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This study focuses on the production and analysis of nanostructured CdO films co-doped 
with zinc (Zn) and copper (Cu) using the sol-gel spin coating technique. X-ray diffraction 
analysis revealed that these films have a cubic crystalline structure typical of CdO. Surface 
morphology showed that both the doping ratio and the type significantly influence the 
microstructure of the films. The presence of O, Cu, Cd, and Zn in the initial solution was 
confirmed. The absorbance values of the prepared samples exhibit a positive correlation 
with the Cu content. In addition, the energy gap values were shown to be dependent on the 
Zn:Cu ratio. Conductivity, measured via the Hall effect, increased notably with Cu doping up 
to a 10% ratio. The results demonstrate the impact of Zn:Cu co-doping on the structural, 
optical, and electrical properties of CdO films, indicating their potential for optoelectronic 
applications. 
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1. Introduction 

Owing to their unparalleled properties for various 

nanotechnology applications, transparent conducting 

oxides (TCOs) have garnered considerable 

technological and scientific interest [1-3]. Cadmium 

oxide (CdO) is a significant constituent of the 

transparent conductive oxide (TCO) group, garnering 

considerable contemporary interest because of its 

noteworthy electrical and optical characteristics. CdO 

is classified as an n-type semiconductor because of its 

notable electrical conductivity. In addition, it shows 

exceptional optical transparency within the visible 

spectrum. CdO possesses a direct band gap energy 

ranging from 2.2 to 2.7eV [4]. The characteristics of 

CdO films make them advantageous for several 

applications, including but not limited to smart 

windows, heat mirrors, gas sensors, phototransistors, 

and optical communications [5-10]. 

By doping CdO films with varying metallic ions, 

the morphological, optical, and structural properties 

of the films can be changed. The process of 

introducing ionic impurities into CdO films results in 

substantial modifications to the band structure and, 

so, the physical properties. The process of introducing 

ions with radii different from those of Cd2+ into CdO, 

known as doping, can be achieved by incorporating 

ions such as Mn, Pr, Al, Cr, Ce, Sn, and Gd, resulting 

in significant improvements in bandgap energies as 

well as morphological and structural properties [11-

14]. Therefore, doping is typically associated with 

improving the electrical and optical characteristics of 

CdO films. The practice of employing two different 

dopant ions on a single CdO film, commonly referred 

to as double doping, is being investigated, has 

recently been seen to result in CdO films with unique 

properties [15-17]. 

Metal-organic chemical vapor deposition 

(MOCVD) [18], successive ionic layer adsorption 

and reaction (SILAR) method [19], spray pyrolysis 

[20], pulsed laser deposition [21], RF magnetron 

sputtering [22], chemical bath deposition [23], and 

sol–gel processes [24] have all been reported for CdO 

thin film deposition. The sol–gel spin coating method 

has several advantages, including simplicity, 

composition control, and homogeneity [25]. Sol-gel 

method Zn:Cu co-doped CdO films have not been 

reported in the literature, to the best of our 

knowledge. Therefore, this study focuses on 

assessing the effects of Zn and Cu co-doping on the 

morphological, structural, electrical, and optical 

characteristics of CdO films. Here, we present a 

detailed examination of the properties of 

nanostructured CdO thin films co-doped with Zn and 

Cu for the first time. 

 

2. Experimental Work 

Using the sol-gel spin coating method, we 

prepared pure and co-doped CdO thin films on glass 

substrates. Cadmium acetate Cd(CH3COO)2·2H2O, 

was dissolved in 10 ml of 2-methoxyethanol to form 

a 0.5M solution. Copper acetate 

Cu(CH3COO)2·2H2O and zinc acetate 

Zn(CH3COO)2·2H2O were added to this solution in 

varying Zn:Cu ratios (10% Zn, 7.5% Zn:2.5% Cu, 5% 

Zn:5% Cu, 2.5% Zn:7.5% Cu, 10% Cu) to create a 

homogeneous solution. Monoethanolamine (MEA) 

was then introduced to the stirred mixture to achieve 

the desired viscosity and stability. The mixture was 

heated at 75°C for 2 hrs while stirring. This process 

yielded a clear, light-yellow solution, which was then 

left to stand at room temperature for 24 hrs. 

Earlier research has shown that solution 

anesthetics can improve the morphology, 

crystallization, and pore structure of spin-coated thin 

film electrodes [26]. Prior to depositing the solution 

onto the glass substrates by spin coating, the 

substrates were cleaned in an ultrasonic water bath 

with diluted detergents, acetone, 99% pure ethanol, 

and deionized water for 20 min, then dried with 

nitrogen gas and preheated in an oven at 75°C. The 
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aged solutions were filtered through a 0.1μm filter to 

remove any agglomerated particles, ensuring 

standardized thin-film deposition by spin coating.  

All samples were spin-coated at 3300 rpm for 35s 

onto soda-lime glass substrates. Each layer was 

covered with a 200 mL solution and dried for 15 min 

on a heated plate set to 200°C. This coating and 

drying process was repeated five times. 

Subsequently, the samples were annealed in a furnace 

at 475°C for 1 hour and gradually cooled to room 

temperature. The structural, morphological, optical, 

and electrical properties of the pure and co-doped 

CdO thin films were characterized using XRD, FE-

SEM, UV-visible spectroscopy, and the Hall effect. 

 

3. Results and Discussion 

XRD analysis was conducted to investigate the 

influence of co-doping Cu with Zn on the crystalline 

structure and crystallite dimensions of CdO 

specimens. 

 

10 20 30 40 50 60 70 80 90

 Cdo

 10% Zn

 7.5% Zn : 2.5% Cu

 5% Zn : 5% Cu

 2.5% Zn : 7.5% Cu 

 10% Cu

In
te

n
si

ty
 (

a
r
b

it
r
a
ty

 u
n

it
)

2q (Degree)

·
 (

1
0

0
)

·
 (

1
0

1
)

·
 (

0
0

2
)

*
 (

1
1

1
) *

 (
2

0
0

)

*
 (

2
2

0
)

*
 (

3
1
1
)

*
 (

2
2

2
)

¨
 (

1
1

- 1
)

¨
 (

2
0

0
)

¨
 (

2
0

- 2
)

* CdO

 · ZnO

¨ CuO

Fig. (1) XRD patterns of CdO and (Zn:Cu) co-doped thin films 

 

The XRD patterns depicted in Fig. (1) prove that 

all the CdO samples show distinctive peaks 

associated with the cubic polycrystalline structure of 

CdO, as showed by ICDD card no. 75-0592. The 

presence of well-defined diffraction peaks indicates a 

high degree of crystallinity. The films co-doped with 

Cu and Zn show a pronounced preferential orientation 

along the (111) crystallographic plane, which is 

comparable to the orientation saw in the original CdO 

film. The Cu with Zn co-doped CdO films show 

markers associated with ZnO oxide and CuO oxide, 

which may be detected using an XRD setup with a 

specified detection limit. New peaks were seen in 

films having 10% Zn and 7.5% Zn:2.5% Cu, 

specifically corresponding to the (100), (002), and 

(101) planes of ZnO (ICDD 079-2205). Similarly, 

three peaks were shown in films having 10% Cu and 

7.5% Cu:2.5% Zn, specifically corresponding to the 

(11-1), (200) and (20-2) planes of CuO (ICDD 080-

1268). This implies that the successful incorporation 

of Cu and Zn ions into the CdO matrix was achieved 

[27]. A shift of 2θ toward higher diffraction angles is 

seen in the (111) diffraction, as depicted in Fig. (2). 

The observed phenomenon of a slight shift in the 

diffraction peak can be attributed to the presence of 

structural strain and changes in the stoichiometric 

composition resulting from the process of doping. 

The primary cause of this structural influence can be 

attributed to the disparity in the ionic radii between 

the host elements Cd+2 and the dopant ions Cu+2 and 

Zn+2. Other researchers have also seen observed shifts 

in diffraction peaks when using other doping 

elements [28,29]. These findings show that a 

significant portion of Cu+2 and Zn+2 ions were 

integrated into the CdO lattice [30]. Moreover, the 

variability in the placement of the peaks shows that 

the lattice parameter undergoes alterations due to the 

disparity in the ionic sizes of the atoms [31]. 
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The crystallite sizes of the CdO thin films co-

doped with Zn:Cu were determined using the widely 

recognized Scherrer’s formula below [32]: 

𝐷 =
0.94𝜆

𝛽𝑐𝑜𝑠𝜃
    (1) 

In the given equation, the symbol D represents the 

dimension of the crystallite, β denotes the full-width 

at half maximum of the XRD peak, λ represents the 

wavelength of the x-ray (1.5406Å), and θ signifies the 

Bragg’s angle. The calculation of additional 

microstructural parameters, including lattice spacing 

(d), lattice constant (a), strain (ε), and dislocation 

density (δ), can be achieved by the using of equations 

(2), (3), (4) and (5) [33,34] 

𝑑 =
𝑛𝜆

2𝑑𝑠𝑖𝑛𝜃
    (2) 

1

𝑑2
=

ℎ2+𝑘2+𝑙2

𝑎2
    (3) 

𝜀 =
𝛽𝑐𝑜𝑠𝜃

4
    (4) 

𝛿 =
1

𝐷2
     (5) 

In the context of XRD, the variable n denotes the 

degree of diffraction, λ indicates the wavelength 

associated with the XRD pattern, and θ signifies the 

diffraction angle. The values of D, ε, and δ that were 

acquired are displayed in table (1). The variations in 

the ε, D, and δ values of the CdO films are seen to be 

contingent on the different doping percentages of 

Cu:Zn, as depicted in table (1). The observed 

phenomenon can likely be attributed to the 
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replacement of Cd+2 ions with Cu+2 or Zn+2 ions inside 

the CdO lattice structure. This substitution occurs 

because the ionic radii of Cu+2 (0.72Å) and Zn+2 

(0.74Å) deviate from that of Cd+2 (0.97Å) when 

considering metals with a coordination number of 6 

[35]. Several researchers have similarly reported 

these findings [36,37]. The literature clearly sets up a 

relationship between crystallite size, microstrain, and 

dislocation density, indicating an unfavorable 

correlation [38]. 

The analysis of surface morphology plays a 

crucial role in understanding the surface 

characteristics of nanostructured films. To investigate 

the alterations in the surface morphology of CdO 

films induced by double-doping, FE-SEM was 

performed as in Fig. (3) as the modification of the 

surface characteristics and particle dimensions of the 

films by the process of doping are proved. These 

images reveal that the surface of the CdO films 

showed a remarkable state of roughness. The CdO 

films are characterized by a significant quantity of 

nanoparticles that are spread in a random manner 

across the substrates made of soda-lime glass. The 

morphology of the pure CdO thin film shows a 

cauliflower-like shape, while the CdO thin films co-

doped with Cu:Zn exhibit nanospherical granules. 

Earlier studies conducted by researchers [34] have 

also saw comparable structural characteristics in CdO 

films. Variations in the particle thicknesses of the 

films were seen upon co-doping with Cu and Zn, as 

depicted in Fig. (3). These changes showed a strong 

correlation with the variations in crystallite size, as 

determined by XRD analysis. The particle size values 

for the films of CdO, 10% Zn, 7.5% Zn:2.5% Cu, 5% 

Zn:5% Cu, 2.5% Zn:7.5% Cu, and 10% Cu are 

approximately 43.71-69.08nm, 37.07-101.5nm, 

29.24-55.91nm, 36.43-267.1nm, 27.69-86.23nm, and 

25.81-48.57nm, respectively. 
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Fig. (3) FE-SEM images of the CdO and (Cu:Zn) co-doped 

CdO thin films 

 

The variation in morphologies observed can be 

attributed to disparities in the electronegativity and 

ionic radius between the dopants and the host metal. 

These differences influence the growth process and 

the crystal plane surfaces of CdO films [35,36]. The 

researchers used the EDS analysis to find the 

elemental compositions of the samples that were 

generated. Figure (4) shows the elements in the 

nanostructured CdO films demonstrating the 

presence of the expected O, Cu, Cd, and Zn elements 

in the first solution. 

The absorption spectra for the CdO thin films and 

10% co-doped CdO thin films with varying Cu:Zn 

ratios (10%Zn, 2.5%Cu:7.5%Zn, 5%Cu:5%Zn, 

7.5%Cu:2.5%Zn, and 10%Cu) are presented in Fig. 

(5). The spectra were recorded in the wavelength 

range of 300-900 nm. The figure demonstrates that 

the absorbance edge is consistently positioned at 

approximately 500 for all samples. Moreover, there is 
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a discernible pattern in which the absorption spectrum 

demonstrates an upward trend as the ratio of copper 

to zinc increases. The presence of elevated copper 

content in the co-doped CdO films results in the 

generation of supplementary energy levels situated 

within the bandgap. The presence of these energy 

levels enables a more effective process of light 

absorption, leading to an amplification of the 

absorption spectrum. Consequently, the degree of 

absorbance of films becomes more prominent when 

the ratio of copper to zinc in the doping composition 

increases. The simultaneous incorporation of both 

copper (Cu) and zinc (Zn) dopants in co-doped CdO 

films results in a synergistic phenomenon. The 

introduction of Cu doping results in the incorporation 

of deep energy levels, while Zn doping functions as a 

donor of shallow levels. Variations in the optical 

characteristics of dual-doped CdO films can be 

attributed to the influence of the specific Cu:Zn ratio, 

which figures out the dominance of one effect over 

the other. The ability to customize the composition of 

CdO thin films by adjusting the percentages of Cu and 

Zn allows the optimization of these films for various 

applications in optoelectronics, sensors, and other 

electronic devices [39]. 
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Fig. (4) EDS spectra of the prepared CdO and Zn:Cu co-doped 

CdO thin films 
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Fig. (5) Absorption spectrum of the CdO and Zn:Cu co-doped 

CdO thin films 

 

The determination of the optical bandgap (Eg(opt)) 

for the thin films of dual-doped CdO with varying 

Zn:Cu ratios was performed using the Tauc formula 

below, described in reference [34]. 

𝛼ℎ𝜈 = 𝐴(ℎ𝜈 − 𝐸𝑔)
1/2    (6) 

In the previous equation, 𝛼 represents the coefficient 

of absorption, A denotes a constant, h𝜈 represents the 

energy of the photon, and Eg signifies the optical 

energy gap 

According to the data presented in Fig. (6), the 

energy bandgap of the 5% Cu:5% Zn composition 

sample was measured to be 2.57eV. Furthermore, it is 

noteworthy that when the Cu:Zn ratio increases, the 

energy bandgap experiences a modest drop, reaching 

a value of 2.45eV. Nevertheless, there was an 

observed rise in the energy bandgap to 2.92eV as the 

Zn content increased compared to Cu. The inclusion 

of copper (Cu) in the co-doped CdO films introduces 

supplementary energy levels within the bandgap. 
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Fig. (6) Determination of optical band gap of CdO and Zn:Cu 

co-doped CdO thin films 

 

The presence of deep energy states can confine 

electrons, resulting in a marginal drop in the energy 

necessary for absorption and thus a reduction in the 

optical bandgap. The Moss-Burstein effect has been 

identified as the underlying cause of the observed 

increase in the energy gap resulting from high-

concentration doping with Zn [40]. The Moss-

Burstein effect is characterized by the phenomenon of 

the absorption edge being displaced toward higher 

energy levels. The observed shift can be attributed to 

the filling of certain states next to the conduction 

band, which occurs when the concentration of 

electron carriers exceeds the density of available 

states. This phenomenon results in degenerating 

doping. In this phenomenon, once the concentration 

of electron carriers exceeds the density of states that 

are available states, all states found below the Fermi 

level become occupied. As a result, the excitation of 

electrons can solely occur within the conduction 

band, i.e., at energy levels surpassing the Fermi level. 

Consequently, the observed band gap can be 

expressed as the sum of the intrinsic band gap and the 

Moss-Burstein displacement [41]. This result aligns 

with the outcomes documented in the citation [42]. 

The use of Hall effect measurement is a helpful 

technique for introducing the fundamental electrical 

characteristics of metal oxide semiconducting 

materials, and hence assessing their appropriateness 

for certain applications [43]. Hall measurements were 

conducted at ambient temperature for thin films of 

CdO and Zn:Cu co-doped CdO deposited on glass 

substrates. The conductivity (σ), carrier concentration 

(nH), and carrier mobility (μH) were figured out for 

each film sample, and the corresponding data are 

presented in table (2). The verification of the n-type 

conductivity of this system was set up through the 

observation of negative Hall coefficients in all thin 

layers. The occurrence of this phenomenon can be 

attributed to the existence of imperfections, including 

oxygen vacancies and/or intrinsic interstitial 

cadmium atoms, due to the strong likelihood of 

ionization associated with these defects. [44,45]. The 

electrons that are generated because of this process 

make a significant contribution to electrical 

conduction, hence causing CdO to show the 

characteristics of an n-type semiconductor. Based on 

the data presented in the table, the carrier 

concentration shows an upward trend as the 

percentage doping level increases. Conversely, the 

carrier concentration proves a downward trend as the 

percentage of Cu increases but experiences an upturn 

when the Cu content reaches 10%. Furthermore, the 

sample with a 10% Cu content exhibits the maximum 

level of conductivity.  

The improvement in electrical properties 

observed for the co-doped CdO thin films can be 

attributed to the increase in carrier concentrations, 

mobilities, and conductivities, as well as the decrease 

in resistivity values. If Cu+2 and Zn+2 ions are replaced 

with Cd+2 ions or if Cu+2 and Zn+2 ions combine with 

O+2 ions, this improvement could occur. These 

techniques can enhance the carrier concentration of 

the deposited films by introducing an extra electron 

during every incorporation [46]. 

