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ABSTRACT: Edge-oriented MoS2 nanopetals complexed with basal-oriented MoS2 thin films have been mildly grown 

through a simple atmospheric pressure chemical vapor deposition (APCVD) process with the reaction of MoO3 and S. 

Dense nanopetals with hexagonal structure exposed numerous chemically reactive edge sites. The roles of growth 

temperature, time and S/MoO3 mass ratio have been carefully investigated to tune the morphology and density of the as-

grown products. Importantly, the carbon nanotube (CNT) films were used as the substrates for growing MoS2 nanopetals. 

The MoS2/CNT composites, directly as working electrodes, showed remarkable and stable electrocatalytic activity in 

hydrogen evolution reaction (HER), as manifested with a low oneset overpotential of ~100 mV and a small Tafel slope of 

49.5 mV/decade. The development of the MoS2/CNT electrode provides a promising way to fabricate other multifunctional 

electrodes. 

KEYWORDS: MoS2 nanopetals, atmospheric pressure chemical vapor deposition, the CNT films, hydrogen evolution 

reaction.  

1. Introduction 

In recent years , two-dimensional (2D) layered transi tion-metal 

dichalcogenides  (TMDCs), especially MoS2, have become the focus 

of researching because of their inherent structure, presenting 

unique properties different from their three-dimensional (3D) bulk 

counterparts .
1-3 

Various synthetic methods have been gradually 

developed to synthesize MoS2 of different morphologies.4-9 

Chemical vapor deposition (CVD) is considered to be one of simple 

and efficient methods  for synthsizing MoS2 via  the sulphuri zation or 

decomposition of pre-deposited metal -based precursors , or the 

one-step reaction and deposition of gaseous metal and chalcogen 

feedstocks.10-16 Conventional researches have focused on horizontal 

MoS2 atomic layers , which are promising for optoelectronics  due to 

their indirect-to-direct bandgap transi tion17-20 and large on/off 

current ratios  (>1010)20. Recently vertically aligned MoS2 layers  have 

also attracted great attentions because of their exposed chemically 

reactive edge si tes beneficial for electrochemical  catalysis .21,22 

Theoretical and experimental s tudies have indicated that exposed 

edges  of MoS2 nanostructure are  the active sites  for HER.23-28 

Exposing more edges of MoS2 by controlling i ts nanostructure 

allows the formation of a more active HER electrocatalyst. Such 

observation implies that dense edge-oriented MoS2 nanopetals 

would be advantageous  to design as an efficient HER catalyst. At 

the same time, small radii  of curvature makes  its  highly promising 

for electron field emitter applications .
29 

While  there are less studies 

on growing MoS2 nanopetals by CVD methods . 3D MoS2 and WS2 

nanoflowers , composed of tens  to hundreds of self-assembled 

nanopetals, have been selectively prepared through APCVD process 

at 650 °C with the reaction of chlorides and sul fur.30 The mechanism 

of forming slightly curved nanopetals is not clear 

In this work, we described a  facile way to synthesize edge-

oriented MoS2 nanopetals complexed with basal-oriented MoS2 

thin films  via APCVD method at 650-950 °C with the reaction of 

MoO3 and S. The mechanism of forming slightly curved nanopetals 

had been preliminary studied. The roles of growth temperature, 

time, and S/MoO3 mass ratio had been carefully investigated to 

tune the morphology and density of the as-grown products. In 

addition, MoS2 nanopetals were directly grown on the working 

electrodes, the CNT films, as  comparable and s table electrocatalytic 

catalysts for HER. The MoS2/CNT film electrodes were manifested 

with a  small onset overpotential of ~100 mV and a  low Tafel  slope 

of 49.5 mV/decade. 

2. Experimental Section 

2.1 Materials  

Molybdenum trioxide (MoO3, 99.9% metals basis) and sulphur 

powder (99.5%, sublimed grade ) were purchased from Aladdin 
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Industrial Corporation. The CNT films were purchased from Suzhou 

Creztive Nano-carbon Co.,Ltd. These chemicals were used without 

further puri fication. 

