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Titre de la thèse: Topology and social networks methods for phase transformations of matter 

Description du projet (max. 1 page) : The study and understanding of transformations in statistical 

systems, from condensed matter phase transitions to chemical reactions and protein folding, is one of the 

most fundamental and difficult problems in physics. To this end, we are developing a novel conceptual 

framework to describe the general phase space of such transformations and extract their kinetic features, 

using topology-based ideas stemming from theory of graphs algorithms (Google) and social networks, 

whose first toy-model applications are very promising (PietrucciSaitta, PNAS15). We now need to fully 

develop this method towards more complex systems, through generalized Langevin equations, and to 

combine for the first time these approaches with solid-state ab initio Density Functional Theory methods. 

Once the theoretical framework established and built, we aim at investigating, as a testcase, the high-

pressure/high temperature diagram of the carbon phases existing along the transformation from the 2D-

layered forms of graphite/graphene to the 3D. In fact, these transformations have been massively studied 

in recent years in the hope of finding allotropes displaying new exotic properties from both the 

fundamental and the technological point view [Mao, Science03]. However, on one hand experimental 

studies have provided quite contradictory results, as the relatively cold (room temperature) compression 

of graphite invariably leads to a plethora of phases difficult to identify, and possibly recover. On the other 

hand, numerous high-profile groups [Oganov, SciRep12; Parrinello, NatureMat11] have adopted state-

of-the-art ab initio research methods in order to clarify the issue, this sometimes resulting in a number of 

different intermediate structures proposed, each seemingly the “ultimate” one, until a newer one is found. 

 

 

 

 

 

 

 

We look for a student willing to develop these innovative methods and determined to carry out the project 

in collaboration with the experimentalists of our group. Besides the above-mentioned articles, our 

theoretical team has a consolidated expertise and a strong publication record in the study of molecular 

systems under extreme conditions, including 2 PNAS and 1 ChemSci in 2017, 1 SciRep in 2016, 4 PNAS 

in 2015, 1 PNAS and 1 SciRep in 2014, 2 PRL in 2013, 2 PRL in 2012. 
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