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Abstract 

 

 
Transition metal dichalcogenides (TMD's) emerged as a very appealing candidate for useful 

implementations in optoelectronics and electronics devices. In two dimensional TMD's 

materials, MoSe2 have a direct bandgap (1.1eV) and possess suitable property for 

optoelectronics devices. Chemical Vapor Deposition (CVD) represents an attractive approach 

for the growth of MoSe2 monolayer and nanoflakes. MoSe2 is synthesized through CVD 

method and its structural properties are studied. The variation in morphology was also studied 

by changing growth temperature and precursor ratio. XRD turned into examine the crystal 

shape and morphology of a freshly produced MoSe2 sample and found that the synthesized 

MoSe2 nanoflakes crystalline size up to 4-5µm without any seeding promoter. We changed the 

growth temperature and flow rate keeping the pressure constant. As result, a slight change in 

the crystalline size of MoSe2 is observed. Further when NaCl is used as a seeding promoter and 

the pressure is reduced, the crystalline size was reduced and observed to be 0.476µm. 
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Chapter 1 

 

Introduction 

 

 
In this development era, graphene and two-dimensional (2D) substances have emerged because 

the maximum promising contender toward future electronics because of unique structure, 

physical property, high carrier mobility, and low resistivity [5]. The non-appearance of the 

bandgap in graphene has blocked its use in a logic circuit. This non-appearance of bandgap 

makes, difficult to control the on/off current in graphene transistors so turning off the graphene- 

based transistor is a difficult task. This disagreeable property of graphene provoked research 

on its subordinates and other 2D layered nanomaterials [1]. TMD substances have been 

perceived to engross up to 5%-10% of incident daylight within a depth of < 1 nm, which is 

approximately an array of significance better in comparison of GaAs and Si. Transition Metal 

Dichalcogenides (TMD's) possessing 2D Van Der Waals heterostructure and outstanding 

properties ranging from insulator to metal. A thin layer of TMD's with ratio MX2 (M= transition 

metal of group Ⅳ-Ⅹ, X=S, Se or Te) having properties such as strong spin-orbit coupling, 

ferromagnetism, quantum spin hall effect, tunable band structure, conventional 

superconductivity & quantum confinement structure to use for various application in 

optoelectronics, electronics, energy storage, and photonics [3,5,6,18]. 2D substances show 

excellent light interaction over a bandwidth from to infrared to ultraviolet wavelength and 

permit photodetection on this bandwidth. 

TMD's, usually single layer shows two distinct crystal structure due to electronic structure. One 

is trigonal prismatic symmetry(1H/2H) and the octahedral symmetry. In transition metal, 

alteration of electron agreement in the d orbital, octahedral geometry expands into a distorted 

octahedral symmetry(1T`) [11]. The range of layers and defects have a considerable impact on 

the properties and applications of TMDs. Highly imperfect TMDs, for example, are 

extraordinary beneficial in catalysis applications. However, no complete switch over crystal 

size, layer range, or disorder has yet been confirmed in an experiment [12]. 
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In the same range of applications, MoSe2 has lately proven more promise. Metal selenides, in 

general, have recently been investigated as viable dilemma to ordinary metal sulphides for 

energy storage [3]. The indirect bandgap is 1.1 eV, in bulk MoSe2, and in single -layer MoSe2, 

the direct bandgap is 1.5 eV [2]. MoSe2 has a bandgap close to that of Si (1.12 eV), making it 

suitable for use in optoelectronics and photocatalysts. The main benefit of MoSe2 aloft MoS2 

is that it has a surpassing electrical conductivity due to Se's inherent metallic existence (10-3 s 

m-1 vs. 0.5 ✕ 10-27s m-1 for sulphur). Sulphur defects in the MoS2 monolayer are known to 

have a critical impact on electronic transport and optical properties [3]. As a result, a careful 

comparison of the properties of monolayer MoS2 and MoSe2 would be useful. MoSe2 can take 

the form of nanoflakes, nanofilms, & nanoflowers. 

MoSe2, like other TMDCs like MoS2, may have a number of different of phase structures, 

including 2H trigonal prismatic (semiconducting in nature) and 1T octahedral (metallic in 

nature). The metallic 1T MoSe2 is thermodynamically unsteady, switching into 2H MoSe2 

(semiconducting) all through time. This implies that, while MoSe2 (metallic) is more 

appropriate for a variety of applications, but it is not beneficial to utilize [3]. MoSe2 

(semiconducting) has recently acquired a number of interests for its potential applications in 

electrochemical, optoelectronic, chemical sensors, photocatalytic and biosensor technologies 

[3,4]. Since the vulnerable van der Waals (vdw) dynamics can be triumph over to separate 

different surface of MoSe2, similar to graphene, so this opens up a wide range of optoelectronic 

utilization, such as LED’s, optical sensors, light harvesting and so on [3]. 
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Chapter 2 

 
About our work 

 

 

 

2.1 Our objective 

 
In this work, we used Thermal Chemical Vapor Deposition (CVD) method to synthesize the 

MoSe2 thin film samples and nanoflakes. The nanoflakes sample quantity was adequate for 

satisfactory analysis, so all of the samples have been characterized through X-Ray Diffraction 

techniques. Further the morphology evaluation of the CVD grown MoSe2 nanoflakes is 

discussed in this article. The ultimate intention is to evaluate how close our findings fit to the 

usual data of MoSe2 lattice parameters, and therefore discuss on its morphology evolution with 

the alternate of precursor under ambient pressures. 

