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(Srefer) using the same protocol but the first step of the treatment with 
oxygen plasma was short (60 s) to have the sample with a smaller roughness 
(below 100 nm).  

Covalent binding to the substrate surface irreversibly prevents 
macrophase separation in the mixed brush and, as it was recently shown8,9, 
the chains self-assemble into two dimensional structures with lateral 
periodicity. Simultaneously, the chains segregate perpendicular to the 
surface. Interplay between the lateral and perpendicular segregation effects 
the film morphology and switching properties (Figure 1e-g). Upon 
exposure to selective solvent a top of the film is enriched by a favored 
component and the unfavored component forms clusters dipped into the 
film. Upon exposure to toluene P2VP builds round domains in the matrix of 
PSF (Figure 1c, 1e). The inverse situation was observed upon exposure to 
water with pH=3. In the latter case PSF forms clusters dipped into P2VP 
matrix (Figure 1g). Upon exposure to 1,4-dioxane we observe domains of 
both polymers on the surface(Figure 1f). Contact angle measurements 
support the switching of the surface composition: we obtained the water 
contact angles on the surface of the control sample Srefer (not composite 
surface): 118o after toluene, 25o after water (pH=3), and 75o after ethanol.  

The dramatic change of the switching properties was observed for the 
sample Scomp upon exposure to different solvents: 160o after toluene, when 
the drop of water rolls on the surface showing very small hysteresis (Figure 
3a). After treatment by water (pH=3) for several minutes the surface 
switches to hydrophilic properties. A drop of water spreads on the surface 
because of capillary penetration effect (Figure 1b, 3b). Such an increase of 
the switching range is caused by the hierarchical morphology of the film: 
the combination of the large and small structures and an interplay between 
the structures of the mixed brush.  

 
 

Figure 3. A water drop on PTFE surfaces after exposure of the sample 
totoluene (a) and water at pH=3 (b). 
 

The switching of SAS results in the switching of various types of 
interaction mechanisms with surroundings, particular, van der Waals 
interactions which can be used to regulate adhesion. We performed a simple 
adhesion test in which we adhered a polymer film to the SAS sample with a 
patterned surface. The sample was switched to ultrahydrophobic state with 
toluene and patterned with water to switch particular areas to hydrophilic 
state. The plot in Figure 4 represents the force of the film defoliation from 
the SAS-substrate vs. distance of the defoliation along the sample. The 
sharp decrease of adhesion was observed at the point of crossing the border 
between  the ultrahydrophobic and hydrophilic areas on the sample.  
 
Conclusions 

 We have demonstrated that combination of the two level hierarchical 
organization of polymer films at macroscopic and nanoscopic levels 
resulted in the formation of SAS switchable in controlled environment from 
ultrahydrophobic to hydrophilic energetic states. 
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Figure 4. Plot of a force to defoliate the polymer film adhered to SAS on 
PTFE substrate vs. length of the defoliation path. The dot line indicates the 
border between hydrophilic (left) and hydrophobic (right) areas of the SAS 
prepared by patterning of the substrate upon exposure to water and toluene, 
respectively.   
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