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Figure S1. Optical image of powdered WOs on SiO2/Si substrate after the evaporation of ethanol.

Figure S1 shows the typical optical image of powdered WOs on SiO:/Si substrate after the
evaporation of ethanol. Although the dimension of WOs powders is ranged from a few to
dozens of micrometers, relatively uniform distribution of powdered WOs can be obtained.
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Figure S2. Raman spectra of the WOs powder (a), sulfur powder (b) and particulate WSz (c) marked with
white arrow in Figure.S2 (d). Representative optical image of the as-grown WSz sample on the bottom
Si02/Si substrate that was drop-casted by WOs-ethanol solution (d).
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Figure S2 (a-c) show Raman spectra of the WOs, sulfur powders and particulate materials
grown on the bottom SiO:/Si substrate. It can be clearly seen that the particulate materials
shown in the optical image (d) only exhibit Raman modes related to WS, indicating that there
are no tungsten oxide and sulfur inclusions in the particulate WS..

Figure S3. Optical images of as-grown WS: flakes on SiO2/Si substrate with various morphologies:
Truncated-triangle (a), Hexagon (b, Butterfly (c).

For WS, its crystal structure belongs to P63/mmc space group, and its planar projection shows
a perfect hexagonal lattice of sulfur atoms with interleaved tungsten atoms coordinated by
sulfur in a trigonal prismatic arrangement [1, 2]. Generally, triangular monolayer WS2
domains have been commonly observed on the SiO:/Si substrate. However, under such
conditions various morphologies of WS: with truncated-triangle, hexagon and butterfly
shaped domains can occasionally be identified, as shown in Figure S3.




Figure S4. Optical image of the WSz flake with edge length of ~ 171 um on SiO2/Si substrate (a). Raman
mappings of the specific WS2 sample: frequency difference between A;4(I') and E;,(I) modes (b);
frequency (c), full width of half maximum (FWHM) (d) and normalized intensity (e) of A;5(I) mode;
frequency of Ez4(I) mode (f).

The optical image and Raman mapping results displayed in Figure 5S4 demonstrate that this
smaller WS:2 triangle has similar features as the larger one previously observed in Figure 4a

and the heterogeneity of FL emission is ascribed to the inhomogeneous tensile strain as well.
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