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Abstract Atomically thick two-dimensional (2D) semiconducting materials have attract broad interest because of their
low-dimensional effect. Towards optoelectronic applications, 2D semiconducting materials with tunable band structures
(such as tunable band gaps, conducting band and valence band positions) are favored. Alloying is a general approach to tune
the band structures. Here, this review introduces the research progresses on 2D semiconductor alloys in recent years, includ-
ing their thermodynamic stability, controlled preparation, structure characterization and property investigation. The transition-
metal dichalcogenide monolayer alloys, mainly Mo, W metal elements and S, Se dichalcogenide elements is focused.
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Figure 1 Distribution of 2D materials in periodic table, including (1)
transition metal dichalcogenides, (2) graphene, silicene™ and
germanene!””, (3) hexagonal BN, and (4) black phosphorus!**
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Figure 2 Plot of band gap to lattice parameter for selected 2D semi-
conductors

Green lines present experimentally obtained 2D alloys. Black lines present
potential 2D alloys. Data taken from: graphene, ref. [29]; MoS,, MoSe;,
MoTe,, WS, and WSe,, ref. [30]; ZrS,, ZrSe, and ZrTe,, HfS; and HfSe,, ref.
[31]; WTe,, ref. [32]; 2-BN, ref. [33]; silicene, ref. [34]; Green lines, ref. [35]
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Figure 3 Illustration of solid solution formation of two materials®!
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Figure 4 (a) Formation enthalpy (blue data points) and formation free
energy (red data points) for Mo,W,-,S, monolayer™, and formation
enthalpy for (b) MoSy-ySe,. monolayer, (¢) MoSe;;-yTe,. monolayer,
and (d) phase diagram of MoSey—Te,. monolayer?®”)

ST (physical vapor deposition, PVD)FI{L22S A
VTR (chemical vapor deposition, CVD), iX¥& 757k K42
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Hepd L (o) WU 8 72k 4 BBOPE e i TR IR L £ o 2
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Figure 5 (a) Illustration of CVT method™', (b) Mo,W.,S, bulk single
crystals synthesized by CVT?**), (¢) Photograph of Mo,W .S, flakes on a
tape during mechanical exfoliation™®! and (d) As-exfoliated Mo,W,.,S,
monolayer**!
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B-ANREBHRE 4 FREE8E MoW, -
S, g il it e B AR R B (R CVT il % 1
FUFERR, 7F 300 nm SiO,/Si 3K F3RA. il g
Jr RIRE T HEANF ZELK) Mo, W -, Sy, HOB2 I ALt
TTE AT BELN 10%. B Ja B 70384148 T 288 7 V3R 15
T HE Mo, W, -, Se, 542,
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Figure 6 (a) Illustration of MoS,,Sex-y synthesized by PVD. (b) Pho-
tograph and optical images of PVD-grown MoS,,Se,(;-,) monoalyers and
few-layers?®>!
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Table 1 In the PVD synthesis of MoS(-y)Se,, monolayers, the compo-
sition changes with evaporation temperatures of MoSe, and MoS,
sources’**

MOSez /J]%I].E MOSz ﬁ%‘lg MOSzxsez(l—x)

T/C ./ C oy ff A BT R RE R eV
—(1X MoS»,) 940 0 1.862310.004
940 940 0.12 1.820840.007
945 940 0.15 1.808£0.003
950 940 0.20 1.791140.004
955 940 0.25 1.78964-0.001
960 940 0.27 1.773040.004
965 940 0.30 1.756+0.004
970 940 0.33 1.74710.005
975 940 0.40 1.7321+0.005

(a)

(b)

B 7 (BRG] 4 5 2 MoSaSeq—offA B VR 32 A
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Figure 7 (a) Illustration of the synthetic method of MoS,,Se;-,) mon-
olayers by sulfidation and selenization of MoO; and (b) Optical images of
as-prepared MoS,,Sex v monoalyers[‘ub]
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Figure 8 (a) Optical images and AFM image of mechanically exfoliated
Mo, W,-,S, monoalyers and few-layers and (b) plot of red contrast of
Mo, W,-.S, flakes from low to highm"]
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Figure 9 (a) HAADF-STEM image of Mo,W,;-.S, monolayer and (b)
corresponding EELS for location 1 and 2P and (c) HAADF-STEM
image of MoS,,Se,( - monolayer and (d) site assignmentmd
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Figure 10 Plot of experimental band gap emission energy against com-
position for several 2D semiconductor alloys™”
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