2.2 Literature Survey 

 
2.2.1 About Molybdenum Selenide (MoSe2) 

 
The discrete layers of MoSe2 are assembled collectively through vdw’s interactions in a two- 

dimensional lattice formation. Since this structure is close to that of graphite, this elegance of 

substances can reasonably simulate graphene or graphite applications. MoSe2 can have a 

variety of phase structures. The electronic states of d-orbital of Mo atoms pair the MoSe2 layers 

with diatomic arrangement. Polymorphs like 2Ha and 2Hc can be formed as a result of layer 

stacking [3]. The phase transition between these structures is also a possibility. The vdw’s 

dynamics of the surface and the coulomb interaction of Mo and Se withinside the nearest- 

neighbor surface of Mo in both states are active contestants in computational calculations of 

MoSe2, ensuing in resistance to the traditional state transition allying 2Hc and 2Ha. 
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Fig 2.1[29]: Formation of hexagonal MoX2 (X=S, Se or Te) in both states 2Hc and 2Ha 

 

 

 
Fig 2.2: Atomistic model of monolayer MoSe2 

 
MoSe2 is a type of stacked substance expressed by the MX2 general TMDs formula, where M 

and X represent Mo and Se, respectively. The atoms of Mo and Se form a covalent bond and 

form the Se-Mo-Se basic sheet. MoSe2 is organized in a sandwich 2D shape with interlayer 

spacing of 6.5Å by stacking Se-Mo-Se surfaces on top of one to another and connecting them 

through vdw’s dynamics [4]. Bilayer MoSe2 grains have an AA layer shape (the relative turn 

perspective of two in an upward direction stacked triangles θ = 0°), but there is also some AB 

stacking bilayer (the overall pivot point θ = 60°), hexagonal bilayer, and tri-layer grains, which 
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can likewise infer that the AA stacking order is greater favorable at lower growth temperatures 

[17]. 

Since it exhibits many of the same optical and electronic characteristics as monolayer MoS2, 

for example a direct band gap, high photoluminescence (PL), and a high exciton restriction 

energy, monolayer MoSe2 has tended to grab interest. MoSe2 has a narrow bandgap. In bulk 

MoSe2, the indirect bandgap is 1.1 eV, and the direct bandgap is 1.5 eV in single-layer MoSe2, 

with an energy gap close to Silicon’s (Si) energy gap (1.12 eV) [2]. 

 

 

Fig 2.32: (a) PL spectra of single-layer, tri-layer and bulk MoSe2, (b, c) energy gap diagram 

of monolayer and bulk MoSe2 

MoSe2 is an indirect bandgap semiconductor with a bandgap value of 1.1 eV in the bulk limit, 

so the bandgap PL is assumed to be small. In a few layer MoSe2 flakes, the PL intensity 

gradually increases ~1.5-1.6 eV, and the PL crest intensity reaches its most extreme incentive 

for a single-layer MoSe2, as shown in Fig 2.3.(a). Bulk MoSe2 has indirect bandgaps of 8.4 × 

10-1 eV Γ to Γ- K, 0.11 ×10-1 eV K to Γ -K, and a direct bandgap of 1.34 eV K to K. (Fig 2.3.c). 

Single-layer MoSe2, on the other hand, increases from to K to Γ -K and K to Γ- K, while the 

K-K energy gap residue practically unrelated, and MoSe2 becomes a direct energy gap 

semiconductor with a 1.34 eV energy gap value at the K symmetry level (Fig 2.3.b) [2]. 
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CVD grown MoSe2 based fabricated FETs have average carrier mobility ranging from 8 to 38 

cm2/V. s, and phototransistor high photoresponsivity ~100 A/W, external quantum efficiency 

of 23.5% and much faster response time (<25ms) [13,16]. The MoSe2 has a modest n-type 

ambipolar tendency, where the MoS2 has electrical properties with strongly n-doped. 

In comparison of MoSe2, MoTe2 synthesize into different phases, α-phase (or 2H phase, 

trigonal prismatic structure), β-phase (or 1T'-phase, monoclinic structure, distorted octahedral) 

& γ-phase (or Td-phase, orthorhombic structure) [21]. 
 

 

 

Fig 2.4: MoTe2 phase diagram 

 

 
A 2H phase of MoTe2 has a direct bandgap close to silicon (Si) that is ~ 1.1eV and carrier 

mobility > 2500 cm2.V-1.s-1 at room temperature (RT) [27], so it is a promising replacement for 

Si applicants, in the future. 2H- MoTe2 having properties such as strong spin-orbit coupling & 

thermoelectric. Physicists are interested in 1T' phase MoTe2 due to its narrative feature such as 

large magnetoresistance, pressure-driven superconductivity. In bulk form of 1T' – MoTe2 has 

high mobility ~ 4000 cm2.V-1.s-1, and large magnetoresistance ~ 16000% in 14 tesla of the 

magnetic field at 1.8 K [26]. Recently conversion of 2H - MoTe2 to 1T' - MoTe2 was reported 