2.2 Preparation of MoS2 nanopetals  

MoS2 nanopetals were prepared via APCVD method. MoO3 and 

sulphur powder were used as precursors . Growth substrates  were 

loaded into a 1-inch CVD furnace  (Lindberg/Blue M) and placed 

face-down above a ceramic boat containing of MoO3 at the center 

of the furnace. Sulphur powder, placed near the inlet of the furnace 

with about 25 cm dis tance from the MoO3 powder, was mildly 

sublimated at 120 °C with independently temperature-controllable 

heating bel ts , and carried by Ar gas (500 s tandard cubic centimeter 

per minute (sccm)) to the down-stream growth zone. The gas flow 

of Ar was  kept at 500 sccm during all the process. After purging the 

system with Ar gas  for 5 min, the CVD system was  heated to 120 °C 

within 3 min, held for 60 min to make the system full of sulphur 

vapor, s tably and continuously. Then the furnace was heated to 

800 °C within 30 min, held for 60 min, and then cooled to 500 °C 

naturally, opened furnace for rapid cooling. To investigate the 

effect of growth parameters , the initial  mass  ratio of S/MoO3 was 

controlled to be less  than 10:1, 10:1, 30:1, 50:1 and 70:1, 

respectively. The growth temperature was set to be 650 °C, 700 °C, 

800 °C, 900 °C and 950 °C, respectively, for 5 min to 120 min, when 

the ini tial mass ratio of S/MoO3 was controlled to be 30:1,. 

2.3 Characterizations  

Raman spectra  were recorded using a  LabRAM HR Raman 

Spectrometer (LabRAM HR, Horiba-JY) fitted with a 532.2 nm laser. 

Field Emission Scanning Electron Microscope (FESEM, Hitachi  S -

4800, 5 KV), Atomic Force Microscopy (AFM, Dimension 3100), X-

ray Energy Dispersive Spectrometer (EDS, Apollo 40SDD) and 

Transmission Electron Microscope (TEM, Tecnai  G2 F20 S-Twin) 

were used to investigate the morphology and nanostructures of the 

samples . High-resolution transmission electron microscope (HRTEM) 

performed at an accelera tion voltage of 200 KV. The crystal 

s tructure was characterized by X-ray diffraction (XRD, D8 Advance, 

Bruker AXS). Electrochemistry was  performed with a  model  CH 

Instrument 660C electrochemical workstation (Shanghai Chenhua 

Equipment). 

2.4 Electrochemical Measurements  

A three-electrode cell  set up, consis ting of our MoS2/CNT films 

directly used as the working electrode, Pt and silver chloride 

electrode (Ag/AgCl  (saturated KCl )) as the counter electrode and 

reference electrode, respectively. In 0.5 M H 2SO4 solution, 

potentials were referenced to a  reversible hydrogen electrode (RHE) 

by adding a value of 0.197 V.31 Linear sweep voltammetry (LSV) was 

conducted at a  scan rate of 5 mV/s in 0.5 M H2SO4 (deaerated by N2). 

During the durability test, scan rate of cyclic vol tammetry (CV) was 

100 mV/s in 0.5 M H2SO4.  

3. Results and discussions 

In the APCVD process of growing MoS2, we used MoO3 and sulphur 

powder as precursors. MoO3 was reduced by sulphur vapor into the 

target product. In order to achieve MoS2 nanopetals, we believe 

that i t is important to control the concentration of MoS2 by 
adjusting the  growth parameters. When the growth temperature is 

as low as 650 oC, the resulting nucleation densi ty is less, leading to 

the growth of 2D horizontal MoS2 triangular flakes for 30 min (Fig. 

1a).
9,10 

By increasing the growth time  to 60 min while keeping other 

growth parameters  identical, the coverage of MoS2 increases, and 

triangular MoS2 flakes  become denser and smaller (Fig. 1b).12,13  

Further increasing the growth time to 90 min, the concentration of 

MoS2 would increase so much that the growth in horizontal 

di rection cannot keep up with i ts  mass transport, s tarting to 

germinate in 3D direction. Some novel  structures  like nanopetals  

appeare on horizontal MoS2 flakes (Fig. 1c). Further extension of the 

growth time to 120 min, the nanopetals become bigger and their 

amount increases . Obviously, they are slightly curved and exposed 

sharp edges , but the density is s till rare (Fig. 1d). As  shown in Fig. 1d 

and Fig. S1, obvious features  of spiral  growth coincide well  with the 

result of AFM phase diagram (Fig. 1h), suggesting that there exis ts 

screw dislocations in films .32 Extension of the growth time, 

continuous mass transport sustains unrestricted spiral growth, 

leading to the generation of nanopetals exposed active edges with 

small radii of curvature. 

