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Abstract
Molybdenum disulfide (MoS2) is widely used in energy harvesting devices due to its high carrier mobility and 
semiconductor properties. However, the preparation of high-quality MoS2 still faces significant challenges. In this 
work, we present a one-step chemical vapor deposition method for the preparation of large-size MoS2 nanosheets 
with an orientation rate of over 70%. The one-step preparation method is more cost-effective and time-efficient 
compared to conventional techniques. The aligned MoS2 nanosheets demonstrate a significant capacity for charge 
transfer in triboelectric devices. Herein, we propose a concept of MoS2 as the charge transport layer for 
nanogenerator arrays for hybrid energy harvesting and high-performance direct output. Furthermore, the current 
density of the device exceeds 10 A/m2 under ultrasonic excitation. Consequently, this finding is anticipated to offer 
new insights into applications such as mechanical energy conversion and MoS2 charge transport.

Keywords: MoS2, large size, one-step CVD method, MoS2-based TENG

https://creativecommons.org/licenses/by/4.0/
https://www.oaepublish.com/energymater
https://dx.doi.org/10.20517/energymater.2025.77
http://crossmark.crossref.org/dialog/?doi=10.20517/energymater.2025.77&domain=pdf


Page 2 of Li et al. Energy Mater. 2025, 5, 500138 https://dx.doi.org/10.20517/energymater.2025.7713

INTRODUCTION
As the miniaturization of silicon-based devices approaches the limits of their physical performance, there is 
an urgent need to develop novel materials to overcome the material limitations[1,2]. Transition-metal 
dichalcogenides (TMDs) have attracted considerable attention due to their exceptional physicochemical 
properties, including high carrier mobility and high current switching ratio. Molybdenum disulfide (MoS2), 
as a representative of transition metal sulfides, exhibits a tunable bandgap. It undergoes a transition from an 
indirect bandgap to a direct bandgap when the material is reduced from bulk to a monolayer[3-5]. MoS2 is 
widely used in various fields, including photovoltaic devices, logic devices, flexible devices, and 
photocatalytic hydrogen precipitation[6-9]. Compared with other TMDs, MoS2 also exhibits superior 
characteristics in the field of charge transport and energy collection. MoS2 possesses the capacity to enhance 
charge transport by controlling the number of layers[10] and reducing the number of grain boundaries and 
defects [11]. These characteristics make MoS2 an ideal material for energy harvesting devices, supercapacitors 
and sensors[12-14].

A triboelectric nanogenerator (TENG) is an energy harvesting device based on contact charging and 
electrostatic induction coupling[15,16]. TENG is continuously innovated in combination with liquid metals, 
solar cells, and 2D materials[17-19]. Aji et al. and Kumar et al. improved the voltage and energy harvesting 
performance of TENG through the application of MoS2 film[20,21]. Wang et al. used water and monolayer 
MoS2 as friction layers to obtain high open circuit voltage and transfer charge[22]. However, this energy 
harvesting method still has shortcomings. Due to the presence of numerous grain boundaries and defects in 
MoS2 film, significant losses may occur during the charge transfer process[23,24]. Therefore, the preparation of 
MoS2 films with fewer grain boundaries and defects is a key current research interest.

MoS2 films with reduced grain boundaries and defects are prepared through two strategies: (1) grain 
boundaries and defects can be avoided by growing only one grain on the substrate and continuously 
expanding the grain size; (2) controlling grain orientation can inhibit the formation of grain boundaries[25]. 
The chemical vapor deposition (CVD) method is widely employed to control grain orientation due to its 
capability to accurately regulate growth time, growth temperature and carrier gas flow rate[26-28]. Aljarb et al. 
obtained regularly oriented MoS2 grains on sapphire by CVD method[29]. This results in smaller grain sizes 
and they were prone to spontaneous rotation to the energetically favorable position. It is determined by the 
lattice structure of the substrate, leading to preferred orientation and alignment of MoS2. Density functional 
theory simulations demonstrate that MoS2 deposited on sapphire has two preferred orientations[30]. 
Regrettably, the grain size of MoS2 grown in this way was limited and the orientation rate is uncontrollable. 
Therefore, it is necessary to explore a method that can control the growth of aligned MoS2. Subsequently, 
Park et al. employed MoOCl4 and H2S as precursors and annealed the sapphire at 1,000 °C for 6 h to 
facilitate the growth of MoS2 in two aligned orientations, which suggests that the formation of etched 
surface on the sapphire was a prerequisite for obtaining single orientation of MoS2

[31]. Liu et al. achieved the 
successful growth of 99% oriented bilayer MoS2 by annealing c-plane sapphire with mis-cut of 1° towards 
the a-axis for four hours in air[32]. These methods can obtain MoS2 films with good morphology and high 
orientation rate. However, these preparation methods typically require a long annealing period and the 
introduction of hydrogen or oxygen to etch the substrate surface, resulting in a long growth time and small 
grain sizes of the film[33-35].

