
Nuclear and Emerging Technologies for Space, American Nuclear Society Topical Meeting  

Richland, WA, February 25 – February 28, 2019, available online at http://anstd.ans.org/ 
 

 
 

 

Enhanced Thermoelectric Performance of Rare-Earth Telluride 

Compounds via Band Structure Engineering 

 
Dean Cheikh1, Brea E. Hogan1,2, Steven J. Gomez1,2, Trinh Vo1, Paul von Allmen1,  

Bruce S. Dunn2, Jean-Pierre Fleurial1, and Sabah K. Bux1 

 
1Jet Propulsion Laboratory, Pasadena, CA 91109 

2aDepartment of Materials Science and Engineering, University of California, Los Angeles, CA  90095 

Dean.A.Cheikh@jpl.nasa.gov 

 

Abstract. Lanthanum telluride (La3-xTe4) has recently emerged as a high-efficiency, high-temperature n-type thermoelectric 

material. The performance of La3-xTe4 stems from a complex defect thorium phosphide (Th3P4) crystal structure, where La3+ 

vacancies enable a wide range of carrier concentrations. This results in an inherently low thermal conductivity (κ) and 

favorable values for thermopower (S) and electrical resistivity (ρ). With an optimized defect stoichiometry, the dimensionless 

figure of merit, ZT = S2T/ρκ, can achieve values as large as 1.2 at 1275K.  

 To further improve the thermoelectric performance of this system, we investigated methods to modify the electronic 

band structure to induce favorable thermoelectric properties. Here we will present computational results showing the 

introduction of 4f electrons of other rare-earth (RE) elements (Pr and Nd) resulted in a sharp peak in the density of states 

(DOS) near the Fermi level of these RE3-xTe4 compounds. The peak in the DOS was predicted to increase the Seebeck 

coefficients of Pr3-xTe4 and Nd3-xTe4 by 25% and 100%, respectively, over La3-xTe4 at equivalent carrier concentrations.  

Pr3-xTe4 and Nd3-xTe4 compounds were then synthesized using a mechanochemical approach and compacted using spark 

plasma sintering (SPS). Both materials were found to have improved Seebeck coefficients in agreement with our 

computational predictions and showed increases in ZT compared to La3-xTe4. The enhanced in ZT via band structure 

engineering would enable lower hot-side temperatures in future RTGs while maintaining high-performance, helping mitigate 

degradation mechanisms such as sublimation, material interdiffusion, or thermomechanical stresses. 
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