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S1 Phonon band structures for monolayers
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TABLE S1: The phonon band structures for monolayers examined in this work.
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S2 AIMD simulation of the bilayers
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TABLE S2: The evolution of temperature as a function of time.
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S3 Bandgap tuning

Frustration can have a significant impact on the electronic structure of the material. It leads to bandgap narrowing in GaGeTe |
AlGeS3 and SnSbaSey | IrCl3, and bandgap widening in SnS | BiTeCl and SnS | StIF. We display the density of states of the four
bilayers in Figure Importantly, the change in the bandgap of GaGeTe | AlGeS3 would not require the sustenance of strain, a
technically challenging and an energy-costly process, such as in the cases reviewed by Qi et al.! The presence of strain in both
layers yields a thermodynamically stable combination that can then be incorporated in devices. Of the two layers in GaGeTe
| AlGeSs3, GaGeTe can be cleaved from the bulk structure with ICSD ID 35386, and has a C2DB ID 2GaGeTe-1. This
semiconductor, with HSEO6-computed nearly direct bandgap of 1.165 eV (C2DB), a p-type material, has previously attracted
attention for the tunability of its bandgap as well as its high carrier mobility, making it a candidate material for photovoltain
applications.* AlGeS3, with C2DB ID 2A1GeS3-1, is a hypothetical structure that has not yet been explored in the literature.
Its HSEO6-computed indirect bandgap is 2.909 eV (C2DB) and is also a p-type material. The frustration in this bilayer was
generated by straining GaGeTe 5% and compressing AlGeS3 5%, and the bandgap of GaGeTe rapidly drops due to positive

biaxial strain'? This explains the drop of the bandgap in the frustrated bilayer.

The C2DB bandgaps mentioned above have for the individual layers have been retrieved them from the C2DB database, which

have been computed using the HSE06 method

0.050 Frustrated Non-frustrated
. 400
GaGeTe AlGeS
0.005 500 GaGeTe | AlGeS;
0.025 200
%) %) %) %)
O  0.000 =D O 0.000 - o O D —— e O Ot — e T e
o =] o o
-0.025 -200
—0.005 -500
~0.050 -400
-4 4 -4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
sns 0.02 400
n SrIF SnS | SrIF
0.005 W 0.01 /\]\ 200 500
%) [} %) %)
g 0.000 g 0.00 g o g o0
~0.005 | -0.01 -200 -500
-002 4 -2 0 2 4 —400 4 -2 0 2 4 -4 -2 0 2 4
0.0050 SnS | BiTeCl
BiTeCl
0. OOSM W 0.0025 J\/\j\/\/\/\/\/\ M 200 500
o 0.000 o 0.0000" VAT B
o o
-0.005 —0.0025 -200 ~500
~0.0050
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
0.005 Snsz IrCly 400 5nsh,se, | 1rCl 200
0.01
200
0 /\/\/\\/\/\/\ n N 0 TN A N
o 0.000 o 0.00 —0<Q 0 o 0
o o o
-200
-0.01
-0.005 _400 -200
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
E—Er (eV) E—Er (eV) E—Er (eV) E—E (eV)

FIG. S1. The electronic density of states (DOS) of the materials GaGeTe | AlGeSs, SnSbaSey | IrCls, SnS | BiTeCl and SnS | SrIF, as well
as the DOS of the individual layers.
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TABLE S3. The difference in total energy/atom, AEf_,, (meV/atom), between the frustrated and the non-frustrated supercells; the binding
energy between the two layers in frustrated, Elf (meV/atom), and the non-frustrated, Fj’ (meV/atom); the electronic band gaps in the frustrated,
ng (eV), the non-frustrated, F/y (eV), supercells; the optimised lattice constants in Layer 1, Layer 1 aop¢ and Layer 1 bop¢, and in Layer 2,

Layer 2 aop: and Layer 2 b,p¢; and the qualification of whether structural integrity is maintained after the AIMD simulation.

Layer 1 (+5%) Layer 2 (—5%)|AE;_,, E,f Ey Eg Ey |Layer 1 a,p: Layer 1b,,; Layer 2 a,,: Layer 2 b, | AIMD
SnS BiTeCl +38 —143 —129 174 23 (3.6 0.8 —7.0 -9.6 No
GaGeTe AlGeS3 —58 —16 —-78 112 733|6.8 6.8 —4.2 —4.2 Yes
SnSbaSes IrCl3 +39 —25 —63 120 293|4.8 4.8 —5.9 —-5.9 Yes
SnS SrIF +16 —67 —99 1159 952|7.1 7.1 -39 -3.9 No
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