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Phase and compositions of samples 

 

Figure S1. XRD pattern of Se alloyed and Na doped MnTe. 

According to the XRD patterns shown in Figure S1, the rather high phase purity was confirmed in 

MnTe0.92Se0.08 and Na0.01Mn0.99Te0.92Se0.08. 

 

Figure S2. (a) SEM image on the polished surface of MnTe0.92Se0.08. EDS mapping of (b) Mn, (c) 

Te and (d) Se. 

Figure S2a shows a uniform contract without secondary phase. The EDS mapping of Mn, Te and 

Se indicated that the elements are homogenously distributed in the matrix, confirming a high phase 

purity. 



S-3 

 

 

Figure S3. (a) The TEM image of MnTe0.92Se0.08 showing several grains. EDS mapping of (b) Mn, 

(c) Te and (d) Se. 

Figure S3 confirms the homogeneity of elements (Mn, Te and Se) at a nanoscale, except for a little 

segregation of Mn in grain boundaries. 
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Hall measurement results and schematic illustration of band gap 

 

Figure S4 Temperature denpendent hole carrier concentration of MnTe0.92Se0.08 and 

Na0.01Mn0.99Te0.92Se0.08. 

 
Figure S5 A simple schematic illustration represents the variation of the band gap 
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Thermal conductivity 

 

Figure S6 temperature-dependent lattice thermal conductivity of MnTe1-xSex. 

The uncorrected lattice thermal conductivity of MnTe1-xSex was shown in Figure S4. The lattice 

thermal conductivity monotonously decreases with the increase of Se contents. The low lattice 

thermal conductivity of MnTe1-xSex at 850 K is close to the amorphous limit. 

 

Figure S7. Temperature-dependent thermal conductivity of Se alloyed and Na doped MnTe. 

The total thermal conductivity of Se alloyed and Na doped MnTe is shown in Figure S5, which 

shows an enhanced value compared to the Se alloyed samples. The increased thermal conductivity 

is ascribed to the increased electronic thermal conductivity. 
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Figure S8. Temperature-dependent lattice thermal conductivity of Se alloyed and Na doped MnTe. 

The lattice thermal conductivity of Se alloyed and Na doped MnTe is shown in Figure S6, which 

indicates that Se alloyed samples hold the lowest lattice thermal conductivity. The reduction of 

lattice thermal conductivity by Na doping is limited due to the low solubility of Na as the lattice 

thermal conductivity satuated even more Na was introduced1. So the high solubility of Se could 

provide sufficient scattering centers than Na, which guarantees the lowest lattice thermal 

conductivity. 
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Repeat measurements 

 

Figure S9. Repeat measurement results of (a) electrical resistivity, (b) Seebeck coefficient, (c) 

thermal conductivity and (d) ZT for MnTe0.92Se0.08. 

 

Figure S10. Repeat measurement results of (a) electrical resistivity, (b) Seebeck coefficient, (c) 

thermal conductivity and (d) ZT for Na0.01Mn0.99Te0.92Se0.08. 

The repeat measurement of MnTe0.92Se0.08 and Na0.01Mn0.99Te0.92Se0.08 shows similar electrical and 

thermal transport properties, confirming the stability of samples. 

  



S-8 

 

Cycle measurement and DSC-TG test 

 

Figure S11. Heating and cooling measurement of (a) electrical resistivity, (b) Seebeck coefficient, 

for MnTe0.92Se0.08. 

 

Figure S12. DSC and TG results of MnTe0.92Se0.08. 

The abnormal inflection of electric resistivity and Seebeck coefficient at around 500 K for 

MnTe0.92Se0.08 have been reserved for the second measurement (Figure S7) and third measurement 

(Figure S9), when the measurement was conducted with the heating procedure. However, the 

measurement during the cooling procedure as shown in Figure S9 doesnot show such an abnormal 

dip. Moreover, The smooth DSC signal also eliminate the possibility of phase transformation and 

the TG signal suggests no element evaporation. Thus, the abnormal inflection may be induced by 

some thermally activated defects. 
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Detailed calculation of Debye temperature and total relaxation time τ(x) 

In this work, Debye temperature was estimated to be 175 K via2, 3 
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where N is the number of atoms in the unit cell, V is the unit-cell volume and va is the 

average sound velocity.  

The total relaxation time τ(x) could be derived from different scattering process 

including Umklapp, grain boundary and point defects scattering, while the influence of 

nano-pores is not taken into account for the correction of porosity and the same 

microstructure of pristine and Se alloyed MnTe. The expression of τ(x) was shown as 

Equation 1. 
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τU
-1(x) represents scattering frequency for Umklapp process and expressed as4 
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Where M is the average mass per atom, γ is the Grüneisen parameter that is 

determined by fitting the experimental data of pristine MnTe and a reasonable value 

of 2.5 is applied to yield the best simulation. τGD
-1(x) relates the average grain size (L) 

with scattering of phonons via 

1
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As for the point defects scattering, the relaxation time τPD
-1(x) is estimated by5 
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Here, Γ is comprised of contributions from the mass (Γmass) and strain (Γstrain) 

fluctuations induced by guest atoms, which are given by5 
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nsublatt and ncompd are the sublattice and total occupancy (Here for MnTe1-xSex, nsublatt = 

1 and ncompd = 2); sublattM  and 
sublattR  denote the average atomic mass and radius for 

the sublattice; Mi and Ri represent atomic mass and radius of atoms 1 and 2 (Te and 
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Se)6, 
compdM  and ε are average atomic mass of MnTe1-xSex and strain field factor (It 

is simulated to be 45 in this work). All the parameters used in this work are listed in 

the following table S1 

 

Table S1 Parameters for thermal transport modeling 

Parameters 
Average sound 

velocity, va (m s-1) 

Debye 

temperature, 

Θ (K) 

Grüneisen 

parameter, γ 

Average 

grain size, La 

(μm) 

strain field 

factor, ε 

value 2170 175 2.5 1 45 

 

Table S2 Dentisy of different samples 

Composition 

of samples 

Theoretic

al density 

Pristine 

MnTe 
2% Se 4% Se 6% Se 8% Se 10% Se 8% Se+1% Na 

Density 

(g/cm3) 
6.02 5.88 5.94 5.92 5.88 5.88 5.87 5.84 
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