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Film Roughness Analysis 

An evaluation of film surface roughness was carried out using AFM for all samples. The 

average roughness (RA) of 1 × 1 μm images was calculated. In Figure S1, the evolution of RA is shown 

for all polymeric films prepared with different solvents at different concentrations. 

 

 



Materials 2018, 11, x FOR PEER REVIEW  2 of 4 

 

 

 

 

Figure S1. Evolution of average surface roughness (RA) with temperature for SBS, SEES, SIS, and SEPS films 

prepared with (a) different solvents and (b) solution concentrations.  

The hydrogenation of middle blocks resulted in PE/PP and PE in addition to initial PI and PB, 

with the change in the middle block leading to rougher surfaces, related to the stronger repulsion 

among blocks. PE/PP and PE presented higher immiscibility than PS chains with PB and PI, resulting 

in rougher surfaces than their precursors. Among SEPS and SEES, the PP/PE middle block of the 

former resulted in rougher surfaces when compared to PE.  
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Film roughness was also affected by annealing temperatures and employed solvents. Polymeric 

systems of SBS and SIS showed the same tendency in roughness concerning the polymer 

concentration, whereby roughness increased until 80 °C before dropping. A more mixed tendency 

was observed for SEES and SEPS, where the presence of crystals or the dominant worm-like 

morphology affected the roughness for intermediate temperatures, at which point the morphologies 

formed. For the case of different solvents, a mixed behavior can be seen, since the evaporation rate of 

the solvent was important for the formation of the polymeric film, and subsequently, for the 

morphology. For SBS, a tendency toward higher roughness was found for the intermediate 

temperatures, which continued in the case of the cyclohexane, whereas it dropped for the other two 

solvents. The analogous SEES had a mixed roughness going from RT to intermediate temperatures 

(increasing and decreasing); however, at 100 °C, the roughness increased for all solvents. SIS was 

similar to SBS, where, at intermediate temperatures, roughness increased and continued for the case 

of cyclohexane. SEPS showed a decrease in roughness for intermediate temperatures, which 

decreased further at 100 °C for cyclohexane and toluene (where enough time was given due to the 

evaporation rate), in addition to THF. SEPS was also the polymeric system with the most organized 

nanostructures at many temperatures, creating smoother surfaces.    

Upon increasing the annealing temperature, the presence of crystalline or crystal-like domains 

(as shown in Figures 1 and 2) led to higher values of RA. Finally, another explanation for the lower 

roughness at the higher annealing temperature of 100 °C was the disappearance of domains present 

at 60 and 80 °C, as seen in the AFM images.  

Regarding the employed solvent, in addition to its effect on the evaporation rate, chains may or 

may not have enough time to relax and adopt configurations, with a clear effect on roughness also 

observed. Taking into account that the solvent polarity is directly related to the affinity for each 

block, [1–6] an increase in solvent polarity led to higher roughness values (as clearly seen, especially 

for SBS and SEPS). This fact could also be related to the evaporation rate, which was very high for 

THF, with polymeric chains having less time to relax and order. The evaporation rate/affinity 

combination was the main factor giving rise to the final roughness of each sample. Cyclohexane 

presented a higher tendency to separate the middle block from PS (as it is a Θ solvent for PS at RT, 

whereby affinity increases with temperature [38]). In addition, toluene presented a higher affinity 

for the middle block and the slowest evaporation rate; thus, blocks had time for relaxation and 

ordering, leading to smoother surfaces. 
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