 

4. Conclusions 

In conclusion, this research effectively produced 

CdO films doped with Zn and Cu using the sol-gel 

spin coating technique. The films show cubic 

crystalline structure. Significant changes in 

morphology and particle size were seen with Zn and 

Cu co-doping. Increasing Zn doping has raised the 

optical bandgap energy due to the Burstein-Moss 

effect, while increasing Cu doping lowered it. The n-

type conductivity was confirmed in all films, with the 

highest conductivity saw at a 10% Cu doping level. 

These findings highlight the critical impact of dopant 

type and concentration on the CdO films' physical 

properties, especially the optical bandgap, pointing 

towards their potential in enhancing optoelectronic 

device technology.  
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Table (1) Parameters of the CdO and Zn:Cu co-doped CdO thin films 

 
Sample 2θ (deg) FWHM (deg) D (nm) Lattice constant (a) (Å) d-spacing (Å) Strain (ε) Dislocation density (δ) (nm-2) 

CdO 33.0308 0.2430 35.6 4.6928 2.7097 0.001007 0.000789 

10%Zn 33.1315 0.3493 24.8 4.6829 2.7017 0.001462 0.001626 

7.5%Zn:2.5%Cu 33.0966 0.3143 27.5 4.6840 2.7045 0.001318 0.001322 

5%Zn:5%Cu 33.1211 0.2396 36.1 4.6845 2.7025 0.001006 0.000767 

2.5%Zn:7.5%Cu 33.1665 0.3143 27.5 4.6790 2.6989 0.001318 0.001322 

10%Cu 33.2014 0.3492 24.8 4.6743 2.6962 0.001461 0.001626 

 
Table (2) Carrier concentration, mobility, conductivity type of “CdO and Zn:Cu co-doped CdO thin films 

 
Sample n×1016 (cm-3) μH (cm2/v.sec) σRT (Ω-1.cm-1) Type 

CdO -2.11 223 0.753 n-type 

10%Zn -31.40 75 3.75 n-type 

7.5%Zn:2.5%Cu -19.16 93 2.86 n-type 

5%Zn:5%Cu -13.02 110 0.61 n-type 

2.5%Zn:7.5%Cu -9.51 152 2.31 n-type 

10%Cu -30.82 127 6.26 n-type 
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Pulsed laser ablation in liquids is a process that has many advantages over traditional 
methods used to prepare nanoparticles. A piece of pure, polished nickel metal was used to 
prepare nanoparticles using pulsed laser ablation technique in ethanol using Nd:YAG laser 
with three wavelengths (1064, 532, and 355nm) and three energies (50, 100, and 150mJ). 
This work focuses on evaluating the extent of the influence of some ablation parameters on 
the properties of prepared nanoparticles by characterizing them structurally and optically. 
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nanoparticles with spherical shapes and with an average diameter ranging between 11.35 
and 76.6 nm. It was found that the oxidation rate increases when the shorter wavelength of 
the laser is used in the preparation. Absorbance increases with increasing laser energy, 
and the most appropriate wavelength and laser energy in preparation are 532nm and 
150mJ. This technique has proven to be one of the easiest physical methods for preparing 
nanoparticles of metals and their oxides and is characterized by its speed and low cost. 
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1. Introduction 

One-step, top-down, easy, fast, economical, and 

environmentally friendly is, in short, the most 

important description of the pulsed laser ablation in 

liquid (PLAL) technique to prepare nanoparticles 

(NPs) [1-4]. One of the many advantages of this 

approach is the ability to control the shape, 

morphology, size, and properties of the produced NPs 

[5-7]. This control results from the control of various 

ablation parameters, such as laser energy, laser pulse 

width, repetition rate, wavelength, ablation time, and 

fluid height level above the target surface [8-11]. This 

technique depends on laser ablation, which has a high 

intensity to result in the interaction of the laser with 

the surface of the target material, thus producing a 

plasma plume immersed in the liquid. Special 

thermodynamic conditions arise when both pressure 

and temperature are high, which allows the 

production of NPs [11]. Figure (1) shows the 

mechanism of nanoparticle formation by laser 

ablation [12]. 

 

 
 

Fig. (1) Schematic diagram of PLAL process 

 

Depending on the wavelength of the laser used, 

its energy works to oscillate the free electrons on the 

surface of the metal target collectively, where 

absorption and scattering occur. This mechanism is a 

result of the ability of metal nanoparticles to absorb 

visible light by creating a collective vibration of the 

conduction bands, which are in strong resonance with 

specific frequencies. This phenomenon is a unique 

feature of metallic NPs called surface plasmon 

resonance (SPR), which results in measurable 

changes in the NPs optically as the electromagnetic 

field in the surroundings is enhanced by plasmon 

excitation [5]. Among the many metal nanoparticles 

that are the subject of extensive research, nickel (Ni) 

NPs are distinguished for their wide applications 

resulting from their properties, the most important of 

which are extreme catalytic activity, 

superparamagnetic properties, and antibacterial 

effects [13-18]. In addition, nickel oxide NPs have 

received great attention in a variety of scientific fields 

because they have important physical, biological, and 

chemical properties [19-24]. 

This work aims to evaluate the effect of changing 

some laser parameters, namely energy, and 

wavelength, on the optical and structural properties 

of NPs prepared from a pure nickel piece using the 

pulsed laser ablation technique in a liquid medium, to 

enable control over the properties of the resulting 

nanoparticles. 

 

2. Experimental Part 

Nd:YAG laser, with wavelengths of 355, 532, and 

1064 nm, energies of 50, 100, and 150 mJ, number of 

pulses of 500, and repetition rate of 3 Hz, was used 

to prepare three solutions of colloidal NPs in 3 ml of 

absolute ethanol utilizing a pure nickel metal piece 

with dimensions 10×10×1 mm, where the ethanol 
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level was 1 cm high above the Ni target and the 

distance between the laser source and Ni target was 

15 cm. 

To evaluate the influence of energy and 

wavelength on the most important structural and 

optical characteristics of the prepared colloidal 

solutions containing the nanoparticles, the diagnosis 

of these properties was done using x-ray diffraction 

(XRD), the field-emission scanning electron 

microscopy (FE-SEM), the energy-dispersive x-ray 

spectroscopy (EDX), the Fourier-transform infrared 

(FTIR) spectroscopy, and UV-visible 

spectrophotometry. XRD was used to determine, in 

addition to the crystalline structure, the average sizes 

of the prepared nanoparticles using the Debye–

Scherrer’s equation [25]: 

𝐷 =
0.9×𝜆

𝛽𝐶𝑜𝑠𝜃
    (1) 

where λ is the wavelength of the x-ray (1.54Å), θ is 

the angle of diffraction, and β is the full-width at half 

maximum (FWHM) of the diffraction peaks using 

different laser fluencies. FE-SEM was used to 

determine the morphology and average diameter of 

the prepared NPs, EDX was used to calculate the 

proportions of the components of the colloidal 

solutions, FTIR spectroscopy was used to determine 

the compositions of the resulting colloidal solutions 

and the active groups in them, and UV-visible 

spectrophotometry was used to record the absorption 

spectra of the prepared NPs and to calculate the 

optical conductivity (σ) using the equation (2) [26], 

and the energy gap using the Tauc’s equation (3) [27] 

𝜎 =
𝛼𝑛𝑐

4𝜋
     (2) 

𝛼ℎ𝜐 = 𝐵(ℎ𝜐 − 𝐸𝑔)
1
2   (3) 

where α is the absorption coefficient, c is the velocity 

of light, n is the refractive index, B is a constant, h is 

the Planck’s constant, υ is the photon frequency, and 

Eg is the energy gap 

 

3. Results and Discussion 

XRD patterns of nano-colloidal solutions 

prepared by laser ablation at the three wavelengths at 

the highest preparation energy in this work (150 mJ) 

show the formation of cubic-phase Ni NPs according 

to JCPDS card no. 00-001-1260, and NiO NPs with 

two dominant phases were also formed. They are 

cubic for nickel oxide nanoparticles (NiO NPs) 

according to JCPDS card no. 47-1049 and hexagonal 

for nickel trioxide nanoparticles (Ni2O3 NPs) 

according to JCPDS card no. 00-01-0481, as in Fig. 

(2). The appearance of oxides and other additional 

peaks is due to the interactions between the extracted 

nickel and the surrounding liquid, in addition to the 

difference in molecular pressures in the preparation 

space due to laser energy, where the preparation 

process took place in the air. Table (1) summarizes 

the results of XRD analysis and shows that the 

average sizes of NPs calculated using Eq. (1) are 

27.6, 26.5, and 29.84 nm, for the samples prepared at 

wavelengths of 1064, 532, and 355 nm, respectively. 

It turns out that using the wavelength of 532 nm led 

to the production of NPs with a smaller average size, 

meaning that using a shorter wavelength (532 nm) 

caused an increase in laser flux, which in turn caused 

a decrease in the average size of the resulting NPs, as 

in [9]. Continuing to increase the laser energy flux 

using the shorter wavelength (355 nm) of the 

laser, led to the NPs aggregation, which led to an 

increase in their average sizes as a result of an 

increase in the ablation rate. 

 

 
Fig. (2) XRD patterns of prepared NPs at 150 mJ 

 

The FE-SEM analysis of nano-colloidal solutions 

prepared at the energy of 150 mJ, which is shown in 

figures (3), (4), and (5) using wavelengths of 1064, 

532, and 355 nm, respectively, shows the average 

diameters and the morphology of the prepared 

samples, and at scales of 100 nm and 10 μm, where 

the average diameters of the prepared NPs are 76.6, 

11.35, and 19.9 nm using wavelengths of 1064, 532, 

and 355 nm, respectively. The scale of 100 nm shows 

the average diameters of the prepared NPs, while the 
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other scale (10 μm) shows its shape in addition to the 

resulting agglomerations, and this magnification 

image shows good contrast of the structure. This is 

consistent with what was stated in the results of the 

XRD analysis, where the average sizes of NPs were 

smaller when prepared using 532 nm of laser 

radiation. 

 

      
(a) 

 
(b) 

Fig. (3) FE-SEM images of prepared NPs using 1064nm with 

scale of (a) 100nm, (b) 10μm 

 

 
(a) 

 
(b) 

Fig. (4) FE-SEM images of prepared NPs using 532nm with 

scale of (a) 100nm, (b) 10μm 

 

      
(a) 
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(b) 

Fig. (5) FE-SEM images of prepared NPs using 355 nm with 

scale of (a) 100nm, (b) 10μm 

 

The elemental compositions of the samples 

prepared using an energy of 150 mJ were analyzed. 

They showed an increase in oxidation rates consistent 

with what appeared in the results of XRD analysis, as 

in figures (6), (7) and (8), where the source of oxygen 

(O) in these figures is the oxidation resulting from the 

surrounding environment, as the ablation process did 

not take place in a vacuum, and it may result from the 

environment surrounding the EDX device itself, in 

addition to the fact that the preparation medium is 

ethanol which containing the oxygen element. The 

weight percentages, atomic percentages, and k-ratio 

of oxygen increased with laser fluence by decreasing 

the laser wavelength used to prepare the samples and 

were calculated based on the weight and atomic 

percentages and k-ratio of Ni as in table (2). 

 

 
 

Fig. (6) EDX spectrum of NPs prepared using 1064 nm 

 

 
 

Fig. (7) EDX spectrum of NPs prepared using 532 nm 

 

 
 

Fig. (8) EDX spectrum of NPs prepared using 355 nm 

 

The results of FTIR measurements included an 

analysis of all samples prepared using wavelengths of 

1064, 532, and 355 nm, as in figures (9), (10), and 

(11), respectively, from which the effective groups 

consisting of O-H, O-H-O, and C-O bonds are 

evident in all spectra representing samples prepared 

in ethanol. The occurrence of some slight shifts and 

differences in absorption intensity was noted as a 

result of the effect of laser parameters, and the effect 

of nickel NPs and its oxide, where the shapes show 

bending and stretching vibrations around 400 and 600 

cm-1, which are the result of Ni-O (which is the focus 

of this study). This result is consistent with [28] and 

[29]. 

 

 
 

Fig. (9) FTIR spectrum of NPs prepared using 1064nm (Green 

150mJ, Red 100mJ, Blue 50mJ) 

 

 
 

Fig. (10) FTIR spectrum of NPs prepared using 532nm (Green 

150mJ, Red 100mJ, Blue 50mJ) 
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Fig. (11) FTIR spectrum of NPs prepared using 355nm (Green 

150mJ, Red 100mJ, Blue 50mJ) 

 

Figures (12), (13), and (14) represent the 

absorption and optical conductivity spectra, in 

addition to the energy gap, of the prepared NPs using 

wavelengths of 1064, 532, and 355 nm, respectively. 

These figures, in general, show that the absorbance 

increases with increasing laser energy for all 

wavelengths used, in addition to the broadening of 

the peak width. The appearance of these peaks 

representing SPR around the wavelength of 295 nm 

is attributed to the frequency of the incident light 

photons matching the frequency of the surface 

electrons of the NPs. This is attributed to the coloring 

of the resulting solution and growth in intensity with 

increasing laser fluence as a result of increasing the 

laser energy and thus increasing the concentration of 

NPs in the solution, which in turn means increasing 

the number of extracted NPs. This works to increase 

the absorbance as these NPs have the property of 

increasing the surface-to-volume ratio, so they are 

highly effective, and as a result, the absorbance 

increases. The results show that the optical 

conductivity of the prepared NPs peaks 

approximately in the SPR region, and its value is 

affected by changing the ablation parameters, as it 

increases with increasing preparation energy. Since 

the optical properties of materials, in general, depend 

on their structural properties, the optical energy gap 

of the prepared samples was calculated as a result of 

changing the composition of the samples, as the 

appearance of the metal oxide NPs detected in the 

XRD analysis of the prepared samples means the 

formation of an energy gap for them. Energy gap 

values were 3.9-3.89 eV, 3.42-3.38 eV, and 3.56-3.42 

eV for NPs prepared using the wavelengths of 1064, 

532, and 355 nm, respectively. It was observed that 

their values decrease when the laser energy is 

increased, that is, the conductivity of nanoparticles 

increased with the increase in their acquisition of the 

applied energy. 

 

 
 (a) 

 
 (b) 

 
 (c) 

Fig. (12) UV-visible spectrophotometry analysis of prepared 

NPs at 1064nm (a) Absorbance, (b) Optical conductivity, and 

(c) Energy gap 

 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3, July-September 2024, pp. 477-484 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   482 

 
 (a) 

 
 (b) 

 
 (c) 

Fig. (13) UV-visible spectrophotometry analysis of prepared 

NPs at 532nm (a) Absorbance, (b) Optical conductivity, and (c) 

Energy gap 

 

 
(a) 

 
 (b) 

 
 (c) 

Fig. (14) UV-visible spectrophotometry analysis of prepared 

NPs at 355nm (a) Absorbance, (b) Optical conductivity, and (c) 

Energy gap 
 

By analyzing the results of the optical properties, 

it becomes clear that the optimum wavelength for 

preparing nickel and nickel oxide NPs within the 
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current working environment is 532nm, which 

resulted in obtaining smaller average sizes. This was 

observed in XRD and FE-SEM results. 

 

4. Conclusion 

PLAL technique has proven its ability to prepare 

NPs and its superiority over other techniques in terms 

of speed, ease, low cost, and the possibility of 

controlling the physical properties of the prepared 

NPs by controlling the ablation parameters. It was 

shown that shorter laser wavelength and higher laser 

energy used for the preparation of Ni and NiO NPs 

led to an increase in the oxidation rate and an increase 

in the concentration of the NPs and thus their 

aggregation. It was found that the most suitable laser 

wavelength and energy for the preparation in this 

study were 532 nm and 150 mJ, meaning that the 

second harmonic of Nd:YAG laser was the optimum, 

although the first and third harmonics of the same 

laser gave good results. 
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Table (1) XRD analysis results of prepared NPs 

 

λ (nm) NPs Phase 2θ (deg) hkl β (deg) d (nm) D (nm) JCPDS Card No. 