 Raman measurements (Fig. 1e and 1f) show the frequency 

di fference (Δ) of sample A1 is 19.7 cm-1 between the two typical 

vibrational modes  of A1g and E2g, suggestive of the uni form 

monolayer nature. The Δ of sample A2 and A3 is 22.6 and 23.6 cm-1, 

respectively, corresponding to the nature of few-layer MoS2. While 

the Δ of sample A4 is 25.5 cm-1, implicating of the property of 

multilayer MoS2. The thickness of MoS2 film is  about 3.8 nm 

observed from the AFM height map in Fig. 1g. The relative E2g/A1g 

ratio calculated from the Raman results can be used to distinguish 

between basal- and edge-oriented MoS2.33,34 As shown in Fig. 1e, 

the E2g/A1g ratios of horizontal MoS2 layers observed from sample 

A1, A2, A3 and A4 are 0.76, 0.72, 0.71 and 0.68, respectively, 

indicating that deposited horizontal MoS2 layers are basal-oriented, 

consistent with the XRD results in Fig. S2. All peaks in the XRD 

pattern can be indexed as  the pure hexagonal  MoS 2 phase with 

lattice constants : a  = 3.161 Å and c = 12.29 Å (PDF No.37-1942). A 

s trong sharp (002) diffraction peak is observed at 2θ = 14.5
o
, 

indicating that horizontal MoS2 films  expose the basal plane. Higher 

order peaks  (004), (006) and (008) of MoS2 are observed, 

confi rming that MoS2 thin films  are highly basal-oriented.35 No extra 

peaks  are observed. The sharp di ffraction peaks  imply good 

crystallini ty of the obtained MoS2 products . The E2g/A1g ratio of 

MoS2 nanopetals  observed from sample A4 is  0.49 (Figure 1e), 

di fferent from that of horizontal MoS2 films, which is attributed to 

the exis tence of vertically aligned MoS2 layers  in the nanopetals .36 

With the increase of the growth time, mass transport in both 

horizontal and vertical di rection is enhanced, resulting that as-

grown products have been changed from monolayer triangular 

flakes to continuous multilayer films  and curved nanopetals. 
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Fig. 1 SEM images of MoS2 grown on 500 nm SiO2/Si with the 

S/MoO3 mass ratio of 30:1, at 650 oC for different growth time. (a -d) 

SEM images  of sample A1, A2, A3 and A4 grown for 30 min, 60 min, 

90 min and 120 min, respectively. (e) Raman spectra of MoS 2 

nanosheets (NSs) and nanopetals (NPs) shown in (a -d). (f) 

Corresponding Raman shi fts of E2g and A1g peaks  and their gap 

di fferences of MoS2 nanosheets. AFM height map (g) and phase 

diagram (h) of MoS2 thin film shown in (d). 

 

In order to achieve more nanopetals , the growth temperature 

was  raised to 700 oC and the growth time was  set to be 60 min and 

120 min (refer to sample B1 and B2, respectively). As shown in Fig. 

2a-c, the density of nanopetals is substantially increased. 

Surprisingly, some nanopetals are assembled into nanoflowers , 

which presents  a 3D morphology with an open structure  providing a 

huge specific surface. The proportion of nanopetals, dis tributed on 

MoS2 thin films individually and independently, is much larger than 

that of nanoflowers . The longer growth time (120 min) results  in 

higher density of MoS2 nanopetals  (Fig. 2a  and 2c). The 

characteris tic Raman peaks  corresponding to the E2g and A1g 

vibration modes can be observed as two prominent peaks at about 

380 and 405 cm
-1

 in Fig. 2d, respectively. The Δ is 25 cm
-1

 acquired 

from sample B1 and sample B2, consistent with that of multilayer 

MoS2. The E2g/A1g ratio of sample B2 and B1 is 0.46 and 0.44, 

respectively, indicating that the as-grown nanopetals and 

nanoflowers are edge-oriented.34 Additionaly, the overall Raman 

intensi ty of sample B2 is threefold to fivefold of that of sample A4, 

suggesting sample B2 has better quality.35 TEM images  of sample B2 

demonstrate that there are s trong interconnections between 

nanopetals and nanoflowers . Ripples and corrugations  are 

considerably well-defined during the ul trasonic treatment of 1h, as 

displayed in Fig. S3a and Fig. 2e, revealing good s tructural s tability. 

