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Abstract: In this work, ZnFeS nanoparticles were synthesized from its bulk material through high energy ball milling. 

The ZnFeS nanoparticles were sourced from Wase Local Government Area of Plateau State Nigeria, pre-treated and then 

ball milled. The X-ray Diffraction (XRD) was used for analyzing the structural properties and the confirmation of the 

nanoparticle sizes. The SEM-EDX Analysis was used to determine the morphology and elemental composition of the 

ZnFeS nanoparticles. The absorbance at varied wavelengths was used to evaluate the optical properties. The result 

showed that the ZnFeS nanoparticles have coarsed and flaked crystalline structure. The EDX results indicated the 

presence of zinc, sulphur and iron. The average nanoparticle size was 51.86 nm. The calculated dislocation density ranged 

from 0.177 x 10-3 nm-2 to 0.435 x 10-3 nm-2. The transmittance increased as the spectrum wavelength moved from the 

ultraviolet region to the visible and getting up to 90% at the near-infrared region. The refractive index was found to 

increase as the photon energy increased from about 1.38eV to about 2.45eV. The band energy gap was 3.63eV. These 

properties lend credence to the potential utilization of the ZnFeS nanoparticles in diverse photovoltaic and optical 

instruments. 
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I.   INTRODUCTION 

 

In recent times, researchers focus more attention on nanoparticles synthesis from underutilized materials and their 

possible application in nanotechnology. This interest is triggered by the multi-functional properties and applications of 

these nanoparticles [1,2]. Nanoparticles are fine particles whose average sizes are less than 100 µm [3-5]. Recent 

nanotechnologies harness knowledge from physics, biotechnology, materials science and chemistry to create new 

materials having distinctive properties because their structures are determined on the nanometer scale [6]. 

 

Nanoparticles are the basic constituents of the nanostructure of most substances. When compared with their bulk state, 

the basic properties of most materials show a substantial change when converted to nano-sized particles. Furthermore, 

metallic bulk materials exhibit considerably different properties when compared to their nanoparticles [7]. This arises 

from the increase in the surface area to volume ratio resulting in the properties of the materials being determined by the 

surface atoms. Their small size helps to confine their electrons and produce different quantum effects. These size-

dependent properties enable nanoparticles to improve both shelf life and overall electrical, mechanical, conductivity, 

optical and structural performance of metallic products [8-10]. Hence nanoparticles are fine particles that exhibit 

improved characters of the whole as a result of their properties. They have found applications in light emitting devices, 

solar cells, gas sensors and thin film transistors [11-15]. Nanoparticles have even reportedly been used in waste water 

treatment for efficient removal of reactive red azo dye [16].  

 

The extensive use of nanoparticles is predicated on the fact that they have the necessary characteristics, which are 

typically distinct from bulk material. The majority of nanoparticles have a wide energy gap, good UV emissions, and a 

tolerable excitation binding energy [17]. Additionally, they have a high level of stability and the ability to change the 

electrical conductivity of gases that naturally have the potential to absorb UV rays [18-19]. 

 

Nanoparticles can be obtained via top-bottom approach and bottom-top approach. The nanoparticles in this research were 

obtained via top-bottom approach, in this case; milling technique. The milling technique is a top-bottom method of 

preparing nanoparticles. It entails breaking bulk materials into bits of sizes less than 100µm [4]. 

 

 It is of two types namely: the wet milling and the dry milling. In wet milling, there is an introduction of a surface-active 

media that prevents the development of aggregates [20]. This can aid in uniform distribution of nanoparticles [21]. But 

in dry milling, the solid substance is broken down and ground as a result of friction, compression, shock, etc. It is usually 

solvent-free and the slow pulverizing of the particles is enhanced by the powder-to-powder friction [20]. This method is 

suitable for synthesizing nanoparticles of controlled length with robust interface interactions [22-23]. 

 

The ball-milling technique is a type of dry milling where the sample’s chemical bonds are broken down due to the moving 

balls’ kinetic energy (K.E.) being exerted on a much reduced material resulting in the production of nanoparticles [24-

25]. Powdered particles are restricted between the inner surface of the vial and colliding balls, resulting in continuous 

deformation and generation of nano-sized particles with new properties and new surfaces [20, 26]. The ball-milling 

method has potential for easy industrial scalability in nanoparticle synthesis [27-28]. 

