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Mobility below freezing: polydispersity effects in nanometric interface layers 

 

Is the surface of a solid really immobile? Even below the bulk freezing point of a condensed 

phase, molecules at or near the surface may move about to smooth that surface. Topographical 

corrugations represent an excess of energy, and surface tension drives these mobile molecules 

into lower energy states. Effects related to this surface mobility comprise, as a striking example, 

a size dependent glass transition temperature -- thin polymer films can seem to melt at a lower 

temperature than thicker ones. The understanding of this finite size effect, related to the surface 

mobility, has confounded researchers for decades. This is particularly so because it relates to a 

fundamental, unsolved problem in condensed matter physics: the glass transition. Recent 

experimental observations have suggested the aforementioned surface region is of nanometric 

extent. The existence of such a surface mobile region has led to questions related to the nature 

of the molecular motion inside of it, yet there are few techniques that can precisely measure the 

mobility in a region of such a size. In the proposed project, mainly experimental, the student 

would employ the recently developed stepped film technique to probe the mobility of surfaces 

below their bulk glass transition temperature. Specifically, using polydisperse films i.e. films 

composed of blended polymer chain lengths, the student would attempt to discover to what 

extent surface mobility may be influenced by the shortest chains in a polymer melt. 

Furthermore, since short chain melts have a lower surface tension than melts of long chains, 

there is the possibility of short chain enrichment at the surface. Through precise annealing 

protocols, the student would furthermore assess the dependence of thermal history on the 

surface mobility. The work would take place in a well-established international collaboration, 

including members at the ESPCI, and in several institutions in both Canada and Germany. 

Communication and travel within the network may be necessary.  

 

 
 

Condensed Matter Physics: YES                             

Macroscopics Physics and complexity: YES 