Fig. S3b depictes  a  selected-area  electron diffraction (SAED) pattern 

taken from an individual  nanoflower. (103), (105), (108), (206) and 

(00 14) crystal planes can be well-indexed to hexagonal MoS2 (PDF 

No.37-1942). EDS analysis (Fig. 2d) demonstrates  that the 

nanoflowers are composed of Mo and S. The S/Mo ratios is 2.19, 

indicated that there are abundant unsaturated ligands S-dangling 

on the edges  of the MoS2 catalyst.37  Due to layered s tructure of 

MoS2, the dangling bonds can incorporate atoms directly from the 

gaseous precursors , which favors lateral growth of the nanopetals. 
Representative HRTEM micrographs were shown in Fig. 2g. The 

(002) basal plane fringes with a  lattice spacing of 0.615 nm can be 

clearly seen. While the edge is (103) plane with a lattice spacing of 

0.228 nm. The number of layers gradually decreases from central 

core towards  edge and is  4 to 8 near the edge of 2-5 nm. 

Experimental and computational s tudies have indicated that the 

exposed edges are  the active si tes for HER, while the basal plane of 

MoS2 is  catalytically inert.38-40 Therefore, the as-grown edge-

oriented samples would have promising HER performance. HRTEM 

images taken along the [001] projection was shown in Fig. 2h, in 

which the spatial  periodici ty of the Moiré fringes  with 1.3 nm can 

be discerned. According to the FFT pattern, the large-angle rotation 

about 9-11° exis ting between the (100) edge plane layers with an 

interlayer spacing of 0.274 nm was  calculated, which is  caused by 

weak interlayer (van der Waals) interactions in MoS 2. Because of 

the screw dislocation, the difference in layer curvature is also a 

reason for the occurrence of interlayer rotation. 

Further increasing the growth temperatutre to 800 oC, we set 

the growth time to be 30 min and 60 min (refer to sample C1 and 

C2, respectively). At relative longer growth time (60 min), as  shown 

in Fig. 3b, the density of nanopetals is highly increased. Dense 

nanopetals are close-packed and exposed numerous  edge sites . 

Cross-section SEM image (Fig. S1c) of sample C2 clearly shows the 

features of MoS2 nanopetals through the spiral growth. From 

horizontal to verti cal  growth, synthesized MoS2 nanopetals exposed 

active edges  with small radii of curvature. The E2g/A1g ratio of 

sample C1 and C2 is 0.43 and 0.41 (Fig. 3c), respectively, consistent 

with that of edge-oriented MoS2 nanopetals. Sometimes some 

particles or sheets which arise from the incomplete sulfuration  can 

be observed ei ther at the roots  or among the nanopetals (Fig. S4a). 

Influenced by dense S atmosphere, the products  s till remain the 

nanopetal nanostructure with similar size but would be integrated 

into the large layer. The edges are hided (Fig. S4b and S4c ). All  of 

them are adverse to HER.  
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Fig. 2 SEM images of MoS2 nanopetals  and nanoflowers  synthesized 

at 700 oC for di fferent growth time. (a  and b) SEM images of sample 

B1 grown for 60 min. (c) SEM image of sample B2 grown for 120 min. 

(d) Raman spectra  of MoS2 nanopetals and nanoflowers shown in 

(a -c). (e) STEM image of a MoS2 nanoflower. (f) EDS analysis of 

MoS2 nanoflower shown in (e). (g and h) HRTEM images of MoS2 

nanoflower. Inset: Corresponding Fast Fourier Transform (FFT) 

pattern. 

 

At higher temperature of 900 oC and 950 oC, the growth time 

was  set to be 5 min (refer  to sample D and E, respectively). As 

shown in Fig. 4a  and 4b, the densi ty of the products  is  so intense 

that nanoflowers are spreaded over the crowded nanopetals. The 

sizes  of the products  become larger, ranging from hundreds  of 

nanometers  to a few micrometres  in width and several  nanometers 

to hundreds of nanometers in thickness , which are not conducive 

for the HER.41 Cross-section SEM images of sample D and E (Fig. S5) 

can clearly defined the boundary between vertical MoS2 nanopetals, 

horizontal MoS2 films  and 500 nm SiO2 layer. Therefore, we 

calculated the ratio of vertically aligned MoS2 nanopetals / total 

MoS2 (F). With the increase of the growth temperature  from 900 to 

950 oC, the value of F decreases from 82.1% to 79.5%. At the same 

time, the E2g/A1g ratio of sample D and E decreases from 0.38 to 

0.36 (Fig. 4c), indicating the increase of the size.22 In conclusion, the 

growth temperature and time dependent s tudies revealed that the 

ideal  conditions  for growing thinner, high-density, vertically-

oriented MoS2 nanopetals should be at 800 oC for 60 min.  

