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Titre de la thèse: Electronic correlations and instability of the Fermi liquid in 2D chalcogenides   
 
Layered transition metal chalcogenides have raised a great deal of interest owing to their remarkable electronic 
properties, such as superconducting (SC) and charge density wave (CDW) states, tuned by electronic doping. 
For a long time, common wisdom has been that electronic correlations are weak in these compounds and that 
the SC mechanism is of the conventional BCS electron-phonon type. The recent discovery of high-temperature 
SC in the FeSe system has put into question this conventional scenario and the validity of a conventional Fermi-
liquid description. It has been argued that, in FeSe, SC competes with a spin density wave (SDW) formed by the 
magnetic Fe ion, thus suggesting the possibility of an electronic pairing mechanism. 

In the present PhD project, we plan to investigate the crossover from Fermi 
to non-Fermi liquid regime in layered chalcogenides driven by electronic 
correlations. We shall focus on the role of the Kondo interaction provided 
by magnetic ions in two quasi-2D systems: i) (Cu0.7V0.3)V2S4 (see figure), 
where the interstitial site between adjacent VS2 layers is occupied by either 
magnetic V3+ or nonmagnetic Cu1+ ions; ii) V5S8, where the above site is 
occupied by V3+ ions only. In i), our first study unveiled a clear crossover 
from Fermi to non-Fermi liquid behavior caused by a Kondo transition at 
~30 K. In ii), previous studies have given evidence of an unusual 
antiferromagnetic metallic state, where the magnetic order of the V3+ ion 
observed at TN=32 K seems to involve both the interstitial and layer sites. 

The above unusual properties prompt us to investigate the electronic structure of both systems by means of 
angular photoemission spectroscopy (ARPES) supported by ab initio calculations that take into account many-
body effects (Coll. M. Hellgren and M. Casula, IMPMC). A preliminary ARPES experiment carried out at the 
SOLEIL synchrotron (coll. V. Brouet) demonstrates the feasibility of this study on (Cu0.7V0.3)V2S4 single 
crystals and high-quality dispersion data could be obtained. A systematic study by means of specific heat, 
magnetic, magnetotransport and thermopower measurements at low temperature and under high pressure shall 
enable us to probe the non-Fermi liquid properties, possibly induced by the coupling between adjacent metallic 
VS2 layers via the magnetic V3+ ions. This would be a manifestation of the long-sought two-channel Kondo 
state. Further neutron scattering and NMR studies shall give a hint as to the role of magnetism on the anomalous 
metallic state arising from the above coupling. Open questions are the role of magnetic correlations on the 
stability of the Fermi liquid and the possibility of recovering a Fermi liquid state under high pressure. 

In order to realize successfully the proposed PhD project, the candidate shall have a strong background in solid 
state physics and good skills in the experimental work, especially in thermodynamic and transport 
measurements at low temperatures. A marked taste for data analyzing is recommended.  


