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results confirm very low lattice thermal conductivity, on the order of 0.6 W m-1 K-1 near 300 

K, similar to those reported for the binaries BiSe and Bi8Se9.39,40 However, the evolution of 

the electronic properties with x appears more complex than previously reported, suggesting an 

important role played by native defects, similarly to what has been observed in other relevant 

chalcogenide compounds for thermoelectric applications.  

 

2. Experimental Section  

 

2.1 Synthesis and sample characterization 

 

All handling of elements and powders were carried out in an argon-filled, dry glove box. Prior 

to use, elemental Bi (99.999%), Sb and Te (99.999%) were purified to remove possible traces 

of oxides. To this end, each element was loaded in a pre-evacuated silica tube, sealed under 

inert atmosphere, heated above its melting point in a rocking furnace for 2h and finally 

quenched in room-temperature water. The surfaces of the obtained ingots were carefully 

polished in the glove box before being hand ground into fine powders. Polycrystalline Bi8-

xSbxSe7 samples with x = 0.0, 0.8, 1.2, 1.6, 2.0 and 2.4 were subsequently prepared from a 

mixture of stoichiometric amounts of purified Bi, Sb and Te powders. These mixtures were 

loaded in pre-evacuated silica tubes and sealed under inert atmosphere. The tubes were placed 

in a rocking furnace and heated to 650°C, that is, above the melting point of the binary Bi8Se7 

according to the Bi-Se binary phase diagram.42 After maintaining this temperature for 2 days, 

the tubes were quenched in room-temperature water. The obtained ingots were hand ground 

into fine powders that were cold-pressed into cylindrical pellets. These pellets were sealed in 

silica tubes under inert atmosphere, annealed at 450°C for 15 days, before being eventually 

quenched in room-temperature water. Of note, this long-term annealing is an important 
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native defects. Of note, the variations in both coefficients with x suggests that two distinct 

substitutional ranges exist in this series, delineated by a concentration located between x = 1.2 

and 1.6. At the optimum doping level of x = 1.6, a remarkable peak ZT value of 0.40 at 300 K 

is achieved, which ranks this compound among the best known n-type thermoelectric 

materials for near-room-temperature applications. Central to these high performances is the 

poor ability of this layered crystal structure to conduct heat, should it be along or 

perpendicular to the pressing direction. The stacking sequence of the layers in Bi8Se7 likely 

reduces the energy window of the acoustic phonon branches due to the presence of low-

energy optical modes related to the Bi2 layers, resulting in the low sound velocities measured 

experimentally. The observation of high thermoelectric performances in these n-type 

compounds indicates that the study of the transport properties of other compounds in various 

tetradymite homologous series may unveil novel materials with superior thermoelectric 

properties near room temperature upon proper optimization.  
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