[25]. 2H and 1T' phases of MoTe2 easily coexist under normal conditions, and the ground state 

energy allying these two states is quite small (<0.1eV) [24]. The monoclinic 1T`- MoTe2 is a 

semimetal that goes through underlying progress into an orthorhombic γ-phase, introduced as 

the Td phase, at around 240 K [23]. Ongoing hypothetical and an exploratory investigation 

dependent on angled resolved photoemission spectroscopy have uncovered that MoTe2 has 

type II Weyl semimetal fermions [21,22]. 
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Molybdenum (Mo) based dichalcogenides are used in energy storage (Lithium ion batteries) 

due to their sandwich structure. MoSe2 and MoS2 have small interlayer distance (0.65nm & 

0.32nm) between their layer and both suffer huge lattice deformation during infusion and 

extraction of Na+ ion, which promote shape uncertainty. Molybdenum di-telluride (MoTe2) 

has an interlayer spacing about 0.70 nm, with unique structure and tunable properties and has 

potential to use for electrode in sodium ion batteries (SIBs) [20] and Lithium ion batteries 

(LIBs) [19]. A full cell (MoTe2 as anode, in SIBs) show high capacity with high rate potential 

(207 mAh g-1) and exceptional cycling stability (88% reversible capacity retentiveness after 

150 cycle) has been fabricated [20]. 2H-MoTe2 electrode (anode, in LIBs) reveal high potential 

(of 432 mAh g-1) and capacity retentiveness of 80% above 100 cycles [19]. 

 

 

2.2.2 General Synthesis Methodology 

 
To the synthesis of, 2D TMDs materials, various methods are available, such as chemical vapor 

deposition, Hydrothermal method, mechanical/chemical exfoliation and chemical vapor 

transport methods [3,4,10,11,12,14,15,17]. 

The Chemical vapor deposition (CVD) approach is a vapor-phase grow approach and can be 

divided into two kinds. At first, the source substance is coated atop the substrate earlier before 

the growth, that is called the two-step technique. In second, source material can be used 

separately instead of coating on the substrate, which is called the one-step technique. In 

synthesis by a CVD method, few factors are affecting, namely, precursors (source materials), 

heating temperature, growth time, flow rate, and composition of the carrier gas. The CVD 

method consists of three steps of 1-Evaporation, 2-Transport, and 3-Growth [28]. In step one, 

craved product elements are available in solid powder form as precursors. When we heat, after 

sufficient temperature precursors, start to evaporate for the chemical reaction. In step two, the 

transportation of evaporated precursors needs carrier gases (inert gases, such as Ar), for 

chemical vapours to reach the substrate surface. Additional gas, such as H2, is induced to 

sustain the deposition process. In step three, when the chemical vapours reach the substrate 

surface, a reaction takes place and the growth of the desired material proceeds at a certain 

temperature. 
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Fig 2.5: Schematic diagram of Chemical Vapor Deposition Method 

 

 

 
 

2.2.3 Factor affecting CVD growth 

 
• Chemical precursors- The selection of precursors and their attentiveness 

represent an important role in growth. The precursor used for synthesis is the metal 

oxide (MoO3, WoO3), chalcogen powder (S, Se, and Te), and solution-based/powder 

source as MoCl5. In deciding, the excellence of grown MoSe2, Mo precursor plays an 

important role. Choosing MoO3 as a precursor because it possesses some unique 

qualities such as MoO3 starts to sublimed at around 397-497℃ (melting point: 795℃). 

MoO3 can absorb moisture and the moisture could be accrued and assist to make a more 

uniform film. 

• Heating temperature - Temperature holds vaporization temperature & growth 

temperature, in CVD approach. Temperature affects the vapor pressure of the precursor, 

and increases the rate of reaction with increasing temperature. By temperature, not only 

the crystal of material affected but also its interaction with the substrate also affected. 

 

• Growth time- Growth time is most important for the chemical reaction. For large 

area film growth, we have to maintain growth time either 15-20 minutes. 

 

• Flow rate and composition- The flow rate and the composition  of 

carrier gas constitute a crucial role in the growth of 2D TMDs not at most 

transport precursor vapor to substrate surface but also prevent the 
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oxidization during growth. H2 gas presence, help in the growth of 2D TMDs 

[30]. Chemical reaction density can be additionally constrained by the gas 

flow rate because the rate of transport of chalcogen is constrained by the 

gas flow rate. 

• Nucleation Density- The nucleation density is the primary determinant of 

crystal size. Since the flowrate specifies the amount of Se vapour introduced to the 

reaction, tuning the flowrate of carrier gas with a set temperature of Se will regulate the 

nucleation density. One of the most common techniques for developing the nucleation 

density for graphene growth is to control the quantity of reactant used. The nucleation 

density of MoSe2 layers can be decreased from 105 to 25 core cm-2 using a chemical 

vapour deposition method, resulting in millimetre-parameter MoSe2 mono crystals in 

addition continuous macro crystalline films with millimetre-sized grains [31]. 

• Effect of Hydrogen gas- H2 is often used in CVD systems to increase the 

substance reactivity of chalcogenide antecedents and the excellency of TMD materials 

including MoSe2 and WS2. H2 facilitates sulphurisation (selenization/tellurization) by 

speeding up the reduction of metal oxide. The primary product in an argon environment 

is few-layer MoSe2 grains and MoOx nanograins, however, when H2 was introduced, 

monolayer MoSe2 have become the dominant product all through CVD development 

[30]. We added hydrogen gases with various stream rates into the CVD system to 

prevent the development of MoOx as a side product and to work with the growth of 

high-quality, monolayer MoSe2 grains. 

