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Figure S1: 40 kV high-resolution TEM images from the same area of single-layer MoTe2 in 
dependence of the electron dose. (a) is the starting and (b) the final image after a total accumulated 
dose of ~1.2∙10
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2
. From the red framed areas, Fourier-filtering was performed to remove the 

MoTe2 lattice thus the vacancies are better visible. Within the filtered images (upper right panels in (a) 
and (b)), the vacancies can be identified as darker dots. Contrast and brightness was optimized for 
better visibility. In (a), 60 vacancies were counted and in (b) more than 94. It is apparent that the 
MoTe2 is damaged during the irradiation with the electron beam. In (a) just single Te vacancies and 
column Te divacancies can be found as it is shown in the magnified area (blue frame, lower left 
panels). Due to the electron beam irradiation, extended defects such as the Tetravacancy I and II (b) 

are forming beside the single and column Te divacancies. 
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Figure S2: 40 kV HRTEM image simulations of Tetravacancy I (a), Tetravacancy II (b) and Trefoil I 
(c) in MoTe2. DFT based structure simulations which are shown in the lower panels were used for the 
image simulations. The sampling was set to 0.21 Å/pixel, similar to the sampling of the experimental 

images shown in the main manuscript (cf. fig. 2). The scale bars correspond to 0.5 nm. 

 

 
Figure S3: Schematics of the formation of the symmetric Tetravacancy III and distorted Tetravacancy 
IV structure and the corresponding formation energies based on our DFT calculations. The 
Tetravacancy III structure forms due to a bond rotation in the Tetravacancy I structure. A relaxation of 
the structure due to a slight distortion leads to the Tetravacancy IV.  

 

 
Figure S4: Formation of trefoil-like structures starting with three column vacancies in MoTe2 based on 
DFT calculations. Due to a bond rotation, the Trefoil I structure and the Trefoil II structure can be 
formed. However, the Trefoil I structure is favored due to the lower formation energy Ef. This 

calculation is in line with the experimental HRTEM observations.  
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Figure S5: Spin-polarized total densities of states for various extended defects in MoTe2. Zero energy 
corresponds to valence band maximum in pristine MoTe2. The dashed lines show the band edges of 
the pristine system. For the trefoil II, a strong spin polarization effect was found in the middle of the 
band gap which could have a similar origin as it was reported for Mo terminated edges in zigzag MoS2 

nanoribbons.
1
 

 
 

 

 
Figure S6: Line defects in MoTe2 with three missing single vacancies perpendicular to the spreading 
direction of the vacancy line. Panel (a) shows the defect structure in zigzag direction and (b) in 

armchair direction. In the side views, the missing Te atoms are indicated with red circles.  
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Figure S7: Spin-polarized total density of states for various line defects in MoTe2. The defect structure 

is along the armchair direction. The dashed lines show the band edges of the pristine system. Zero 
energy corresponds to valence band maximum in pristine MoTe2. 
 
(1)  Li, Y.; Zhou, Z.; Zhang, S.; Chen, Z. MoS2 Nanoribbons: High Stability and Unusual Electronic and 

Magnetic Properties. J. Am. Chem. Soc. 2008, 130 (49), 16739–16744. 

 


