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要 旨：Low thermal conductive semiconductors have attracted huge attention for waste 
heat harvesting applications. Although the weak chemical bonding in the Cu/Ag-based 
chalcogenides is promising in suppressing heat transport, their ternary and quaternary 
analogues remain less explored. In this regard, the crystal structure and thermal 
conductivity of various Cu/Ag-containing sulvanite-type compounds are the focus of our 
ongoing investigation. In our recent study, we carried out both experimentally and 
theoretically analyses of the crystal structure, phase transition, and temperature-
dependent lattice thermal conductivity (κL) of ACu3TiQ4 (A = Cu, Ag; Q = S, Se, Te).[1-6]  
The cubic crystal structures (space group P4�3m) of ACu3TiQ4 (A = Cu, Ag; Q = S, Se) are 
structurally similar to mineral sulvanite (Cu3VSe4), where a positionally disordered A-
sites is located inside the sulvanite cage. Upon cooling, the symmetry reduction from cubic 
to a rhombohedral (space group R3m) structure occurs which is attributed to the partial 
ordering of the positionally disordered A- atoms. Interestingly, the lattice thermal 
conductivity of these compounds remains exceptionally low, varying in the range of ~0.2‒
0.7 W m-1 K-1 at room temperature. Density Functional Theory (DFT) calculations show 
that the presence of antibonding states of Cu(3d)/Ag(4d) ‒Q(4p) near the Fermi level 
(EF) provides softness to the lattice framework. In addition, the positionally disordered 
sites play a crucial role in further softening the framework and provides large lattice 
anharmonicity. The low-lying optical phonon modes are mainly driven by the presence of 
soft lattice framework, positional disorder and associated rattling-like vibrations of 
Ag/Cu atoms. Their strong interaction with the heat-carrying acoustic phonon modes are 
key ingredients that explain the ultra- low lattice thermal conductivity. 
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