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Abstract. Samarium doping effects on the thermoelectric properties in Eu1-xSmxAlO3 (x=0%, 

50%, and 100%) were studied using first principles calculations based thermal transport 

property measurement. The result indicate that the compound is an intrinsic n-type material. 

Samarium doping has a positive effect on the overall thermoelectric performance of the Eu1-

xSmxAlO3 system, with sharp increase in figure of merit (ZT) observed when x=0, 50 and 

100% up to 150K. Compared to x=0 and 100%, the case of x=50% was found to have more 

positive increment in ZT value suggesting that the doing to have positive effect on figure of 

merit in Eu1-xSmxAlO3. Furthermore, all the samples show stable thermoelectric compatibility 

factors over a broad temperature range from 700 to 1000 K, which could have great benefits 

for their practical applications. It is concluded that the overall thermoelectric performance of 

the Eu1-xSmxAlO3 could be highly enhanced using doping techniques. 

1.  Introduction 

Thermoelectric compounds have drawn renewed interest in the recent past due to their wide 

applicability in the field of device and high temperature components [1]. The perovskites have been 

known for their potential applications as electronic and thermoelectric devices [2-3] due to the rich 

exhibition of phase transformation with temperature and doping [4]. EuAlO3 have been studied using 

mBJ and GGA+U based approximation to compute the electronic structures and were found to have 

high density of states at EF supporting its candidature as thermoelectric device fabrication [5]. 

Thermoelectric power and electrical conductivity of LaAl0.95Mg0.05O3-δ and ErAl0.95Mg0.05O3-δ have 

been studied as a function of oxygen partial pressure [6]. The isobaric heat capacity of SmAlO3 in the 

range 0-300 K has been measured with adiabatic calorimetry and its dependence on the electronic 

structures were reported with emphasis on 4f state electrons [7]. Thermo-electric efficient materials in 

pure or doped form have attracted the researchers in the last few decades, because of their striking 

features like easy synthesis, good conductance, price and stability [8]. Wilfried et al. studied the large 

Seebeck coefficient and its dependence on effective electron mass and suggested doping and increase 

of lattice constant [9] 

2.  Methodology 
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Seebeck coefficient (S), thermal conductivity (𝜅) and electrical conductivities (𝜎) for an isotropic 

electronic structure using BoltzTrap code [10]. Eq. (1) interprets electrical conductivity tensors [11]  

𝜎𝛼,𝛽 = 𝑒2 ∑ [
−𝜕𝑓0(𝑇,𝜀,𝜇)

𝜕𝜀
] 𝜐𝛼𝜐𝛽𝜏𝑘𝑖,𝑘     (1) 

where, 𝛼, 𝛽 are the tensor indices, 𝜐𝛼𝜐𝛽 are the group velocities, e is the electron charge and 𝜏𝑘 is 

the relaxation time. The relaxation time 𝜏 is neglected for isotropic systems as the variation of 𝜏 is not 

known. The electrons contribution remain near the chemical potential (𝜇) in a narrow range of 𝜇 −
𝑘𝐵𝑇 < 𝜀 < 𝜇 + 𝑘𝐵𝑇, where 𝑘𝐵 is the Boltzmann constant [12]. The transport distribution is written as 

[13] 

𝛯𝑖,𝑘 = 𝑒2 ∑ 𝑣𝛼𝑣𝛽𝜏𝑘𝑖,𝑘   (2) 

 

which is the kernel of all transport coefficients. From the rigid band approach, the electrical 

conductivity, thermal conductivity and Seebeck coefficient can be written as a function of temperature 

(T) and chemical potential (𝜇) by integrating the transport distribution [10, 14] 

 

 𝜎 =
1

𝛺
∫ 𝛯𝑖,𝑘 [

−𝜕𝑓𝑜(𝑇,𝜀)

𝜕𝜀
] 𝑑𝜀  (3) 

𝜅 =
1

𝑒2 𝑘𝐵
2𝑇 ∫ 𝛯𝑖,𝑘 (

𝜀−𝜇

𝑘𝐵𝑇
)

2
[

−𝜕𝑓0(𝑇,𝜀)

𝜕𝜀
] 𝑑𝜀  (4) 

  

𝑣𝛼𝛽 =
𝑘𝐵

𝑒𝛺
∫ 𝛯𝑖,𝑘 (

𝜀−𝜇

𝑘𝐵𝑇
) [

−𝜕𝑓0(𝑇,𝜀)

𝜕𝜀
] 𝑑𝜀  (5) 

 

Here f0 is a Fermi-Dirac distribution function and 𝛺 is the volume of a unit cell. The Seebeck 

coefficient (S) is determined as 

𝑆𝑖𝑗 = 𝐸𝑖(𝛻𝑗𝑇)
−1

= (𝜎−1)𝛼𝑖𝑣𝛼𝑗          (6) 

The thermoelectric efficiency is presented as 

𝑍𝑇 =
𝑆2𝜎𝑇

𝜅
(7) 

Thus the efficiency of thermoelectric materials (ZT) can be tuned by optimizing any of the three 

parameters S, 𝜎 and 𝜅 at defined temperature T. 

 

3.  Results and discussions 

 

The electronic structure studies have been performed by Sandeep et al. [5] using both mBJ as well as 

GGA+U approximations. The contribution of density of states in the vicinity of Fermi level (EF) 

motivated the thermoelectric studies of doped EuAlO3. The negative value of S indicates n-type 

carriers (Fig. 1a). Since S depends on temperature, the sharp decrease of S at lowest temperature is due 

to the depopulation of phonon modes. 
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Fig 1. Temperature dependence of (a) Seebeck coefficient (S); Temperature dependence of figure of 

merit (ZT) calculated within GGA for Eu1-xSmxAlO3 with (b) x=0%, (c) x=50% and (d) x=100%. 

 

Strongly correlated heavy Fermion compounds of Ce and Yb also show similar type of low 

temperature phenomena [15]. The value of S at room temperature was found to be -2.19 ×10 -4 µV/K. 

The figure of merits are shown in Fig 1(b-d) for three different doping concentrations along with their 

structures for x=0%, 50% and 100% respectively. It was found that below 150 K all the three ZT 

values for different doping states were of similar nature. They showed sharp increment with 

temperature below 200 K. x=50% doping configuration was found to have a more positive effect of 

temperature on it compared to x= 0% and 50% suggesting the presence of doped Sm in EuAlO3 

enhanced the thermoelectric efficiency of the material and is also indication that a doping of other 

such concentration may yield higher ZT values which may be useful for thermoelectric device 

fabrications. 
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