 

The ZnFeS nanoparticle is a zinc sulphide mineral with variable amount of iron that has huge deposit in Nigeria. 

Depending on the location, it may contain some trace elements such as Cd, In, Hg, Ge, Mn, Ga, and Se in varying 

proportions [29-33]. Hence, this work synthesized and characterized nanoparticles from ZnFeS bulk materials obtained 

locally in Nigeria. 

 

II.    MATERIALS AND METHODS 

 

2.1 Material sourcing and pretreatment 

The ZnFeS nanoparticles was sourced from Wase Local Government (LGA) Area of Plateau State Nigeria where there 

is a huge deposit of the material. It was crushed manually into smaller particles because of its bulky nature. This is to 

enhance the ball milling experiment.  

 

2.2 Nanoparticle synthesis via ball milling experiment 

A Planetary ball-milling machine was used to conduct the ball-milling experiment. It has vials with steel coatings and 

hardened steel balls within that are around 10 mm in diameter. The milling lid was used to insert the samples of the 

ZnFeS nanoparticles. The milling process took place at room temperature.            

 

Throughout the procedure, a weight-to-weight ratio of 10:1 was kept between the balls and the powder. Ball-milling was 

done at 25 Hz using a horizontal operating approach. The milled materials were used directly with no added milling 

media. The ball-milling took place for a total of 10 hours, interspersed with short breaks that prevented an unwelcome 
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quick rise in temperature within the milling vial. After the ball-milling experiment, the milled nanoparticles were taken 

out and the crystal properties were used to determine the nanoparticles average size. 

 

2.3 X-ray Diffraction (XRD) 

XRD was used for analyzing the structural properties of the ZnFeS nanoparticles. The diffraction spectra were recorded 

at 2 angle between 0o and 70o, Cu-target, 35Kv, 35mA and scan speed of 0.3 degree/0.02 second.  

 

2.4 Scanning Electron Microscopy (SEM) 

The surface morphology of the nanoparticles samples were obtained by SEM. Crystal shape size of the crystalline 

nanoparticle phase samples could be identified from the micrograph. The observation was done using a JOEL scanning 

electron microscope model JSM 6400. To prepare for the observation, the solid samples were placed on a brace stub 

sample holder using double stick carbon tape. The micrographs were recorded with 12 KV, 500x and 1000x 

magnification. 

 

2.5 Crystalline properties 

The crystalline size of the nanoparticles was calculated using the Debye–Scherer formula in equation 1 [34-36].  

 

𝐷 =  
𝑘 𝜆

𝛽 𝑐𝑜𝑠 𝛳
     (1) 

 

Where D is the crystal size, K is Scherrer’s constant (0.9), β is full width at half-maximum (FWHM), λ is the X-ray 

wavelength (0.15406nm) and θ is Bragg’s diffraction angle. 

 

 

2.6 Dislocation density 

The dislocation density of the ZnFeS nanoparticles was calculated using equation 2 

 

𝐷𝑑 =
1

𝐷2              (2) 

 

Where Dd is the dislocation density and D is the crystallite size 

 

2.7 Transmittance and reflection spectral  

The transmittance of the nanoparticles was estimated from the absorbance spectrum according to equation 3 while the 

reflectance was evaluated using equation 4: 

 

𝑇 = 10−𝐴    (3) 

 

R =  1 – [T +  A]   (4) 

 

where A is absorbance, R is reflectance and T is transmittance. 

 

2.8 Refractive index and optical conductivity 

The refractive index (R.I.) was calculated from equation 5.  

 

𝑛 =
1+√𝑅

1−√𝑅
               (5) 

 

The optical conductivity was determined using equation 6. 

 

𝜎 =
𝛼𝑛𝑐

4𝜋
    (6) 

 

where n is the R.I., R is the reflectance of the nanoparticle, 𝜎 is the optical conductivity, α is absorption coefficient, c is 

speed of light while π is a constant (3.142). 

