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Fig. S1. Energy fluctuations of monolayer Mg;Bi, in AIMD simulations at 300K and
800K.



The formation energy (Ej) of each structure can be calculated by the following

formula;

E¢= (Etorar = mgEmg — MpiEpd)/(Myg + npy) (1)
where Etotal, Epyg and Ep are the total energy of the system, the energy of Mg and Bi

atoms, respectively. "Mg and ™Bi are the number of Mg and Bi atoms in the unit cell,
respectively.

The elastic energy U(€) of 2D materials using standard Voigt notation can be

expressed as [1]:
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where the €ij (iyj=x,y) and Cy (ij=1, 2, 6) are the strain tensors and elastic constants,

respectively. The C;; can be gained from the second partial derivative of strain energy

with respect to strain (Cij =1/ SO)(aZU(‘g)/ agiagj), where S, is the area of the
equilibrium unit cell. The strain range is from -2% to 2% with the step of 0.05%.
Meanwhile, the orientation-dependent mechanical properties, including the in-plane
Young’s modulus E£(0) and Poisson’s ratio v(0), can be calculated based on the elastic

constants via the following equations [2]:
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The orientation-dependent Y(6) and v(6) and the corresponding polar diagram are



plotted in Fig. S1. The Voigt and Reuss estimated bulk (B V,B R) and shear moduli (GV,

GR) of 2D materials can be calculated from the following formulas [3, 4]:
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where B and G represent bulk (B) and shear modulus, respectively. The calculated

results are shown in Table S1.

Fig. S2. Orientation-dependent (a) Young's modulus and (b) Poisson's ration for
monolayer Mg;Bi,.

Table S1. Elastic constants, elastic compliance constants, bulk modulus, shear modulus,

Young’s modulus, and Poisson’s ratio for monolayer Mg;Bi,.

Structure C11=Cp Cpn Ces Sn Si2 Se6 B G v E
(N/m) (N/m) (N/m) (m/N) (m/N) (m/N) (N/m) (N/m) (N/m)
Mg;Bi, 36.49 26.69 4.90 0.058 -0.043 0.204 31.59 4.89 0.73 16.96




Relaxation time (fs)
[~ N &

[ ]
T

—i—- Hole
—@®— Electron

300 400 500 600 700 800

Temperature (K)

Fig. S3. Relaxation time for monolayer Mg;Bi,.
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Fig. S4. Electrical thermal conductivity k. as a function of carrier concentration for (a)
p-type and (b) n-type monolayer Mg;Bi,.

Table S2. Comparison of electrical properties of p-type monolayer Mg;Bi,.

n o S PF
Meth ZT T(K Refs.
ethods  oema) (104Sm?) (WK (mWm'K?) ()  Refs
Thi
DFT 5.07 12.26 50.60 032 008 300 ®
work
Magnetron
: 4.24 17.20 45.76 0.32 0.08 300 [5]
Sputtering
Magnetron
: / 39.46 52.8 1.1 / 393 [6]
Sputtering
M t
AERETTOT 4 29.41 82 1.97 /300 [7]
Sputtering
Magnetron
. / 32.05 53 0.89 / 565 (8]
Sputtering
Th 1
erma 45 83.5 60.1 3.02 0.11 473 9]
evaporation
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