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Figure S1. Schematic of the CVD system for growth of monolayer Sm-doped MoS: film on SiO:/Si

substrate.
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Figure S2. Optical image of triangular monolayer Sm-doped MoS: (a) and triangular monolayer MoSz(b)
islands CVD-grown on SiO>/Si substrates on a Si substrate under a 20X optical microscope. Optical image
of triangular monolayer Sm-doped MoS: (c)and triangular monolayer MoSz(d) islands CVD-grown on

Si02/Si substrates on a Si substrate under a 50X optical microscope.



scale Sm: Sm:MoS,/Mo0,/Mo0,  20um

b e d — m— MoS,
( ) — 1M§?nz-dopad MoS, A ( ) — r.g%.dapad Mos, Si (f) m— 1-Sm-doped MoS,

—~ |===2-Sm-doped MoS, J§ "1 —~ | == 2-sm-doped Mos, — | == 2-Sm-doped Mos, A,

El " S | === 3-Sm-doped MoS, E E!

E'., E' i:'5-94 8 | o-MoO, #-Mo0, s —

z B 2 El =

[} w 7]

g 3 :

£ £ g

340 360 380 400 420 440 460 200 300 400 500 600 340 360 380 400 420 440 460
Raman Shfit(cm™) Raman Shfit(cm™) Raman Shfit(cm™)

Figure S3. Disordered and irregular films during CVD doping growth, and the respective corresponding
Raman spectra. (a) Optical image of CVD grown a large scale continuous Sm-doped MoS: film on SiOz/Si
substrates. (b) Raman spectra comparing of triangular monolayer MoS: and large scale Sm-doped MoS:.
(c) Optical image of CVD grown irregular Sm-doped MoS:z or MoO:z nanosheets on SiO2/Si substrates. (d)
Raman spectra comparing of triangular monolayer MoS: and large irregular Sm-doped MoSz or MoO:
nanosheets. (e) Optical image of CVD grown irregular Sm-doped MoS: film on SiO:/Si substrates. (f)

Raman spectra comparing of triangular monolayer MoS: and large irregular Sm-doped MoS: film.

As shown in the Figure S3, a number of additional doped materials such as large-size film
(a), thicker precursor nanosheets (c) and polygonal thin films were obtained (e) by CVD
growth. Multiple nucleation sites can be found in the continuous films in Figure S3 (a). And
two sites were randomly selected for Raman's characterization in the large-size Sm-doped
MoS: films. A small blue shift in large-size Sm-doped MoS: is consistent with the change in
monolayer triangular Sm-doped MoSz. However, this continuous film was made up of a larger
number of nucleation sites joined together by covering each other during growth, so the
thickness is not very uniform. The irregular nanosheets in S3 (c) show the intermediate
products grown by Raman peaks for in situ doping: Sm: MoO2 [1] and MoO:s [2]. These results
show a variation and instable of vapor pressure along the flow direction with CVD system of
atmospheric pressure method. Yet, it does not affect the acquisition of monolayers triangle of
stable Sm-doped MoS:. Figure S3 (e) shows a Sm-doped MoS: multilayer irregular film. Two
characteristic peaks were measured (f) at position 2, E%g peak shifted to the leftand A;; peak
shifted to the right, which is consistent with the variation in the displacement of the multilayer

MoS: characteristic peak.
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Figure S4. Optical microscopy images of (a) Sm-doped and (c) undoped MoS: triangles. AFM images and
the height of (b) Sm-doped and (d) undoped MoS:. Scale bars: 10pm.
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Figure S5. (a) Low-magnification TEM image of Sm-doped MoS: single crystal on a Cu grid. SAED
patterns (b-c) collected from different sites on the monolayer triangle Sm-doped MoS:. (d) Low-
magnification TEM image of Sm-doped MoS:, the red box shows the measured area of figure (e). EDS

spectrum (e) of Sm-doped MoS: with Mo, Sm, and S labeled and inset showing the atomic percent of



labeled elements. Inset: Partial enlargement.

The selected area electron diffraction (SAED) patterns indicate that Sm doping does not
change the original crystal structure. The elemental Sm doping concentration of selected area

detected by EDS spectrum was about 1.42at%.
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Figure Sé6. (a)Photomicrograph of the FET device. (b)Transfer curves (Ius-Vg) of monolayer MoS2 FET
device at drain voltages (Vas) 0.1V, 1V, 2V with Vg varying from -30 V to 30 V. (c) Transfer curves (las-Vg) of
monolayer Sm-doped MoS: FET device at drain voltages (Vas) 0. 1V, 1V, 2V with Vg varying from -30 V to
30 V. Transfer curves (las-Vg) comparing of monolayer MoS:2 and Sm-doped MoS: at drain voltages (Vas)
2V (d), 1V(e), 0. 1V(f) with V; varying from -30 V to 30 V.
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