1064 

NiO Cubic 37.49 111 0.3 0.239609 27.95335 47-1049 

NiO Cubic 42.49 200 0.4 0.212498 21.30059 47-1049 

Ni Cubic 46.73 111 0.2 0.194157 43.25283 00-001-1260 

Ni Cubic 52.39 002 0.4 0.174434 22.12533 00-001-1260 

NiO Cubic 63.41 220 0.4 0.146514 23.33545 47-1049 

532 

NiO Cubic 38.41 111 0.8 0.234079 10.51148 47-1049 

NiO Cubic 42.79 200 0.5 0.211077 17.05789 47-1049 

Ni Cubic 45.25 111 0.3 0.200157 28.67761 00-001-1260 

Ni Cubic 53.78 002 0.2 0.170249 44.51959 00-001-1260 

NiO Cubic 62.57 220 0.3 0.148278 30.9745 47-1049 

3O2Ni Hexagonal 66.97 004 0.35 0.139564 27.2042 00-01-0481 

355 

NiO Cubic 37.45 111 0.4 0.239856 20.96253 47-1049 

NiO Cubic 43.39 200 0.15 0.208296 56.9773 47-1049 

Ni Cubic 44.75 111 0.2 0.202277 42.93874 00-001-1260 

3O2Ni Hexagonal 56.17 202 0.1 0.165099 12.82479 00-01-0481 

NiO Cubic 62.17 220 0.1 0.148641 15.47332 47-1049 

 

Table (2) EDX analysis results of prepared NPs 

 

λ (nm) Element k-ratio Weight (%) Atomic (%) 

1064 
O 48.84 20.65 0.00515 

Ni 51.16 79.35 0.03938 

532 
O 76.95 47.64 0.00447 

Ni 23.05 52.36 0.00804 

355 
O 93.56 79.83 0.01501 

Ni 6.44 20.17 0.00481 
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This study explores the impact of plasma treatment on the gas sensing capabilities 
of tin-zinc oxide (SZO) composite thin films, fabricated through spray pyrolysis. It 
investigates variations in Sn atomic ratios, ranging from 0.0 to 0.6. The study 
explores the effects of plasma etching, utilizing cold plasma induced by a plasma 
torch, on the morphological and electrical characteristics of the prepared SZO films. 
Findings, revealed by Field Emission Scanning Electron Microscopy (FE-SEM), 
illustrates a noteworthy porous structure with uniformly sized spherical 
nanoparticles. The introduction of plasma induces significant surface porosity, 
thereby enhancing gas sensing performance through the porous SZO layer. Testing 
against NO2 gas indicates an optimum operating temperature of 150°C. These 
results emphasize the effectiveness of the plasma exposure method in significantly 
improving the efficiency of NO2 gas sensing, marking a crucial advancement in 
sensor technology. 
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1. Introduction 

Gas sensors with high sensitivity across a wide 

range of gas concentrations are essential for various 

applications, including indoor safety and 

environmental monitoring [1,2]. Among the materials 

investigated for gas sensing applications, zinc oxide 

(ZnO) nanostructures have garnered considerable 

attention [3]. The utilization of porous thin film 

structures enhances their interaction with gas 

molecules due to their enlarged surface area, offering 

high sensitivity and improve selectivity to target 

gases. Altering porous structures in fabricated thin 

films through adjustments deposition parameter 

enhances the functionality of resulting devices [4]. 

Tin-zinc oxide (SnZnO) composite films possess 

distinct physical and chemical properties suitable for 

gas sensor applications, demonstrating sensitivity to 

various gases [5]. Spray pyrolysis stands out as a 

popular, cost-effective, and easily controllable 

technique for fabricating thin films, particularly metal 

oxides [6,7]. Nevertheless, defects in prepared 

SnZnO films may compromise gas sensing efficiency 

[8]. Researchers employ various post-deposition 

processing techniques to address these challenges and 

enhance sensor performance [9]. Among these 

techniques, plasma processing exhibits significant 

potential in improving gas sensing performance [10]. 

Plasma etching involves bombarding material 

surfaces with active ions, thereby altering surface 

structure parameters such as roughness and 

crystalline grain size, consequently impacting gas 

sensing properties [11,12]. 

Despite the potential benefits, limited studies have 

specifically investigated the effect of plasma 

treatment on SnZnO films synthesized via spray 

pyrolysis. Understanding the influence of plasma 

treatment on the gas sensing performance of SnZnO 

films is fundamental for modifying their properties to 

meet specific gas sensing application requirements 

[13]. Zinc stanate (Zn2SnO4) stands out as a 

significant ternary oxide in numerous applications 

[14]. Among its phases, Zn2SnO4 exhibits a unique 

crystal structure and chemical composition, be 

suitable for gas sensing applications, as evidenced in 

previous studies [15]. Zinc stanate thin films can be 

prepared using various techniques, including 

chemical vapor deposition and spray pyrolysis. 

Plasma treatment has the potential to modify the 

surface properties of the active layer for gas sensing 

by enhancing crystallinity, surface morphology, and 

gas adsorption capability [16]. In 2020, Zhang et al. 

investigated the doping effect of copper and iron on 

zinc Stanate and observed improved gas sensing 

performance towards specific target gases [15,17]. 

This paper aims to investigate the effect of plasma 

treatment on the gas sensing performance of SnZnO 

films prepared by spray pyrolysis. The changes in the 

structural, and morphological properties of the films 

after plasma etching and correlate them with the gas 

sensing response at different concentration ranges 

were investigated. This study provide a strategy for 

the design and optimization of gas sensing materials. 
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2. Experimental Part 

Composite thin films of (ZnO)1-x(SnO2)x at 

various molar ratios were synthesized employing a 

spray pyrolysis technique. A 0.1 M aqueous solution 

comprising zinc chloride (ZnCl2) and tin chloride 

SnCl2 (sourced from Sigma-Aldrich) was prepared in 

distilled water using a magnetic stirrer. Prior to 

application, the solutions underwent filtration using 

filter paper. The thin films were deposited onto glass 

slides via spray deposition, with the substrate 

temperature maintained at 500°C. The spray nozzle 

was positioned 30cm above the substrates in a vertical 

configuration. Spraying was conducted at a rate of 1 

mL/min using compressed air at 4 bar pressure. The 

thickness of the films, approximately 200nm, was 

determined using Angstrom TFProbe optical 

spectroscopic reflectometer. The crystalline structure 

of the prepared samples was analyzed using 

Shimadzu XRD-6000 X-ray Diffraction system. 

Surface morphology was assessed using a ZEISS 

Sigma field-emission scanning electron microscope. 

To enhance the gas sensing properties of SZO thin 

films, a novel approach utilizing a plasma torch was 

employed. High alternating voltage operating at 

10kV, and a controlled flow of argon were utilized. 

The deposited SZO thin films underwent plasma 

treatment at a distance of 2 cm from the plasma orifice 

for 3 minutes. The argon flow rate was adjusted to 

optimize the plasma treatment process to 1 SLM. This 

plasma treatment induced surface modifications. 

The gas sensing efficiency of as-prepared and 

plasma-modified SZO samples was evaluated against 

NO2 gas at different concentrations and operating 

temperatures of 50, 100, 150, and 200°C. Initially, the 

as-deposited samples were tested, followed by the 

plasma-treated samples to assess the effect of plasma 

etching on their performance. The change in electrical 

resistance was determined as the response of the 

fabricated gas sensors for each operating temperature 

within the gas concentration range of 2 to 100 ppm. 

The measurements were conducted in a controlled 

environment using a gas chamber with precise 

concentration control. 

 

3. Results and Discussion 

The structural properties of SZO thin films were 

investigated using x-ray diffraction. Figure (1) shows 

the diffraction patterns of SZO thin films deposited at 

different Sn molar ratios on glass substrates. These 

patterns reveal polycrystalline structures and 

distinctive phases depending on the Sn molar ratio for 

the started precursor. Specifically, when the Sn molar 

ratio was x=0.2, the diffraction pattern showed ZnO 

phase of hexagonal crystal (according to the ICDD 

card number 36-1451). This suggests successful 

incorporation of Sn atoms into the ZnO lattice 

without significant alteration to the host lattice 

structure at lower Sn ratios. 

 
 

Fig. (1) XRD patterns for SZO thin films at different Sn:Zn 

atomic ratio 

 

Increasing the Sn ratio to x=0.4, additional peaks 

corresponding to the Zn2SnO4 and SnO2 phases 

(according to the ICDD card numbers 24-1470 and 

41-1445, respectively) emerged alongside the ZnO 

diffraction lines. This observation aligns with the 

stoichiometric ratio required for the formation of 

Zn2SnO4 (Sn:Zn=1:2), indicating a complex 

composite structure with the coexistence of multiple 

phases within the thin film. 

Further increase in the Sn ratio to x=0.6 led to 

enhanced crystallinity of the SnO2 phase while 

reducing the intensity of the Zn2SnO4 phase. The 

prominent peaks of the SnO2 phase, accompanied by 

smaller peaks corresponding to other phases, signify 

higher Sn content within the film. Consequently, the 

phase composition of the SZO thin film was observed 

to be highly influenced by the atomic ratio of Zn to 

Sn, with different compositions resulting in the 

formation of distinct phases. 

These findings are consistent with previous 

research employing alternative techniques to achieve 

similar Zn:Sn ratios. For example, Kurz et al. utilized 

sol-gel spin coating at a Zn:Sn molar ratio of 32:68, 

leading to the formation of Zn2SnO4 [18]. Similarly, 

Sun et al. achieved Zn2SnO4 formation through 

solvothermal synthesis, employing a Zn:Sn molar 

ratio of 1:2 [19]. The reproducibility of Zn2SnO4 

formation across different techniques and ratios 

supports the reliability of the observed phase 

composition in the SZO thin film system. 

The phase diagram of the Zn-Sn-O system 

provides valuable insights into the composition-

dependent behavior of this ternary oxide system. In 

order to explore the phase distribution and 

composition ranges within this system, a two-

dimensional x-ray analysis was conducted utilizing 
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XPowder software, which shows the phase 

distribution within the Zn-Sn-O system. This 

analysis, as illustrated in Fig. (3), offers the point of 

phases variations. The dominant phase was ZnO at 

x=0.1. Interestingly, this phase remained 

predominant even at higher Sn content. This suggests 

that ZnO exhibits the highest stability compared to 

other phases within this system. At the composition 

range of x= 0.2 to 0.3, the XRD analysis showed the 

emergence of a new phase of Zn2SnO4. This phase, is 

attends within this range indicates a compositional 

preference for a specific zinc to tin ratio, around 

x=0.4. While, increasing the x ratio more than 0.4 

makes the dominant phase is the SnO2. 

 

 
 

Fig. (2) 2D XRD analysis attained by XPowder software for Zn-

Sn-O system with the Sn malar ratio 

 

The FE-SEM was conducted to examine the 

surface morphology of the prepared thin films. Figure 

(3) displays morphological images of the ZnO and 

SZO composite thin films. The fabricated ZnO thin 

films constructed from spherical particles with a 

similar size around 100 nm diameter. These spherical 

nanoparticles were closely interconnected, 

contributing to the overall porous architecture. These 

characteristics are advantageous for gas sensing 

applications, as the performance of such sensors 

heavily relies on nanostructure shapes, surface-to-

volume ratios, and the connectivity between adjacent 

nanoparticles [20]. The sample composed with 0.2 

atomic ratio of Sn cause to decrease the porosity due 

to enhanced particle attachment. Increasing in the Sn 

ratio to 0.4 resulted in the presence of two distinct 

particle types. Larger particles appeared as Irregular 

rock-like shapes of diameter about 600 nm, alongside 

the smaller particles measuring around 100 nm, 

indicating the existence of two phases within the 

structure. Lastly, the sample prepared with 0.6 Sn 

ratio displayed particles of 200 nm diameter attached 

with nanoparticles forming whole structure. The 

porosity significantly reduced at this ratio. 

Figure (4) shows the FE-SEM images of both ZnO 

and SZO composite thin films subsequent to plasma 

treatment. The ZnO film exhibited a uniformly 

distributed porous structure comprising spherical 

particles of approximately 100 nm in diameter. The 

plasma-treated samples exhibited noteworthy 

enhancements in porosity compared to the untreated 

SZO samples. The spherical nanoparticles exhibited 

close interconnection act as channels for electrical 

connection which is a significant affect the gas 

sensing mechanism. The alterations in surface and 

interfacial properties induced by plasma treatment 

facilitated gas adsorption, thereby leading to 

improved sensitivity towards target gases. Such 

attributes confer several advantages for gas sensing 

applications, as sensor performance is markedly 

influenced by the size and morphology of 

nanostructures, as well as the interconnectivity 

among adjacent nanoparticles [21]. The barrier height 

across the charge carriers within the interconnected 

channels is depending upon the formation of a 

depletion layer subsequent to electron extraction by 

adsorbed oxidized molecules on the sample surface. 

This phenomenon leads to alterations in the energy 

barrier across the channels relative to gas 

concentration. Consequently, this process effectively 

enhances the gas sensing performance [22]. 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. (3) Top view of FE-SEM images for ZnO layer (a) SZO 

composite thin films at x= 0.2 (b), x= 0.4 (c), and x=0.6 (d) 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (4) The FE-SEM images for ZnO thin film after plasma 

treatment (a) SZO composite thin films at x=0.2 (b), x=0.4 (b), 

and x=0.6 (c) 

 

Figures (5) depicts the variation of resistance for 

the as prepared SZO thin films, which was prepared 

under various tin ratio, while subjecting the samples 

to a 20 ppm NO2 gas at 150°C working temperature. 

Across all samples, exposed to the gas resulted in an 

increase in resistance. This phenomenon can be 

explained by the extraction of a more electrons from 

material due to the oxidation reaction by the target 

gas. Gas adsorption led to a reduction in sample 

conductivity due to two main factors. Firstly, it 

caused a decrease in the charge carriers 

concentration, and secondly, it reduce the mobility of 

carriers by forming a surface depletion layer, which 

built a potential barrier across the charge carriers at 

the grain boundaries. The sensitivity various 

according to surface morphology, so the largest 

variation occurred for the x=0.2 sample. To enhance 

sensing behaviour, it is crucial to fine-tune the 

morphology of the sensing materials and establish 

well-defined channels of connection between the 

nanostructures. By optimizing these factors, gas 

sensing performance can be significantly improved 

[23]. 
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Fig. (5) Variation of resistance of the SZO-based sensor 

prepared at different x against 20 ppm NO2 gas exposure at 

150°C working temperature 

 

Figures (6) displays the variation of resistance 

with time for sensor based on the plasma treated-SZO 

thin films prepared at different x against 20 ppm NO2 

gas at 150°C. The variation in resistance fluctuation 

improved after plasma exposure specially for the 

x=0.2 sample compared to the as prepared samples 

due to the variation in samples porosity, so increase 

the surface area that exposed to NO2 gas. 
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Fig. (6) Variation of resistance of the SZO-based sensor 

prepared at different x against 20 ppm NO2 gas exposure at 

150°C after plasma treatment 

 

 

 
 

 
 

 
Fig. (7) Variation of resistance against 20 ppm NO2 at different 

working temperatures for the SZO-based sensor at x=0.2 after 

plasma treatment  

 

Figure (8a) illustrates a comparison between 

sensitivity before and after plasma treatment against 

20 ppm NO2 with the Sn ratio at 150°C operating 

temperature. The optimum sensitivity appeared for 

x=0.2, and the sensitivity improved after plasma 

treatment for all samples, but with different ratios, 

and the best enhancement was 1.4 folds for x=0.2. 

Figure (8b) illustrates the changes in gas sensitivity to 

20 ppm NO2 gas for x=0.2 following plasma 

treatment at different working temperatures. The 

highly dependence of sensitivity on the temperature 

due to variations in chemical response rates and gas 

desorption. The highest sensitivity is observed at an 

optimal temperature of 150°C. At lower 

temperatures, the sensitivity is constrained by the 

chemical response speed, while at higher 

temperatures, which is governed throughout the 

desorption of gas particles. A balance between these 

two processes is achieved at a moderate point, 

resulting in the sensor's optimal sensitivity value [24]. 
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(a) 

 
(b) 

 

Fig. (8) Variation of sensitivity against 20 ppm NO2 :(a) at 

150°C against Sn ratio before and after plasma treatment, (b) 

for x=0.2 after plasma treatment with operating temperature 

 

Figure (9) shows the sample response of sensor 

based on SZO with the optimum ratio of x=0.2 at 

150°C against different gas concentrations. It seem 

that the response depend on gas concentration within 

the range of 5 to 40 ppm. The depletion layer 

thickness is influenced by the amount of adsorbed 

gas, resulting in an elevation of the energy barrier 

concerning gas concentration. Therefore, changes in 

sample resistance serve as an indicator of gas 

concentration [25]. 

Figure (10) shows the best exponent-curve fitting 

of variation of response for the SZO sample at x=0.2 

after plasma treatment against the concentration of 

NO2 (5-40 ppm) at 150°C operating temperature. The 

normalized fitting of gas sensitivity against gas 

concentration was y = 0.6671x0.3263 with high fitting 

accuracy of R2=0.9533. 

 

 
Fig. (9) The sensor response of SZO prepared at x=0.2 against 

different NO2 gas concentrations at 150°C operating 

temperature 

 

 
Fig. (10) The fitting of variation of response for the SZO sample 

at x=0.2 after plasma treatment with gas concentration at 

150°C operating temperature 
 

4. Conclusions 

The investigation into composition-dependent of 

SZO nanocomposites thin films deposited via spray 

pyrolysis shows emergence of Zn2SnO4 at 0.4 Sn 

ratio. Plasma etching cause significant morphological 

changes in films, enhancing sensing capabilities. 

Improved sensitivity and response to NO2 gas are 

observed across different concentrations and 

operating temperatures, notably peaking at 150 °C. 