 

 

Fig. 3 SEM images of MoS2 nanopetals synthesized at 800 oC for 

di fferent growth time. (a) SEM image of sample C1 grown for 30 

min. (b) SEM image of sample C2 grown for 60 min. (c) Raman 

spectra  of MoS2 shown in (a and b).  
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Fig. 4 SEM images of MoS2 nanopetals  and nanoflowers  synthesized 

at different growth temperature for 5 min. (a) SEM image of sample 

D grown at 900 oC. (b) SEM image of sample E grown at 950 oC. (c) 

Raman spectra of MoS2 shown in (a  and b).  

 
Furthermore, the S/MoO3 mass ratio was  studied to optimize 

the preparation condition. Enough sulfur must be placed in the 
upstream side of the tube . Otherwise MoO3 cannot be sulfurized 

completely, and a  intermediate product of MoO2  is detected. When 
the S/MoO3 mass ratio is less than 10:1, hexagonal  nanosheets  with 
s traight edges can be observed (Fig. 5a). As shown in Fi g. 5b and Fig. 

S6, except the main peaks indicating the formation of MoS 2, peaks 
of MoO2 are simultaneously observed in Raman and XRD results , 
proposing a  stepwise reduction and sulfurization process 

determined by the di ffusion of sulfur (see eq . 1 and 2). To realize 
the full sulfuration, we  increased the mass of sulphur powder and 
s tudied the role of S/MoO3 mass ratio on the morphology of as-
grown MoS2 nanostructures. As  the S/MoO3 mass ratio increased to 
10:1, dense MoS2 nanopetals are grown on the substrates shown in 
Fig. 5c. Steadily increasing the MoO3/S mass ratio from 10:1 to 70:1, 
high supersaturation of reactive precursors facilitates  the formation 
of dense nuclei , leading to the thickness of MoS2 nanostructures 
increasing from nanometer to micrometer (Fig. 5c-f). To make sure 
the reaction absolutly completed and the final products had 
appropriate sizes , we set S/MoO3 mass  ratio to be 30:1. From the 
above results , i t is obvious  that growth parameters  of the growth 

temperature, time and S/MoO3 mass  ratio play very important roles 
in controlling growth of edge-oriented MoS2 nanopetals.  

2MoO3 + S — 2MoO2 + SO2         (1) 

MoO2 + 3S —  MoS2 + SO2           (2) 

 

 

Fig. 5 SEM images  of MoS2 nanostructures  synthesized with 

di fferent S/MoO3 mass ratio. (a) SEM image of products  synthesised 

with S/MoO3 mass ratio less than 10:1. (b) Raman analysis of 

products  shown in (a). (c-f) SEM images  of MoS2 nanostructures 

synthesized with different S/MoO3 mass ratio 10:1 (c), 30:1 (d), 50:1 

(e) and 70:1 (f), respectively. 

 

High density of MoS2 nanopetals exposed numerous thin edges 

throughout the large areas make them perfect candidates for HRE. 

However, the catalytic performance of MoS2 is greatly 

compromised by i ts poor conductivi ty and high electrical resis tance 

which hinders  charge transfer kinetics.
42,43

 Therefore, the key 

challenge to apply MoS2 in HER lies in the compensation for the 

conductivi ty while maintaining its  nanostructures . The CNT films 
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possess  many outstanding properties , such as good conductivi ty, 

chemical durability, large surface area and so on. The combination 

of the CNT films with MoS2 appears to be a promising way to realize 

further application in HER by increasing the conductivi ty. A 

freestanding electrode would be more convenient and preferable. 

