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Table 1. Lattice constants and volume of Mg3Bi> under different strains
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Strain(%) a=b (A) c(A) V(A3
3 4.849 7.703 156.901

2 4.804 7.621 152.375

1 4.759 7.540 147.937

0 4714 7.460 143.594

-1 4.668 7.381 139.322

2 4.621 7.305 135.142
2.5 4.598 7.266 133.084
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Table 2. The calculated values of elastic constant Cj; ,bulk module B,Young’s modulus £ and shear
modulus G (GPa) under different strains at 0 K.

Strain(%)  Cn Ci2 Ci3 Cu  Cx Cus B E G
3 45468 240 13.128 -5.543 48998 3.024 26.664 13.649 4.824
2 49.541 26.502 15289 -4.745 54287 5984 29.688 23.708 8.672
1 53914 29281 17.648 -3.936 59.961 8.930 32.968 30.925 11.508
0 58.590 32.356 20.274 -3.084 66.096 11.973 36.548 37.063 13.923
Other33 57790 34.050 -  ——  64.670 12240 36.640 - 13360

-1 63.561 35.733 23.181 -2.226 72.727 15.083 40.441 42.606 16.085
-2 68.952 39.577 26366 -1.262 80.040 18.293 44.726 47.906 18.126
-2.5 71.805 41.705 28.164 -0.766 83.778 19.918 47.049 50.425 19.081
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Fig.2. Phonon dispersion relationship curve of Mg3Bi> under different strains at 300 K
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Fig.3. Temperature-dependent lattice thermal conductivity of Mg;Biz.The blue line represents data
extrapolated from 300 K, the red circles are calculated data at the corresponding temperatures,- the purple
diamonds and orange hollow triangles represent the experimental data from Liu et al.’3, Mao et al.l'%, the
green half-filled triangles are calculated data from Hung et al.[*”]
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Fig. 5 Panels (a)-(c) show the phonon linewidths of the TA1, TA2, and LA modes at the high-symmetry
M point, respectively, while panels (d)-(f) show those at the high-symmetry A point, respectively. The red
dashed, black solid, and blue dash-dotted curves represent strains of —2.5%, 0%, and +3%,
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Fig.6. (a), (b), and (c) are the variation of the phonon group velocities of the three acoustic
branches, TA1, TA2, and LA, respectively.
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Fig.7. The band structure of Mg3Bi, under strain regulation
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Table 3 The effective mass m* (m.), elastic constant C (eV/A%), deformation potential constant £ (eV),
and relaxation time 7 (fs) of MgsBi2 at 300 K.

Material Type m* (m.) C(eV/A’) E(eV) 7 (s)

N 0.42 0.19 11.71 28.29
Mg3Bi>
P 0.40 0.19 12.66 26.04
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Fig.8. The Seebeck coefficient of Mg;Biz as a function of carrier concentration under strain.Positive
and negative carrier concentrations denote P-type and N-type doping, respectively.
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Fig.9. The electrical conductivity of Mgs;Bi» as a function of carrier concentration under strain.
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Fig.11. The ZT of Mg3Bi; as a function of carrier concentration under strain.
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First principles calculations of strain engineering
regulation of Mg.,Bi, thermoelectric properties”
YANG Zaiping, SUN Linhui ",Wang Yan", ,HU Cuie"’, ZENG Zhaoyi "', CHEN Jun?
1) (College of Physics and Optoelectronic Engineering, Chongqing Normal University, Chongqing 401331,

China)

2) (Laboratory of Computational Physics, Institute of Applied Physics and Computational Mathematics,
Beijing, 100088, China)

Abstract

MgsBi>-based thermoelectric materials have attracted extensive attention due to
their low-cost elemental composition and intrinsically low lattice thermal
conductivity. Improving their thermoelectric performance remains a key
challenge in current research. In this work, first-principles density functional
theory (DFT) calculations combined with the Boltzmann transport equation
(BTE) within the relaxation time approximation (RTA) are employed to
systematically investigate the strain-dependent structural, phonon, electronic,
and thermoelectric properties of Mg3Bi> at 300 K over a wide strain range from
-2.5% to +3.0%. For the electronic transport calculations, the constant
relaxation time approximation (CRTA) is adopted, with the carrier relaxation
time t determined using deformation potential theory (DPT) to avoid the
arbitrariness associated with empirical choices of the relaxation time. The

mechanical and dynamical stability of MgsBi> throughout the investigated
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strain range is confirmed by the calculated elastic constants and phonon
dispersion spectra. At 300 K, the lattice thermal conductivity exhibits a
pronounced asymmetric response to strain, increasing progressively from
tensile to compressive strain. Compressive strain simultaneously enhances
phonon group velocities and suppresses phonon scattering, resulting in a
synergistic enhancement of lattice heat transport. In contrast, tensile strain
produces the opposite effects and is therefore favorable for reducing the lattice
thermal conductivity. Meanwhile, strain significantly modifies the electronic
transport properties through changes in the electronic band structure. For
n-type Mgs:Bi2, a compressive strain of -2.5% is found to enhance the power
factor by up to 54.34%, leading to a 45.48% increase in the maximum ZT
compared with the unstrained state. In contrast, a tensile strain of +3.0% results
in a 28.05% enhancement in the maximum ZT for p-type Mgs3Bi,. These results
reveal a clear strain-selective thermoelectric optimization strategy, in which
compressive strain is favorable for n-type Mg3Bi,, whereas tensile strain

preferentially benefits p-type MgsBi..

Keywords: Mg;Bi,,Lattice dynamics,Lattice thermal conductivity,thermoelectric properties
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