In this study, we propose a CVD one-step method for the preparation of aligned MoS2. In 
Supplementary Table 1, we compared the parameters of the one-step method with those of other CVD 
methods for preparing molybdenum disulfide. This method significantly shortens the preparation time and 
reduces the raw material cost. MoS2 was used as a charge-transporting layer to investigate the effect of 
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aligned MoS2 on the electrical properties of the TENG. In Supplementary Table 2, we compared the device 
with some TENG devices. The MoS2-TENG device prepared by the one-step method has a strong charge 
transfer capability under the action of ultrasonic waves. This work provides a pathway for the synthesis of 
aligned MoS2 and also explores the potential of the oriented MoS2 in the TENG field.

EXPERIMENTAL
Synthesis of aligned MoS2

In this study, the CVD method is employed to prepare aligned MoS2 nanosheets. Prior to the growth of 
aligned MoS2, S (99.5%, 35 mg) and MoO3 (99.95%, 0.5 mg) powder, used as precursors, were placed in two 
quartz boats (1.5 cm × 10 cm), respectively. The sulfur powder was placed in the first temperature zone and 
the MoO3 was placed in the second temperature zone, with the two zones 15 cm apart. To fit the symmetry 
of MoS2, we chose c-plane sapphire as the growth substrate. c-plane sapphire has a six-fold symmetry while 
MoS2 has only two low-energy orientations on c-plane sapphire. Additionally, the substrate was miscut by 
1° toward the crystal <11-20> axis, as illustrated in Figure 1A, with the objective of further reducing the 
symmetry of the substrate. As shown in Supplementary Figure 1A-D, the MoS2 grown on the sapphire 
substrate without miscut exhibits a large area of stacking, resulting in an indistinct orientation. Sapphire 
with a miscut angle of 2° has a relatively small growth size and poor morphology. The grains of sapphire 
with a miscut angle of 4° are severely damaged. We compared the sizes of MoS2 grown at different 
temperatures, as shown in Supplementary Figure 1E-G. With the increase of temperature, the grain size of 
MoS2 increases. Based on this, the curve of the growth of MoS2 grain size with temperature was plotted 
[Supplementary Figure 1H]. Therefore, considering factors such as orientation rate and grain size, we 
choose substrate miscut angle of 1° and grain growth temperature of 1,000 °C. As illustrated in 
Figure 1B and C, the sulfur powder, MoO3, and substrate were placed in three distinct temperature zones, 
because the annealing temperature of sapphire of 1,000 °C exceeds the evaporation temperature of MoO3. 
The third temperature zone was initially elevated to 1,000 °C and maintained for 70 min. The first and 
second temperature zones were then increased to 100 and 500 °C, respectively, ensuring that the sulfur 
powder and MoO3 did not evaporate and the temperature rose rapidly to the desired deposition 
temperature, following annealing of the sapphire substrate. The first temperature zone remained for 140 
min and then rose to 86 °C within 20 min. The second temperature zone remained for 83 min and then rose 
to 870 °C within 37 min. In this way, when the annealing of the third temperature zone is completed, the 
first and second temperature zones can reach the deposition temperature simultaneously. After the sapphire 
substrate annealing was completed, without the cooling substrate, the temperature of the first temperature 
zone and the second temperature zone were directly increased to 286 and 870 °C, respectively. After the 
deposition was completed, the aligned MoS2 was obtained.

Fabrication of MoS2-based TENG
The synthesized MoS2/sapphire is fixed on an acrylic plate (20 mm × 30 mm × 0.1 mm). After an Ag 
electrode has been plated on the substrate by a coating machine, the liquid metal is spin-coated onto the Ag 
tape and affixed on top of the plated Ag electrode. Subsequently expanded polytetrafluoroethylene (E-
PTFE) is covered over the Ag electrodes and seamlessly connected to the substrate, connecting the two ends 
of the Ag electrodes to form a closed circuit.