Therefore, we chose the CNT films as conductive substrate to grow 

MoS2 nanopetals  at 800 °C for 1 h. Dense products  are observed on 

the CNT films  (Fig. S7a and S6b). Raman analysis (Fig. S7c) 

demonstrates that products  on the CNT films are edge-oriented 

MoS2 nanopetals. There exists a  strong connection between the 

interface of MoS2 and CNTs , through which efficient electron 

transfer may occur. The electrocatalytic hydrogen evolution 

activi ties of the MoS2/CNT films , the CNT films and Pt were 

investigated a nd compared based on the polarization and Tafel 

plots . The linear regions of the Tafel plots (Fig. 6c) fi t well to the 

Tafel  equation η = b log j + a , where j is the current densi ty and b is 

the Tafel  slope. As  shown in Fig. 6a  and 6b, the MoS2/CNT film 

electrodes exhibit a  small onset overpotential at about 100 mV. 

The low onset potential  means  that there are abundant active edge 

sites  for reaction.37,44 The Tafel  slope of the MoS2/CNT film was 

measured to be 49.5 mV/decade, much lower than that of CNT 

films (195.7 mV/decade). As i t is known, Tafel  slope is an inherent 

property of the catalyst.  Three possible principle s teps  have been 

proposed for the HER mechanism in acidic medium, which are 

illustrated as follows 45: 

H3O+ + e - — Hads + H2O            (3) 

Hads + H3O+ + e - — H2 + H2O   (4) 

Hads + Hads — H2                       (5) 

The first is a primary discharge step (Volmer reaction, 120 

mV/decade, eq. 3): a proton combines with an electron to form an 

adsorbed H atom; which is  followed by either the electrochemical 

desorption s tep (Heyrovsky reaction, 40 mV/decade, eq. 4): 

adsorbed H atom reacts  with a  hydrated proton from the 

electrolyte while receiving an electron; or the recombination step 

(Tafel  reaction, 40 mV/decade, eq. 5): adsorbed H atom combines 

di rectly with another adsorbed H atom. For a complete HER, the 

combinations of Volmer-Heyrovsky or Volmer-Tafel mechanism 

should be involved to produce molecular hydrogen. The Tafel slope 

of our samples is 49.5 mV/decade  (Fig. 6c), suggesting that the rate-

determining s tep of the HER mechanism is the Volmer–Heyrovsky 

reaction. These result are well  correlated with previous  reports  that 

the range of the Tafel slope is from 40-120 mV/decade.46,47 

Moreover, the MoS2/CNT film electrodes exhibit good s tability with 

negligible current loss (~2.3%) after 24 h immersion and 100 cycles 

of the durability test (Fig. 6d). That can be attributed to the intimate 

interconnection between MoS2 and CNTs  by chemical and 

electromic coupling (Fig. S8).42 The good durability and 

electrochemical performance of the freestanding and flexible  

MoS2/CNT film electrodes show advantages of that as one kind 

of HER electrode.  

 

 
Fig. 6 HER characteristics of as-grow n MoS2 nanostructures on 

the CNT films synthesized at 800 °C for 1 h. (a and b)  

Polarization curves of the MoS2/CNT films, the CNT films  and Pt. (c) 

Correspongding Tafel plots . (d) Durability test of the MoS2/ CNT 

films electrode.  

4. Conclusions 

In summary, we described a facile way to synthesize novel  MoS 2 

nanostructures  that consist of both basal-oriented thin films and 

edge-oriented nanopetals via APCVD method. Slightly curved 

nanopetals were generated through the spiral  growth mechanism. 

The roles of growth temperature, time and S/MoO3 mass ratio have 

been carefully s tudied to tune the morphology and density of MoS2. 

In the concentrated S atmosphere, high supersaturation of reactive 

precursors  facili tates  the formation of dense nuclei. Extension of 

the growth time, continuous  deposition of precursors  in horizontal 

di rection cannot keep up with its  mass transport, leading to the 

formation of vertically oriented MoS2 nanopetals. Further 

increasing the growth temperature, the amount of precursors 

dramatically increased, resulting in a  increased growth rate of MoS2. 

The size and densi ty of vertically aligned MoS2 nanopetals and 

horizontal films increased. The high surface curvature of MoS2 

nanopetals exposes  a large fraction of edge si tes along with i ts  high 

surface area, which leads to excellent activi ty for HER. Furthermore, 

the freestanding, flexible and durable MoS2/CNT films were 

prepared as  a di rect HER electrode, showing remarkable 

electrocatalytic performance and good s tability. Importantly, the 

development of the MoS2/CNT film electrode provides a promising 

way to fabricate other multifunctional  electrodes .  
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TOC 

From horizontal to vertical growth, dense edge-oriented MoS2 nanopetals 

have been synthesized via APCVD method through the spiral growth 

mechanism. 
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