Moreover, gas sensors based on SZO nanocomposites 

with x=0.4 exhibit enhanced sensitivity and response 

compared to others, underscoring the essential Sn 

ratio in determining gas sensing properties. These 

findings underscore the efficacy of plasma exposure 

in enhancing gas sensitivity of prepared SZO thin 

film toward NO2 across various conditions. 
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In this study, chemical oxidation was used to prepare polypyrrole (PPy) composites. 
Additionally, PPy has been treated with graphene oxide (GO) nanosheets that were 
produced and added in a certain ratio. The structural characteristics of the mixed polypyrrole 
and polypyrrole-graphene oxide were investigated. The nanocomposites were produced by 
adding GO to PPy in volume ratios of 10, 30, and 50%. The molecular structures of PPy, 
GO, and PPy-GO nanocomposites were determined. The formation of a network of 
polypyrrol nanofibers was confirmed. Nanocomposites were produced by doping PPy 
nanofibers with GO in various amounts (10%, 30%, and 50% volume ratios). According to 
the electrochemical experiments, the nanocomposites exhibit high pseudocapacitive 
activity. 
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1. Introduction 

Conducting polymers (CPs) exhibit the capacity 

to facilitate the conduction of charge current across 

the polymer network in electrochemical activities, 

given favorable conditions [1-3]. They may be used 

as templates because of their enormous surface area 

to volume ratio, long length, consistent diameter, 

large surface area, and low density [4,5]. Given its 

ease of mixing, strong conductivity, and 

environmental steadiness, PPy is one of the most 

widely used CPs [6]. The main requirement for PPy's 

electrical effects is bonding. Through catalytic 

activities that result in the process of combining 

various entities, such as cations, inorganic anions, 

natural compounds, and so forth, the expected 

outcome is an enhancement in the electrical 

conductivity of PPy [7]. The special qualities of CPs 

create new opportunities for mechanical operations, 

such as the ability to recharge batteries or create 

biochemical allergies. By means of the mechanism of 

countercharge accumulation and release brought on 

by redox reactions occurring in an electric field, CPs 

are able to store capacitance [8-12]. Researchers from 

all over the world are still looking closely at the 

introduction of electrostatic polymers. PPy is a highly 

specialized polymer due to its exceptional 

conductivity, significant storage capacity, 

environmental resilience, and strong chemical current 

[13,14]. Capacitors are commonly built by arranging 

a set of parallel plates that are separated by an 

insulating material. When voltage is introduced in 

series to the plates, the opposing sign's capacitive 

charge begins to accumulate. Although the 

supercapacitors have higher capacity (F), they have 

lower power values (mF) than these regular 

capacitors [15]. The research is motivated by the 

unique properties of conducting polymers, like 

Polypyrrole (PPy), which facilitate charge conduction 

in electrochemical activities. These polymers offer 

high surface area to volume ratio, strong conductivity, 

and environmental stability. 

Aim of the work Preparation PPy nanofiber and 

nanocomposites from PPy with the addition of 

different concentrations of GO nanosheets, studying 

the structural characteristics for the prepared 

nanocomposites, to use it in electronic device 

(supercapacitor device application).   

 

2-Experimental Part 
The methodology defined by Yang [16] was used 

to construct the combination of polypyrrole 

nanostructure. The first stage involved evenly 

dispersing 0.818 g of methyl orange in 60 mL of 

distilled water. 2.237 g from ferric chloride were 

dispersed in a fluid solution including methyl orange 

while being stirred slowly at 80 rpm and submerged 

in an ice bath with the addition of 1 milliliters of 

pyrrole. What was mixed turned black and stirred 

continuously for 1 day. The precipitate underwent 

multiple ethanol and distilled water washes, filtering, 

and drying for 60 minutes. 

To create a homogeneous, ready-to-use 

dispersion, a suitable amount of GO was dissolved in 

distilled water, added to PPy at volume ratios of 10, 

30 and 50% then treated to ultrasonic waves for an 

hour. 

The production of the PPy-GO as an electrode was 

done on a nickel foam (1x1 cm2) substrate. Drop 

casting was used to deposit PPy-GO nanocomposite 

on nickel foam substrate in the ratios of 10%, 30%, 

and 50%, respectively. The generated sample (PPy-

GO/nickel foam) was tested using cyclic voltammetry 

(CV), galvanostatic charge-discharge analysis 

(GCD), and electrochemical impedance spectroscopy 

(EIS). In a volume of 1 mL, a concentrated solution 

of sulphuric acid with a concentration of 100%. The 

electrode (PPy-GO) weighed 0.7 mg. The 

supercapacitor electrode sample is schematically 

shown in Fig. (1). 
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Fig. (1) A schematic of an electrochemical supercapacitor with 

electrodes made of a layer of conductive polymer 

 

3-Results and Discussion   
The x-ray diffraction (XRD) was employed to 

examine the structural characteristics of both 

polypyrrole (PPy) and the three different 

concentrations of the PPy-GO hybrid nanocomposite. 

XRD measurements were used to examine the 

composition of the composites. Figure (2) displays 

the PPy, PPy/GO composite's XRD patterns. The 

XRD pattern of pure polypyrrole (PPy) has a 

diffraction peak at 2θ=20.30°. This peak is 

characterized by poor intensity and broadness, 

suggesting the amorphous nature of the substance 

[17]. The peak intensity at 20.30° for the 10% GO 

composite has significantly increased and shifted to 

20.80°. The increase in peak intensity may be 

attributed to the exfoliation of GO layers induced by 

ultrasonication [18]. 

 

 
 

Fig. (2) XRD patterns of (a) GO, (b) PPy/GO composite and (c) 

Pure PPy and different percentages of PPy-GO 

 

Polypyrrole-graphene oxide composite's active 

production has been confirmed using FTIR spectra. 

Figure (3) displays the spectra of several samples, 

including PPy, and PPy-GO by different percentages 

(10% GO, 30% GO and 50% GO). The measured 

signals at 3420 and 3150 cm-1 are attributed to PPy-

GO, the hydroxyl group, and O-H bond stretching 

vibration [19]. The (C=O) carboxyl group is 

responsible for the signal at 1755 cm-1. The peak at 

1630 cm-1 is attributable to the stretching vibration of 

the (C-OH), the three peaks at 1090 cm-1, 602 cm-1, 

and 386 cm-1 are epoxide (C-O-C) [19,20]. The 

polypyrrole ring's N-H, C-C stretching vibration 

mode, and C-H deformation vibrations are each 

attributed to peaks in the PPy FTIR spectrum at 3630, 

1540 and 1050 cm-1, respectively [21,22]. The PPy-

GO composite has a peak at 1090 cm-1, which is a 

shift from the 1080 cm-1 peak observed in PPy-GO 

spectra. This shift is attributed to an interaction 

between PPy and GO, specifically involving the 

epoxide group. Additionally, the peaks at 1540 and 

1680 cm-1 are connected to, respectively, carbonyl 

C=O and polypyrrole ring C=C stretching vibration. 
The peak previously located at 3420 cm-1 in PPy 

spectra has been shifted to 3379, 3370 and 3351 cm-1 

at 10% GO, 30% GO, and 50% GO, respectively. 

This shift is a result of the interaction between PPy 

and GO, specifically the stretching vibration of N-H. 

Additionally, the peak at 3130 cm-1 has shifted to 

3140, 3145 and 3150 cm-1 with different percentages 

of GO. This shift is attributed to the interaction 

between PPy and GO, specifically the stretching 

vibration of O-H [19,23,24]. 

 

 
 

Fig. (3) FTIR spectra of PPy, 10% GO, 30% GO and 50% GO 

 

As-made PPy and PPy-GO hybrid nanocomposite 

films were examined for surface morphology using 

the field emission scanning electron microscopy (FE-

SEM) method, as shown in Fig. (4). The nanofiber 

shapes in the microstructure images of pure PPy in 

figures (4a) and (4b) are depicted at different 

magnifications of 350000X and 135000X, 

respectively. When PPy was chemically created in the 

method of chemical oxidation and the ice bath as 

previously described, it was discovered through the 

examination of the morphology of the material that 

the substance was nanofibers by the photographs. 
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30% GO 

 
50% GO 

(b) 

Fig. (4) FE-SEM images of PPy, 10% GO, 30% GO and 50% 

GO at (a) 35000X magnification, and (b) 135000X 

magnification 

 

The shape of the PPy-GO nanocomposites, which 

displayed a homogeneity between PPy nanofibers and 

GO nanosheet morphology, is depicted in figures (4a) 

and (4b) at 10, 30 and 50% GO by different 

magnifications. The PPy constructed scaffold 

provides interconnected, 3D-conductive fibers/sheets 

in the matrix, with the majority of these nanofibers 

having widths between 50 and 100 nm. The PPy-GO 

hybrid nanocomposites exhibit the formation and 

aggregation of PPy fibers on the surface, due to the 

interactions between the fibers and GO sheets, as 

observed in the FE-SEM images. The outcomes of 

these images are nearly identical to those of the 

subsequent study [25,26]. 

Figure (5a-c) shows the results of the cyclic 

voltammetry examination of the PPy and PPy-GO 

films. We can see the anode and cathode peaks at 

(6.37, 8.72, 6.47, 8.67mA), (13.2, 16.4, 12.9, 

16.9mA), and (19.1, 24.1, 19.9, 25.6mA), 

respectively, by repeatedly applying the scan rate 

(150, 100, 50mV). The materials exhibit 

electrochemical dynamism within the specified 

potential range, according to CV results. The 

electrochemical functions of both PPy and GO are 

incorporated into the PPy-GO combination film. The 

nanocomposites PPy-GO membrane has an apparent 

electrochemical activity observed when the voltage is 

set under a positive value of 0.6 V, as shown in Fig. 

(5). The anode electrode functions as the emitter of 

positive charges, The cathode electrode functions as 

the location where positive charge carriers are stored 

in the PPy and PPy-GO materials, During the 

discharge process, this mechanism operates. The 

cathode side turns black when CV forms, while the 

anode stays white. Unlike pure PPy, the Gaussian 

distribution seen in Fig. (5) highlights the notable 

importance of the electrochemical interaction within 

PPy-GO composites. The elucidation of this 

phenomenon may be achieved due to the synergistic 

effects of PPy and GO. The presence of two distinct 

and prominent redox peaks on each curve depicted in 

Fig. (5a-c) indicates the occurrence of a pseudo-

capacitative characteristic in the supercapacitor. This 

feature is a result of the Faradaic redox reactions. The 

polyaniline-GO composite membrane was reported to 

have comparable characteristics [16,27]. 

Using GCD test, this electrochemical 

characteristic of the composite PPy-GO electrode 

were determined. In order to ensure optimal 

performance of the hybrid system, potential 

fluctuations for individual electrodes were recorded 

independently when a Ni-foam reference anode was 

introduced. With one and two stages for the negative 

and positive electrodes, respectively (protrusions 

present when charging and discharging), the potential 

variations are nearly slanting, identical to the CV data 

given in Fig. (5). This is due to redox reactions' 

possible dependent nature. A polymer that inserts 

anions, PPy is p-doped. 
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(b) 

 
(c) 

Fig. (5) C-V curves of PPy and PPy-GO nanocomposite with 

various GO concentrations at (a) 50 mV, (b) 100 mV, and (c) 

150 mV 

 

A polaron emerges as a consequence of the 

continuous movement of electrons within a neutral 

region of their quinoid structure chains causes a 

localized distortion of the positive charge. The PPy 

and PPy-GO electrodes exhibit reasonable 

performance over the typical potential ranges during 

the charge and discharge processes, as depicted in 

Fig. (6). Additionally, the PPy-GO hybrid composite 

electrode can function within the 0.2 V working 

potential window [28]. 

The following equation can be used to determine 

the specific capacitance from the CD curve. The 

specific capacitance (C) can be calculated using the 

formula C=I∆t/m∆V, where C represents the specific 

capacitance (in F/g), ∆V represents the potential 

window (V) (in this case, it is 0.2 V), I represents the 

discharge current (A) (in this case, it is 0.5 mA), ∆t 

represents the discharge time (s) (5 s for pure PPy, 6 

s for 10% GO, 5.7 s for 30% GO, and 4 s for 50% 

GO), and m represents the electrode's mass (PPY or 

PPY-GO) (g) (in this case, it is 0.1 mg) [16]. We were 

able to increase the capacity of pure PPy from 125 F/g 

to 142.5 F/g by adding 30% GO, and we were able to 

increase it to 150 F/g by adding up to 10% GO while 

the capacity decreased to 100 F/g at 50% GO. The 

higher capacitance observed may be attributed to the 

attractive forces between polypyrrol nanofibers and 

graphene oxide, leading to an increase in surface area. 

The oxidative polymerization process in PPy-GO 

nanocomposites and 1 M H2SO4 electrolysis achieved 

a maximum capacity value of 150 F/g [29]. 

 

 
 

Fig. (6) GCD for pure PPy and PPy-GO at a different 

percentages 

 

The Nyquist plot was examined by applying a 

sinusoidal AC voltage with an amplitude of 5 mV at 

the open circuit potential. The frequency range used 

for the test ranged from 1 Hz to 1000 kHz, as shown 

in Fig. (7). In order to get insight into the charge 

transfer behavior of the PPy/GO electrode material, 

an electrochemical impedance spectroscopy (EIS) 

plot was conducted on both PPy samples and PPy/GO 

composites (Fig. 7). The measurement of ohmic 

resistance can be obtained by determining the high-

frequency intercept of the semicircle within the 

impedance. 

At elevated frequencies, the diminutive semi-

circle indicates a diminished transfer resistance of the 

charge accompanied by a less pronounced diffusion 

at lower frequencies. If the straight line showed a 45° 

angle in the low-frequency band, it suggests that the 

mechanism was affected by diffusion. Conversely, if 

the slope was 90°, it indicates that the behavior was 

purely capacitive. The impedance map displays a 

semi-circular pattern, indicating a highly efficient 

passage of electric charge. The aforementioned 

discovery provides additional evidence supporting 

the remarkable durability of the PPy/GO 

nanocomposite during electrochemical cycling. This 

material exhibits promising prospects as an electrode 
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material for electrochemical supercapacitors [30] 

[31]. 

 

 
Fig. (7) The Nyquist plots obtained from the electrochemical 

impedance spectroscopy measurements conducted on the 

samples of PPy and PPy/GO 
 

4. Conclusions 
In summary, PPy nanofiber and nanocomposite of 

PPy/GO have been prepared by simple method. The 

composite film of PPy and GO is a good electrode 

material for electrochemical supercapacitor. The 

maximum capacitance values (153 F/g) that 

determined by GCD curves were obtained from PPy 

nanofibers doped with 30% GO, but for pure PPy the 

capacitance is very small compared to PPy doping 

with GO. Therefore, doping plays a very important 

role in improving the capacitance of supercapacitor. 
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In this work, magnetic spinel Ni1-xCdxFe2O4 ferrites (where x = 0, 0.4, and 0.6) were 
synthesized through glycine-nitrate auto-combustion process. Physical and magnetic 
properties that reported through XRD analysis, surface morphology, FTIR analysis, and 
magnetic measurement confirmed the formation of spinel structure for all ferrites with 
secondary phase of CdO with the crystallite size decreases from 32.09nm to 20.59nm with 
the increase of Cd2+ ion content for x = 0.4. FE-SEM images show that pure Ni-ferrite 
nanoparticles possess agglomeration. With increasing cadmium content at x=0.6, the 
morphology of the particles slightly changes. The agglomeration slightly enhance and 
spherical nanoferrites formation. FTIR spectra present the slight shift of the higher 
absorption band to low wavenumber for (x=0.4 and 0.6), which confirms the formation of Ni1-

xCdxFe2O4 spinel structure. Results show that, saturation magnetization decreased as the 
Cd content increases. 
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1. Introduction 

The preparation of the crystalline spinel ferrites in 

nano size plays a significant role in determining their 

physical properties at nano and sub-nano levels [1-3]. 

Ferrites are classified as ferromagnetic electro-

ceramics that are consist of ferric oxide along with 

other metal with a general formula MFe2O4, where M 

is divalent metal ion such as Ni2+, Cd2+ of the Ni-Cd 

ferrite [4,5]. The physical, chemical, and magnetic 

properties of ferrites in the nanosize regime are 

influenced by particle size [6,7]. The metal ions are 

distributed in two sub-lattices in spinel ferrites, 

namely the tetrahedral (A-site) and octahedral (B-

site), based on the geometrical configuration of the 

oxygen nearest neighbors [8,9]. Nickel ferrite is one 

of the soft ferrite materials and due to ferrimagnetic 

properties and high electrochemical stability [1], it 

has several applications in technological fields such 

as photocatalytic degradation, biomedical efficiency, 

and cancer hyperthermia and information systems 

and data storage devices [10-13]. Nickel ferrite has a 

spinel ferrite with an inverse structure that is based on 

a face-centered cubic lattice of oxygen ions with an 

eight-unit unit cell, with all Ni ions occupy octahedral 

site and iron ions located in both tetrahedral and 

octahedral sites [14,15]. The various techniques to 

synthesis nickel ferrite were examined in a 

publication published in 2020. Co-precipitation, 

micro-emulsion method, solid-state [13], 

hydrothermal method, reactive sputtering, and sol-gel 

auto combustion method are the most commonly 

utilized methods [3,16]. When cadmium is added to 

nickel ferrite, a novel composite material with good 

magnetic properties is produced [17]. However, there 

hasn't been much research done on Ni-Cd ferrites 

nanoparticles thus far. Thus, in present work, we have 

reported synthesis of Ni-Cd ferrite nanoparticles 

using glycine-nitrate auto-combustion process. 

 

2. Material and Methods 

Nitrate salts of nickel (Ni(NO3)2•6H2O), cadmium 

(Cd(NO3)2•6H2O), and iron (Fe(NO3)3•9H2O) from 

HIMEDIA Co., India were used as raw materials. The 

following experimental steps were taken to 

synthesize Ni1-xCdxFe2O4 ferrite samples, where x=0, 

0.4 and 0.6, by glycine-nitrate auto-combustion 

process: (i) the required amount of nitrates was 

weighed separately with a molar ratio 1:2 for Ni-

Cd:Fe, respectively and dissolved in a suitable 

quantity of de-ionized water, (ii) the solution was 

thoroughly mixed for 20 minutes by a magnetic stirrer 

at auto-combustion temperature 100°C, (iii) an 

amount of glycine was added to the nitrate solution as 

a fuel with G/N ratio of 0.33 without heat exchange. 

The self-sustaining combustion process was started in 

the system once the entire amount of water was 

vaporized, (iv) the product powder was washed via 

ethanol and distilled water for 4 times, dried at 80°C 

for 2 hours, and (vi) mortar was used to grind the 

resulting powder for 4 minutes to result in fine 

powder. 

 

3. Results and Discussion 

The as-synthesized ferrites were structurally 

characterized using Shimadzu X-ray diffractometer. 