 

 
The Hydrothermal Synthesis process involves a series of physicochemical reactions between 

precursor materials namely molybdate and sulphur in a stainless-steel autoclave. These 

reactions take place in a high pressure, high temperature environment for several hours. The 

obtained MoSe2 nanoflakes/powder is subjected to annealing to enhance its crystallinity and 

purity. This method allows for some control over the size of individual particles by changing 

suitable reaction parameters [15]. 

 
The Liquid phase exfoliation (LPE) is a quick and easy way to get materials with a lot of 

surface area. Mass MoSe2 diffused in the fluid will be divided into many layers with broad 
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surface region using agitations such as shear, ultrasonication, and heat in the liquid phase 

method, resulting in MoSe2 nanosheets [4]. 

CVD is the most effective in the numerous growth techniques for 2D layers for realising high- 

quality and wafer-scale 2D substances. Mechanical exfoliation, for example, has the 

disadvantages of low yield, poor reproducibility, and limited scale [12]. 

 

 
 

2.2.4 Characterization: 

 

X-ray Diffraction (XRD)- The reticular planes that shape the atoms of the crystal cause 

diffraction, which is one of the effects of X-ray contact with crystalline matter. Depending on 

the wavelength, orientation of crystal, with composition, the diffracting beam moving along it 

to emit rays at various values of theta. 

. 
 

 
 

Fig 2.6: Diagram of Bragg’s diffraction 

 

 
A certain value of λ of the incident ray can produce a synchronizing interference pattern when 

partially reflected among different surfaces that create a path difference equal to an integral 

value of the wavelengths in the macroscopic version of the diffraction pattern. The Bragg law 

describes this scenario as follows: 

2d sinθ = nλ …… (2.1) 

 
where n is diffraction order, λ is value of x-ray’ wavelength, d is the gap between the successive 

layers of atom, and θ is the glancing angle. This relationship shows these effects are visible 

when interaction among the physical measurements and radiation occurs that are close to the 
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wavelength of the radiation. Diffraction methods have wavelengths that are similar to the 

wavelength of X-ray, since the distances between lattice constituents are generally atomic 10- 

10m (1Å). 

 

 
Dimensions of crystallites 

Peak broadening and nano crystallite size are associated, because the diffraction peak width 

will reveal details about the material's microstructure. Furthermore, lattice defects and strain 

can influence peak broadening. Depending on the form of curve fitting, this measured by 

integral breadth and FWHM. For our analysis, we used the FWHM values provided by Origin 

software and applied the equation (2.2) (Scherrer) to obtain the size of the crystallite: 

D hkl = Kλ/β2θ cosθ ……. (2.2) 

Where, 

K: a constant that is called Scherrer constant (shape factor) 

λ: wavelength, β: width of the diffraction crest, given in radians 

θ: Bragg angle 

Crystallite size broadening is proportional to 1/cosθ. 

 

Lattice constants 

The usually exploited phenomenon in X-Ray diffraction technique is the Bragg’s 

diffraction, whereby constructive interference of waves scattered from lattice planes 

having high electron densities (Bragg’s planes) results in sharp, intense Bragg’s peaks. For 

constructive interference to take place from lattice planes separated by distance d, the 

following condition, well known as the Bragg’s Law must, be satisfied: 

2dsinθ=nλ 
 

 

 

 
Fig 2.7: Diagram of Bragg’s diffraction 
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In usual diffraction experiments, a set wavelength is used (given property- 1.5Åin our 

experiment); the d-spacings are the unknown characteristics of the sample to be analyzed, 

at the same time the diffraction angles are the ensuing observed characteristics. 

Measuring the intensity of scattered waves as a function of scattering angle results in a 

diffraction shape in which the determined angular positions of the diffraction peaks (for 

a given wavelength) provide statistics about the unit cell metrics of a crystalline 

substance. 

For hexagonal structures, the interplanar spacing d, (a, c) the constants of the lattice and 

(h, k, l) the indices of the lattice as per by miller are related by the equation: 

1 
= (

4
)(

ℎ2+ℎ𝑘+𝑘2

) + 
𝑙2   

= 
4𝑠𝑖𝑛2𝜃 ……… (2.3) 

𝑑2
ℎ𝑘𝑙 3 𝑎2 𝑐2 𝜆2 

Rearranging with n=1 estimation gives: 

𝑠𝑖𝑛2𝜃 = 
𝜆2 

[
4 

(
(+ℎ𝑘+𝑘2

)] …… (2.4) 
4    3 𝑎2 

For cell shaped like hexagons, a can be calculated looking at type of plane similar to (h k 0). 

Substituting l=0 in equation, in result: 

𝑎 =  
𝜆 

(√3)𝑠𝑖𝑛𝜃 
√ℎ2 + ℎ𝑘 + 𝑘2   …… (2.5) 

And c can be calculated when h=k=0 and using the formulae give below: 

c=λl/2sinθ ……. (2.6) 
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Table 2.1: Standard values of peak position and Miller indices obtained for 

MoSe2 from XRD data [JCPDS: 87-2419] 

 

S. No. Peak 

position (2θ, 

degrees) 

Miller Indices 

h k l 

1 13.686 0 0 2 

2 27.572 0 0 4 

3 41.887 0 0 6 

4 57.824 1 1 4 

5 69.472 2 0 3 

 

 

 

 

 

2.2.5 EXPERIMENTAL WORK 

Reagents and materials 

In a quartz tube, in split furnace, Molybdenum trioxide (MoO3) powder (99.99% purity, Sigma 

Aldrich), selenium (Se) powder and pure sodium chloride (NaCl) crystal were used as 

precursors. For transporting vaporised materials to a silica (SiO2) substrate, argon and 

hydrogen were used as carrier gases. All of the boats, beakers, and crucibles employed in the 

sample preparation went through a normal rinsing process that included dilute acid/acetone 

cleaning followed by ultrasonic cleaning, as detailed below. 

