
The layered transition metal compound FePS3

is a Mott insulator that was reported to 
undergo an insulator-to-metal transition and 
structural phase transitions under pressure. 
Here [1], we report that the resulting metallic 
state can be an orbital-selective Mott phase 
(OSMP) with itinerant t2g states and localized 
eg states under nonhydrostatic pressure 
condition. This OSMP is a non-Fermi liquid 
with bad metallic behavior. The system 
becomes a conventional Fermi liquid under 
further application of pressure. Thus, FePS3 is 
an unusually intriguing correlated system 
where three contrasting phases (Mott 
insulator, non-Fermi liquid, and Fermi liquid) 
appear in a single material under an 
accessible pressure range (≲18GPa).
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Methods
We used first-principles methods based on a 
combination of density functional theory (DFT) and 
embedded dynamical mean field theory (eDMFT). 

Scattering Rates

The metallic states in HP1 has large scattering 
rates confirming the non-Fermi liquid behavior, 
while those in HP2 have small scattering rates 
showing Fermi liquid behavior.
Near 𝜔=0, the imaginary part of the self-energy is 
reported to show a logarithmic behavior in the 
metallic states of the OSMP.

Conclusion
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Introduction

Structural phase transition of FePS3 under Pressure
• HP0 (ambient conditions): Mott insulator
• HP1 (intermediate phase): Metal or Insulator 

depending on the pressure condition [2,3]
• HP2 (highest pressure phase): Metal

Important findings
• The metallic HP1 phase is an OSMP and appears 

only under nonhydrostatic pressure with larger 
out-of-plane component than in-plane.

• The origin of the large resistivity difference in the 
metallic HP1 and HP2 phases: HP1 is a non-
Fermi liquid with bad metallic behavior while HP2 
is a conventional Fermi liquid.

• The key element for the realization of the OSMP 
is the competition between Hund’s coupling and 
crystal field splitting.

• We also clarify the relation between the 
structural and electronic phase transitions [1].

Abstract

We found an OSMP with non-Fermi liquid bad 
metallic behavior in FePS3 which was realized 
experimentally [2] while the novelty has been 
overlooked. Further application of pressure drives 
the system into a conventional Fermi liquid phase. 
This explains the large resistivity difference 
between the metallic HP1 and HP2 observed in 
the single-crystal transport measurements [2, 3]. 
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k-resolved Spectral Functions

The OSMP in HP1 has incoherent metallic states at 
the Fermi level since the localized electrons (eg) act 
as scattering centers for the itinerant electrons 
(t2g=a1g+eg’). This phase is a non-Fermi liquid.

Mott insulator in HP0.
HP0 @ 0 GPa

HP1 @ 10 GPa

HP2 @ 18 GPa

The metallic states in HP2 have clear quasi-
particle peaks. This is a conventional Fermi liquid.

Hund’s coupling vs. Crystal field splitting

T-dependence of Resistivity

Hund’s coupling is dominant in HP1 while crystal 
field splitting is important in HP2.
(Left) t2g and eg states have similar occupation in 
HP1 whereas t2g is considerably more occupied 
than eg in HP2.
(Right) High-spin states are dominant in HP1 
whereas low-spin states are dominant in HP2.

The OSMP in HP1 has metallic temperature 
dependence of resistivity at the high-temperature 
regime.

HP1 @ 300K

HP2 @ 300K HP2 @ 100K

HP1 @ 100K


