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I. Relationship between SAW Velocity, Young’s Modulus and Poisson’s Ratio
Using the well-known relation,	
								(1)	
where Vs is the shear velocity, Mileschewsky1 showed that a function of Poisson’s ratio,
 ,									(2)
is related to  through,
 		 		(3a)
where
							(3b)
and
, 					(3c)
One can compute for any value of Poisson’s ratio and determine  from Eqs. (3a) – (3c) and E from Eq. (1). Malischewsky and Tuan2 showed that a linear ansatz,
						(4)
with a = 2.61803 and b = 1.3389 agrees very well with the exact results for B in the range . The linear ansatz fails only for auxetic materials with negative Poisson ratio.

II. Forcefield Parameterization and Validation

Stillinger-Weber Force Field (SWFF)3 used in the simulations consists of two- and three-body interaction terms that incorporate energy profiles for bond-stretching and bond-bending. The total potential energy of a system of N atoms is given by, 



where  - , and is the angle between the ith atom located at ri and its two nearest neighbors j and k at locations rj and rk respectively. The pairwise interaction, V2, has the following form:

      

where A, B and γ are optimizable parameters. The 3-body term, 



also has three optimizable parameters (λ, γ1 and γ2) and interaction cutoff distances, rcut, rcut1 and rcut2. The angle, θ0, and cutoff distances are held fixed during optimization of other parameters. 
Low-energy acoustic phonons play a significant role in thermal properties over the temperature range relevant to the present study, so the forcefield must reproduce the low-energy acoustic phonons correctly. Ground-truth values of the lattice constant and phonon spectra are taken from density functional theory (DFT) calculations for the 2H  phase of the MoS2 monolayer to optimize forcefield parameters. The optimized forcefield accurately reproduces those values4. PBE form of the GGA functionals were used to perform the DFT simulations in the VASP program5-7. The forces on all ions in the system are kept below 0.05 eV/A and all components of the residual stress tensor are less than 0.2 GPa. The dispersion relations for normal vibration modes were calculated using the open source phonopy package.
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Figure S1: Shows the comparison of the phonon dispersion between DFT and the optimized Stilinger-Weber forcefield.

II. Convolutional Neural Network (CNN)

CNN was used to classify 2H and 1T phases and defects8. The CNN architecture consists of 3 CNN layers each consisting of LeakyRELU and MaxPool filters. A fully connected layer after the CNN layers performs the classification on the output generated by the CNN layers. The accuracy of the model exceeds 97% for the test data set4, 9.



III. Pixelated Images of the MoS2 bilayer
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Figure S2: Shows out-of-plane displacements in pixels containing on average 11 and 31 atoms, respectively. Based on the paper by Malischewsky and Tuan2, we have calculated the value of the parameter B to be 3.15 and the value of Young’s modulus (E) mentioned in the manuscript, which is close to the experimental value.10
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Figure S3: (a) is an HR-TEM image showing traces left behind by the passage of a surface acoustic wave. Here ordered regions are separated by disordered regions. S3(b) is an MD snapshot showing ordered 2H structures separated by disordered regions containing 5- and 7-fold coordinated Mo atoms and 4-fold coordinated S atoms.



IV.	Multiple Nanopores in MoS2 bilayer

An MoS2 bilayer of 300 x 300 nm2 was heated to 77K and three irregular-shaped nanopores were added to the bottom layer. The system was allowed to evolve at 77K in the NVT ensemble and we observed SAW emanating from the three nanopores. Figure S4 (a) shows the structure of the bottom layer with nanopores and S4 (b) shows the size and shape of nanopores and the separation between them. Figure S4 (c) shows the out-of-plane displacement generated by SAWs originating from the nanopores. The dark brown lines show phonon focusing and cuspidal structures in the bilayer. 
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Figure S4: Surface acoustic waves from multiple nanopores. Panel (a) shows the bottom layer with three nanopores of random shape and panel (b) shows the zoomed-in view of the region with the nanopores. The two larger nanopores marked 1 and 2 will fit a circular region of diameter 130 Å, and the smaller nanopore is about 100 Å. The figure also shows the separation between the nanopores. Panel (c) shows out-of-plane displacements from SAWs originating from the three nanopores and the interference pattern created by SAWs. Dark brown lines show phonon focusing and the green wavefront shows cuspidal structures.
V.	Local Rearrangements in Structures

The propagation of SAW leads to local rearrangements of atoms in the MoS2 layers. The local rearrangements are quantified from the atomic positions and relative displacements and the local strain is computed using the formula11,

(8)



where,










Figure S5 shows D2 calculated after the passage of SAW from a single pore in a bilayer system at relative rotations 0°, 0.5° and 5°, respectively between the two layers.
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Figure S5: Local rearrangement in an MoS2 bilayer as SAWs propagate from the irregular shaped nanopore in the bottom layer. The bilayers in panels (a) through (c) are at relative rotations of 0°, 0.5° and 5°, respectively. The dark regions show regions of low atomic strain while the white regions are at higher strain.

VI.	Movie for MD Simulations

We have provided a movie of the MD simulation which shows the formation of cusps in SAW originating from a nanopore.

VII.	Experimental Images of Nanopores
Phase contrast transmission electron microscopy (TEM) images of deformed MoS2 sheets. Fig S6 presents nanoscale-sized pores seen abundantly in the irradiated sheets. Accordingly, Fig. S7 is a representation of the largest nanopore complexes observed. It is likely that these were formed as a result of multiple vacancy complexes agglomerating within a small distance to one another.
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Figure S6: TEM images of nanopores found in MoS2, ranging in various sizes, shapes, and relative displacements from other nanopores. All images are displayed on the same scale while the area of each pore is projected at the top of each image.
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Figure S7: Large pores observed in MoS2 seen in highly deformed sheets. All scale bars represent 10 nm. 
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