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S1. Band structure

Figure S1. The calculated band structure for Mg3Sb2 by using PBE and mBJ functional, without 

and with spin-orbit coupling (SOC) effect.

S2. First Brillouin zone
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Figure S2. The high symmetry points in the first Brillouin zone of Mg3Sb2, and the k-path along 

Γ-M-K-Γ-A-L and L’(0, 0.417, 0.5) to M’(0, 0.417, 0) are shown.

S3. Band convergence in shrunken Mg3Sb2

Figure S3. Calculated band structure of shrunken Mg3Sb2, and a complete conduction band 

convergence is achieved.

S4. Band effective mass
Based on the band dispersion of density functional calculations, the effective mass 

tensor  of band edge can be determined by𝑚 ∗
𝑖,𝑗 

.
𝑚 ∗

𝑖,𝑗 =
ℏ2

∂𝐸(𝑘)2 ∂𝑘𝑖∂𝑘𝑗

For the anisotropic Mg3Sb2, the band effective mass then can be calculated by

𝑚 ∗
𝑏 = 3 𝑚 ∗

𝑥𝑥𝑚 ∗
𝑦𝑦𝑚 ∗

𝑧𝑧.

The calculated band effective masses and DOS effective masses for the first VBM of 
Ba-doped Mg3Sb2 are summarized in Table S1.



Ba content /  (me)𝑚 ∗
𝑥𝑥 𝑚 ∗

𝑦𝑦  (me)𝑚 ∗
𝑧𝑧  (me)𝑚 ∗

𝑏

0.0 1.143 0.136 0.562
0.125 1.079 0.131 0.534
0.25 1.014 0.127 0.507
0.375 0.926 0.129 0.480

S5. Local structure of Ba-doped Mg3Sb2

Figure S4. When doping Ba into Mg3Sb2, the local structure is little bit changed. Take 

Ba0.375Mg2.625Sb2 for example, the lattice parameter a increases mildly (from 4.606 to 4.690 Å) 

while c increases significantly (from 7.248 to 7.677 Å) relative to pristine Mg3Sb2.

S6. Hole mobility

Figure S5. The fitted hole mobility as a function of hole concentration and temperature for p-type 

Mg3Sb2, and the experimental results[S1] are also shown for comparison.



S7. Lattice thermal conductivity

Figure S6. The fitted lattice thermal conductivity as a function of temperature for Mg3Sb2, and the 

experimental results[S1,S2,S3] are also shown for comparison.
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