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Thesis topic Modeling the kinetic isotope effect in physics and chemistry 

How a quantum particle crosses a barrier is a widely addressed issue in quantum physics. However,
when light nuclei such as hydrogen, for which the room-temperature de Broglie wavelength is not very far
from inter-atomic distances, are involved, or for low-temperature processes, to account for these effects
in real materials is still an open theoretical question. A fairly recent and active international community at
the interface between physics and chemistry is rapidly growing around these issues.
In particular, the calculation of reaction rates represents a challenge, as the quantitative understanding of
kinetics needs to know the molecular mechanisms at the atomic scale, including bond breaking and
forming. In this thesis project, we aim at modeling, beyond the existing theories, the  kinetic isotopic
effects (KIE), that is, the kinetics of a reaction as a function of the isotopes. Noteworthy, if very different
chemical reactions may have same rate constants, the relative KIE of a given reaction (that is, the ratio of
the isotope-dependent  rate constants) is  often used as a marker  of  chemical  reactions.  In classical
statistical  mechanics,  the  relative  KIE  depends  on  the  root  of  the  isotope  mass  ratio.  Therefore,
whenever the relative KIE deviates from this simple law, quantum mechanics comes into play. Two main
quantum  phenomena  distinguish  the  behavior  of  distinct  isotopes:  the  zero-point  energy  and  the
tunneling through barriers, which both depend on mass. Recently, our group obtained relevant results on
the quantum proton behavior in ice and other materials, through various approximate schemes (quantum
thermal  baths)  as  well  as  through  path-integral  (Feynman)  techniques.  We  aim  at  establishing  a
collaboration with theoretical chemists in view of the application of those schemes to relevant processes
in chemical physics and material sciences.  The thesis working plan is the following:  
(1) Test new semi-classical approaches on model reactions, where exact results can be obtained.
(2)  Use semi-classical  approximations to  describe relevant  reactions in  molecules and compare the
results with those previously obtained in the classical frame.
(3) Study the proton (or other light atoms, such as Li) diffusion in energy-relevant materials, at different
levels (classical, semi-classical or path-integral-based theories), or surface-related diffusion processes,
especially at low temperatures, in the quantum regime. 
The ideal candidate has a solid background in chemical physics, quantum and statistical mechanics, a 
taste for programming and equations. Good communication and organization skills are a plus, as the 
thesis project will be conducted in collaboration with several scientists in Italy (Milan University), 
Lausanne (Swiss Federal Institute of Technology) and other labs at Sorbonne University.
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