The phase formation and structure analyses for all 

synthesized series samples are shown in Fig. (1). As 

compared with the standard pattern (00-054-0964) 

and (00-005-0674) of the Ni and Cd ferrites, 

respectively, the formation of phase cubic spinel 

structure is confirmed by prominent diffraction peaks 

(111), (220), (311), (222), (400), (422), (511), (440), 

(620), and (533). 
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Fig. (1) XRD patterns of Ni1-xCdxFe2O4 ferrite series samples 

 

When Ni2+ ions are replaced by Cd2+ ions, there is 

a tiny shift to there is a tiny shift to high 2θ values. 

This suggests that  indicates an decrease in lattice 

parameter, such shift indicates that this decrease in 

lattice parameter may be justified by the difference in 

ionic radius between Cd2+ (0.97Å), Ni2+ (0.69Å) ions 

and Fe3+ (0.49Å) [3,13] is the cause of the 

displacement. Furthermore, the small-sized 

nanoparticles in all samples were found to be 

responsible for the large bread width of the peaks in 

all patterns. Structure parameters such as crystallite 

size (D) and lattice constant (a) were calculated using 

the equations below from XRD line broadening of the 

highest peak (311) plane, as well as the distance 

between magnetic ions (hopping length) in A site 

(tetrahedral) and B site (octahedral) were calculated 

by using the complying relations (LA and LB) [14,15] 

and tabulated in table (1). 

𝐷 =
0.9𝜆

𝛽 𝑐𝑜𝑠𝜃
    (1) 

𝑎 = 𝑑√ (ℎ2 + 𝑘2 + 𝑙2) Ǻ   (2) 

n λ= 2 d sin θ    (3) 

𝐿𝐴 =
𝑎 ×√3

4
, 𝐿𝐵 =

𝑎 ×√2

4
   (4) 

In Debye-Scherrer’s relation (Eq. 1), λ  indicates 

the x-ray wavelength (1.542Å), θ is the Bragg’s 

diffraction angle corresponding to the most intense 

reflection plane (311), and β is the full-width at half 

maximum (FWHM). Bragg’s law (Eq. 3) was used to 

determine the inter planer spacing (d) 

From table (1), it is clear that the crystallite size 

decreases from 32.09 to 20.59 nm with the increase 

of Cd2+ ion content for x=0.4 but this decrease is not 

continuous as the crystallite size will increase at 

x=0.6, which can be illustrated as the distance 

between the magnetic ions (hopping length), which 

increases as Cd content increases. This behavior of 

hopping length with x is analogous with behavior of 

‘a’ with x, and may be attributed to the difference in 

the ionic radii of the constituent ions [16] where an 

ionic radius of Ni2+ ions is smaller than the ionic 

radius of Cd2+ ions [3]. This is consistent with Bakale 

et al. for Ni-Cd ferrite, and Reyes-Rodríguez et al. 

and W. Sami et al. for other spinel ferrites [17,18]. 

Furthermore, based on the earlier research [19], the 

crystallite size is related to the value of pH. However, 

crystallite size does not decrease continuously with an 

increase in Cd ions, and is related to the pH value. 

When the pH value is too high, there is a lot of gas 

emitted during combustion process, leading to a 

decrease in crystallite size. Literature state that the 

lattice constant and crystallite size are directly 

related. Increasing in crystallite size lead to decrease 

or increase in the lattice constant [20]. In the present 

work, for the decrease in the crystallite size at x=0.4, 

the lattice constant has increased to 8.3612Å. 

The surface morphology for spinel Ni1-xCdxFe2O4 

nanoparticles was recorded using a TESCAN Mira3 

field-emission scanning electron microscope (FE-

SEM). The FE-SEM images of all as-synthesized 

ferrites are depicted in Fig. (2). 

FE-SEM images show that pure Ni-ferrite 

nanoparticles agglomerate due to their magnetic 

nature and the binding of initial particles held 

together by weak surface interactions such as the Van 

der Waals force. The holes and apertures in the 

photographs can also be attributed to the release of a 

massive volume of gas formed by the combustion's 

decomposition. Similar observations were seen in 

other ferrites [21]. However, with increasing Cd 

content to x=0.6, the morphology of the particles 

slightly changes. The agglomeration slightly enhance 

and spherical ferrite nanoparticles are formed. The 

impact of substitution Ni2+ by Cd2+ on the 

microstructure of Ni-ferrite can be explained as 

follows: Cd2+ substitution enhances grain growth of 

Ni-ferrite as a reaction center by increasing bulk 

diffusion due to aberration and activation of crystal 

lattice caused by substituted Cd2+. Similar 

observations were seen in Ref. [13] for Ni-Cd ferrite 

and Ref. [22] for Ni-Zn ferrite. 
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Fig. (2) FE-SEM images of the spinel Ni1-xCdx Fe2O4 ferrite 

series samples 

 

To determine the chemical structure of the as-

synthesis samples, the FTIR spectra were recorded 

using a Shimadzu 8400S FTIR spectrometer in the 

wavenumber range of 4000-450 cm-1, as shown in 

Fig. (2). 

 

 
Fig. (3) FT-IR spectra of the spinel Ni1-xCdx Fe2O4 ferrite series 

samples 

 

The spinel ferrite nanoparticles are known to have 

two FTIR-active bands, one is higher absorption band 

designated as υTet and the other one is lower 

absorption band designated as υOct in the range of 450-

900 cm-1 [23]. In the present study, FT-IR spectra of 

all samples exhibit two intense peaks at 629 cm-1 

(higher peak) and 459.70 cm-1 (lower peak) and 

correspond to the metal oxygen  bonds. Higher and 

lower frequency bands are associated with oxygen-

tetrahedral (Fe-O) and oxygen-octahedral (O-Fe-O) 

bending vibrations, respectively [14]. They are the 

characteristic peak of the spinel structure [24]. The 

significant Fe–O vibrational mode clearly showed 

that strong Cd doping occurred in NiFe2O4 spinel 

lattice. The hydroxyl group can be assigned to the 

wide band around 3400 cm-1, while the in-plane and 

out-plane of O–H vibration can be assigned to the 

bands around 1630-1384 and 970-880 cm-1, 

respectively. The remaining bands are most likely 

attributable to overtones or combinational 

frequencies. Similar variation was observed in Ref. 

[10]. The band positions (υTet) and (υOct) in the current 

ferrite system have been observed to change 

significantly as Ni2+ is replaced by Cd2+. This could 

be related to the distribution of Cd2+ in the tetrahedral 

A-site, which replaces Fe3+ [13]. In the present series 

samples of Ni1-xCdxFe2O4 ferrites the nickel divalent 

cations are stabilized in octahedral crystal field, while 

cadmium divalent cations are occupied tetrahedral 

sites due to the ability to form covalent connections 

involving sp3 hybrid orbitals. Higher and lower 

absorption band, as well as force constant for 

tetrahedral KTet and octahedral KOct of the series 

samples of Ni1-xCdxFe2O4 ferrites are summarized in 

table (2). The force constant (k) was calculated using 

the following relation [25]: 

k = 4π2υ2c2μ    (5) 

where υ is the vibration frequency of the tetrahedral 

and octahedral sites, c is the light velocity, and μ is 

the reduced mass of the Fe3+ ion and the O2- ions 

(2.065×10–23 g/mol) 

 
Table (2) Tetrahedral and octahedral absorption band as well 

as force constants of the Ni1-xCdxFe2O4 ferrite series samples 

 

x D (nm) a (Å) 
υTet 

(cm-1) 
υOct 

(cm-1) 
KTet ×102 

N. m-1 

KOct 
×102 

N. m-1 

0 32.09 8.3321 629.00 - 2.87 - 

0.4 20.59 8.3612 558.86 478.30 2.27 1.66 

0.6 21.23 8.3303 476.71 459.70 1.65 1.53 

 

Interestingly, the slight shift of the higher 

absorption band υTet towards the lower wavenumbers 

is observed with an increase of Cd-substitution, 

which is attributed to decreased force constants and 

contraction of Fe3+-O2- bond lengths at both 

tetrahedral and octahedral sites, where force constants 

are directly related to the stretching and bending of 

chemical bonds [26]. These results are consistent with 

previously reported FTIR spectrum in Ref. [13]. 

The magnetic measurements are determined using 

a MDK vibrating sample magnetometer (VSM). 

Figure (4) shows the magnetic hysteresis loop for the 

mixed spinel Ni1-xCdxFe2O4 ferrite at room 

temperature with applied external field of 15 kOe. 

 

 
Fig. (4) Magnetization (emu/g) versus applied magnetic field 

(Oe) of Ni1-xCdxFe2O4 ferrite at room temperature 
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As can be seen from both hysteresis curve and 

table (2), the Ni-Cd ferrites prepared in this work 

showed a S-shape hysteresis curve with high value of 

saturation magnetization and narrow loop that 

brought the low coercivity values. The saturation 

magnetization decreased as the Cd content is 

increased. In the present series of Ni1-xCdxFe2O4 

(where x=0, 0.4, and 0.6), magnetic nickel divalent 

cations are replaced by non-magnetic cadmium 

divalent cations and magnetic iron trivalent cations 

are replaced by non-magnetic cadmium divalent 

cations. As a result, the A-B interaction decreases in 

the system then the value of saturation magnetization 

decrease. Similar results were reported in Ref. [13]. 

 
Table (2) Magnetic measurements extracted from hysteresis 

loops of the spinel Ni1-xCdxFe2O4 ferrite 

 

Sample x 
Ms 

(emu/g) 
Mr 

(emu/g) 
Mr/Ms 

NiFe2O4 0 86.04 29.15 0.338 

Ni0.6Cd0.4Fe2O4 0.4 75.03 29.00 0.386 

Ni0.4Cd0.6Fe2O4 0.6 72.31 28.00 0.387 

 

4. Conclusion 

In the present work, mixed spinel Ni1-xCdxFe2O4 

ferrite was synthesized using the glycine-nitrate auto-

combustion process where x=0, 0.4, and 0.6. We 

found that the glycine-nitrate auto-combustion 

process has simplicity that is usually performed in 

solution media. Also, the lattice constant increases 

with increasing the Cd content at x=0.4 but this 

increase is not continuous as the lattice constant will 

be decrease at x=0.6. The Ni1-xCdxFe2O4 ferrite 

showed soft ferrite with S-shape and pure nickel 

ferrite has higher saturation magnetization value but 

when nickel ions (Ni+2) are replaced by cadmium ions 

(Cd+2), a decrease in saturation magnetization has 

been exhibited. 
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Table (1) Crystallite size and lattice constant, and hopping length for A site (Tetrahedral) and B site (Octahedral) of the Ni1-xCdx 

Fe2O4 ferrite series samples 

 

As-synthesized 

powder 

samples 

x 
2θ 

(deg) 

FWHM 

(deg) 

d 

(Å) 

Lattice Constant 

a (Å) 

Crystallite Size 

D(nm) 

hopping length 

LA LB 

NiFe2O4 0 35.7113 0.25590 2.51223 8.3321 32.09 3.6077 2.9458 

Ni0.6Cd0.4Fe2O4 0.4 35.5829 0.38450 2.52100 8.3612 20.59 3.6205 2.9561 

Ni0.4Cd0..6Fe2O4 0.6 35.7191 0.37390 2.51170 8.3303 21.23 3.6071 2.9452 
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1. Introduction 

In recent years, many of papers have focused on 

nanostructured semiconductors, which have their 

unique structural properties. Copper sulfide (CuS) is 

a p-type semiconductor with direct energy gap of 1.6-

2.7eV [1-4]. The composition of CuxS exists many 

stable phases. The composite Cu2S, the copper-rich, 

the diorlite, dignite, and anilite, ending with the 

covellite (CuS) phase, which is rich in sulfur [5-7]. 

Copper sulfide thin films were deposited using many 

methods such as chemical bath deposition, sol-gel, 

chemical vapor deposition (CVD), chemical spray, 

and spin coating [8,9]. The thermochemical spray 

pyrolysis method is considered the most common 

among the chemical methods for preparing thin films. 

These methods are summarized by spraying a 

solution of the material from which the film is to be 

prepared onto hot bases at a specific temperature that 

depends on the type of material used, as a 

thermochemical reaction occurs between the atoms of 

the material and the hot base, and as a result of this 

reaction a thin membrane is formed [10,11]. Porous 

silicon (PSi) is a material with strong emissivity, 

showing effective illumination over a wide spectral 

range [12,13]. Many research works have focused on 

porous silicon and is based on optoelectronic 

techniques such as light-emitting diodes, wave 

vectors, and photovoltaic diodes [14,15]. The mixture 

between CuS thin film and PSi layer can provide an 

excellent homogenous of lattice constant [16-18]. 

The goal of this paper is to study the 

photoluminescence (PL) and UV-visible 

spectrophotometric properties of CuS/PSi hybrid 

junction. The influence of CuS deposited on the 

porous silicon substrate properties plays an important 

role to uniform porous surface. 

 

 

2. Experimental Work 

Figure (1a) exhibits a schematic diagram of the 

anodization etching method. In this work, there are 

two orientations; (100) and (111); of n-type silicon 

wafers are used with resistivity of 0.01-0.02 Ω.cm 

and the thickness of the silicon wafer is 505±12µm. 

The Si wafers were cleaned before the etching to 

remove any contamination on the surface. 

 

 
 

Fig. (1) (a) Diagram of adonization process, (b) diagram of  

chemical spray 

 

The hydrofluoric acid (16 wt.%) contraction has 

been diluted by using an absolute ethanoic solution 

(99%) (C2H5OH) to minimize the hydrogen bubbles 

during the etching. Fixed current density was 

maintained at 15 mA/cm2 and etching time of 5, 10 

and 15 min were used. Additionally, a tungsten lamp 

of 100 mW/cm2 intensity was carried out. The set-up 

consists of two electrodes, the first part is gold and is 

connected to the acid solution (HF), the second part 

is a stainless-steel put under the Si substrate. After 

that, CuS/PSi heterojunction was achieved by using 

spray pyrolysis process. We used aqueous solution of 

copper chloride and sodium sulfide (Na2S) at various 
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concentrations. We mixed first in distilled water 

(H2O) and then sprayed on the substrate in order to 

obtain ions of copper and sulfide. The CuS 

nanoparticles were deposited on PSi substrate at 

250°C using spray pyrolysis method at different 

concentrations of CuS (0.1, 0.3 and 0.5M). The spray 

rate was used at 25 mL/min. The distance between the 

nozzle and the sample were fixed about 30 cm and a 

k-type thermocouple was used as shown Fig. (1b) and 

table (1). 

 
Table (1) Values of Concentration and weight used of 

preparation of CuS thin films 

 

Concentration 0.1M 0.3M 0.5M 

Weight(gm) CuCl2 0.270 0.780 1.32 

Weight(gm) Na2S 0.129 0.452 0.77 

 

3. Results and Discussion 

The PL spectra shown in figures (2) and (3) are 

for CuS/Psi heterojunctions prepared at etching time 

of 15 min with fixed current density (15 mA/cm2), 

concentration of HF (18%) and  concentration of CuS 

(0.1M and 0.5M) with orientation (100) and (111). 

Obviously, the strong emission peaks of  CuS/PSi at 

orientation (100) were observed at 577.5 nm, 535.3 

nm and 546.4 nm (green region) corresponding to 

energies of 2.19 eV, 2.31 eV and 2.27 eV of pure PSi 

and concentration 0.1 and 0.5M respectively (Fig. 2). 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (2) PL spectra of CuS/PSi nanostructures fabricated at 

concentrations of (a) 0.1M, (b) 0.3M, (c) 0.5M of orientation 

(100) 

 

In the same way, the PL emission peaks at 

orientation (111) were illustrated at 566.5 nm, 577.2 

nm and 605.6 nm (green region) corresponding to 

energies of 2.15 eV, 2.14 eV and 2.04 eV of pure PSi 

and concentration 0.1 and 0.5M, respectively (Fig. 3) 

because of the carriers restricted (electron-hole) 

recombining in the PSi surface, and this is further 

supported by measurements of the particle sizes' 

statistical distribution [19-21]. The peak position was 

shifted to the long wavelength or lower energy with 

increasing concentration of CuS due to the density of 

state of PL and the absorbance of the carriers due to    

quantum confinement effects [22,23]. It can be seen 

the change in the peaks intensity due to the increasing 

of the number of smaller nanocrystallite sizes 

contributes to the PL since it generates more holes for 

further reactions as in tables (2) and (3). The silicon 

atoms near the crystallite's surface modify their bonds 

and dimension to adapt variations in the immediate 

environment, forming the recombination centers. The 

possibility of electron and hole recombination is a 

less dimension structure as the energy gap decreased 

with increasing concentration due to the confinement 

of PSi practical in a smaller dimension [24,25]. 

