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Table S1. EDX characterization results of Mo1-xWxS2 single crystals. 

Mo1-xWxS2 

samples 

nominal growth W 

content x 
EDX of W content x 

MoS2 0 0 

Mo0.87W0.13S2 0.1 0.13 

Mo0.80W0.20S2 0.2 0.20 

Mo0.71W0.29S2 0.3 0.29 

Mo0.58W0.42S2 0.4 0.42 

Mo0.47W0.53S2 0.5 0.53 

Mo0.39W0.61S2 0.6 0.61 
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Mo0.34W0.66S2 0.7 0.66 

Mo0.23W0.77S2 0.8 0.77 

Mo0.12W0.88S2 0.9 0.88 

WS2 1 1 

 

 

 

Figure S1. EELS of MoS2 (top panel) and WS2 (bottom panel). The blue lines are 

original EELS spectra and the green lines are spectra after background subtraction. 
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Figure S2. (a) STEM image of a Mo0.47W0.53S2 monolayer (same as Fig 1b in the main 

text). (b) Image in panel (a) after FFT filtering and contrast-adjusting, only showing W 

atoms in bright spots. (c), (d), (e), (f) Images showing the numbers of 1
st
, 2

nd
, 3

rd 
and 4

th
 

nearest Mo atoms around each W atoms, respectively. Blue crosses indicate metal atom 
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(Mo or W) positions. By averaging the numbers, αi is calculated to be 0.01, -0.02, -0.03, 

0.04 for i=1, 2, 3 and 4, respectively.  
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Figure S3. Red color contrast of Mo0.47W0.53S2 flakes measured from optical images 

(totally 48 flakes). The plateaus at ~0.10, ~0.19 and ~0.26 were assigned to monolayers 

(1L), bilayers (2L) and trilayers (3L), respectively. 
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Figure S4. From left to right: optical image, section of red color intensity along the black 

dash lines, AFM image, AFM section analysis for (a) MoS2, (b) Mo0.87W0.13S2, (c) 

Mo0.80W0.20S2, (d) Mo0.71W0.29S2, (e) Mo0.58W0.42S2, (f) Mo0.39W0.61S2, (g) Mo0.34W0.66S2, 

(h) Mo0.23W0.77S2, (i) Mo0.12W0.88S2, and (j) WS2. 
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Figure S5. Raman and PL spectra of monolayer and bulk of (a) MoS2, (b) Mo0.87W0.13S2, 

(c) Mo0.80W0.20S2, (d) Mo0.71W0.29S2, (e) Mo0.58W0.42S2, (f) Mo0.39W0.61S2, (g) 

Mo0.34W0.66S2, (h) Mo0.23W0.77S2, (i) Mo0.12W0.88S2, and (j) WS2. All spectra were 

collected at 514.5 nm excitation. 

 

 

Figure S6. (a) Raman spectra of Mo1-xWxS2 monolayers (at 514 nm excitation). Raman 

peak shift for 1

2gE  and A1g modes are indicated by red lines. Raman intensity changes for 

(b) 1

2gE  and (c) A1g modes (at 514 nm excitation). 
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Figure S7. Energy difference between A and B exciton emissions at different W 

compositions. 
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Figure S8. The 9×9 supercells at nine different W compositions x (except x= 0 or 1). For 

each x, there are eight random distributions of W atoms. The orange spheres represent S 

atoms, the gray spheres represent Mo atoms and the blue spheres represent W atoms. 

 

Table S2. The vacuum energy level Evac, the absolute energy levels of HOMO and 

LUMO as well as the band gaps Eg (in eV) for Mo1-xWxS2 with different W composition x. 

The absolute energy levels of HOMO and LUMO were obtained by the approach of 

vacuum energy level calibration. 

x 0.0 0.099 0.198 0.296 0.395 0.494 0.605 0.704 0.802 0.901 1.0 

Evac 2.377 2.384 2.390 2.396 2.403 2.409 2.417 2.423 2.430 2.436 2.442 

HOMO -6.119 -6.099 -6.079 -6.058 -6.038 -6.018 -5.995 -5.974 -5.954 -5.933 -5.911 

LUMO -4.328 -4.316 -4.295 -4.278 -4.252 -4.224 -4.194 -4.158 -4.118 -4.067 -3.975 

Eg 1.791 1.784 1.783 1.780 1.786 1.793 1.801 1.816 1.836 1.866 1.936 
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Figure S9. The charge density distributions of HOMO and LUMO for 6×6 supercells 

with six different W compositions x. The yellow spheres represent S atoms, the gray 

spheres represent Mo atoms and the blue spheres represent W atoms, respectively. 

 

 
Figure S10. (a) The 9×9 supercell of W0.5Mo0.5S2 in the b-c plane. The orange spheres 

represent S atoms, the gray spheres represent Mo atoms and the blue spheres represent W 

atoms, respectively. (b) The a-b plane averaged electrostatic potential along the c–axis 

direction. The flat line is the vacuum level, the upper dashed line is the LUMO position, 

the lower dashed line is the HOMO position. The absolute levels of HOMO and LUMO 

were obtained by the approach of vacuum energy level calibration. 

 

Table S3. PDOS analysis of HOMO and LUMO. The ratio of each atomic orbital 

projected DOS to each element projected DOS for 6×6 supercells with nine different W 

composition x. 
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