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The ambitious goal of material science is to develop smart materials which combine 
few different functionalities. Latest advances in technology demand lightweight, 
flexible and conductive materials for flexible electronic devices, which placed polymer-
based structures into the focus of the researcher’s attention. However, electrical 
circuits in flexible electronic devices are inorganic and they are also subjected to 
bending or stretching whilst device usage. Constant mechanical stress leads to wearing 
of the inorganic structures, thus causing underperformance of the devices or even 
their failure. Self-healing materials may answer this technological demand. 
To impart the above-described properties into one material, the conductivity of 
inorganics should be coupled with the flexibility and transparency of the organics. Such 
modification of the polymers is possible by vapor phase infiltration (VPI) [1]. VPI is 
distinguished from atomic layer deposition owing to the prolonged exposure of 
substrates to gaseous precursors. In the case of soft polymeric substrates, precursors 
can diffuse into the free volume of a polymer and react with available functional sites 
or get physically trapped. Such a process leads to simultaneous growth of inorganic 
clusters in the bulk of the polymer and an inorganic film on its surface. Subsurface 
inorganic nanoclusters in a polymeric matrix form a hybrid layer with altering density 
and a smooth transition from the bulk of the polymer to the inorganic thin film (Figure 
1). This gradient layer can compensate mechanical stress and suppress crack formation 
upon bending, thus preventing the loss of electrical conductivity upon bending, folding, 
or stretching. 
In this work, we developed a VPI process of zinc and indium oxides by exposure of 
polymers to alternating pulses of diethyl zinc and water, and trimethylindium and 
hydrogen peroxide precursors, respectively. We investigated in detail the chemical 
structure of the obtained hybrids by X-ray photoelectron spectroscopy (XPS), electron 
diffraction, transmission electron microscopy (TEM), and energy-dispersive X-ray 
spectroscopy (EDX). The electrical performance was tested by measuring the sheet 
resistance of the ParyleneC/In2O3 hybrid upon multiple bending over a radius of 5,5 
mm. The self-healing ability of these nanocomposites will be discussed. 
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Fig.1. Scanning electron microscopy (SEM) image of focused ion beam (FIB) cross-

section of polymer infiltrated with diethyl zinc and water by VPI. 