 

2.9 Extinction coefficient  

The extinction coefficient (k) was evaluated from equation 7  

 

𝑘 =
𝛼𝜆

4𝜋
                 (7) 
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where α is the absorption coefficient, λ is the wavelength and π is a constant. 

 

2.10 Dielectric constant  

The dielectric constant is composed of two parts; the real and imaginary parts. The real part explains the dispersion while 

the imaginary part measures the rate of dissipation of the wave in the medium [37].  

The real dielectric constant (𝜀𝑟) was determined using the equation 8 while the imaginary part (εi) was determined using 

equation 9. 

 

𝜀𝑟 = 𝑛2 − 𝑘2    (8) 

 

𝜀𝑖 = 2𝑛𝑘    (9) 

 

2.11 Energy band Gap  

The energy band gap was extracted from the graph of equation 10.  

 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)
𝑛

    (10) 

 

where 𝛼 is the absorption coefficient, hv is the photon energy, A is a constant, 𝐸𝑔 is the band gap, and n is for modes of 

transition; (1/2) for direct transition and 2 is for indirect transition).  

 

 

 

 

III.      RESULTS AND DISCUSSION 

 

3.1 SEM-EDX Analysis of the Sphalerite and Monazite 

Figure 2 shows the morphology of the ZnFeS nanoparticle. The ZnFeS nanoparticle was observed to be coarse, closely 

packed, and crystalline structured with well formed flakes and irregular edges. The result was seen to have similar 

morphology as reported in the literature [38].    

 

Elemental composition was obtained using the Energy dispersive X-ray (EDX) analysis [39-40].  The EDX spectrum of 

ZnFeS nanoparticle is shown in figure 3. The spectrum of ZnFeS nanoparticle confirmed the presence of Zinc, Iron and 

Sulphide in the particle. This is in addition to the presence of Calcium, Silicon, Aluminum, etc. Some transition elements 

such as Germanium, Manganese, Cadmium were also detected.  

 

 
 

Figure 2. SEM Image of ZnFeS nanoparticle at 9000× 
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Figure 3. EDX Spectrum of ZnFeS nanoparticles  

 

3.2 X-ray diffraction and crystal analysis  

X-ray diffraction (XRD) was used in the structural and lattice analysis of the ZnFeS nanoparticles. The full width at half 

maximum ranged from 0.11𝑜 to 0.49𝑜 for ZnFeS particles. The nanoparticle spacing ranged from 1.63 to 3.44 Å. The 

dislocation density calculated ranged from 0.177 x 10-3 nm-2 to 0.435 x 10-3 nm-2 for ZnFeS nanoparticles. The dislocation 

density defines the number of dislocation lines per unit volume of crystals and represents the crystal defect size in a 

crystal. Since the dislocation density obtained is small, the nanoparticles synthesized have a high degree of crystallinity 

[35]. It is indirectly proportional to the particle crystalline size as it tends to decrease when the crystalline size increases. 

The results of some of the crystal analysis are tabulated in table 1. The crystalline size ranged from 17.44 nm to 75.26 

nm for the ZnFeS nanoparticles with an average crystalline size of 51.864 nm.  

 

Table 1.  Crystal properties of the ZnFeS 

 

2θ° 

Lattice spacing 

d, (Å) 

FWHM, ° 

(β) 

Miller 

indices (hkl) 

Crystalline 

size  (nm) 

Dislocation density  

(nm)-2 

25.91 3.436 0.17 
100 

47.95165 0.000435 

28.78 3.099 0.15 110 54.67734 0.000334 

30.281 2.949 0.15 
110 

54.86644 0.000332 

32.218 2.776 0.15 110 55.12643 0.000329 

32.703 2.736 0.11 
110 

75.26508 0.000177 

33.231 2.693 0.23 110 36.04546 0.00077 

38.87 2.314 0.14 
111 

60.17364 0.000276 

42.82 2.110 0.14 200 60.95102 0.000269 

43.27 2.089 0.49 
200 

17.44157 0.003287 

47.653 1.906 0.15 210 57.89626 0.000298 

56.533 1.626 0.18 
211 

50.11038 0.000398 

 

The XRD pattern of ZnFeS nanoparticles is shown in Figure 4. Distinct peaks were observed at 2theta angles of 25.91𝑜 ,, 
28.78o,  30.28𝑜 ,  32.22𝑜 , 32.70𝑜 ,33.23𝑜 , 38.87𝑜 , 42.82𝑜 , 43.27𝑜 , 47.65𝑜  and 56.53𝑜  which correspond to miller 

indices of 100, 110, 110, 110, 110, 111, 200, 200, 210, and 211 respectively on the crystallographic planes [41-42]. 