 
Table (2) Parameters of concentration, wavelength and 

energy gap at orientation (100) 

 

Sample 
Concentration 

(M) 
Wavelength 

(nm) 
Eg (eV) 

(100) PSi - 577.5 2.19 

CuS/PSi 0.1 535.3 2.31 

CuS/PSi 0.5 546.4 2.27 

  

Table (3) Parameters of concentration, wavelength and 

energy gap at orientation (111) 

 

sample 
Concentration 

(M) 
Wavelength 

(nm) 
Eg (eV) 

(111) PSi - 566.5 2.15 

CuS/PSi 0.1 577.2 2.14 

CuS/PSi 0.5 605.6 2.04 
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(a) 

 
(b) 

 
(c) 

Fig. (3) PL spectra of CuS/PSi nanostructures fabricated at 

concentrations of (a) 0.1M, (b) 0.3M, (c) 0.5M of orientation 

(111) 

 

The optical properties of the CuS nanostructures 

were characterized at concentrations 0.1, 0.3 and 

0.5M using UV-visible spectrophotometer. The 

relationship between absorption spectra and 

wavelength are shown in Fig. (4a). The film's optical 

absorbance diminishes as wavelength increases. The 

findings show that for all samples, the absorbance of 

CuS thin films increased as concentration is 

increased. This could be because of the breaking of 

bonds on the CuS surface leading to a rise in 

absorption mechanisms, the trap-related electron-

hole recombination has been observed. Increasing of 

concentration allows to formation defects. These 

defects are an interested component in optoelectronic 

devices and they play a critical role in the optical 

properties or color centers [26]. Figure (4b) illustrates 

the reflection spectra of CuS nanostructures at 

different concentrations. We can calculate the 

reflectance (R) using the following equation: 

R = 1 – (T+ A)    (1) 

where T is the transmittance, and A is the absorbance 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

 
(f) 

 
(g) 

Fig. (4) (a) Absorbance, (b) Reflectance, (c) Refractive index, 

(d) Extinction coefficient, (e,f) real and imaginary parts, and 

(g) energy gap 

 

It can be seen that reflectance and refractive index 

decrease when the wavelength increased in the visible 

region, and increase with increasing concentration 

because the incident photons have been absorbed in 

the CuS thin films as in Fig. (4c). In addition, the 

extinction coefficient (ko), real part (εr), and 

imaginary part (εi) decreased with wavelength. 

Moreover, the values at concentration of 0.5M were 

larger than those of 0.1M and 0.3M, as shown Fig. 

(4d,e,f,g). Furthermore, the curves between (αhν)2 

and photon energy for CuS thin films are studied. 

This behavior can be justifiable by producing 

additional energy states with enhancing 

concentration. Additionally, the interface band 

transition at localized states in the energy gap was 

observed. The majority of flaws are generated using 

the positioning vacancies of oxygen and alterations in 

crystal structure. We can the estimated the energy gap 

(Eg) by Tauc’s formula: 

(𝛼ℎ𝑣) = 𝐵(ℎ𝑣 − 𝐸𝑔) 𝑟   (2) 

where r takes value of 1/2 for the direct transition and 

2 for the indirect transition, hv is photon energy, B is 

constant, and α is the absorption coefficient 

The results show that the optical energy gap 

decreases with concentration and its values are 2.7eV, 

2.59eV, 2.55 eV for concentrations of 0.1M, 0.3M 

and 0.5M, respectively. This is in excellent agreement 

with the published data for CuS film deposited using 

alternative techniques [27-29]. 

 

 
(a) 

 
(b) 

Fig. (5) Responsivity of CuS deposited on PSi substrates (a) 

(111) orientation, and (b) (100) orientation 

 

The photosensitivity measurements of prepared 

CuS/PSi heterojunction showed the maximum value 
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of the quantum efficiency in visible region was found 

to be 500-600nm. Additionally, the photodetector of 

CuS/PSi heterojunction samples at direction of (111) 

are upper than direction of (100) due to 

reconfiguration of structure as shown in figures (6-8). 

Furthermore, the fabrication of the CuS/PSi 

photodetector are effectively depends on fabrication 

requirements [30-32]. 
 

 
(a) 

 
(b) 

Fig. (6) Detectivity of CuS deposited on PSi (a) (111) 

orientation, and (b) (100) orientation 

 

 
(a) 

 
(b) 

Fig. (8) Efficiency of CuS deposited on PSi (a) (111) orientation, 

and (b) (100) orientation 
 

4. Conclusion 

In summary, CuS nanostructures were 

successfully deposited on porous Si wafer using 

chemical spray method. The peak position of 

photoluminescence was shifted to the long 

wavelength or lower energy when the concentration 

of CuS was increased. The energy gap increases with 

increasing concentration of CuS. Consequently, the 

experimental circumstances can be used to control the 

size and shape of the final structures. In brief, the 

characteristics of CuS/PSi photodetectors are 

effectively dependent on fabrication requirements. 
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In the present work, Titanium dioxide nanostructure were prepared by dc closed-field 
unbalanced reactive magnetron sputtering system using different values of Ar∶O2 gas mixing 
ratios. The magnetron sputtering system's operation parameters were optimized to 
prepare TiO2 nanostructures as thin films with optical and structural homogeneity. The X-
ray diffraction patterns and UV-visible spectroscopy show that the prepared films contain an 
anatase structure and an optical energy band gap of 3.2 eV. The production of Ti–O bonds 
has been confirmed by Fourier-transform infrared spectroscopy. The TiO2 particles in the 
deposited films had an average size of 47.44 nm. TiO2 as active photocatalyst material is 
employed in the field of air purification through using methane gas as an organic pollutant. 
The material's photocatalytic activity was evaluated by test the deterioration of polluted gas 
in the presence of a xenon lamp using an appropriate gas sensor (MQ2 gas sensor). 
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1. Introduction 

One of the world’s problems is air pollution. It 

harms the environment and human health. Reducing 

these pollutants requires practical treatment methods 

and efficient technologies [1]. Photocatalytic 

oxidation is considered an ideal air purification 

technology because it can use sunlight (or artificial 

light) under ambient conditions to breakdown various 

air pollutants into non-toxic or less harmful forms [2]. 

A photocatalytic pollution treatment method was 

discovered using nano-TiO2 materials [3,4]. After 

Honda and Fujishima discovered light-induced water 

decomposition on TiO2 electrodes [5], the 

photocatalytic process began to be widely studied, 

especially for air and water polluted treatment. These 

studies focus on the photocatalytic activity of TiO2 

nanoparticles under ultraviolet (UV) light 

(λ<387nm), which accounts for only a small fraction   

(3-5%) of solar radiation [6]. Titanium dioxide (TiO2) 

nanoparticles have got significant interest because of 

their distinct characteristics. Given its exceptional 

characteristics like non-toxicity, high photocatalytic 

activity, chemical stability, and suitability for use as 

a coating, photocatalytic properties offer a promising 

solution to address the existing issues with indoor air 

quality and building air purification systems [7-11]. 

A TiO2 thin film deposited on a substrate is 

environmentally friendly and known as the most 

promising photocatalyst among all semiconductor 

photocatalysts [12,13]. The photocatalytic activity is 

related to the average nanocrystalline size, specific 

surface area of pure TiO2, phases involved and 

crystallinity [14-19]. TiO2 appears in three different 

polymorphs: anatase, rutile, and brookite. Anatase 

TiO2 is the most active form of TiO2 than rutile, and 

rutile is the most stable primary form [20-23]. TiO2 

can be prepared using a variety of deposition 

techniques including pulsed laser deposition (PLD), 

sputtering, sol-gel process, spray pyrolysis, chemical 

vapor deposition (CVD), electrophoretic deposition, 

etc. [24-27]. These nanoparticles were prepared using 

the magnetron sputtering technique to ensure high 

homogeneity, purity, and control over the structural 

phase of the deposited film by controlling the gas 

mixing ratio [28-31]. 

 

2. Experimental Part 

In this work, nanostructured titanium dioxide 

films were deposited on glass substrates using dc 

reactive magnetron sputtering. The optimum 

operation and preparation conditions were selected to 

be discharge voltage of 3 kV, discharge current of 50 

mA, the inter-electrode distance of 4 cm, Ar:O2 gas 

mixing ratio of 50:50, and deposition time of 3 hours. 

More details on the sputtering system and optimum 

operation conditions can be found elsewhere [32-35]. 

The structural characteristics of the prepared samples 

were carried out on the nanopowders extracted from 

the thin film samples in order to avoid the 

contribution of the glass substrate on which the thin 

film was deposited. These nanopowders were 

extracted by the conjunctional freezing-assisted 

ultrasonic extraction method [36,37]. 

The system used to evaluate the effectiveness of 

gas purification consists of a cylindrical chamber with 

a diameter of 6 cm and a length of 30 cm. There is a 

gas injection port in this chamber. The xenon lamp 

inside the chamber is arranged along its length with 

its axis parallel to the cylinder’s axis as shown in Fig. 

(1). The xenon lamp is operated with 6 W power and 

generates light spectrum centered at 300 nm. The 

chamber includes a MQ2 sensor. The interior wall of 
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the cylinder is covered with glass slides on which the 

TiO2 films were deposited. These slides cover an area 

of about 200 cm2 in total. The deposited slides were 

placed three centimeters away from the xenon lamp. 

The gas concentration in parts per million (ppm) is 

displayed on a display screen via an Arduino card that 

has been pre-programmed and attached to the sensor. 

The displayed concentration is calibrated based on the 

type of gas being analyzed. This entire system is 

connected to a personal computer for real-time data 

recording during the examination, as depicted in Fig. 

(1). The gas concentration was continually measured 

and recorded within the closed chamber at one-

second intervals during this test. The gas testing 

process included pumping the test gas into the 

chamber at a constant rate. In the first test, 

measurements were taken without injecting the gas. 

In the second test, gas pumping occurred without the 

use of the xenon lamp. In the third test, we introduced 

the xenon lamp while the pollutant gas was present to 

evaluate the photocatalytic effect on the tested gases 

inside the chamber. All recorded data was saved on 

the computer for subsequent analysis. 

 

 
 

Fig. (1) Schematic diagram of the experimental system used for 

testing photocatalytic activity in air pollutants degradation 

 

3. Results and Discussion 

The structural characteristics bonds of TiO2 films 

were determined through FTIR measurement using 

Shimadzu 8400S FTIR equipment. The Ti-O 

stretching vibration band appeared at approximately 

447 and 667 cm−1, and the Ti-O-Ti bonds in the TiO2 

lattice are responsible for the peak at 408.91 cm−1 [20, 

21]. There are no peaks belonging to pollutions or 

contaminants, therefore, the samples can be 

categorized as highly pure. The absorption bands at 

approximately 3450 and 1620 cm−1 are caused by the 

stretching and bending vibrations, respectively, of the 

OH group in atmospheric water molecules [38-40]. 

The crystal structure of titanium dioxide samples 

was examined using a Shimadzu x-ray diffractometer 

using a Cu-K source (1.54Å). Figure (3) illustrates the 

XRD pattern of a TiO2 thin film sample that was 

synthesized with a 50:50 gas mixing ratio and 

deposited time of three hours employing a heat sink 

under the substrate. This sample was selected as the 

optimum one among all others. According to JCPDS 

card no. 21-1272 (anatase TiO2), nine different peaks 

may be seen in this figure, all of which are allocated 

to the anatase crystalline phase of TiO2. In order to 

produce such nanostructures with highly-pure 

structural phases, dc reactive magnetron sputtering is 

advantageous, as demonstrated by the results, which 

exhibited no peaks belonging to the rutile phase in the 

synthesized sample. 

 

 
 

Fig. (2) FTIR spectrum of TiO2 sample prepared at inter-

electrode distance of 4 cm and using Ar:O2 gas mixture of 50:50 

after deposition time of 3 hours 

 

 
 

Fig. (3) XRD pattern for single-phase (anatase) TiO2 sample 

prepared using gas mixing ratio of 50:50 after deposition time 

of 3 hours with heat sink under the substrate 

 

The UV-visible spectroscopy was used to record 

and investigate the absorption spectra of TiO2 film 

samples in the spectral region 300-800 nm using 

different gas mixing ratios as shown in Fig. (4). They 

exhibit considerable absorption to wavelengths 

shorter than 300 nm, peaking at approximately 312 

nm. At 400 nm, the absorbance reaches its minimum 

and then rapidly decreases before gradually 

increasing at longer wavelengths. In the visible 

wavelength range of 400-700 nm, these films can be 

regarded as transparent. Consequently, the energy 

band gap of these samples can be determined using 

the following formula: 

𝛼 =
𝐴(ℎ𝜈−𝐸𝑔)

𝑛

ℎ𝜈
    (1) 

where n is dependent on the type of transitions, A is a 

constant, and Eg is the optical energy band gap 

The particle size of the prepared samples was 

ascertained using the FE-SEM. Figure (6) shows the 

image of the optimum TiO2 sample, in which the 

nanoparticles are seen in irregular shapes and sizes 
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and with average particle size of 47.44 nm. These 

particles aggregate and indicate good connectivity as 

they are held together by weak forces arising from the 

van der Waals force which leads to an electrostatic 

effects through the residual charge of the structure 

[41,42]. 

 

 
 

Fig. (4) Absorption spectra of TiO2 thin films prepared using 

different Ar:O2 gas mixing ratios 

 

Figure (5) shows the determination of energy 

band gap for titanium dioxide thin films prepared 

using gas mixing ratios of (80:20), (70:30), (60:40) 

and (50:50) to be 3.24, 3.17, 3.16 and 3.2 eV, 

respectively. The optimum gas mixing ratio was 

(50:50) and thus energy band gap was determined to 

be 3.2 eV for single phase of anatase TiO2. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (5) Determination of energy band gap (Eg) for TiO2 thin 

films prepared using different Ar:O2 gas mixing ratios 
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The energy-dispersive x-ray (EDX) spectrum of 

the optimum sample was recorded and analyzed as 

shown in Fig. (7). This spectrum revealed the 

presence of titanium and oxygen in the thin layers and 

thus the formation of TiO2 thin films was confirmed. 

With Ti and O present in the final sample, the weight 

ratios of Ti and O were 72.1% and 24.7%, 

respectively. The presence of 3.2% carbon is resulted 

from fixing the sample inside the EDX instrument. 

 

 
 

 
 

Fig. (6) FE-SEM images of the nanostructured anatase TiO2 

sample prepared using Ar:O2 gas mixing ratio of 50:50, inter-

electrode distance of 4 cm, and deposition time of 3 hours 

 

The prepared nanostructured titanium dioxide thin 

films prepared were evaluated for their effectiveness 

in degradation of methane gas, which is a flammable, 

non-toxic, colorless, tasteless, and odorless gas. We 

measured the change in gas concentration over time 

in a sealed chamber containing static air, both before 

and after methane gas was added. The interaction 

between the gas and thin film deposited on glass 

substrate was monitored with and without the use of 

a xenon lamp. Initially, a steady gas concentration of 

20 ppm was recorded in the static air representing the 

normal level of organic gases before adding methane. 

Upon pumping methane gas into the chamber and the 

xenon lamp was off, the gas concentration stayed 

mostly stable at approximately 898 ppm. On the other 

hand, the gas concentration progressively decreased 

upon switching the xenon lamp on and reached an 

almost constant value of 130 ppm over time period of 

34 minutes as shown in Fig. (8). 

 

 
 

Element Atomic % Weight % 

C 8.0 3.2 

O 46.6 24.7 

Ti 45.4 72.1 

 
Fig. (7) EDX results for the nanostructured anatase TiO2 

sample prepared using Ar:O2 gas mixing ratio of 50:50, inter-

electrode distance of 4 cm, and deposition time of 3 hours 

 

 

 
 

Fig. (8) Air purification test against methane gas based on 

photocatalytic effect of TiO2 thin films prepared by dc reactive 

magnetron sputtering 

 

4. Conclusion 

In this study, nanostructured TiO2 thin films – 

known as the optimum photocatalyst – were prepared 

by dc reactive magnetron sputtering technique and the 

energy band gap of these samples was determined to 

be 3.2eV, which belongs to the anatase phase of TiO2. 

The prepared thin films are described by their optical 

and structural homogeneity. The prepared samples 

were tested in the field of air purification when 

irradiated by a xenon lamp. The results showed the 

high effectiveness of the prepared samples in air 

purification within a period of 34 min.  
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In this research, we investigate the use of a passive radiative self-cooling layer 
made of an Al2O3 nanocomposite on the backside of a compact 10W PV module. 
The coating, composed of Al2O3 nanoparticles (with a particle size of 30nm) 
blended with Na2SiO3.9H2O in a specific ratio, forms a ceramic glue applied to the 
module's rear surface in both horizontal and vertical directions using a standard 
paintbrush. The experiments were carried out in the 50°C ambient temperature of 
Baghdad summer. The results indicate a significant decrease in the temperature 
of the PV module in hot weather, reducing from 63°C to 58°C with the application 
of the nanocomposite layer. Additionally, the nanocomposite coating improves 
key performance parameters, such as open circuit voltage, short circuit current, 
voltage at maximum power, and current at maximum power. This enhancement 
results in a notable 10% increase in PV module power output, from 6.58W before 
coating to 7.22W after coating. The observed temperature reduction is attributed 
to the high emissivity of the ceramic layer, measured at 0.96 using a Fluke thermal 
camera. Extrapolating these findings to a larger scale, calculations for a 500W 
coated panel show a substantial power increase of 50W in hot weather conditions. 
Moreover, the annual energy gain is estimated to be 87kWh, with an impressive 
payback time of 1.5 years. Additionally, there is a noteworthy environmental 
impact, with a yearly reduction of 60kg of CO2 emissions. 
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1. Introduction 

Despite decades of progress since the first silicon 

solar cell, the inherent limitations of the p-n junction 

architecture, as defined by the Shockley limit, 

constrain its maximum power output per area [1,2]. 

The theoretical efficiency limit of a single-junction 

silicon cell hovers around 33%, due to the inability to 

efficiently utilize all captured sunlight. This 

limitation arises from unabsorbed low-energy 

photons and thermal losses from high-energy photon 

absorption. In addition to the intrinsic limitations of 

silicon photovoltaic (PV) cell efficiency, 

environmental conditions contribute to additional 

efficiency losses, including cloud cover, dust, and 

temperature. The first two factors lead to a reduction 

in irradiance and subsequently a drop in PV module 

power, while the last one predominantly affects the 

PV voltage [3]. In extremely hot countries such as 

Iraq, the PV efficiency may decrease to as low as 30% 

of its original value. To address these challenges, a 

high emissivity surface can be utilized as a heat sink 

layer for PV panels. Inorganic metal oxide 

nanomaterials, previously employed in Passive 

Daytime Radiative Cooling Systems, offer a solution 

due to their high rate of infrared emission [4,5]. 

