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Scientific description:

In recent papers (Refs. [1]-[2]) it was shown that it is possible to observe a topological phase
transition in 1D acene ethynylene-bridged polymers from a trivial to a non-trivial insulating phase
as a function of the monomer acene size (n). Combining tight-binding, DFT and GW calculations
they showed that such quantum phase transition was accompanied by an ethylenic-to-cumulenic
transition in the molecular bridges between the acenes, and that the presence of a topological
transition could provide a route to novel organic metals.
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However, the optical properties of such polymers and the impact of the topological transition on
their excitonic excitations were not discussed. We therefore propose to study the excitonic
properties of infinitely extended pi-conjugated acene ethynylene-bridged polymers both in the
trivial and non-trivial quantum phase. Moreover we plan to study to which extent it is possible to
approach the quantum critical point by tuning the relevant degrees of freedom and to study the
effects on the optical response. This latter part opens the possibility of further exploration of how
these non-trivial properties might be applied in next-generation optoelectronics devices, such as
singlet-fission based solar cells.
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Techniques/methods in use: Density Matrix Renormalization Group (DMRG), Density
Functional Theory (DFT), Many-Body corrections.

Applicant skills: A strong background in solid state physics, as well as interest and
experience of scientific computational languages (Fortran, C++, Python, Julia) would be
highly advantageous.

Industrial partnership: No
Internship supervisor(s): Alex Chin, alex.chin@insp.upmc.fr, +33144276980; Davide

Romanin, davide.romanin@insp.upmc.fr
Internship location: Campus Jussieu Tower 22, 22-23 2nd floor

Possibility for a Doctoral thesis: Yes, subject to funding