Insignificant broad peaks were observed in the pattern indicating little impurities within the crystal structure. The effect 

of impurities on the crystal structure has a significant role in the change of the physical properties [43]. 
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Figure 4.  X-ray diffraction pattern of ZnFeS nanoparticles 

 

3.3 Absorption and transmittance spectra 

Figure 5 shows the absorption spectrum of the ZnFeS nanoparticles with distilled water as the dispersing agent (SDW) 

and ZnFeS particles with ethanol as the dispersing agent (SET). The samples showed relatively low absorbance (of 22 to 

36%) at ultraviolet wavelengths (200 to 400 nm). The absorbance decreased at increased wavelengths [44]. An initial 

steep reduction between 600 nm to 700 nm was observed throughout the samples. The absorbance of the whole samples 

also experienced irregular reduction towards the visible region and the near-infrared regions. The absorbance was almost 

zero at the near-infrared regions (within 10% to 1%). This indicates that the ZnFeS nanoparticles are non-absorbing at 

the near-infrared regions. Similar trend has been reported  [18, 45-46]. The distilled water dispersed particle showed 

similar absorbance with the ethanol dispersed particle at both the ultraviolet and near-infrared regions. However, at some 

wavelengths, the absorbance of the distilled water dispersed particles was marginally higher than that of the ethanol 

dispersed particles.  

 

The transmittance spectrum is depicted in figure 6. The transmittance showed an increase from around 45% to 60% in 

the ultraviolet region about 90% to the visible region and then to the near-infrared region. Similar trend has been reported 

[47]. The high transmittance in the visible region indicates the potential easy photon passage and hence likely suggesting 

applicability of ZnFeS nanoparticles in electron transport layers of optical materials [48]. The decreased transmittance in 

the UV region results from enhanced scattering of photons by crystal defects within the near infrared region [49]. 

 

           
 

Figure 5. Absorbance spectrum of the ZnFeS nanoparticles. 
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Figure 6. Transmittance spectrum of the ZnFeS nanoparticles. 

 

3.4 Reflectance and refractive index 

The reflectance was depicted as a function of wavelength in Figure 7. Figure 7 indicates a slight increase in the reflectance 

from about 17.1 to 19.9% in the ultraviolet region and further reduced from 19.9% to 4.1% in the visible region in line 

with the report of [50]. Towards the NIR, a sharp reduction from 4.1 to 3.9% was observed. The poor reflectance observed 

throughout the regions of the spectrum suggests the possibility of its application in the window layer component of a 

solar cell. The nature of the plot compares with previous report [51].  Very low reflectance is desired for optical 

applications [52], suggesting the ZnFeS nanoparticles a desired material for optical applications. 

 

 
 

Figure 7. Reflectance of the ZnFeS nanoparticles 
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The refractive index is expressed as a function of photon energy in figure 8. 

 

The refractive index was found to increase steeply as the photon energy increased from about 1.38eV to about 2.45eV 

and then experienced relative stability as the photon energy increased to about 2.49eV to 2.64eV. This indicates that the 

refractive index of the ZnFeS nanoparticles can be tuned to manipulate their matrix characteristics even at molecular 

stage [53]. Refractive index depends on wavelength and moderates the interaction between the nanoparticles and light in 

various applications [54]. The refractive index is a major physical parameter used to evaluate the quality of nanoparticle-

based solids [53].  

 

 
 

Figure 8. Refractive index of the ZnFeS nanoparticles 

 

3.5 Absorption coefficient and extinction coefficient 

 

The plot of absorption coefficient  is presented in figure 9.  

 

The absorption coefficient describes the ability of the nanoparticles to absorb light. In figure 9, there was an observed 

high absorption coefficient in the UV region. However, a reduction in the absorption coefficient of the ZnFeS 

nanoparticles was observed as the wavelength increased. At the near-infrared region, the absorption coefficient was 

almost constant with further increase in the wavelength. The high absorption coefficient of the ZnFeS nanoparticles in 

the ultraviolet region indicates their capacity to absorb light within the UV region [55].  

