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Figure S1. OM images (a-b) and SEM image (c) of MoS;(;.x)Se, alloy that grew in a uniform flower-like shape

on the whole substrate when MoO; powder was spread in a uniform layer on the alumina boat.

Figure S2. SEM images of an as-grown MoS;(;.xSe, alloy from substrate A. The images clearly show that the

growth of vertical sheet when two or more domains merge to each other.
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Growth mechanism. Thermodynamically, nucleation for crystal growth depends on the chemical
potential and activation free energy of the surface and interface.S! During crystallization, crystal
growth onto the stable nuclei proceeds until supersaturation is relieved. Based on the kinetic theory of
two-dimensional nucleation,3'> 52 the rate of formation of stable two-dimensional nuclei is generally
described by equation 2 in the main text. It is clear that the surface energy and MoO; precursor
concentration are involved in the nucleation and growth of films, and can be analyzed to provide
information for manipulating the film growth model during the deposition process. Gibbs

thermodynamic treatment of nucleation gives the free energy changes, as below:S3

AFx = -nAu + y,, A (S1)

where n is the number of molecules in the nucleus, Ap is the chemical potential difference between
the vapor and the film nucleus which defines supersaturation, v,, is the surface tension between the
nucleus and the surrounding vapor, A is the surface area of the nucleus, and v, denotes the molecular
volume of the new solid phase. During the nucleation process, the system can be thought of as being
in an equilibrium condition (Fig. 2b) described by Young’s equation, below, which explains the

interfacial tension between the two phases (film as nucleus and substrate) during vapor deposition:

Vsv = Vs + 1€ cos 6 (SZ)
cosf — [ysv_yns]
or Yoy (S3)

where vy, is substrate-vapor interfacial energy, v, is film-substrate interfacial energy, v,, is film-vapor
interfacial energy, and 0 is wetting angle. Then, equation (S1), as given below, applies for circular
cap-shaped nuclei:
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Using Young’s equation (S3) and equation (S4) gives the following:

4
AF* = ——nar’Auf(0) + 4f (O)nr?y,,



2 -3cos 6 + cos’0
where f(0) = 4

For stable nuclei, free energy will reach a maximum at a critical nuclear radius (r* ~ ZYUC/AIl)
and a nucleus will start to grow in a stable structure by adatom impingement. Then, Gibbs free energy
at the critical radius is:

AF* < 167Tyngvvgf(9)
30u° (S6)

The above kinetic study reveals that MoO; precursor concentration and corresponding interface
energy can play effective roles in nucleation and growth. For island growth, 6 > 0, therefore g, < y,s +
Yov and growth follows the Volmer—Weber (island) growth mode. For Stranski—Krastanov growth,
initially ys > Vus T Yav 1S satisfied, leading to layer-by layer growth when 6 > 0, but the buildup of
strain energy from the lattice mismatch between the film and the substrate can lead the growth

transformation into island-like growth after a few layers. Figure S2 clearly shows the growth of an

alloy following the SK model for a stable structure.

At. (%)

Position A | Position B | Position
C
Se 3d 1.77 2.14 1.55
S2p 63.28 36.36 3241
Mo 3d 23.21 18.57 13.37
O1s 11.75 42.93 52.67

Table S1. Atomic weight % composition of a MoS,(;.x)Se, alloy.

Manifestation of oxygen level: XPS analysis by XPS survey and core level spectra of the
composition of MoS,(;.x)Sexy alloys were studied for all synthesized alloys A, B, and C. The oxidation
of Mo atoms at the edge sites is prominent, as demonstrated by the Mo 3d core level spectra. We have

deconvoluted the O 1s core level spectra with the best-fit parameter (R? ~ 0.99) into peaks centered at



~532.1 eV, ~530.3 eV, and 529.8 eV corresponds to Si-O bonding, Mo™-0O, and Mo**-O bonding,
respectively. In the case of molybdenum oxide, the binding energy is flexible because of a varying
number of bound oxygen atoms.* In all Ols spectra, a small peak is present, which corresponds to
Mo*-0, confirming the presence of a very small amount of MoO,. However, in the case of the third
sample, along with the Mo™-O peak, one more peak with higher binding energy of small intensity is
evident, corresponding to Mo*6-O. The very low contribution of Mo™-O and the absence of Mo™-O

in the 2 other samples showcases the pure crystallinity of the MoS,;.)Sexy alloys.
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Figure S3. XPS Ols core level spectra of as-synthesized MoS,(1.xS€x alloys for substrates A, B, and C,

respectively.
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Figure S4. Atomic percentage of Se with error bar for each of as-synthesized MoS;(;.Se, alloys on different

positioned substrates A, B, and C, respectively.
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Figure S 4. Error bar calculatlon for each XPS measurments of Se 3d core level spectra of E-IS synthesized

MoS,1.x)Seay alloys for substrates A, B, and C, respectively.
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Figure S5. (a), (b) Raman intensity map of the A, (403 cm'') Raman active mode of MoS, and the E', (267

cm') Raman active mode of MoSe; in the MoS;(1.x)Sex alloy; and (c), (d) position maps of the El», and A,

active modes of MoS, in the MoS;(1.xSe,, alloy grown on substrate B.
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Figure S6. (a), (b) Raman intensity map of the A, (403 cm'!') Raman active mode of MoS; and the El», (267
cm!) Raman active mode of MoSe; in the MoS,(;.x)Se, alloy; and (¢), and (d) position maps of the E';, and A,

active modes of MoS, in the MoS;(;.x)Se,, alloy grown on substrate A.

Figure S7. EDS map of the MoS;(;.5)Se alloy.
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Figure S8. Furnace condition for MoS;(; x)Se,y alloy growth.
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Figure S9. (a) & (b) Tauc" plot to calculate band gap for the MoS,(,.x)Se,x alloy of different position substrate.
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Figure S10. MoS;(;.xSe,« FET: 14 — V4 curve under various V, (10 V-50 V).
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