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Calculation of the formation energy of point defects: 
     
    The point defect formation energies in GeTe were calculated according to1: 

, 

where  and  represent the total energies of a defective and a perfect supercell, 

respectively.  denotes the chemical potential of an element in its bulk phase. The formation energies of a Ge 
vacancy in GeTe-PbSe alloys were calculated using the following equation: 

. 

It is seen from Fig. 4 that alloying GeTe with PbSe increases the Ge vacancy formation energy; i.e., Ge 
vacancy becomes more difficult to form in GeTe-PbSe alloys, which is in agreement with the experimentally 
observed decrease of hole carrier concentration. 

 
 

Supplementary Table 1. The composition, Hall carrier concentration, inertial effective mass, plasma 
frequency, the corresponding energy and the density of samples. 

Composition 
(GeTe)1-x(PbSe)x 

Carrier 
concentration 

(1020cm-3) 

Inertial Effective 
Mass (me) 

Plasma frequency 
(1014Hz) 

Plasma energy 
(eV) 

Density 
(g/cm3) 

x=0 7.8 0.22 7.43 0.489 6.21 
x=0.05 6. 7 0.24 6.63 0.436 6.39 
x=0.1 5.5 0.20 6.25 0.411 6.20 

x=0.15 3.8 0.24 4.82 0.317 6.47 
x=0.2 2.7 0.21 4.37 0.287 6.53 

x=0.23 2.3 0.20 4.14 0.273 6.66 
x=0.25 2.1 0.21 3.92 0.258 6.42 
x=0.27 2.0 0.25 3.46 0.228 6.34 
x=0.3 1.8 0.29 2.73 0.180 6.49 

x=0.35 1.1 0.25 2.56 0.169 6.59 
x=0.4 0.7 0.30 1.81 0.119 6.3 

GeTe 
3.0 0.21 

Ref.[1] 
 

3.5 0.23  
5.0 0.28  
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Supplementary 
Debye Model: 

The temperature-dependent lattice thermal conductivity can be estimated with the following equation3: 

            (1) 

Where is the Boltzman constant,  is average sound velocity,  is the reduced Plank constant,  is Debye 

temperature,  is the total relaxation time and .  

For (GeTe)1-x(PbSe)x solid solutions, the total relaxation time includes the contributions from phonon-phonon, 
point defect and dislocation scattering respectively by: 

                            (2) 

                          (3) 

                          (4) 

        (5) 

The anharmonic parameter  can be estimated4-6 by , Poisson’s ratio7  

Supplementary Table 2. Parameters used for the Debye model. 

Parameters Description Values Ref. 

 Ratio of N- to U-process 0.52 estimated 

 Average atomic volume of (GeTe)1-x(PbSe)x  m3 This work 

 Average atomic mass of (GeTe)1-x(PbSe)x M(GeTe)1-x(PbSe)x/(2×6.023×1023) kg - 

xi Impurity concentration in solid solutions xPbSe≤ 0.4 - 
v Average sound speed 2030.2-954.87 xi This work 
vL Longitudinal sound speed 3358.6-1689.7 xi This work  
vT Transverse sound speed 1908.8-954.87 xi This work 
 Gruneisen parameter 2.19 8 
i Atomic mass of impurity MPb=207.2 g·mol-1, MSe=78.96 g·mol-1 - 
 Atomic mass of matrix MGe=72.64 g·mol-1, MTe=127.6 g·mol-1 - 

a i,i Lattice parameter of (GeTe)1-x(PbSe)x 
ai=0.21773xi+5.98307 Å 
i=88.1896+0.1458xi+2.8061xi

2+5.0480xi
3(deg.)    

This work 
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