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Figure 1. Synthesis and fabrication of large-area MoS, nanogenerator for
harvesting electricity from liquid motion. (a) Schematic view of CVD setup to
grow large-area MoS,. (b) Photograph of as-grown MoS,/sapphire and bare
sapphire. OM images of MoS, on sapphire in the () center and (d) at the edge of
the sapphire substrate. (€) Photograph of the fabricated MoS, nanogenerator® .
(p.223)
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Figure 2. Electricity generation by liquid motion on MoS; surface. (2) Schematic
diagrams of the experimental setup to harvest energy by dropping droplets on MoS,
film. (b) Voltage and () current responses generated by dropping droplets on MoS;
film. (d) Summary of reported generated voltage and current by liquid movement on
two-dimensional materials. (€) Voltage and (f) current generation of MoS, with different
underlying substrates®. (p.224)
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Figure 3. Mechanism of electricity generation by using single-layer
MoS,. Schematic view of the formation of EDL formation at the interface
between liquid and MoS, at (a) static- and (b) dynamic-state. (c) Generated
voltage and (d) current by only dropping droplet on MoS film without dragging it.
(e) Generated voltage and (f) current by dragging droplet on MoS, film®.
(p.226)
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Figure 4. Application and scalability of MoS, nanogenerators. (2) lllustration of the
experimental setup to draw electricity from the movement of wave on MoS, surface.
Generated (b) voltage and (C) power harvested from movement of seawave by MoS,
nanogenerator. (d) Schematic images of the series and parallel connections of three MoS,
nanogenerators. (€) Open-circuit voltage and (f) short-circuit current generated by series
and parallel connections. (p.227)
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Figure 1. Schematic diagrams of TEM and STEM modes. The specimen is illuminated by a
parallel beam in TEM mode. (p.284)

(a) The structure information of the specimen is projected to the image plane as the phase contrast
image. (b) The STEM imaging is using finely focused electron beam probing on the specimen with a
convergence semi-angle o, and an annular dark-field (ADF) detector collect electron with scattering
angles greater than . The inelastic scattered electrons can be detected in the spectrometer and give
rise to the electron energy loss spectroscopy (EELS) signal. (c\d) HRTEM images of monolayer
graphene. (e)f) STEM ADF image of monolayer graphene. Black dots in () and white dots in (€) indicate
the location of carbon atoms arranged in honeycomb structure visualized by TEM and STEM,
respectively. Yellow dotted lines highlight the damaged lattice (hole) in graphene. Green arrows point
out the location of addition layer of carbon contamination on the graphene surface. Blue circles indicate
the metal particles attached to graphene.

(a) (b)

Graphene hexagonal-BN (Mo, W,Nb)(5,5e,Te).

Figure 4. Examples of 2D materials. (p.287)
(a) graphene and (b) hexagonal boron nitride. (c)d) TMDCs MX, M=Mo, W, Nb, Re,
while X=S, Se, Te. Scale bars are 0.25 nm.
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Figure 5. Structure transformation in 2D materials. (p.283)

(a)b) Pyridinic-N defect in graphene pointed by orange arrows. (c) 5-8-5 defect in graphene. (d)
5-5-5-7-7-7 defect in graphene. (e)-(h) Defect transformation in WSe, (i)-(1) Phase
transformation of MoS, from 2H phase to 1T phase. The 1T phase is highlighted by red
triangles. Scale bars are 0.3 nm.

Figure 6. (a)-(c)Graphitic-N defect pointed by greed arrows migrate in graphene lattice.
(d)-(f) Au adatom migrate on top of MoS,. (8)h) The conducting DS chain structure of
ReS; changes direction under electron beam. Scale bars are 0.3 nm. (p.289)
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Figure 7. (a) Schematic of the relation of EELS and the specimen properties. (b) ADF
image of graphene with a graphitic-N defect. (c) ADF intensity profile taken
simutaneously with the EELS line scan along the orange box in (b). (d) The colored 2D
spectrum image of the EELS line scan. (€) The EELS spectrum extracted from the 2D
spectrum at the N existing range. (p.290)
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Figure 9. (a) ADF image of the MoSe,/MoS; lateral heterostructure. (b) Schematic of the
simplified energy band diagram corresponding to the structure in (2). (C)EELS color map
of Se M-edge (~55 eV, orange color) and S L-edge (~160 eV, purple color) . (d) PL of the
MoSe,/MoS, lateral heterostructure (red curve) and Low-loss EELS spectra from
MoSe2 domain (orange curve) and the MoS; domain (purple curve). (p.292)
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Figure 10. (a) Optical image of WS, grown on SiO,/Si substrate. (b) PL mapping of the
same sample of (a). (c) PL spectra of the a domain and B domain. (d) ADF image of the
dominant defect, Cry), in the oo domain. () ADF image of the dominant defect, Fe(w), in
the B domain. (f) Low-loss EELS spectra of the a and B domain. Scale bars are 0.3
nm. (p.293)
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Figure 11. (a) Schematic of the parallel beam set-up in monochromatic STEM. (b) Low-
loss EELS experimental data (upper panel) and the theoretical calculation result
(lower panel) of the phonon dispersion of graphite. (p.294)
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B @ Metal cation
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» »
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Figure 2. (a) Atomic model of 2D
perovskite with a single-unit-cell
thickness, (b) Thickness dependence of
the bandgap of 2D perovskites. (p.474)

Step 1: Vapor-phase Pbl, deposition
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— [(EEE] [C& 1+
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Figure 3. (a) Schematic of two-step vapor-phase growth of 2D MAPbI; perovskite, (b)
Optical image of MAPbI; crystals grown on SiO, substrate by this method®. (p.475)
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Figure 4. (a) Schematic illustration of the 2D MAPbI;/WS,
heterostructure, (b) A low magnification optical image of MAPbIs/
WS, heterostructures on sapphire substrate, () AFM image of a
WS, grain covered with 3 nm-thick uniform perovskite layer. The
inset shows the height profile measured along the solid line, (d)
PL spectra of the heterostructure, isolated perovskite, and
monolayer WS, measured at room temperature. Inset shows the
type Il band alignment between MAPbI; perovskite and WS, .
(p.476)

(a) Transfer WS, (b) Lithographic (c) Photoresist patterning for (d) Vapor deposition of
on SiO, substrate patterning of WS, electrodes the perovskite
Photo-

resist 4
Au/Ni perovskite
—-—)
.
.

WS, WS, pattern Resist Perovskite
- N

Figure 5. Device fabrication process of the perovskite/WS, patterned array for photodetector
application. All scale bars are 20 um®. (p.478)
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