 

 
Cleaning Procedure 

 
The quartz tube was very well rinsed with sulphuric acid/acetone prior to placement in the 

reaction chamber, and the wafer/substrate container was cleaned with organic solvents 

including acetone and ultrasonically cleaned. To extract all residual dirt from the material, an 

ultrasonic cleaning in Acetone was performed for around 15-20 minutes. 
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Growth of MoSe2 

The whole reaction took place in a split furnace in a 1.3-inch depth of quartz tube. MoSe2 was 

obtained by selenization of MoO3 powder. 10-20 mg MoO3 powder (99.99% purity, Sigma 

Aldrich) containing in a boat (made of ceramic) located at the centre of the furnace, and 0.4- 

0.5g Se powder (99.99% purity, Sigma Aldrich) in another ceramic boat was located upstream 

of furnace 12-15cm away from the centre. a cleaned 2cm×2cm dimension, 300nm Sio2/Si 

substrate placed in MoO3 containing boat 3-5cm away from the MoO3 powder towards 

downstream. A mixture of H2 and Ar gas flow during the whole reaction, used as carrier gas (5 

s.c.c.m. H2 + 60 s.c.c.m. Ar). The furnace was heated up to 720-880℃ with a ramping rate of 

14℃/min and kept steady at this temperature for 15 min. After the whole reaction was 

completed led the furnace cooled right all the way down to room temperature naturally. 

 
Growth of MoTe2 

The whole reaction took place in a split furnace in a 1.3-inch depth of quartz tube. MoTe2 was 

obtained by tellurization of MoO3 powder. 50-60 mg MoO3 powder (99.99% purity, Sigma 

Aldrich) containing in a boat (made of ceramic) located at the centre of the furnace, and 5g e 

powder (99.99% purity, Sigma Aldrich) in another ceramic boat was located upstream of 

furnace 7-10cm away from the centre. a cleaned 2cm×2cm dimension, 300nm Sio2/Si substrate 

placed in MoO3 containing boat 3-5cm away from the MoO3 powder towards downstream. A 

mixture of H2 and Ar gas flow during the whole reaction, used as carrier gas (5-15 s.c.c.m. H2 

+ 80-85 s.c.c.m. Ar). The furnace was heated till 700℃ with a ramping rate of 18℃/min and 

kept steady at this temperature for 20 min. When the whole reaction was completed led the 

furnace cooled right all the way down to room temperature naturally. 
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Fig 2.8: Thermal split furnace used for sample growth 
 

 

 

 

 

 

 

 

 

 

 

Fig 2.9: Schematic diagram of CVD grown MoSe2 
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Fig 2.10: CVD grown MoSe2 nanoflakes 
 

 

Fig 2.11: CVD grown MoSe2 thin film on Si/SiO2 substrate 
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Table 2.2: Precursors used in Synthesis of MoSe2 and MoTe2 via Chemical vapor 

Deposition Method 

 

 

 

Precursor Flow rate Growth 

Temp. 

Growth 

Time 

Resultant 

MoO3 &Se 

Powder 

63 sccm Ar 

+ 

5 sccm H2 

 

& Pressure 760 

torr 

725℃ 15 min MoSe2 powder 

form in crucible 

MoO3 &Se 

Powder 

70 sccm Ar + 10 

sccm H2 

 

& Pressure 760 

torr 

850℃ 20 min Thin film & 

MoSe2 nanoflakes 

MoO3, NaCl &Se 

Powder 

50 sccm Ar + 5 

sccm H2 

 
& Pressure 30 

torr 

750℃ 15 min Thin film & 

MoSe2 

nanoflakes 

MoO3, Te 

powder 

80 sccm Ar + 5 

sccm H2 

 
& Pressure 760 

torr 

700℃ 20 min Thin film or 

powder we were 

expecting 
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MoO3, NaCl & Te 

powder 

85 sccm Ar + 15 

sccm H2 

 

& Pressure 760 

torr 

700℃ 20 min Thin film or 

powder we were 

expecting 
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Chapter 3 

 
Result and Discussion 

 
The crystal shape and phase evolution of the resulting MoSe2 sample were 

confirmed using an X-ray diffractometer. The XRD characteristic of the resulting MoSe2 

nanoflakes are shown in Fig 3.1-3.3. Diffraction peaks observed in a scale of 5–80 degrees on 

the X-ray diffractogram for the MoSe2 & MoTe2 sample. The diffraction peaks detected in the 

MoSe2 sample's XRD spectrum reveal a hexagonal crystal shape with growth direction ahead 

one axis (101). The reported d-spacing values and lattice variables align well with previous 

research [JCPDS: 87-2419], which mentioned in below table. 

