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Fig. S1. Top and side views atomic structures of (a) Sb and (b) In2Se3 monolayers.

Table S1. The optimized lattice parameters (a in Å), electronic band gaps (Eg in eV), Seebeck coefficient (S 

in μV/K), lattice thermal conductivity (κl in WK−1m−1), and figure of merit (ZT) for the In2Se3/Sb 

heterostructures and their monolayers. Previously available experimental and theoretical results are also listed 

for comparison.

Systems a PBE
gE HSE06

gE Experi
gE S κl ZT

Sb 4.07 1.24 1.79 - - - -
4.09 1 1.22 1 1.75 2 1.60 3 800 4 15.1 5 0.8 4

In2Se3 4.10 0.79 1.49 - - - -
4.06 6 0.80 6 1.52 6 1.64 7 500 8 4.00 8 0.28 8

In2Se3/Sb-P↑ 4.08 - 1.12 - 2030 1.10 3.60
In2Se3/Sb-P↓ 4.09 - 0.20 - 394 0.77 2.00



Table S2. Binding energy (Ei in eV) for possible configurations (i=a, b, c, d), interlayer spacing (dօ in Å), 

optimized lattice parameters (a in Å), band gaps (Eg in eV) for In2Se3/Sb-P↑ and In2Se3/Sb-P↓ heterostructures.

Heterojunctions In2Se3/Sb-P↑ In2Se3/Sb-P↓

Ea -0.26 -0.30
dօ 3.20 3.01
Eb -0.27 -0.32
dօ 3.07 2.89
Ec -0.26 -0.31
dօ 3.18 3.00
a 4.08 4.09

Eg (HSE06) 1.12 0.20

Table S3. Electron/hole mobility (µ2D), effective mass (m*), in-plane stiffness (C2D) and deformation potential 

constant (EDP) of In2Se3/Sb-P↑ an In2Se3/Sb-P↓ heterostructures.

Systems Carrier EDP (eV) C2D (Nm-1) m* (me) µ2D (cm2V-1S-1)

e 2.60 127 0.42 1518
In2Se3/Sb-P↑

h 2.20 127 1.00 374

e 3.00 125 0.49 825
In2Se3/Sb-P↓

h 2.35 125 1.02 310

Fig. S2. Electronic band structures of (a) In2Se3 (b) Sb monolayers.



Fig. S3. Possible stacking of In2Se3/Sb-P↑ and In2Se3/Sb-P↓ heterostructures.



Fig. S4. Calculated AIMD simulations of (a) In2Se3/Sb-P↑ and (b) In2Se3/Sb-P↓ heterostructures at 700K.

Fig. S5. Kinetic pathways of the polarization reversal processes in In2Se3/Sb heterostructure.



Fig. S6. Electronic band structures of (a) In2Se3/Sb-P↑ and (b) In2Se3/Sb-P↓ heterostructures.

Fig. S7. The convergence test results of the phonon thermal conductivity at 300 K for In2Se3/Sb-P↑ 
and In2Se3/Sb-P↓ heterostructures.



Fig. S8. Calculated phonon group velocity for (a) In2Se3/Sb-P↑ and (b) In2Se3/Sb-P↓ heterostructures.

Fig. S9. Grüneisen parameters with respect to the frequency for (a) In2Se3/Sb-P↑ and (b) In2Se3/Sb-P↓ 

heterostructures.



Fig. S10. Calculated entropy and heat capacity for (a) In2Se3/Sb-P↑ and (b) In2Se3/Sb-P↓ heterostructures.
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