively.

w _ + -
By using equations (3), (4), and (5) and contact angle measurements, V's Vs and?s canbe

calculated and results can be used to calculate surface free energy using equation (2).

SFE (mJm™)
2 min (200W) 50.34
4 min (200W) 51.91
10 min (400W) 54.34
Oxygen plasma N/A
12 min 49.86
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Figure S1. (a) schematic diagram of atomic force microscopy (AFM) mapped area. (b) AFM
image. (c) average height profile through the x-axis.
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Figure S2. (a) I-V characteristics and (b) optical transparency (only design B) of synthesized
graphene patterns. (c) Optical transparency of prepared electrode on PET film and transparency
of the PET film. Photographs of (d) AgNW + graphene pattern (anode) on PET film (e) after
spin coating of electroluminescent ink. (f) Optical microscopic image of the cathode (Ga:In
alloy) area. IV characteristics of the LED prepared by AgNW + graphene pattern [top right
corner shows glowing LED at dark (ISO 6400 and shutter speed 100fps) and bottom left corner

shows power connection].

According to reports, HOMO (heights occupied molecular orbital) and LUMO (heights
occupied molecular orbital) levels of [Ru(bpy);](PFs), are 3.1 eV and 5.6 eV, respectively.?
Therefore, anode and cathode work functions should match with these values. Ga:In alloy is a
popular cathode material due to its low work function (4.1 eV). According to reports, AGNW
and graphene work functions may vary between 4.2 and 5 eV.4 Therefore, graphene and silver

nanowires can be used for the anode.



- W3E-09
 W1E-09

1E-09

A
v

200 nm

Figure S3. AFM image of Ar plasma treated Cu surface.
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