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DFT calculations:

The first-principles calculations were performed using Kohn-Sham density functional theory (DFT)[1]
as implemented in the Vienna ab initio simulation package (VASP).[? We used Heyd-Scuseria-Ernzerh of
(HSE)[3] hybrid functional for a more accurate computation of electronic band gaps and projected
augmented-wave (PAW).[4] Note that the computation results reported in this work are all calculated with
HSE including the structure optimization. Table S1 provides a comparison of experimental vs. PBE vs. HSE
relaxed lattice parameters. The band structure calculations were performed using automate workflow
management package [5] with the default parameters of version 0.8.2 except for the k-points as 1) they miss
the CBM in a conventional line-mode high symmetry k-points path and 2) they are not dense enough for a nice
and smooth visualization. For example, the planewave energy cutoff is set to 520 eV and the structure
relaxation is performed in a k-point grid of 5x5x3 and exact exchange contribution of AEXX=0.25 in VASP
when using the HSE functional. The fermi surface plot is obtained by a combination of the BoltzTraP[6]
code and pymatgen[7] plotting tools. In order to get an accurate and smooth fermi surface after the HSE
calculations, we used a relatively dense uniform k-point grid consist of 334 k-points. The initial structure of

MgsSbBi is obtained by replacing one Sh atoms by Bi in the unit-cell of Mg3;Sh,.[8]



Grain size estimation :

SEM images (left column of Figure S2) taken from the polished and etched surfaces of the samples

compared in Figure 1 are processed, and the grains of which are outlined (middle column of Figure S2) by

the software ImagelJ. This software further enables a statistic on grain size distribution and areal cumulation

(right column of Figure S2). Taking into account the factor that very small grains tend to locate at the

interstitials of a few big ones (Figure S2) and these small grains actually accumulate to only a small portion

of the entire material, big grains that accumulatively contribute to >95% of the material are included for

estimating the average circle equivalent diameters. The resultant average circle equivalent diameters of the

grains in each material are listed in Table S2, which confirms much large grains in hot-deformed sample

starting with big pieces of ingot then that of hot-pressed samples starting with hand-ground powders (Figure

1).
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FigureS1.SEM images taken from the polished surface of Mgs ¢sSbhBig 97 Teg 03 pellets hot pressed using
big pieces (a), hand-ground powders in argon-filled glovebox (b) and in air (c), with compositions

determined by EDS. Powder XRD patterns (d) for Mgs 05Sb2.xyBiy.xTex (x<0.04,y<1.5) at room temperature.
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Figure S2. SEM images processed by the software ImageJ and the resultant statistics on the grains for

Mgs.05SbBig g7 Teg gsmaterials shown in Figure 1.



Table S1. The experimental and computed lattice parameters in angstrom (a=b).

Compound  Experimental DFT(GGA-PBE) HSE

[A] [Al [A]
MgsSb, a=4.559 a=4.598 a=4.582
c=7.227 c=7.276 Cc=7.242
MgsSbBi a=4.593 a=4.657 a=4.634
c=7.299 c=7.381 c=7.325

Table S2. Statistic of grains for the Mgs 05SbBig.97Teg g3samples shown in Figure 1 and Figure S2.

Image # Grains Total area  Average area  Average circle

[pm?] [um?] equivalent

diameter [um]
@) 34 99781.8 2934.8 61.1
(b) 35 28722.1 820.6 323

(c) 37 27297.3 737.8 30.7
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Figure S3. The band structure and fermi surface of Mgs;Sh, calculated using HSE functional. The
reference energy is set at the conduction band minimum (CBM). Note that the k-point of the CBM is located
inside Brillouin Zone (BZ) close to the point L. This point (I) is not one of the high symmetry points on the
line path shown on the faces and edges of the BZ. The fermi surface at 0.1 eV above the conduction band

minima shows 6 in total roughly spherical electron pockets.
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Figure S4. Temperature dependent resistivity (a), Seebeck coefficient (b), thermal conductivity (c) and

thermoelectric figure of merit (d) for Mgs 05Sb2-yBiy-0.03T€0.03 (Y<1.5). The unit of carrier concentration

identifying samples is cm™.
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Figure 5. Temperature dependent resistivity (a), Seebeck coefficient (b), thermal conductivity (c) and

thermoelectric figure of merit (d) for Mgz 0sSbBi1«Tey (x<0.04). The unit of carrier concentration identifying

samples is cm™.
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Figure S6. Temperature dependent thermoelectric figure of merit, zT for Mg 05Sb2.x.,Biy.xTex

(x<0.04,y<1.5), with a comparison to literature results for n-type thermoelectrics.[9]





