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but the overall size and shape of the domains remained unaltered. The dark 
regions in Figure 2a represent pits that are formed within the heterogeneous 
structure.  The depth and width of the pits can be read directly from the line 
profile.    

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  (a) and (b) 3-D and 2-D representations of the topography, 
respectively and (c) a line profile, for a 70:30 blend sample after ambient 
conditioning for 24 h and then exposing the film to 2M HCl vapor for 3 h.  
Contrast variations are 200 nm from white to black for the height images.
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Figure 3. (a) Tapping mode height image (left) and phase image (right), 
and (b) a 3-dimensional representation of the topography for the PEA film 
after 24 h of ambient conditioning and exposure to HCl vapor for 40 days.  
Contrast variations from white to black for the height image are 200nm and 
90o for the phase image.  
   

To relate the changes due to acid exposure in the composition of the 
PEA/PS blend, PEA and PS cast films were similarly exposed to HCl vapor. 
The changes observed in the matrix material of the blend were assumed to 

correspond to changes in either the PEA or PS film with exposure to HCl 
vapor. In Figure 3a, the AFM topographic image (left) and phase image 
(right) are shown for a 20 µm x 20 µm scan area of a 110 nm  + 10 nm 
thick PEA film on Si substrate that has been exposed to an acid 
environment for 40 days.  In contrast to the generally smooth surface of the 
unexposed PEA film (not shown), the surface of the exposed PEA film 
shows isolated degradation (dark spots in the topographic image).  Much of 
the degradation occurs at localized sites in the form of pits with lateral 
dimensions from several nanometers to several micrometers, as observed in 
the 3-D topographic image shown in Figure 3b. From this study, it was 
concluded that in 70:30 PEA/PS blend, the domains are PS and the matrix 
is PEA. 

To confirm that the PEA component in the PEA/PS 70:30 blend was 
indeed the matrix and the PS component in the blend is the domain, force-
curve measurements were performed on pure PS, pure PEA, and the 70:30 
blend.  A force curve is a plot of the deflection of the free end of the AFM 
probe as a function of z-piezo motion as the probe approaches, contacts, 
and withdraws from the sample surface. There are several notable 
similarities in the shape of the force curves for domain and matrix regions 
compared to that of pure PS and PEA (data not shown). For example, 
considerable penetration of the probe into the matrix and minimal 
penetration of the probe into the domain were observed, which was similar 
to that observed for the pure PEA and pure PS films, respectively.  In 
addition, a strong hysteresis (difference between the loading and unloading 
region) in the force curve was observed for the matrix region and no 
hysteresis for the domain region. The significant penetration of the probe 
tip and strong hysteresis in the force curve are indicative of the extremely 
compliant PEA rich matrix material, while minimal penetration and no 
hysteresis are indicative of the stiff PS rich domain material.   
 
Conclusions 

The mapping of chemically heterogeneous regions in PEA/PS film 
was achieved by hydrolyzing the film in a low pH environment and 
analyzing by AFM.  In 70:30 blend, the domains were identified as PS rich 
regions and matrix as the PB rich regions, based on AFM images, force 
curve measurements, and chemical modification study. During the course 
of hydrolysis of PEA, pits were formed in isolated regions of the matrix, as 
characterized by AFM.  
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