Previous studies have recorded a sub-ambient cooling 

of 2.8°C for surface cooling using a mixture of Al2O3, 

SiO2, and Si3N4 nanoparticles [6]. Ongoing research 

efforts continue to explore various cooling methods 

for PV modules [7-10]. 

This paper presents the first attempt to deposit a 

high emissivity layer on the rear side of a PV module, 

serving as an infrared passive radiative self-cooling 

layer. Aluminum oxide nanoparticles blended with 

sodium metasilicate were chosen as the passive 

cooling layer in this novel approach. 

Burch's equation, derived from the Shockley 

model of the diode, provides a tool for examining the 

influence of irradiance and temperature on the open-

circuit voltage (VOC) and short-circuit current (JSC) 

[11]. 

ISC = [ISCr + KI(TPanel − Tr)]
G

Gr
  (1) 

VOC = VOCr + KV(TPanel − Tr)  (2) 

where Tr is the ambient temperature ( standard about 

25ºC), TPanel is the real panel's temperature, ISCr & 

VOCr are short circuit current and open circuit voltage 

at the standard conditions (1000W/m2, temperature of 

25°C) respectively, KI & KV are the temperature 

coefficients respectively, Gr is the standard irradiance 

(1000W/m2), and G is the real irradiance 

Equation (1) reveals that the short circuit current 

(ISC) is contingent on both temperature and irradiance, 

establishing a direct correlation with both T and G. In 

contrast, equation (2) illustrates that the open circuit 

voltage (VOC) remains unaffected by irradiance, 

displaying a linear relationship solely with 

temperature. The source of VOC lies in the built-in 

potential at the junction, determined by doping 

concentration and junction properties, with irradiance 

exerting no influence on these characteristics. 
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Essentially, as per Varshni's empirical Eq. (3), an 

elevated temperature induces a reduction in the 

silicon bandgap, resulting in an upsurge in the 

saturation current, commonly known as leakage 

current, in accordance with Shockley's model Eq. (4) 

[12] 

Eg(T) = Eg(0) −
αT2

T+β
   (3) 

IS = AT3 exp (−
Eg

nkT
)   (4) 

where Eg(0) denotes the silicon bandgap at zero 

Kelvin, while α and β are material-specific 

parameters. IS represents the saturation current 

(leakage current), A is the Shockley constant for 

silicon, Eg is the bandgap of silicon at the given 

temperature, n is the ideality factor of the diode, k is 

the Boltzmann constant, and T is the temperature in 

Kelvin 

The open circuit voltage (VOC) is logarithmically 

linked to the saturation current (IS) through the 

following equation [13]: 

VOC =
kT

q
ln [

ISC

IS
]    (5) 

With an increase in temperature, both ISC and IS 

will rise, with IS (leakage current) dominating in Eq. 

(4). Specifically, IS doubles in magnitude for every 

10°C temperature increase. Consequently, the 

logarithmic component of Eq. (5) experiences a 

significant reduction, leading to a notable decrease in 

VOC. Consequently, the PV power output is 

diminished. 

The decrease in power in a PV module due to 

temperature is governed by the module's temperature 

coefficient, typically around 0.45% per degree 

Celsius [14]. This coefficient reflects the rate at which 

power decreases after the Standard Test Conditions 

(STC) temperature of 25°C. The power drop can be 

estimated using the following equation: 

Power Drop (%) = (T – 25) × Temp. Coef. (6) 

where T is the PV panel temperature (which is 

different from the ambient temperature). The PV 

panel temperature is higher than the ambient 

temperature by about 20°C because the PV module is 

a good absorber and the passing current during 

operation heats the panel. Homer method can be used 

to estimate the panel’s temperature compared to 

ambient temperature as follows [3]: 

The constant A is calculated from: 

A = (NOCT – 20)/G   (7) 

where NOCT is Nominal Operating Cell 

Temperature, G is the radiation in W/m2. The 

constant B is calculated from: 

B = 1 – (Eff./0.9)    (8) 

where Eff. is the power conversion efficiency. The 

panel temperature then is calculated from: 

Panel Temp. = Ambient Temp+(Radiation×A×B)       (9) 

As an example of the Homer method, consider a 

PV module with a maximum power of 250W 

operating at an ambient temperature of 50°C. 

According to equations (7-9), the PV panel 

temperature will be 69°C, which is 20°C higher than 

the ambient temperature. As per Eq. (6), the power 

drop will be 20W, representing an 8% decrease from 

the STC initial value. When extrapolating this ratio to 

a large-scale PV system, such a power loss becomes 

significant. For instance, a 1MW PV system could 

lose 80kW of its STC energy when operating at 50°C. 

In extremely hot countries like Iraq, where ambient 

temperatures can reach as high as 70°C in June and 

July, corresponding to the peak electricity demand, 

the PV system may experience a power loss of about 

25 to 30% of its STC value. 

Numerous attempts have been made to mitigate 

the impact of temperature on PV module 

performance, with water-based cooling and air-based 

cooling being among them [15]. However, these 

solutions are often not economically feasible for 

large-scale systems. Nanomaterials, extensively 

studied across various applications, including PV 

cells, have been employed as antireflection layers, 

absorbent layers, and superhydrophobic layers [3]. 

Some nanomaterial blends exhibit an emissivity near 

unity. Emissivity, defined as the effectiveness of a 

material's surface in emitting thermal radiation, 

follows the Stefan-Boltzmann law, ranging from 0 

(non-emitting surface) to 1 (perfect-emitting surface 

or a perfect black body) [16] 

E = σT4     (10) 

where σ is the Stefan-Boltzmann constant and equals 

5.67×10-8 W/m2.K4. According to this equation, a 

perfect black body emits 448W/m2. This is the highest 

ever emissivity that any surface can emit.  

 

2. Experimental Procedure 

2.1. Materials Characterization 

Aluminum oxide nanoparticles (Al2O3 NPs) with 

α-phase were procured from Changsha Santech 

Company, boasting a purity level of 99.99%. This 

material presents as a fine white powder. To ensure 

its quality, the powder underwent characterization 

using a Scanning Electron Microscope (SEM) of the 

Quattro S type. Emissivity measurements were 

conducted employing a Fluke thermal camera. The 

emissivity was determined by measuring the surface 

temperature of the layer with a Fluke Ti125 thermal 

camera and a thermocouple. The Fluke SmartView 

Software facilitated recalibration of the emissivity to 

align the temperature measured by the thermal 

camera with the temperature recorded by the 

thermocouple. 

 

2.2. PV Module Characterization 

In this study, a small PV module with a nominal 

power of 10W was employed. The module underwent 

testing under Standard Test Conditions (STC) and 

Normal Operating Cell Temperature (NOCT) 

conditions, facilitated by the Keyland Photovoltaic 

Sun Light Simulator and Solar 4000 PV Analyzer, 

respectively. NOCT conditions refer to the module 

parameters evaluated at 50°C and 800W/m2. Figure 

(1) provides a visual representation of the sun 
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simulator utilized in the measurements. The outcomes 

of the module parameters are detailed in table (1). 

 

 
 

Fig. (1) The Keyland Photovoltaic Sun Light Simulator used 

for STC test 

 

2.3. Solution Preparation and Module Painting 

To prepare the solution, 1mg of Al2O3 NPs was 

added to 100ml of sodium metasilicate 

(Na2SiO3.9H2O). The mixture underwent blending 

using an ultrasonic probe sonicator with a water 

jacket for 5 minutes. It is important to note that an 

extended sonication time could lead to overheating 

and solidification of the solution, while a shorter 

duration might result in a nonhomogeneous solution. 

The result was a thick, homogeneous solution with a 

milky color, as depicted in Fig. (2). 

For the application of the back coating, a regular 

paintbrush was utilized on the rear side of the PV 

panel. The process involved the application of two 

layers: the first layer was painted in the horizontal 

direction, followed by a one-hour waiting period to 

allow the layer to dry. Subsequently, a second layer 

was applied over the first one, this time in the vertical 

direction. This sequential application resulted in an 

approximately 5mm micrometer thickness of the back 

coating layer on the substrate of the solar modules. 

The coated layer was left to dry completely overnight. 

 

 
 

Fig. (2) The solution of the paint after 5 min probe sonicating 

 

Figure (3) visually represents the PV module both 

before and after the coating process. The total rear 

area of the PV module is 0.25m2, and the coating was 

applied to nearly the entire area, with only a small 

portion near the edges left uncoated. 

 

 
Fig. (3) Rear side of the panel before and after coating with 

Al2O3 NPs 

 

3. Results and Discussion 

Figure (4) depicts the influence of average 

ambient temperature on both the PV output power 

and the surface temperature of the PV panel over the 

course of a year. The data presented pertains to a 

250W (STC) PV panel and was gathered in Baghdad 

throughout the year 2018. As evident from the figure, 

the surface temperature of the PV panel consistently 

exceeds the ambient temperature, aligning with the 

previously mentioned Eq. (9). The decline in power 

as temperature rises is in accordance with the findings 

of Eq. (6). 

 

 
Fig. (4) The variation of PV module power with ambient over 

one year in Baghdad city 

 

The SEM image of the Al2O3:Na2SiO3 blend is 

presented in Fig. (5a), revealing a matrix of sodium 

metasilicate adorned with Al2O3 nanoparticles. 

Pinholes are evident in the image, attributed to the 

non-homogeneity of the coated layer. Figure (5b) 

zooms in on the Al2O3 nanoparticles, showing a 

diverse particle size distribution ranging from 30nm 

to 50nm. Notably, a few particles exceed 50nm, while 

others are below 30nm. 

For a more detailed examination of the specimens' 

morphological features, SEM images of native Al2O3 

nanoparticles and modified Al2O3 nanoparticles were 

acquired (Fig. 5). The modified Al2O3 nanoparticles 
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exhibit a homogeneous dispersion, as depicted in Fig. 

(5a), while apparent agglomeration is observed in the 

image of native Al2O3 nanoparticles (Fig. 5b). This 

observation suggests that chemical or physical 

bonding occurs between the polarity bonds of KH-

560 and hydroxide groups. The macromolecular 

chains grafted onto the surface of Al2O3 nanoparticles 

induce mutual exclusion and steric hindrance effects, 

reducing the surface free energy and effectively 

controlling agglomeration. These findings emphasize 

the crucial role of KH-560 in achieving the dispersion 

of Al2O3 nanoparticles [17]. 

 

 
(a) 

 
(b) 

Fig. (5) SEM images of (a) Al2O3: Na2SiO3, and (b) Al2O3 

nanoparticles 

 

On August 30, 2021, at 12:00 PM, two PV 

modules were tested after being exposed to direct 

sunlight for one hour to allow their temperature to 

equalize with the ambient conditions. At the time of 

testing, the solar radiation and ambient temperature 

were 837 W/m2 and 53°C, respectively. The uncoated 

rear surface of one module registered a temperature 

of 63°C, while the rear side of the module coated with 

Al2O3 nanoparticles exhibited a surface temperature 

of 58°C. This signifies a notable 5°C temperature 

reduction, attributed to passive cooling facilitated by 

the infrared emission from the nanoparticle layer 

induced by lattice vibration [10]. The nanoparticles 

absorb heat from the silicon bulk and reemit it as 

infrared radiation continuously, leading to the PV 

panel reaching an equilibrium temperature lower than 

that of a conventional panel. Additional contributing 

factors include the white color of the coating, which 

prevents back heating from albedo, and the increase 

in mass due to the layer's weight. 

To calculate emissivity, a Fluke thermal camera 

was employed. Figure (6) displays the thermal images 

of the panel before and after coating. At an emissivity 

of 1 (perfect black body), the camera read 53.6°C, 

whereas for the uncoated panel, it was 58.1°C. 

Emissivity was determined by using a thermocouple 

to measure the temperature at the same surface point. 

The emissivity value was adjusted using SmartView 

Software until the temperature matched that 

measured by the thermocouple. At this point, the 

emissivity was found to be 0.96, a remarkably high 

value even exceeding that of black paint. This high 

emissivity accounts for the reduction in panel 

temperature compared to the uncoated counterpart. In 

comparison to other cooling methods, such as using 

phase change material as passive cooling for PV 

panels, which demonstrates a power increase of about 

5.23% under similar conditions [18], the Al2O3 

nanoparticle coating shows promising effectiveness. 

 

 
Fig. (6) Thermal image taken by Fluke thermal camera 

 

The IV curves of the PV panel under different 

conditions are presented in Fig. (7). An initial test at 

room temperature (RT) was conducted for 

comparison purposes. As depicted in the figure, the 

PV panel coated with Al2O3 nanoparticles 

demonstrates improved values for VOC and Pm in 

comparison to the uncoated PV panel. However, ISC 

shows no significant effect, as temperature 

predominantly influences voltage rather than current, 

as discussed in Eq. 5 and the subsequent paragraph. 

The results of the PV parameters are summarized in 

table (2). Notably, the coated PV panel shows a 10% 

increase in maximum power (Pm). This outcome 

holds considerable significance when considering the 

potential application of this technique to large-scale 

PV systems. 

Table (2) highlights the increase in VOC, Vm, ISC, 

and Im for the passive cooling nanocomposite paint 

applied to solar panels. To enhance the visibility of 

the results from table (2), a feasibility analysis was 

conducted for a 500W PV panel, as depicted in table 

(3). The table reveals that each coated panel can yield 
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an additional 50W of power. This translates to an 

annual energy gain of 87kWh and a reduction of 60kg 

of CO2 emissions per year. With a coating cost of $12 

per module, the payback period for this investment is 

a mere 1.5 years. This underscores the economic 

viability and potential environmental benefits of 

implementing the coating on solar panels. 

 

 
Fig. (7) The forth quadrant IV curves under illumination 

 

 
Table (3) Feasibility estimation on 500W PV panel coated 

with Al2O3 NPs 

 
Power Difference 50W 

Panel Area 2m2 

Energy Gain in One Year 87kWh 

Paint Cost $12 

Electricity Bill Price 120 ID/kWh 

Yearly Profit $7.5 

Payback Time 1.5 Year 

CO2 Avoided per Year 60kg 

 

 

4. Conclusions 

Passive radiative self-cooling systems employing 

nanoparticles, such as Al2O3 NPs, emerge as a 

practical and economical solution for enhancing the 

efficiency of PV cooling systems when compared to 

conventional solar modules. In contrast to alternative 

methods, such as water cooling, this approach stands 

out as a self-cooling technique that eliminates the 

need for water or energy-consuming components like 

pumps or wipers. The method proves highly effective, 

inducing a substantial reduction in PV module 

temperature. Its efficiency and simplicity make it a 

promising avenue for improving the performance of 

solar panels. 
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Table (1) PV module parameters of the used panel 

 

Condition VOC (V) ISC (A) Vm (V) Im (A) Pm (W) Effic. (%) FF Rad. (W/m2) Temp. (°C) 

STC 21.38 0.52 17.43 0.47 8.16 3.2 0.73 1000 25 

NOCT 18.89 0.49 12.96 0.32 4.20 1.6 0.45 800 50 

 
Table (2) The PV parameters of the PV module before and after coating 

 

Condition VOC (V) ISC (A) Vm (V) Im (A) Pm (W) Effic. (%) FF Rad. (W/m2) Amb. Tem. (°C) Surf. Tem. (°C) 

Reference @ 35°C 20.83 0.60 16.04 0.53 8.57 3.4 0.68 870 35 35 

Before Coating 18.65 0.54 14.21 0.45 6.39 2.5 0.62 837 53 63 

After Coating 19.20 0.54 14.35 0.50 7.22 2.8 0.69 837 53 58 
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Silver nanoparticles (AgNPs) were synthesized by one of the most popular 
technique of pulsed laser ablation in liquids (PLAL) for photodegradation of methyl 
orange dye. To investigate the surface morphology of the nanoparticles, x-ray 
diffraction (XRD) and field-emission scanning electron microscopy (FE-SEM) were 
used. Their results indicated that silver particles have sizes within nanoscale range. 
While UV spectrophotometer was used to examine the optical characteristics at 
regular time intervals (30, 60, 90 and 120 min). The UV results of the prepared 
materials showed that the best absorbance has been obtained for the concertation 
of 3x10-4 mol of dye which has been measured to be ~489nm. Results denoted that 
the dye degradation efficiency of AgNPs increased as the concentration of Ag 
increased in the dye solution to be 81% at the ablated time of Ag that equals to 3 
mins. This work enhances the reduction of environmental pollution through this 
technology that can be environmentally friendly. 
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1. Introduction 

In the recent years, rapid development has made 

nanotechnology research integral to metal 

nanoparticles. Generally, nanoparticles have a 

diameter of 1–100 nm with unique properties and 

they can be described by their massive surface-to-

volume ratios in electronic attributes and quantum 

effects [1]. The distinctive properties of nanoparticles 

such as high surface area, electrical, magnetic and/or 

optical properties, high reactivity, morphological and 

considerable porosity turn them into valuable 

materials in adsorption, catalysis, sensing and optic-

electronic applications [1,2] as well as bring new 

options in numerous fields: pharmaceutical, 

agriculture, text, engineering, etc. [3]. 

