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  A thermal  gradient  can  induce at  the  macroscopic  scale  a  controlled  motion of  charged  carriers  in  metals  or  ionic
conductors  and of molecules  in  gases  or  fluids.  These phenomena can be labeled under the generic name of  thermo-

migration and have been formalized noticeably by Onsager. Recently, it has been shown that thermo-migration can also
induce motion at solid-solid interfaces of objects like concentric nanotubes [1,2] or gold nanoclusters in a nanotube or on

graphene [3,4]. In addition, if thermal migration can be a drawback for some applications, it can also be used to control the
motion of atoms or nano-objects [5,6].

In  this  work,  we will  focus  on  the  understanding  of  the  phenomenon of  thermo-migration of  nanostructures  on non-
conductive crystal surfaces.

 Conceptually, the driving force of thermo-migration comes from the non-homogeneity of the phonons population for non-
conductive materials. While on the macroscopic scale, thermo-migration is a diffusive phenomenon quantitatively described

by the proportionality between the mass current density and the thermal gradient, the validity of this law is questioned at the
nanoscale. Indeed,  at a spatial scale comparable to the mean free path of the phonons, the  heat transport can turn from a

diffusive to a ballistic regime. In addition, the nanostructure migration speed also depends on the friction with the surface, a
phenomenon itself having original characteristics at the nanoscale. Hence, the relationship between the mass current density

and the thermal gradient (or the temperature difference) is poorly understood at the nanoscale and is the subject of current
researches.

We will use numerical simulations to study the thermo-migration of nanostructures on non-conductive crystal surfaces.
Molecular dynamic type simulations (well suited to the spatial and temporal scales of this problem) will be carried out using

the parallel code LAMMPS and will benefit from the regional and/or national computer facilities. The generation and the
study of thermal gradients will benefit from the literature on the heat diffusion at the nanoscale. We will compute the forces

acting  on  the  nanostructures,  their  speeds,  the  characteristics  of  the  thermal  gradient  and  the  friction  between  the
nanostructures and the surface. The objective of the thesis will be to establish and understand the relationships between

these  quantities  at  the  nanoscale.  Beyond numerical  studies,  for  a  motivated  student,  analytical  approaches  using  the
standard tools of statistical physics may be considered.

This work will benefit from  a collaboration with a french  research group (Cinam, Marseilles) which experimentally studies
and observes the thermo-migration on silicon surfaces by low energy electrons microscopy.  

The  applicant  will  have  an  overall  good  level  in  physics  (mechanics,  statistical  physics,  solid  state  physics)  and

preferentially some knowledge in programming language (fortran, C, C++ or python. . . ). Knowledge in surface physics
will be valuable. 

A full-time PhD position (ministry grant) beginning in October 2021 will be available on this subject at the CEMES.
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