 
 

Table 3.1 Calculated Interplanar spacing, Crystalline size and Lattice parameter of MoSe2 

 

 

 
 

Sample Position (2θ) Interplanar 

spacing ‘d’ (Å) 

Crystalline size ‘D’ 

(Å) 

Lattice 

parameter 

1) 13.68 6.47 

3.24 

2.78 

2.18 

1.59 

1.30 

488.56 

384.50 

514.42 

29480.19 

513.65 

627.01 

Avg 

5334.72 Å 

Or 

5.33 µm 

a=b= 0.277nm 

& 

c= 1.29 nm 

27.46 

32.16 

41.32 

57.83 

72.47 

2) 13.62 

32.15 

56.33 

69.48 

6.4 

2.78 

1.63 

1.35 

4684.27 

509.62 

11582.65 

413.16 

 

Avg- 

4297.42Å 

or 4.3µm 

a=b= 0.277nm 

& c= 1.29nm 
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3) 27.53 3.24 

2.78 

1.55 

419.47 

434.07 

574.59 

 
 

Avg- 

476.04Å 

or 0.476µm 

a=b= 0.277nm 

& c= 1.29nm 
32.14 

59.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.1: XRD pattern of CVD grown MoSe2 nanoflakes (growth temperature-725℃, Pressure 

760 torr) 
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Fig 3.2: XRD pattern of CVD grown MoSe2 nanoflakes (growth temperature 820℃, Pressure 

760 torr) 

In samples 1 and 2 we change the gas flow rate and growth temperature (kept pressure constant 

760 torr), from the XRD data we can say that in both samples MoSe2 nanoflakes formed 

uniformly with the crystalline size of 5.335µm and 4.297µm respectively, and doesn't show 

much crystalline size difference. 

 

 
Fig 3.3: XRD pattern of CVD grown MoSe2 thin film (Growth temperature 750℃, NaCl as 

seeding promoter, Pressure 30 torr) 
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In the same way, when we synthesized NaCl assisted MoSe2, we reduced the pressure to 30 

torr, we found the crystalline size reduced and become 0.476µm. here, we were using NaCl as 

a growth promoter, as it is an oxidizing agent, so reduced the temperature of reaction [12], but 

it has been observed that there is a major difference of this much in crystalline size. 

 

 

 

 

 

 
 

Fig 3.4: XRD pattern of CVD grown MoTe2 thin film (growth temperature 700℃, Pressure 

760 torr) 

We tried to synthesize MoTe2 via CVD approach with seeding promoter and without seeding 

promoter and expecting thin film deposition of MoTe2 on substrate but XRD data reveals only 

a dominating peak of substrate. The Sublimation temperature of MoO3 & Te is higher in 

comparison of Se and S and in our furnace system we didn’t achieve in this experiment. Also, 

pressure effect which is required high to perform this experiment we could not achieve so 

synthesis of MoTe2 is not successful. It is possible if we would have if metal oxide deposited 

substrate so we have to perform only tellurization process. 
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Chapter 4 

 
Applications 

 
4.1 Energy storage- 

• Lithium-ion batteries: As compared to MoS2, MoSe2 has a greater layer 

spacing, so it should do better in intercalation systems. The MoSe2 reveals the identical 

electrochemical steadiness as the MoS2. The primary distinction allying MoS2 and 

MoSe2 is that in the case of MoSe2, a well-described redox mechanism appears, as 

reveal by a level in galvanostatic profiles and a very much formed peak couple in cyclic 

voltammograms. The cyclability of the carbon nanocomposites was substantially 

improved after the initial cycles, while pure MoSe2 ought to achieve an excessive 

unique potential with just 20% less [3]. 

 
• Sodium-ion batteries: Because of its broad interlayer spacing (at least in 

contrast to MoS2), MoSe2 is well acceptable to hosting large alkali metallic cations 

which including Na. The structural change caused by Na intercalation results in the 

formation of metallic Mo and Na2Se (as in lithium-ion storage device), even as the 

fullerene-like crate constructed by CNT’s holds the electro-active substances in place. 

In resultant, the electrode's strength turned into maintained after 50 cycles [3]. 

 

 

4.2 Photoluminescence- MoSe2 has a direct bandgap that is similar to the ideal value 

needed for photo-electrochemical and solar cells. As the width of this 2D shape is 

decreased to a mono or a few layers of MoSe2, substance’s indirect and direct bandgaps 

become nearly degenerate [3,15]. 

 

4.3 Phototransistors- The phototransistor primarily based totally on MoSe2 has a far 

quicker reaction time (25 ms) than the CVD MoS2 phototransistor (which takes 30 s), 

monolayer in atmospheric conditions at room temperature. Under the illumination of 

light, a MoSe2 thin film transistor with a moderately high field-impact carrier mobility 

(8-38 cm2/V. s) well known shows a high photoresponsivity (~100 A/W) and a short 

photo response time, demonstrating the functional feasibility of multilayer MoSe2 thin 

film transistors for photodetector applications [8,9,13,15,16]. 
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4.4 Biomedical applications and biosensors- Since MoSe2 has a higher electrical 

conductivity and electro catalytic activity than MoS2, it can perform better in 

electrochemical sensors. Although no fundamental research into the precise 

electrochemical reaction of MoSe2 in bio-detecting frameworks has been published, 

MoSe2 has currently been used to fabricate a variety of electrochemical(bio) sensors 