Characterizations and measurements
Optical microscopy (OM, Nikon LV100), scanning electron microscopy (SEM, ZEISS Gemini Sigma 300), 
and atomic force microscopy (AFM, Bruker Dimension Icon) probes adopt the contact mode, and the test 
area is the boundary between MoS2 grains and the substrate. The height difference between MoS2 and the 
substrate was measured by NanoScope Analysis software. The MoS2 grains were tested by X-ray 
photoelectron spectroscopy analysis (XPS, Thermo Fisher Scientific K-Alpha), and the C 1s peak (284.8 eV) 
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Figure 1. (A) Schematic illustration of the miscut of the sapphire wafer from an ingot. (B) Schematic diagram of the CVD system for 
MoS2 synthesis. (C) Schematic diagrams of the growth temperature ramps.

was employed as a reference for calibration. Raman spectroscopy (HORIBA JY LabRAM HR Evolution with 
532 nm laser) was used to characterize the synthesized MoS2. Polarized second-harmonic generation (SHG) 
microscopy measurements were performed in a homemade system. A femtosecond laser with 780 nm 
central wavelength (~100 fs, 100 MHz, generated by MenloSystems) and power of 1.8 mW was used to 
excite the sample. The laser beam passed through a linear polarizer and was tightly focused to ~1 µm spot 
diameter by a 100× objective (NA = 0.9, Nikon). The MoS2 samples were attached to a piezoelectric stage to 
realize sub-micrometer scanning. Analog-to-digital conversion (ADC) collection system (Keithley 6514) 
was used to measure the charge, voltage and current.

RESULTS AND DISCUSSION
Growth mechanism of aligned MoS2

When the substrate symmetry is a subset of the 2D material, the 2D material has fewer low-energy 
orientations on the substrate[36]. As shown in Figure 2A, MoS2 with threefold symmetry has two low-energy 
orientations on a two- or six-fold symmetry substrate, and four low-energy orientations on a four-fold 
symmetry substrate. Two strategies have been identified for the growth of aligned MoS2: (1) Direct growth is 
achieved by exploiting the symmetry of MoS2 and the substrate. When the symmetry of the substrate lattice 
is matched with that of MoS2, MoS2 is able to achieve less orientation variant growth. This strategy typically 
necessitates the assistance of hydrogen or oxygen during the growth process[37] and it is incompatible with 
the single orientation growth of MoS2; (2) Substrate pretreatment. Steps are formed by annealing, 
lithography, and etching of the substrate[38]. The MoS2 edges have higher binding energy at the edges of the 
steps, thus realizing the aligned growth.

In this process, the pretreatment of the substrate is employed to create steps on the sapphire through 
annealing. As shown in Figure 2B, the initial sapphire surface is disordered, and parallel steps appear on the 
sapphire surface after annealing. These steps promote MoS2 aligned growth. Figure 3A and B shows the 
AFM image of sapphire without and with annealing treatment. Figure 3C corresponds to the height profile 
of the red line in Figure 3B and D shows the OM image of the CVD deposited aligned MoS2. The results 
indicate that the height of the steps is approximately 200 pm. Ultimately, the MoS2 grains exhibit alignment 
growth.

One-step preparation of aligned MoS2

The conventional methods for the preparation of aligned MoS2 typically necessitate prolonged annealing in 
air or oxygen atmosphere[39,40]. The substrate must await the cooling of the temperature zone after the 
annealing period of one to four hours before commencing the substrate next growth process, and the total 
duration of the annealing step exceeds 8 h. This approach is exceedingly time-consuming and energy-
consuming. Meanwhile, it significantly increases the preparation cost.
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Figure 2. (A) Schematic illustration of a threefold symmetric 2D material on a two-, six-, and four-fold symmetric substrate, 
respectively. (B) Schematic illustration of the sapphire parallel steps formation and MoS2 growth process.

