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Relaxation effects

Experimental observation: atomic reconstructions

__________________
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Twisted bilayer Bilayer MoS, at
MoS,!"] 9 = 0.3°[2]
TECHNISCHE [1] Nat. Comm., 2022, 13, 3898. o
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Unrelaxed MoS,/MoSe, at 0°
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Fig 1. (a) 3 high-symmetry stackings and transition stacking regions. (b) Interlayer
distance and binding energy of corresponding high-symmetry stackings.

TECHNISCHE =
UNIVERSITI&T 4 D'EE:EQE": )
DRESDEN Pl oo



Relaxed MoS,/MoSe, at 0°

(a) (b)

Out-of-plane displacement Zy;,

Average Out-of-plane displacement Zy,
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Interlayer distance d
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Lattice reconstruction and corrugation

o

0.06

—

In-plane | u | (A)
o
R

O
o
N

0.00

TECHNISCHE
UNIVERSITAT
DRESDEN

0.5
-
0.0 -
2
IN
-0.5

rA
DRESDEN \
concept \v/



Strain energy and vdW energy
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Twisted MoS,/MoSe, and MoS,/WS,
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Small vs. large twist angles in MoS,/WS,

(a)
18 T ] 7T T ] L (O A 7
15 ws, = 4 16 3
12'_ MoS, J \z 5 £
o 127 571 4 €
N 9 B %_ _.9
< L 3 I 13 T
6 | ,, 220 5835, 4 o &
3 [ 7 7\ /ﬂ 10
0 |, W P B W )’ A oot o P 0
0 10 20 40 50 60 10 20 40 50 60
Twist angle (°) Twist angle (°)

= Fig 1. (a) Out-of-plane corrugation of Mo along diagonal direction, (b)

magnitude of corrugation of in each layer, (c) binding/strain energy at
different twist angles.
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Spin-Orbit Coupling effect
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Summary

= Significant lattice reconstruction
= Domain formation

656 1 Inversion symmetry broken
6.4 l

o

d (A)

= Qut-of-plane corrugation o I e
4 _ 0.00 T---===- < —=saoe-
| | Ny
= Depending on the twist angle \<q
=008 /\M K - r

= Strain energy cost and van der Waals energy gain
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How: Multiscale approach

103 — , | , | | = Geometry optimization

MoS,/MoSe, —  WS,/WSe, — performed by Force-Field!'2]
M082/W8e2 — MOSz/W82 - | . .
WSy/MoSe, —  MoSe,/WSe; = Electronic properties

calculated by DFTBE!
= Force-Field validated by DFT

o 102

10" ¢
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Twist angle (°)

= Lattice size: 10" - 103 A
= Number of atoms; 50 - 5x10°

[11). Appl. Phys. 2013, 114, 064307.
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Generating models
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4 Hexagonal symmetry
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4§ Coincidence

|@; — b;| < tolerance
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Geometry optimization: Force-field method

XX 02Rij) + XX X d3(Rij, Rik, Oijie)

i j>i i j#ik>]
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Computational details

= Geometry optimisation:
= (Conjugate gradient method in LAMMPS

= Single point calculations (DFT):
= GGA-PBE/TS in FHI-aims

= Single point calculations (DFTB):
= SCC-DFTB theory level in DFTB+
= QUASINANOZ2013 Slater-Koster parameters
= Monkhorst Pack k-space
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Boundary condition
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Unrelaxed MoS,/MoSe, at 60°
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Fig 1. (@) 3 high-symmetry stackings and transition stacking regions. (b)
Interlayer distance and binging energy of corresponding high-symmetry

stackings.
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Backup
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= Fig 1. Interlayer distance and binding energy of high-symmetry
stackings of MoS,/WS,
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