[4]. 
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Conclusion 

 
We used CVD techniques to synthesis of MoSe2 nanoflakes. XRD turned into used 

to analyse the crystal structure and shape of a freshly produced MoSe2 sample and found that 

the synthesized MoSe2 nanoflakes crystalline size up to 4-5µm without any seeding promoter. 

we change the growth temperature and flow rate but kept the pressure constant. In resultant, 

there is a slight difference in the crystalline size of MoSe2. But when we use the seeding 

promoter (NaCl) kept the same condition but reduced the pressure, the crystalline size was 

reduced and obtained 0.476µm. We conclude that CVD grown MoSe2 changes with the change 

of precursor ratio, gas flow rate, growth rate and pressure. 
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Abstract 

Transition metal dichalcogenides (TMD's) emerged as a very appealing candidate for useful 

implementations in optoelectronics and electronics devices. In two dimensional TMD's 

materials, MoSe2 have a direct bandgap (1.1eV) and possess suitable property for 

optoelectronics devices. Chemical Vapor Deposition (CVD) represents an attractive approach 

for the growth of MoSe2 monolayer and nanoflakes. MoSe2 is synthesized through CVD 

method and its structural properties are studied. The variation in morphology was also studied 

by changing growth temperature and precursor ratio. XRD turned into examine the crystal 

shape and morphology of a freshly produced MoSe2 sample and found that the synthesized 

MoSe2 nanoflakes crystalline size up to 4-5µm without any seeding promoter. We changed the 

growth temperature and flow rate keeping the pressure constant. As result, a slight change in 

the crystalline size of MoSe2 is observed. Further when NaCl is used as a seeding promoter and 

the pressure is reduced, the crystalline size was reduced and observed to be 0.476µm. 

KEYWORDS- Transition Metal Dichalcogenides (TMD's) materials, Chemical Vapor 

Deposition (CVD), 2D materials, Thin film, Nanoflakes, Seeding promoter. 

 

 

1 Introduction 
In this development era, graphene and two-dimensional (2D) substances have 

emerged as a promising contender for the future electronics because of unique structure, 

physical property, high carrier mobility, and low resistivity [5]. The non-appearance of the 

bandgap in graphene has blocked its use in a logic circuit. This non-appearance of bandgap 

mailto:vinodsingh@dtu.ac.in
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makes, difficult to control the on/off current in graphene transistors so turning off the graphene- 

based transistor is a difficult task. This disagreeable property of graphene provoked research 

on its subordinates and other 2D layered nanomaterials [1]. Transition Metal Dichalcogenides 

(TMD's) possessing 2D Van Der Waals heterostructure and outstanding properties ranging 

from insulator to metal. A thin layer of TMD's with equation MX2 (M= transition metallic of 

group 4-10, X=S, Se or Te) having properties such as strong spin-orbit coupling, 

ferromagnetism, quantum spin hall effect, tunable band structure, conventional 

superconductivity & quantum confinement structure to use for various application in 

optoelectronics, electronics, energy storage, and photonics [3,5,6,18]. 2D substance exhibit 

extraordinary light interaction over a bandwidth from to infrared to ultraviolet wavelength and 

permit photodetection on this bandwidth. 

MoSe2 is a kind of of layered substance defined through the MX2 general TMDs formula, where 

M and X represent Molybdenum (Mo) and Selenium (Se), respectively. The atoms of Mo and 

Se form a covalent bond and form the Se-Mo-Se basic sheet. MoSe2 is organized in a sandwich 

2D design with interlayer spacing of 6.5Å by stacking Se-Mo-Se layers on top of each other 

and connecting them through Van der Waals interaction [4]. Metal selenides, in general, have 

recently been advised as viable alternatives to usual metal sulphides in order to energy storage 

[3,6]. In bulk MoSe2, the indirect bandgap is 1.1 eV, and throughout monolayer MoSe2, the 

direct bandgap is 1.5 eV [2]. MoSe2 has a bandgap close to that of Si (1.12 eV), making it 

suitable for use in optoelectronics and photocatalysts. MoSe2 has recently acquired a lot of 

consideration for its potential utilization in electrochemical, photocatalytic, optoelectronic, 

chemical, and biosensor systems [4,8,9]. Since the vulnerable van der Waals interactions may 

be overcome to split individual layers of MoSe2, much like graphene, this opens up a wide 

variety of optoelectronic applications, which include light-emitting diodes, light harvesting, 

optical sensors, and so on [4,9]. MoSe2 based FET device with carrier mobility ranging from 

8 to 38 cm2/V. s and vertically shaped MoSe2/MoO2 heterostructure photodetectors near 

photoresponsivity of ~100 mA/W, the external quantum efficiency of 23.5% at a bias of 3V 

has been reported [13,16]. For the synthesis, 2D TMDs materials, various methods are 

available, such as chemical/ mechanical exfoliation, chemical vapor deposition, and 

Hydrothermal method [3,4,10,11,12,14,17,15]. However, synthesizing monolayer MoSe2 by 

Chemical Vapor Deposition (CVD) is still difficult at a large area scale as a result of the low 

chemical reactivity of Se. Using NaCl like a seeding promoter in the synthesis of MoSe2 led to 
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reduced growth time, enhancement of growth rate, and more continuous film production 

[12,14]. 

