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P.33 X-ray reflectivity study of the surface oxidation of polydimethylsiloxane (PDMS) by plasma exposure and its 

impact on mechanical wrinkling  
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Surface patterning imparts functionality including controlled wetting and spreading of liquids, adhesion and 

assembly of smart coatings. Topographical feature sizes ranging from 100s nm to 100s of m can be readily 

achieved using wrinkling of bilayers, a method which is inherently inexpensive, scalable and robust. We study the 

surface oxidation of polydimethylsiloxane (PDMS) by plasma exposure and its implications for the mechanically-

induced surface wrinkling of the resulting glass–elastomer bilayers. We find that a glassy-skin forms and propagates 

normal to the plama-exposed surface in a planar fashion, which is well-described by a coarse-grained wave 

propagation model. Chemical composition and thickness of the oxidised skin layer were obtained from X-ray 

reflectivity (XRR) of planar PDMS supported by Si. The XRR profiles reveal the formation of a fully oxidized layer 

followed by an intermediate layer (propagation-layer) of thickness directly dependent upon the exposure time. We 

quantify the effect of plasma frequency, oxygen content, pressure, as well as exposure time and power, in terms of 

the resulting glassy skin thickness h, inferred from wrinkling experiments. The glassy skin thickness is found to 

increase with the plasma dose D (≡ power×time), while it decreases with gas pressure and oxygen molar fraction. 

While brief plasma exposures should provide thin skins and, in turn, short patterned wavelengths, the contrast 

between elastic moduli between the skin and substrate also decreases, eventually preventing wrinkling at finite 

strain; this interplay creates a theoretical minimum wavelength attainable. A combination of surface wrinkling 

experiments and XRR provides a clear description of the densification of the skin layer, and guided by the frontal 

model, we further expand the capabilities of plasma oxidation for PDMS wrinkling towards sub-100 nm wrinkles and 

higher aspect ratios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