Figure 3. (A) AFM image of sapphire before annealing. (B) AFM image of sapphire after annealing. The height profile (C) is along the 
red lines in (B). (D) OM image of the CVD deposited aligned MoS2.
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Here, we observe that the short annealing time is sufficient to form steps on the substrate. When the steps 
are formed, the initial nucleated MoS2 grains tend to preferentially deposit at the edge of the step. The 
precursor is directly transported from the low-temperature zone of the CVD to the third temperature zone, 
where it can be directly deposited to form aligned MoS2 without cooling in the annealing temperature zone. 
This method simplifies the preparation steps of MoS2, thereby reducing the preparation time and cost. As 
shown in Figure 4, we compare the samples produced by no miscut sapphire [Figure 4A], unannealed 
sapphire [Figure 4B], and annealed sapphire at 850 °C [Figure 4C] with the samples prepared by the one-
step method [Figure 4D]. Samples without miscut sapphire have inferior morphology and are difficult to 
discriminate between the orientations. In addition, the MoS2 grown from without miscut sapphire is prone 
to stacking in banded patterns. Samples of unannealed sapphire exhibit random orientations due to the 
absence of step formation. Because the growth temperature is 1,000 °C, its grain size reaches 100 µm. The 
smaller grain size of the 850 °C anneal compared to the 1,000 °C anneal is due to the fact that the high 
temperature of 1,000 °C makes the precursor gases more active and more evenly distributed on the 
substrate. Meanwhile, at 850 °C, no steps can be formed on the substrate, so the grains show random 
orientation.

In particular, 3 mg of molybdenum oxide is required for the sample at 850 °C, and only 0.5 mg is required 
for annealing at 1,000 °C. This is due to the fact that the temperature of the third zone is 1,000 °C and the 
temperature of the second zone is 850 °C. According to the P V = n k T equation, there is a pressure 
difference between the third zone and the second zone[22,41], and the precursor gases tend to diffuse into the 
second zone and remain in the tube furnace for a longer period of time. Therefore, this method simplifies 
the preparation steps of MoS2, reduces the preparation time and raw material costs, and is conducive to 
grain size increase and uniformity.

Characterization of aligned MoS2

Figure 5A and B depicts the OM and SEM images of the prepared aligned MoS2. From Figure 5A and B, it 
can be seen that the MoS2 grains grow in the same direction, and the grain sizes range from 80 to 200 µm. 
The majority of MoS2 grains exhibit a trapezoidal morphology, which is attributed to the high growth 
temperature. The insulation of the sapphire substrate impairs the clarity of the SEM image, preventing the 
determination of whether secondary growth occurs on the grain surface. It is evident that the MoS2 has 
larger grain sizes and exhibits directional growth.

The photoluminescence (PL) spectra of the aligned MoS2 and randomly oriented MoS2 were obtained, as 
illustrated in Figure 5C. The aligned MoS2 exhibited a notable quenching in PL intensity compared to the 
randomly oriented MoS2, which was due to the strong coupling of the aligned MoS2 with the substrate. To 
further investigate the strong coupling between aligned MoS2 and the substrate, Raman spectroscopy tests 
were performed on aligned MoS2 and randomly oriented MoS2. As illustrated in Figure 5D, the rightmost 
peak is the sapphire substrate characteristic peak. We use the sapphire characteristic peak as a benchmark to 
compare the E2g peak positions of the two MoS2 samples. The E2g peak position of randomly oriented MoS2 
is located at 385.1 cm-1, while the E2g peak position of aligned MoS2 is noted at 381.6 cm-1. The E2g peak of 
aligned MoS2 shows a red shift, demonstrating strong coupling between aligned MoS2 and the substrate with 
tensile strain[42,43]. Annealing appears to have enhanced the epilayer-substrate bonding. In order to initially 
characterize the thickness of aligned MoS2, the frequency difference between the peak positions of aligned 
MoS2 E2g and A1g was calculated to be 22 cm-1, which suggests MoS2 to be around one monolayer thick[44,45].
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Figure 4. OM image of MoS2 growing under different parameters.

Figure 5. (A) OM image of the CVD deposited aligned MoS2. (B) SEM image of the CVD deposited aligned MoS2. (C) PL spectra of 
aligned MoS2 (red line) and randomly oriented MoS2 (black line). (D) Raman spectra of aligned MoS2 (red line) and randomly oriented 
MoS2 (black line). (E) AFM image of the MoS2 flake. The height profile (F) is along the red lines in (E). XPS spectra of (G) S 2p and (H) 
Mo 3d.

