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1. Resistivity change of PEDOT:PSS films on PI substrates 

The change in the electrical resistance of the PEDOT:PSS films on PI substrates with 

increasing tensile strain was investigated using the in-situ resistance measurement tensile test 

system. The strain of the samples was monitored by optically measuring the distance between 

markers on the samples. Here, the measured resistance changes affect the resistance changes 

induced by the geometrical shape change of the films under tensile deformation. When a 

substrate is stretched in the longitudinal direction, the length (l) of the supported film increases, 

but the width (w) and thickness (t) decrease. Given that the resistivity (𝜌) is constant under 

tensile deformation, the variation in resistance (∆RG R0⁄ ) induced by the geometric change can 

be described by equation (1): 

∆R𝐺

R0

=
R𝐺 − R0

R0

 = ⌊
l l0⁄

(w w0⁄ )(t t0⁄ )
 - 1⌋                                            (1) 

where l l0⁄  is the extension ratio of the film and w w0⁄  and t t0⁄  denote the contraction 

ratio of the width and thickness, respectively. The extension in length and contraction in width 

were optically measured by monitoring a marker’s movement on the substrates. The contraction 

in thickness can be calculated, assuming that the film undergoes Poisson compression, (1-νfεl), 

where νf is the Poisson’s ratio of PEDOT:PSS (0.35) and εl is the longitudinal strain. Using 

both the measured resistance change and the change induced by the geometrical shape change, 

the resistivity can be obtained. To determine the resistivity change, the geometric contribution 

was calculated and subtracted from the measured resistance change. The relationship between 

the relative resistance and the resistivity change can be expressed by equation (2): 
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where ∆R R0⁄  and ∆RG R0⁄  are the normalized change in the measured resistance and 

that induced by the change in geometry, respectively. 𝜌0 is the initial resistivity. The equation 

can be rearranged to obtain the resistivity of the PEDOT:PSS films at each strain level: 
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𝜌 = 𝜌0 ∙ [
∆𝑅

𝑅0
+ 1] [

∆𝑅𝐺

𝑅0
+ 1]⁄                                                          (3) 

 

 

2. Resistivity change at the direction perpendicular and parallel to the tensile direction 

We have measured the resistivity changes at the direction not only parallel but also 

perpendicular to the tensile direction as shown in Figure S2. During the mechanical deformation, 

the resistivity decreased at the parallel diection but increased along the perpendicular direction 

below the strain of 7%. However, under large mechancial strain, the resistivity at the direction 

perpendicular to the tensile direction is also decreased with the strain. The both resistivity 

changes decreased with the strain which have similar slope of the change. It is mainly caused 

by the equivalent growth of the conductive PEDOT-rich cores independent of the tensile 

direction (Figure 2a). The electrical conducuction is enhanced in the both direction due to the 

coalescence of the cores induced by large mechancial strain. 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Information   

4 

 

 

 

 

 

 

 

 

Figure S1. (a) Electrical resistivity of PEDOT:PSS films as a function of the rpm of the spin-

coater. (b) Thickness of PEDOT:PSS films as a function of the rpm of the spin-coater. 
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Figure S2. Electrical resistivity changes of PEDOT:PSS film at the direction perpendicular and 

parallel to the tensile direction. 
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Figure S3. AFM phase images of PEDOT:PSS films at each strain reproduced using image 

analyzing software (Scion Image analyzer). Black and white areas in the images represent the 

PEDOT-rich cores and PSS shells, respectively. The arrows indicate stretching direction. 
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Table S1. Representative FT-IR absorption band for PEDOT:PSS and PI films. 

PEDOT:PSS Wave # (cm-1) PI Wave # (cm-1) 

C-S (PEDOT) 
709 

C=O bending 723 862 

944 

C-C (PEDOT) 1288 C-O-C 1086 
C=C (PEDOT) 1496 C-N 1377 

S-O (PSS) 
1122 C=C 1600 
1162 

C=O 
1714 

S-phenyl bonds (PSS) 1037 1775 

 

 