In this work, we used Thermal Chemical Vapor Deposition (CVD) method to 

synthesize the MoSe2 thin film samples and nanoflakes. The nanoflakes sample quantity was 

adequate for satisfactory analysis, so all of the samples have been characterized through X-Ray 

Diffraction method. Further the structural analysis of the synthesized MoSe2 nanoflakes is 

discussed in this article. The ultimate goal is to assess how closely our findings match the 

standard values of MoSe2 structural parameters, and thus comment on its morphology evolution 

with the change of precursor under ambient pressures. 

 

 

2 Experimental Methods 
The whole reaction took place in a split furnace in a 1.3-inch diameter quartz tube. 

MoSe2 was obtained by selenization of MoO3 powder. 10-20 mg MoO3 powder (99.99% purity, 

Sigma Aldrich) containing in a ceramic boat located at the center of the furnace, and 0.4-0.5g 

Se powder (99.99% purity, Sigma Aldrich) in another ceramic boat was located upstream of 

furnace 12-15cm away from the center. a cleaned 2cm×2cm dimension, 300nm Sio2/Si 

substrate placed in MoO3 containing boat 3-5cm away from the MoO3 powder towards 

downstream. A mixture of H2 and Ar gas flow during the whole reaction, used as carrier gas (5 

s.c.c.m. H2/ 60 s.c.c.m. Ar). The furnace was heated up to 720-880℃ with a ramping rate of 

14℃/min and kept steady at this temperature for 15 min. After the whole reaction was 

completed led the furnace cooled right all the way down to room temperature naturally. 

 

 

 

 

 
 

Fig 1: schematic diagram of CVD grown MoSe2 
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Fig 2: CVD grown MoSe2 nanoflakes 
 

 

Fig 3: CVD grown MoSe2 thin film on Si/SiO2 substrate 

 

 

 
 

3 Result and Discussion 
The crystal shape and phase evolution of the resulting MoSe2 sample were 

confirmed using an X-ray diffractometer. The X-ray diffraction (XRD) characteristic of the 

resulting MoSe2 nanoflakes and deposited thin film are shown in Fig 1, 2, 3. Diffraction peaks 

observed in a scale of 10–80 degrees on the X-ray diffractogram for the MoSe2 sample. The 

diffraction peaks detected in the MoSe2 sample's XRD spectrum reveal a hexagonal crystal 

shape with growth direction ahead one axis (101). The reported d-spacing values and lattice 
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variables align well with previous research [JCPDS: 87-2419], which mentioned in below 

table. 

 

Sample Position (2θ) Interplanar 

spacing ‘d’ (Å) 

Crystalline size ‘D’ 

(Å) 

Lattice 

parameter 

1) 13.68 6.47 

3.24 

2.78 

2.18 

1.59 

1.30 

488.56 

384.50 

514.42 

29480.19 

513.65 

627.01 

Avg 

5334.72 Å 

Or 

5.33 µm 

a=b= 0.277nm 

& 

c= 1.29 nm 

27.46 

32.16 

41.32 

57.83 

72.47 

2) 13.62 

32.15 

56.33 

69.48 

6.4 

2.78 

1.63 

1.35 

4684.27 

509.62 

11582.65 

413.16 

 

 

Avg- 

4297.42Å 

or 4.3µm 

a=b= 0.277nm 

& c= 1.29nm 

3) 27.53 

32.14 

59.6 

3.24 

2.78 

1.55 

419.47 

434.07 

574.59 

 
 

Avg- 

476.04Å 

or 0.476µm 

a=b= 0.277nm 

& c= 1.29nm 
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Fig 4: XRD pattern of CVD grown MoSe2 nanoflakes (growth temperature-725℃, Pressure 

760 torr) 

 

 
Fig 5: XRD pattern of CVD grown MoSe2 nanoflakes (growth temperature 820℃, Pressure 

760 torr) 

In samples 1 and 2 we change the gas flow rate and growth temperature (kept pressure constant 

760 torr), from the XRD data we can say that in both samples MoSe2 nanoflakes formed 

uniformly with the crystalline size of 5.335µm and 4.297µm respectively, and doesn't show 

much crystalline size difference. 
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Fig 6: XRD pattern of CVD grown MoSe2 thin film (Growth temperature 750℃, NaCl as 

seeding promoter, Pressure 30 torr) 

In the same way, when we synthesized NaCl assisted MoSe2, we reduced the pressure to 30 

torr, we found the crystalline size reduced and become 0.476µm. here, we were using NaCl as 

a growth promoter, as it is an oxidizing agent, so reduced the temperature of reaction [12], but 

it has been observed that there is a major difference of this much in crystalline size. 

 

 

4 Conclusion 
We used Chemical Vapor Deposition (CVD) approach to synthesize a few layers of 

MoSe2 nanoflakes. XRD turned into used to analyse the crystal structure and morphology of a 

freshly produced MoSe2 sample and found that the synthesized MoSe2 nanoflakes crystalline 

size up to 4-5µm without any seeding promoter. we change the growth temperature and flow 

rate but kept the pressure constant. In resultant, there is a slight difference in the crystalline 

size of MoSe2. But when we use the seeding promoter (NaCl) kept the same condition but 

reduced the pressure, the crystalline size was reduced and obtained 0.476µm. We conclude that 

CVD grown MoSe2 changes with the change of precursor ratio, gas flow rate, growth rate and 

pressure. 
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