The thickness of the aligned MoS2 was accurately characterized by AFM, as illustrated in Figure 5E. 
Figure 5F depicts the height profile corresponding to the red line in Figure 5E. The aligned MoS2 exhibits a 
thickness of approximately 0.7 nm, which is consistent with that of monolayer MoS2 (0.65 nm).

To analyze the binding energy of the Mo and S atoms in the aligned MoS2, XPS was performed. The C 1s 
peak (284.8 eV) was employed as a reference for calibration. The S 2p spectrum [Figure 5G] exhibits two 
characteristic peaks at 162.8 and 164 eV, which correspond to the S 2p1/2 and S 2p3/2 orbitals, respectively. 
The Mo 3d spectrum [Figure 5H] exhibits characteristic peaks at 236.1, 233.1, 232.1, 230, and 227.2 eV, 
which correspond to the Mo6+ 3d3/2, Mo4+ 3d3/2, Mo6+ 3d5/2, Mo4+ 3d5/2 and S 2s orbitals, respectively. The 
characteristic peaks are consistent with previous reports[46-48], indicating that the prepared sample has a 
relatively pure MoS2 phase.
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To ascertain the growth orientation degree of the MoS2 grains, we selected six different sites [Figure 6A] on 
the same substrate for observation and analysis. Figure 6B-G depicts the OM images of the six locations. 
From Figure 4, it can be seen that most of the grain sizes are over 100 µm. The orientation of 233 grains on 
the substrate was counted using the image j software with the horizontal orientation as a reference. The 
schematic diagram is shown in the upper right corner of Figure 6H. As shown in Figure 6H, the grain 
orientation is mainly distributed in the range of 11°-16°, and 73.8% grains are distributed in the range of 
12°-15°. This proves that the orientation rate of our prepared samples exceeds 70%.

To explore their lattice orientations and grain boundaries at merging, Polarized SHG characterizations were 
performed. Figure 7A shows the OM image of MoS2 grains combined. Figure 7B demonstrates the SHG 
mapping image of the red region in Figure 7A. There is no decrease in intensity in the merged grains, 
indicating that no grain boundaries exist[38]. Figure 7C-F presents the five polarization resolved SHG 
patterns across a 1 cm2 sample area. The nearly overlapped SHG six-petal patterns confirm the coherent 
lattice orientation and uniformity of the as-grown MoS2 nanosheet[33].

Electrical performance testing of MoS2-based TENG
The charge transfer characteristics at the interface between MoS2 and E-PTFE were studied using TENG as 
a charge transfer probe and ultrasound as an energy source. The Ag electrode was evaporated on MoS2 
using the coater and mask, as illustrated in Figure 8A. Fix the sapphire after evaporating the electrode onto 
an acrylic plate (The MoS2-based TENG photo is shown in Supplementary Figure 2). Due to the inability to 
directly connect the vaporized silver electrode to the alligator clips, the subsequent step involves spin-
coating liquid metal onto silver tape. Attach the silver tape to the E-PTFE surface according to the width of 
the evaporated electrode and affix it on top of the vaporized Ag electrode. The particle size of the vaporized 
Ag electrode is small, and the direct adhesion of the Ag tape is not able to maintain the conduction. Spin-
coating the liquid metal can improve the conduction ability of the Ag tape with the vaporized Ag electrode. 
In conclusion, the device is composed of MoS2 on the bottom, vaporized Ag electrode, liquid metallic Ag 
tape, and E-PTFE on the top surface [Figure 8B].

In order to gain a deeper understanding of the operation principle of MoS2-based TENG devices, the 
fundamental principle of charge generation and transfer between the MoS2-PTFE layers during the 
operation of the ultrasonic generator is studied. As illustrated in Figure 8C, E-PTFE is electronegative. 
When MoS2 and E-PTFE come into contact with each other, the electric-double layer is formed at the 
interface between the MoS2 and E-PTFE. This is in equilibrium and there is no charge movement[17]. When 
ultrasonic waves are applied to the device surface, more negative charges accumulate on the E-PTFE surface 
and more holes appear on the corresponding MoS2 surface. In order to establish electrostatic equilibrium, 
the electrons on the MoS2 surface move in a directional manner to fill the holes, which are ultimately 
collected by the TENG probes.

