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Abstract: This study involved the synthesis of tungsten disulfide nanoparticles (WS2) by the sol-gel process.  X-ray 

diffraction (XRD), field emission scanning electron microscopy (FESEM), and Fourier transform infrared 

spectroscopy (FTIR) techniques were employed to analyze the results.  XRD indicated that the nanoparticles 

have a hexagonal morphology, and the Scherrer equation was employed to ascertain the average crystallite 

size (Dav) of the synthesized nanoparticles, around 39 nm.  FESEM images reveal that the crystalline structures 

exhibit heterogeneity in size and shape, with WS2 nanosheets aggregating to create a substantial block 

characterized by varied interior thicknesses. The mean size distribution of WS2 is approximately 39 nm.  These 

findings align with the X-ray diffraction data. FTIR analysis of WS2 nanoparticles showed that the (W-S) 

bond is represented by the bands at 572.71 cm-1 and 2924.15 cm-1, whereas the strong and weak absorption 

bands of the (S-S) bond are located at 494.4 cm-1 and within the range of 571.71-769.36 cm-1.   The bands at 

3740.65 cm-1 and 1625.21 cm-1 represent the (O-H) bond results. 

1 INTRODUCTION 

A group of thin film semiconductors known as two-

dimensional transition metal dichalcogenides 

(TMDs) is defined by the general formula (MX2), 

where M denotes transition metals (such as 

molybdenum, tungsten, vanadium, and zirconium) 

and X denotes an atom of chalcogen (such as sulfur, 

selenium, and tellurium). The compound consists of 

layers of chalcogen atoms sandwiched between the 

transition metal layer, as shown in Figure 1.  

This  family of materials has unique electronic, 

optical and catalytic properties, so it has a wide range 

of applications such as energy, environment and 

biomedicine [1]-[3]. Tungsten sulfide (WS2) is a 

transition metal chalcogenide [4]. WS2 occurs in the 

form of inorganic fullerene-like (IF-WS2) structures 

and other two-dimensional structures, such as 

nanotubes and nanosheets [5]. These structures 

consist of two-dimensional molecular sheets held 

together by van der Waals forces. Figure 2 shows 

crystal structure of WS2. Therefore, WS2 

nanoparticles have unique properties, such as 

lubricity, mechanical strength, and potential 

applications in tribology, electronics, energy storage, 

and other fields [6]. To prepare WS2 nanoparticles, 

there are several techniques including (chemical 

vapor deposition, mechanical activation method, 

pulsed laser deposition (PLD), sol-gel method [7]-[8]. 

In this study, WS2 nanoparticles were prepared by 

sol-reaction method, and the structural properties 

were studied using XRD and FESEM techniques. 

Figure 1: TMDs materials consist of 16 transition metals 

and three chalcogen atoms [9]. 
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Figure 2: Crystal Structure of WS2 [9]. 

2 EXPERIMENTAL DETAILS 

WS2 nanoparticles were prepared by sol-gel method 

by following the following steps: 

1) A concentration of 0.1 M was used to dissolve

sodium tungstate dehydrate, which has a

molecular weight of 329.86 g/mol and a density

of 2.23 g/cm3. This substance was dissolved in

deionized distilled water.  There was also the

utilization of thiourea (SC(NH2)2, and

possessed a molecular weight of 12.76 g/mol, a

purity of 99%, and a concentration of 0.1 M.

There was also the addition of citric acid, which

had a chemical formula of C6H8O7, a

concentration of 0.5 M, and a molecular weight

of 192.123 g/mol.

2) After the dissolving  process was done, the

acidity (pH) of the solution was found to be 1.4.

It was neutralized by adding drops of ammonia

solution (NH4OH) with a strength of 25%, the

drops were added to the ready solution at regular

times.  The solution stayed on the magnetic

mixer until it turned white and the pH level was

equal to 7.

3) Once the solution had reached a neutral state,

the temperature of the magnetic mixer was

increased until the solution reached a

temperature of 80 degrees Celsius.  The

temperature remained the same, and the solution

was kept on the magnetic mixer for forty to fifty

minutes. This allowed the liquid to gradually

evaporate and transform into (Gel).

4) To eliminate any liquids or water molecules, the

particles were annealed for two hours at 500°C

in an electric furnace. Then, as illustrated in 

Figure 3, the particles were put into the furnace 

for two hours, and then for twenty-four hours 

until the temperature was close to room 

temperature, at which point (WS2) particles 

were produced.   Before sintering, wear (a) a 

solution; (b) a powder; and (c) powder 

nanoparticles (WS2). 

Figure 3: Steps for preparing WS2 nanoparticles by sol-gel 

method wear a) show solution,  b)as a powder before 

sintering, c) powder nano particles (WS2) particles after 

sintering. 

3 RESULTS AND DISCUSSIONS 

3.1 Results of XRD 

Figure 4 presents the XRD pattern of the synthesized 

WS2 nanoparticles. The diffraction peaks 2Ɵ~14.33°, 

28.98°, 32.52°, 33.51°, 39.56°, 44.14°, 49.82°, 

58.38°, 60.40° and 76.01°, have appeared.  Miller 

index-favored directions describe it. (002), (004), 

(100), (101), (103), (006), (105), (110), (112), (116), 

and (118), respectively. These results were found to 

be largely consistent with the International Data Card 

(ICDD card no. (00-008-0237) belonging to (WS2) 

[10]. In addition, the results indicated the hexagonal 

structure of the nanoparticles. The large number of 

peaks indicates that the prepared grains are 

polycrystalline [11]. The distance between 

interplanar spacing (dhkl) with the same Miller's 

coefficients (hkl) was found using Brack's law and the 

relation (1) [8].  “dhkl” was found to be close to and 

match the number on the WS2 standard card (ICDD 

card no. 00-008-0237) [12]: 

nλ= dhkl sin ϴB.  (1) 

Where, dhkl : The distance between interplanar

spacing, ϴB: Brack angle, λ: wavelength, n: order of 

reflection. 

