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Figure S1. Optical Microscope images of monolayer (a) MoSe,-WSe, and (b) MoS,-WS;
lateral heterostructures.
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Figure S2. Schematic representation of the water-assisted transfer strategy for the fabrication
of hetero-bilayers of lateral hetero-monolayers.
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MoS, -2.1129 -2.332
MoSe, -1.6687 -1.8544
WSe, -1.28544 -1.8078
MoS,/MoSe, -1.486 -2.046
MoS,/WSe, -1.3103 -1.9833

Figure S3. (a) Energy distribution curve (EDC) extracted at the K-point. (b) Fitted EDC peak
positions using Lorentzian functions.
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Figure S4. Lower Breathing Mode of (a) MoS2/MoSe, and MoS2/\WSe, moiré networks. (b-d)
Signatures of interlayer coupling as activation of forbidden modes of monolayers into hetero-
bilayers. The table shows different phone modes in the moiré system.
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Figure S5. Simulated Phonon dispersion of monolayer MoS2, MoSe; and MoS,/MoSe:.
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Figure S6. Strength of interlayer coupling: as the transition metal changes, the coupling
strength decreases.
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Figure S7. Resonant Raman Process of in-plane phonon modes of WS, and WSe:; in
WS./WSe..
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Figure S8. (a) Differential charge density of MoS2/WSe, and WS2/MoSe:. (b) Aig mode peak
position variation of MoSe; in MoS./MoSe, compared to 1L. Blue shift of MoSe; indicates
electron transfer from MoSe; to MoS..
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Figure S9. (a, b) Intralayer A (Xo) exciton intensity variation. (c) Interlayer exciton profile for
WS,/WSes. The presence of interlayer exciton at 0.5° due to efficient charge transfer and
higher PL quantum yield of WS, and WSe: at room temperature.
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Figure $10. Low temperature (5K) PL spectra: (a) DOCP variation of intralayer exciton and
trion of 1L MoSe: 1L, (b) DOCP of MoS; intralayer exciton in 1L to 0° stacked MoS2/MoSe>
heterobilayer. (C) WS; in 1L to WS2/WSe- (0°). .

M,=2.40 M,=2.40 M,=(60°-1.1°) M,=58.7°

M,=4.1° M,=4.6° M,=13° M,=14.6°

Figure S11. Polarization-resolved SHG measurements for identification of angles (M= angle
measured from optical microscope image and OLYMPUS software, whereas M>=measure
angle from SHG)



Table S1: Shear-strength comparison of the four individual TMDs

Material Young’s Modulus Poisson’s ratio Shear strength
(GPa) (GPa)
WS, 302 0.22 ~123 (Ref.1)
WSe, 258 0.19 ~108 (Ref.1)
MoS; 270 0.95 69 (Ref.2)
~0.011 (Ref.3)
25 (Ref.4)
MoSe, 177 0.23 ~72 (Ref.5)
E=2G(1+Y), E=Mechanical modulus, G=Shear Modulus, Y=Poisson’s ratio.
Table S2: Excitonic-resonances for the four individual TMDs
Material A (Xo) (eV) B (eV) C (eV) D (eV)
WS, 1.97 2.34 2.82 (Ref.6,7)
WSe> 1.60 2.06 2.2 >2.9 (Ref.7,8)
MoS; 1.83 1.98 2.86 (Ref.7,9,10)
MoSe> 1.52 1.68 2.52 (Ref.7)
Table S3: Direct Interlayer-exciton transitions
Material IX(K-K) (eV)
WS,/WSe; 0.921
MoS,/MoSe; 0.778
MoS,/WSe; 0.623
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