The voltage, current, and charge generated by the MoS2-based TENG under ultrasonic waves are studied. As 
illustrated in Figure 9A-C, when the ultrasonic generator is turned on and off, it is possible to observe the 
rise and fall of the voltage, current, and charge generated between the Ag electrodes at both ends. After the 
ultrasonic generator is stopped, both voltage and current cease to exist, and the accumulated charge is 
diminished. It is noteworthy that the MoS2-based TENG can generate a voltage exceeding 120 V, a current 
of 1 mA, and accumulate a charge of 1,200 nC within a brief interval. From the area of the device (1 cm2), a 
current density of 10 A/m2 is obtained, indicating that the aligned MoS2 has excellent charge transport 
performance.

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202508/em5077-SupplementaryMaterials.pdf
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Figure 6. OM images for six positions on the sapphire, (B-G) correspond to 1-6 in (A). (H) Statistical distribution of MoS2 domains.

Figure 7. (A) OM image of two merging MoS2 domains. (B) SHG mapping of two merging MoS2 domains in the red region in (A). (C-F) 
Polar plot (°) of the SHG intensity of five MoS2 grains on the same substrate.

In order to investigate the effect of ultrasonic power on charge transfer, we measured the voltage, current 
and charge of the electrodes at both ends of the device for 5 s at 10-50 W power, respectively. As illustrated 
in Figure 10A-C, the current voltage magnitude and charge accumulation rate of the MoS2-based TENG 
increase with the increase of the ultrasonic power. Ultrasonic waves accelerate the charge movement in the 
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Figure 8. (A) Schematic diagram of silver electrode vaporization. (B) Schematic structure of MoS2-based TENG. (C) Working 
mechanism of the MoS2-based TENG.

Figure 9. MoS2-based TENG voltage (A), current (B), and charge (C) in the ultrasonic on-off state.

Figure 10. Aligned MoS2-based TENG voltage (A), current (B), and charge (C) at different ultrasonic powers. Optical microscope image 
of randomly oriented MoS2 (D) and aligned MoS2 (E). Randomly oriented and aligned MoS2-based TENG voltage (F), current (G), and 
charge (H).

MoS2-PTFE electric double layer. In particular, the rise in charge accumulation within 5 s at both power 
levels (40-50 W) is not substantial due to the limitation of the device size on the total charge, and then the 
charge accumulation reaches its peak.
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In order to investigate the electrical properties of randomly oriented MoS2 and aligned MoS2, we measure 
the device electrical signals by using two kinds of them as charge transport layers, respectively. The OM 
images of randomly oriented MoS2 and aligned MoS2 are shown in Figure 10D and E, respectively. As 
shown in Figure 10F-H, we select the voltage, current, and charge signals output from the device within 5 s 
for comparison while keeping other parameters consistent. The aligned MoS2 device was able to output a 
voltage of 120 V, a peak current of 0.7 mA, and accumulate a charge of 900 nC under the same test 
conditions, whereas the randomly oriented MoS2 device could only output a voltage of 85 V, a peak current 
of 0.2 mA, and an accumulated charge of 600 nC. The results of the superiority of aligned MoS2 devices over 
randomly oriented MoS2 devices can be demonstrated by the fact that grain boundaries and defects at the 
merging of randomly oriented MoS2 grains lead to the compounding of a large number of electrons and 
holes during the charge transport process, which affects the transport of carriers. The MoS2-based TENG 
generates high voltage, current, and accumulated charge under the influence of ultrasonic waves. 
Consequently, the aligned MoS2 is regarded as a promising candidate for charge transfer.

CONCLUSIONS
In conclusion, a one-step deposition strategy was employed to prepare highly aligned MoS2 nanosheets. 
Through the detailed characterization of MoS2 nanosheets, it was observed that they have large dimensions 
and orientation rate of over 70%, which enables us to prepare aligned MoS2 nanosheets at a low cost in a 
short period of time. Meanwhile, we employed a TENG as a charge transfer test probe to evaluate the charge 
transfer capability of aligned MoS2 nanosheets under different ultrasonic powers. The aligned MoS2 
nanosheets exhibit high voltage, current, and charge under ultrasonic waves. The charge transport 
properties of randomly oriented and aligned MoS2 were compared by TENG. Furthermore, compared with 
the conventional low-frequency mechanical work, choosing high-frequency ultrasound as the energy source 
broadens the scope application of aligned MoS2 in the TENG field. This indicates that the aligned MoS2 
nanosheet exhibits considerable potential in charge transfer and energy harvesting applications.
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