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The layered transition metal dichalcogenides (TMDs) have attracted particular attention among the post-

graphene development due to their unique properties and potential application in logical electronic 

devices [1-3]. Among TMDs, monolayer molybdenum disulfide (MoS2) is a direct-gap semiconductor 

with honeycomb lattice that exhibits outstanding optical and electronic properties. By doping magnetic 

elements at low concentration, intrinsic magnetism can be introduced in MoS2 for multifunctional 

applications [4-5]. 

 

In this work, we identified the location of single, Mn atoms dispersed in Mn-doped MoS2 monolayer via 

aberration-corrected scanning transmission electron microscopy (AC-STEM). MoS2 with a doping 

concentration of 4% Mn was transferred to TEM grid, followed by baking at 200ºC in high vacuum for 

~ 8 hours to get rid of the polymer residuals prior to TEM measurements. The high-angle annular dark-

field image (HAADF) was recorded with a substantially decreased electron dose to reduce the 

irradiation damage and contamination. The images were taken under a beam current much lower than 

the minimum reading limit <30 pA. 

 

Figure 1 shows the atomic-resolution HAADF-STEM image of the MoS2 structure. The S (Z=14), and 

Mo (Z=42) atoms can be distinguished directly in the HAADF image as the image contrast is sensitive 

to the atomic number. The intensity profile from the atom columns shows the ratio of Mo/S intensity 

which perfectly matched to the simulated profile. The data proves the reliability of this method in 

probing the location of the single atom within monolayer materials. The HAADF-STEM image of Mn-

doped MoS2 monolayer is shown in Figure 2. The corresponding FFT image shows the resolution of the 

image is beyond 0.87Å. The simulated Z-contrast image of single Mn atom doped in MoS2 monolayer 

shows that the Mn atom has about 50% intensity of Mo atom in HAADF image. Based on the intensity 

differences, the positions of Mn dopants are indicated by circles in Figure 2. The intensity profile from 

the atom column shows the experimental intensities ratios of Mn, Mo, and S, which are in excellent 

agreement with the simulated data. 

 

In conclusion, we performed a detailed analysis of the Mn-doped MoS2 monolayer. We demonstrated 

that the low dose HAADF-STEM imaging is an efficient method to directly determine the location of 

Mn atoms without complex image analysis and post-processing. The atomic resolution TEM showed 

that single Mn atoms were successfully incorporated in MoS2. 
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Figure 1.  (a) The atomic resolution HAADF-STEM image of MoS2 monolayer clearly shows the Mo 

and S atoms. The top left insert is the projected potential map obtained by crystallographic image 

processing. The bottom left insert is the structure model. (b) is the intensity profile from the rectangular 

region in (a). The green intensity profile is the simulated MoS2 intensity which matches the experimental 

data. 

 

 
Figure 2.  (a) is the atomic resolution HAADF-STEM image of Mn-doped MoS2 monolayer. The 

positions of Mn atoms are circled in the image. (b) is the simulated HAADF image of MoS2 monolayer 

with one Mn atom dopant. The intensities of simulated image show the ratio of Mo, S, and Mn atoms is 

about 2:1:1. (c) is the intensity of the experiment image that include one Mn atom. The intensity profile 

is very close to the simulated data in (b). 
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