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Description of Project: 

Heat generated from various sources viz. automobile engines, boilers in industries, Sun’s heat 

goes wasted and need to be tapped for useful energy conversion. This becomes more 

important as the fossil fuels which form the source of energy for most of our day-to-day 

activities are available only for few decades. Based on the Seebeck and Peltier effects, it is 

possible to convert the available heat energy to electrical energy and vice versa. 

Semiconductors which do this conversion are called thermoelectric materials and form the 

basis for the current project proposal. The conversion efficiency of a thermoelectric material is 

dictated by its dimensionless figure of merit ZT given by S
2/ where S is the Seebeck 

coefficient,  is the electrical conductivity and  is the thermal conductivity. A high 

performance thermoelectric material should have a high power factor ( S
2) and a low thermal 

conductivity. The thermal conductivity is due to the electrons (el) and lattice phonons (ph) and 

is given by their sum as =el + ph. The electronic contribution to the thermal conductivity 

given by the Wiedemann– Franz relation el=LT clearly indicates that there is a direct 



relationship between the electrical conductivity and its thermal contribution. Hence, any 

reduction in the thermal conductivity of a material can only be brought about by reducing its 

phonon contribution. Few strategies like introducing defects in the lattice, variable sized atoms 

and introducing rattlers in the voids available in the crystal structures have indeed reduced the 

thermal conductivity by a large extent without affecting the electrical properties.  These 

strategies will be employed to bring down the thermal conductivity and enhance the 

dimensionless figure of merit of few oxide thermoelectric materials. 
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