For the produced WS2 nanoparticles, the crystal 

lattice constants (ao = bo, and co) were computed 

using the hexagonal structure relation (2) [13].  Table 

1 displays these values. 
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Figure 4: XRD of WS2 nanoparticles. 
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The Miller coefficients h, k, and l were used to 

calculate the lattice constants ao and co, which were 

obtained from the planes (002) and (103), 

respectively.   The lattice constant values were found 

to be consistent with those in the WS2 standard card 

(ICDD No. 08-0237).   These data are presented in 

Table 1. The Scherrer method was employed to 

determine the average crystallite size (Dav) of the 

nanoparticles that were prepared, as outlined in (3) 

[14]-[16].  

Dav = κλ / (β cos θB). (3) 

The symbol β represents the full width at half 

maximum (FWHM), whereas θB represents the 

Bragg's diffraction angle. The symbol κ represents the 

shape factor, and λ represents the wavelength of the 

X-ray that is diffractioning the sample.  As can be

seen in Table 1, the crystallite size of the

nanoparticles that were formed was determined to be

about 22 nanometers. The dislocation density (δ) is a

measurement that is used to determine the amount of

defects present in the crystal. The lowest dislocation

density value that was discovered in this work

provided evidence that the sol-gel method was

successful in producing WS2 nanoparticles that had

demonstrated good crystallization. Formula 4 was

utilized in order to calculate the dislocation

density [17], which may be found in Table 1.

δ = 1 / D2
av (4) 

A definition of specific surface area (SSA) is the 

area represented in mass units (m²/g). It ascertains 

material quality and constitutes a significant attribute 

of nanoparticles. It also provides information about 

superficial encounters [17].  Table 1 presents the SSA 

values obtained by 5 [17]: 

SSA = SV / ρ . (5) 

To find the surface density (SV), we need to take 

the number of KSV (which is 6 for a sphere) and Dav. 

The material density for WS2 nanoparticles is ρ, 

which is 7.5 g/cm3, i.e.,   SV =  . Rearranging (5) 

yields the following (6 ): 

SSA = 6 × 10³ / (Dₐᵥ ρ) (6) 

3.2 Analysis of FESEM 

The WS2 nanoparticles synthesized with sol-gel were 

analyzed using FESEM.  The crystals in Figure 5a 

and 5b are of different sizes and shapes, and the WS2 

nano sheets can be stacked to make a big block with 

different thicknesses inside.  The findings here are in 

agreement with those of studies [18]-[20].  The size 

range of WS2 is shown in Figure 5b. It is about 42 nm 

on average. 

Figure 5: FESEM image of WS2 nanoparticles: a and b. 
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Figure 6: FTIR measurements for WS2 nanoparticles. 

Table 1: Hexagonal structure relation. 

θ° d-spacing (Å) FWHM (rad) 

average 

crystallite size 

(Dav ) (nm) 

Micro Strain 

*10-3

Dislocation 

density (δ)

nm-2

SSA 

(m2.g-1) 

14.33 6.1666 0.3464 23 0.45775 0.00189 35 

28.98 3.0808 0.5196 16 0.37711 0.00390 50 

32.52 3.0792 0.3464 24 0.41297 0.00174 33 

33.51 2.6735 0.3464 24 0.41297 0.00174 33 

39.56 2.2779 0.5196 16 0.28549 0.00390 50 

44.17 2.0504 0.3464 25 0.40511 0.00160 32 

49.82 1.8303 0.3464 25 0.33445 0.00160 32 

58.38 1.5806 0.5196 18 0.181 0.003086 45 

60.40 1.5324 0.5196 18 0.44459 0.003086 15 

76.01 1.2519 0.3464 29 0.23658 0.001189 28 

3.3 FTIR Measurements 

Fourier transform infrared (FTIR) measurements 

were performed for WS2 nanoparticles prepared by 

the sol-gel method in the range of 400-4000 cm-1. The 

transmittance spectrum was measured as a function of 

wavenumber. The transmittance spectrum was also 

measured as a function of wavenumber. Figure 6 

shows relatively strong absorption bands at 

wavelengths of 494.4, 572.71, 620.64, 769.36, 

1625.21, 2925.15, and 3740.65 cm-1. These results are 

consistent with studies [21]-[25] which showed that 

the strong and weak absorption bands of the (S-S) 

bond are located at 494.4 cm-1 as well as between 

571.71-769.36 cm-1, While the bands located at 

572.71 and 2924.15 cm-1 are due to the (W-S) bond. 

While the bands located at 1625.21 and 3740.65 cm-1 

are due to the (O-H) bond. 

4 CONCLUSIONS 

The sol-gel method was used to make transition metal 

dichalcogenides (WS2) nanoparticles by mixing 

sodium tungstate dehydrate [Na2WO4.2H2O] with 

thiourea (SC(NH2)2).  The XRD study gave us 

nanoparticles with an average particle size of (39 nm). 

These results were the same as the particle size we got 

from the FESEM images, which was about (42 nm). 

These findings align with the X-ray diffraction 

data. FTIR analysis of WS2 nanoparticles showed 

that the (W-S) bond is represented by the bands at 

572.71 cm-1 and 2924.15 cm-1, whereas the strong 

and weak absorption bands of the (S-S) bond are 

located at 494.4 cm-1 and within the range of 571.71-

769.36 cm-1.   The bands at 3740.65 cm-1 and 1625.21 

cm-1 represent the (O-H) bond results.
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