 

The plot of extinction coefficient against wavelength is displayed in figure 10. An initial steep reduction in the extinction 

coefficient was observed at the ultraviolet region which then gradually decreases towards the visible region. Since 

nanoparticles are not monodispersed, the determination of the molar concentration can be achieved through the evaluation 

of the extinction coefficient which is a primary parameter in calculating the nanoparticle concentration [56]. Furthermore, 

relatively high extinction coefficient denotes ability to dissipate absorbed energy spontaneously as heat and not as 

detrimental radiation [57].  
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Figure 9. Plot Absorption Coefficient of the ZnFeS nanoparticles 

 

 
 

Figure 10. Plot of Extinction Coefficient of ZnFeS nanoparticles 

 

3.6 Dielectric constant 

The plot of the real and imaginary parts of the dielectric constant as a function of photon energy are shown in figures 11 

and 12 respectively. 

 

A steep and relatively unsteady increase in the real dielectric constant was observed with increase in the photon energy 

up to about 2.4eV which then stabilizes till about 5.6eV before experiencing a slight increase again. The real part of the 

dielectric constant relates to the dispersion and polarization of the material [37].  

 

Imaginary dielectric constant is a direct function of the extinction coefficient and the refractive index. The data on the 

real and imaginary parts of the dielectric constant provide knowledge concerning the loss factor, which is the ratio 

between the imaginary and real parts of the dielectric constant [58].  
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Figure 11. Plot of Real part Dielectric Constant 

 

 
 

Figure 12. Plot of Imaginary Dielectric Constant 

 

3.7 Optical conductivity 

The plot of the optical conductivity against the photon energy is presented in figure 13. The optical conductivity of the 

ZnFeS nanoparticles was determined as a function of absorption coefficient and the refractive index of the material [59]. 

The optical conductivity experienced an almost linear increase as the photon energy increased from 1.46eV to about 

3.9eV. At relatively higher photon energy of above 4.0eV, the increase of the optical conductivity with the photon energy 

was irregular. The optical conductivity plays a huge role in evaluating the particle’s atomic structure and connects the 

current density to the material's exposure to different wavelengths of light in the electric field. It also serves as the basis 

for determining the spectra of some nanoparticles [60]. 
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Figure 13. Plot of the Optical Conductivity of the ZnFeS nanoparticles 

 

3.8 Band energy 

The band energy gap is the minimum quantity of energy needed to excite an electron to a state where it can conduct in 

the condition band. It is a major parameter used in the design of optoelectronic instruments [59]. Figures 14 and 15 are 

the plots of plot of (αhν)2 versus photon energy for the ZnFeS nanoparticles dispersed in ethanol and distilled water 

respectively . The band energy gap was determined by exploiting the tangential line of the plot of (αhν)2 versus photon 

energy [2]. The band energy obtained was 4.96eV and 3.63eV for the ethanol dispersed and distilled water dispersed 

respectively, this agrees with the work done by [61].  The band energy of the ZnFeS particles dispersed in ethanol was 

slightly higher to that disperse in distilled water. 

  

 
 

Figure 14.  Band gap energy of Ethanol dispersed ZnFeS nanoparticles. 
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Figures 15.  Band gap energy of ZnFeS nanoparticles dispersed by Distilled water. 

 

IV.     CONCLUSION 

 

Nanoparticles were synthesized from bulk Sphalerite materials and characterized. High energy ball milling technique 

was used to prepare the nanoparticles. Various characterization techniques such as XRD, SEM-EDX, and Absorbance 

were used to determine the properties. The SEM results showed the coarsed nature of the Sphalerite. The nanoparticle 

size ranged from 17.44nm to 75.26nm while the dislocation density calculated ranged from 0.177 x 10-3 nm-2 to 0.435 x 

10-3 nm-2. High transmittance was observed in the visible region which indicated the potential easy photon passage. The 

optical conductivity experienced an almost linear increase as the photon energy increased from 1.46eV to about 3.9eV.  
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