Noble-metal nanomaterials with, among others, a 

bottom-up approach with discrete morphologies such 

as spheres, cubes, stars and wires; versatility in 

synthesis; and low cost demonstrate remarkable 

physical/ chemical properties allowing unique 

interactions with the ecosystem [4,5]. This is 

particularly purely made inorganic nanoparticles 

including gold, silver and copper that have distinctive 

photothermal and optical characteristics in absorbing 

a broad area of visible spectrum in the 

electromagnetic radiation. Gold (Au) and silver (Ag) 

nanoparticles have magnified the properties of 

optoelectronic stability and biocompatibility [6]. 

Silver nanoparticles (AgNPs) hold good antibacterial 

properties making them useful materials in different 

fields products for industrial purposes. This includes 

biomaterials, therapeutics, catalysis, photocatalysis, 

sensing and dye-sensitized solar cells [7]. 

Based on that, one of the most successful utilization 

of (AgNPs) against water/wastewater treatment that 

pollutants with organic materials and heavy metals. 

AgNPs works as plasmonic sensors for 

photocatalysts. This encourages the degradation 

(oxidation) of dyes and pesticides, amplifying the 

environmental functions [8,9].  

Generally, Methyl orange (MO) is utilized as a 

coloring agent in many areas. Although, it is a low-

toxic agent, it could have toxic effects and slow 

decomposition upon disintegration when discharged 

into water bodies leading to some health risks [9,10]. 

Therefore, Methyl orange (MO) degradation methods 

need to be investigated. In order to remove colors, 

adsorption has been used due to different benefits 

including adaptability and fast action. Accordingly, 

sorbents showed well- defined, large and also well 

accepted area. In the current work, silver 

nanoparticles (AgNPs) have been synthesized by 

pulsed laser ablation methods (PLAL) in liquids as 

photodegradation catalysts of Methyl orange (MO) 

dye and the degradation efficiency of silver 

nanoparticles (AgNPs) were studied. 

 

2. Experimental Part 

To prepare a solution of methyl orange dye with a 

concentration of 3×10-4, 5×10-4 and 7×10-4 mol, a 

0.00376 g of the dye powder was dissolved in a 

volume of 10 cm3 of distilled water according to the 

relationship: 

M.W = (Mm × C × V)/1000  (1)   

where Mm is the weight of the dye (g), C is the 

concentration to be prepared (mol), V is the volume 

of solvent (cm3), and M.W is the molecular weight of 

the dye used (g/mol) 

The different concentrations of dye have been 

obtained using dilution relationship:   

C1V1= C2V2    (2) 

An immersed pellet of silver has been ablated in 5 

ml of distilled water by Nd:YAG laser (1064nm, 

80mJ and 5Hz). When the laser pulses strike the silver 
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surface, a plume will be generated with a strong 

vibration wave that spreads in all directions within the 

impact area. This plume emits light and noise, 

forming a visible plume of silver particles that are 

adsorbed of the surface of the metal and dispersed in 

all directions within the liquid. It was noted that the 

color of the solution changes as the nanoparticles 

concentration increased due to increment of the 

number of pulses per minutes (for the chosen 

concertation 3x10-4 mol, the ablated time was applied 

for 1, 2, 3 and 4 mins). Figure (1) shows the process 

of laser ablation of silver nanomaterial and figure (2) 

displays the samples that used for degradation 

applications by exposing them to UV source through 

(30, 60, 90 and 120 min) using 3x10-4 mol 

concentration of dye with ablated time 1, 2 and 3 

minutes of Ag nanoparticles.  

 

 
Fig. (1) The pulse laser ablation process 

 

 
 

Fig. (2) The samples before and after exposure to UV radiation    

 

3. Results and Discussion 

The XRD and FE-SEM tests have been utilized to 

determine the size of silver particles. Figure (3) 

presents the XRD pattern, which indicates that the 

prepared particles are silver nanoparticles and have 

polycrystalline of face-centered cubic (FCC) 

structure with notable peaks at 2θ = 37°, 42.5°, 64° 

and 77° belong to (111), (200), (220) and (311) planes 

corresponding to (JCPDS File No. 04-0783) [11].  

The crystallite size (D) of the silver particles has 

been calculated using Scherrer's formula, equation (3) 

[12]. 

𝐷 =
0.9 .𝜆

β cos 𝜃
    (3) 

The calculated crystallite size (D) of preferred 

orientation along (200) plane indicates that the 

crystallite size is within the nanoscale and is about 

(13.24 nm) which is very close to the value of other 

research [11]. 
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Fig. (3) XRD pattern of silver nanoparticles 

 

FE-SEM images shown in figures (4) and (5) 

specify that the range of particles sizes smaller than 

50 nm according to the device scale. The images 

show a light emitting and semi-spherical shape of 

silver nanoparticles. Most metals, including Ag, have 

FCC structures and grow from nucleation into 

twinned and multiply twinned particles with surfaces 

bordered. Ag nanoparticles tend to agglomerate due 

to the high surface energy and high surface tension of 

the ultrafine nanoparticles, which may account for the 

observation of some larger nanoparticles. Catalytic 

activity, a crucial feature of the produced Ag NPs, is 

enhanced by their small particle size and wide surface 

area [13]. 

 

 
 

Fig. (4) FE-SEM examination of silver nanoparticles with 

dimensions of 1µm 
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Fig. (5) FE-SEM image of silver nanoparticles with dimensions 

of 0.5µm 

 

The absorption spectrum as a function of 

wavelength for methyl orange without and with the 

prepared Ag nanomaterial were measured using a 

UV-visible spectrophotometer as shown in figures (6) 

and (7), respectively. Figure (6) indicates that the 

absorbance spectrum of dye lies in the range of 

~489nm) and figure (7) shows the spectrum of Ag 

particles lies in the range of ~403nm. The 

nanomaterial prepared at different times and with 

constant energy showed that the peak of the 

absorption spectrum increases with increasing the 

time-related to the number of pulses directed at the 

target. This increment contributes to increasing the 

occurrence of induced defects, and this result is 

consistent with previous results of other research 

[13,14]. 

The transmittance curve for all samples shows an 

opposite behavior to the absorbance (Fig. 8), as the 

curve begins to increase at the wavelength of 350 nm 

and then tends to saturate at wavelengths longer than 

550nm, as the transmittance increases with increasing 

wavelength. These results about transmittance versus 

wavelength are similar to research [10]. It is also 

noted that the transmittance decreases with increasing 

time for the laser pulses directed at the target. 

 

 
 

Fig. (6) The absorbance as a function of wavelength of methyl 

orange dye without Ag nanoparticles 
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Fig. (7) The absorbance as a function of wavelength of methyl 

orange dye with Ag nanoparticles 
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Fig. (8) The transmittance as a function of wavelength of 

methyl orange dye with Ag nanoparticles 

 

The linear absorption coefficient with wavelength 

for both the dye and the silver nanoparticles has been 

calculated using the following equation [1]:   

𝛼 = 2.303 𝐴/𝑑    (4) 

The absorption coefficients of all concentrations 

α>106 cm-1, as shown in Fig. (9). This result indicates 

a close relationship between increasing absorption 

with increasing energy of the incident photon, and 

this result was noted by other researchers [10,14,15] 

that this is due to the increased probability of 

electronic transfer between valence levels to the 

conduction band with increasing energy of the 

incident photon. The value of the absorption 

coefficient is high and increases with increasing 

ablated time, as can be seen from Fig. (9), and this 

behavior was monitored by other research [10,16]. 

The extinction coefficient was found from the 

relationship [10]: 

K= α λ ⁄ 4 π     (5) 

The extinction coefficient changes as a function 

of the wavelength, as shown in Fig. (10). It is clearly 

that in the ultraviolet region and at low 

concentrations, the extinction coefficient has low 

values and increases with increasing Ag nanoparticles 

concentration. In the visible region, the extinction 

coefficient is the highest possible due to the high 

absorption in this region. 

 

 



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3, July-September 2024, pp. 523-528 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   526 

320 360 400 440 480 520 560 600 640 680 720 760 800

0.0E+00

2.0E+06

4.0E+06

6.0E+06

8.0E+06

1.0E+07

1.2E+07

1.4E+07

1.6E+07

1.8E+07

2.0E+07

2.2E+07
( 

 α
.c

m
-1

)

(wavelength  nm)

α  (MO.3*10^-4&nano 1 minute)

α  (MO.3*10^-4&nano 2 minute)

α  (MO.3*10^-4&nano 3 minute)

α  (MO.3*10^-4&nano 4 minute)

 
 

Fig. (9) The absorption coefficient (α) as a function of 

wavelength of methyl orange dye with Ag nanoparticles 
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Fig. (10) The extinction coefficient as a function of wavelength 

of methyl orange dye with Ag nanoparticles 

 

The refractive index has been calculated for the 

methyl orange dye and Ag nanomaterial. Figure (11) 

shows the refractive index values as a function of 

wavelengths within range of 350-500nm. It can be 

seen that the refractive index increases in the (UV) 

region. It extends to the visible region, as the 

concentration of the dye and Ag nanoparticles 

increase with increasing the time represented by the 

number of pulses, the value of the refractive index 

increases as a result of the stacking process that 

occurs within the crystalline structure. There is also a 

main reason, which is the increase in reflectivity at 

the expense of absorbance and optical transmittance.   
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Fig. (11) The refractive index as a function of wavelength of 

methyl orange dye with Ag nanoparticles 

 

Figure (12) represents the absorption spectrum of 

methyl orange (MO) dye, where the best 

concentration of the dye was taken through the 

absorption spectrum at a concentration of 3x10-4 mol 

mixed with different concentrations of Ag 

nanoparticles for 1, 2 and 3 min ablated time. Figures 

(12a), (12b) and (12c) represent the absorption 

spectrum of every concentration of Ag nanoparticles 

in the MO dye as a catalytic by exposing the samples 

to UV source through 30, 60, 90 and 120 min. It was 

observed that the absorption of Ag nanoparticles 

overlapped with the absorption of the dye at the range 

of 490 nm, as shown in the figure. The best 

degradation of dye concentration has been achieved 

at concentration of Ag nanoparticles of 3 min at 120 

min of exposing time due to the adsorption of the dye 

by the silver nanomaterial which possesses a very 

high mobility. 
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(a) 1 min 
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Fig. (12) The absorbance and wavelength of methyl orange dye 

and silver nanoparticles after irradiation with UV source for 

different times 
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The heat was generated as a result of the 

absorption of UV light and the response of UV light 

at different times of Ag nanoparticles due to its 

plasmonic response, give an indication that Ag 

nanoparticles are good photocatalyst for degradation 

applications. This behavior has been observed by 

Yingying Sha and his group [17] as well as Sini 

Kuriakose and her group [18]. 

The ratios of At/A0 for all sample have been 

tabulated in table (1) and drawn versus irradiation 

time in Fig. (13). The ratio for all concentrations 

specify that the photogradation process of dye by Ag 

nanoparticles increases with increasing of Ag 

concentration and exposing time to UV light. 

 
Table (1)   At/A0 of samples during the irradiation time of 

ultraviolet source 

 

3 minute 2 minute 1 minute Intensity of UV 

At/A0 Time (min) 

1 1 1 0 

0.793 0.673 0.642 30 

0.707 0.595 0.543 60 

0.502 0.452 0.378 90 

0.133 0.094 0.081 120 

 

To calculate the degradation efficiency of Ag 

nanoparticles (η), the following equation can be used 

𝜂 = 𝐴0 − 𝐴𝑡/𝐴0 × 100%   (6) 

A0  is the absorbance at T= 0, At  is the absorbance  at 

T=T 

 

 
 

Fig. (13) The ratios of At/A0 of methyl orange dye and silver 

nanoparticles as a function of irradiation time 

 

Figure (14) is shown the efficiency values for all 

samples. From this figure, it can be noticed that the 

efficiency degradation increases up to 81% as the 

concentration of Ag nanoparticles increasing and the 

exposing time of every concentration to the UV 

source increasing. 

 

 
 

Fig. (14) The degradation efficiency of Ag nanoparticles with 

different concentrations 

 

4. Conclusions  

By studying the effectiveness of the photocatalyst 

of methyl orange dye and silver nanomaterial, we 

noticed that the catalytic process was very rapid, as 

the silver nanomaterial is characterized by strong and 

rapid absorption of ultraviolet rays for different 

periods, as the increase in the number of nanoparticles 

of small dimensions present in its structure, which 

makes it capable to break down toxic organic 

pollutants, in addition to the occurrence of the surface 

plasmon phenomenon, which occurs in noble 

elements such as silver, and the adsorption process, 

which has a significant impact on the process of 

removing organic pollutants and maintaining a clean 

environment. Nanoparticles of Ag have been 

successfully synthesized by laser ablation in liquids 

and used as catalysts. The results obtained show that 

the methyl orange dye degradation increases as the 

concentration of the nanoparticles increasing. The 

results indicate that Ag nanoparticles have the best 

degradation efficiency of (MO) dye at 120 mins of 

exposing time to UV source, which is about 81% at 3 

mins of ablated time, while the degradation efficiency 

of 69 % and 75% at 1 and 2 mins of ablated time, 

respectively. 
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This paper delves into relativistic q-Gaussian laser beam self-focusing effects on stimulated 
Raman scattering (SRS) in magnetized plasma.  Analytical solutions for nonlinear coupled 
wave equations defined by pump and electron plasma wave (EPW) for scattered waves 
were obtained using variational theory. We ran a numerical analysis on the resulting 
equations to determine how the laser and plasma properties affect the pump beam dynamics 
and the intensity of the scattered waves. The pump beam's self-focusing action greatly 
affects the dispersed wave's strength. Our research also shows that the stimulated Raman 
scattering effect increases as the self-focusing impact increases. The stimulated Raman 
scattering yield was analyzed with respect to several parameters, such as plasma density, 
q-value, and the influence of the magnetic field. The main effect is that when q increases, 
so do the SRS fluctuations; similarly, as plasma density and magnetic field concentration 
rise, the SRS fluctuations rise too. We can see that the pump beam's self-focusing 
significantly affects the plasma's reflectivity of SRS since the reflectivity decreases with 
rising q-value, density, and magnetic field values. 
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1. Introduction 

Stimulated Raman forward scattering (SRS) [1-6] 

is an important nonlinear process in the laser–plasma 

accelerator and fast igniter fusion scheme. In light 

scattering, electrons are the primary agents as a beam 

moves from one medium to another. The mobility of 

the nuclei is another factor that may affect the 

scattering of light [7]. This leads to Raman and 

Brillouin scattering, which occurs when the 

frequency of the propagating light varies in a manner 

that depends on the mobility of the nuclei. These 

values are the optical and acoustic phonon 

frequencies of Raman and Brillouin scattering, 

respectively [8]. If the intensity of the light beam that 

is passing is too high, the light that was originally 

scattered might induce more scattering of the light 

that is passing, ultimately resulting in a large rise in 

the intensity of the dispersed light [9]. This particular 

sort of scattering is referred to as stimulated 

scattering, and it occurs when light that was first 

dispersed boosts later scattering effects. There are 

both theoretical and practical uses for Raman 

scattering, making it an intriguing issue in nonlinear 

optics [10-12]. In 1962, when investigating ruby laser 

Q-switching with a nitrobenzene Kerr cell, Woodbury 

and Ng [11,12] discovered the stimulated Raman 

effect. The Kerr cell was found to be emitting strong 

infrared light. 

The physics of stimulated Raman scattering in 

plasmas can be illustrated by considering the effect of 

laser beam with powerful energy (E0) on a plasma that 

has fluctuations in its density along the 𝑘⃗ 0 direction 

of the incident beam. These density fluctuations result 

from the propagation of EPW in the plasma. When 

the laser beam meets the plasma, it causes the 

electrons to vibrate due to the beam's electric field, 

generating a transverse current (JT). If the wave 

vectors and frequencies are identical, the incident 

current creates a scattered wave with strength (ES). 

The scattered wave interacts with the incident laser 

beam, causing changes in wave pressure. These 

changes in wave pressure move electrons from high 

to low-pressure areas. This increases the disturbance 

in density, enhancing the initial density fluctuations 

associated with the EPW, i.e., strengthening the 

plasma wave. This reactive process results in 

stimulated Raman scattering or instability [13,14]. 

SRS is a coherent Raman scattering phenomenon 

that gives up to 107 times amplification compared to 

spontaneous Raman scattering. It occurs when energy 

is transferred from a high-energy beam (pump beam) 

to a low-energy beam (probe beam) [15,16].  

 Numerous fields, including particle acceleration 

and laser-induced fusion, actively investigate ways to 

couple high-power laser beams with plasma more 

effectively. Stimulated Brillouin scattering (SBS), 

self-focusing, filamentation, two-plasmon decay, 

stimulated Raman scattering (SRS), and other 

instabilities are introduced into the laser-plasma 

interaction process [17-19]. Stimulated Raman 

Scattering (SRS) in the context of ICF is a 

phenomenon in which the incident laser, upon 

resonance with the fundamental mode of the plasma, 

decays into an electromagnetic wave (EW) and EPW. 

Scattering could occur in either of the three ways: (1) 

Backscattering, where the scattered EW traverses 

back and combines with the incoming laser, further 

driving the EPW resulting in the growth of its 

amplitude, increasing its scattering efficiency of the 

plasma (as the EPW denotes the natural fundamental 

mode of the plasma). This unstable feedback loop 

thus created causes SRS to grow exponentially, 
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decreasing the effective energy deposition on the 

fusion fuel. Also, the scattered beams affect the 

illumination symmetry, which not only interferes 

with the efficient coupling of laser energy, but also 

induces tremendous growth in hydrodynamic 

instabilities. (2) Forward scattering, where the laser is 

scattered in the forward direction, resulting in 

formation of supra-thermal electrons of energies 

>10keV, causing preheat of the fusion fuel. (3) Side-

scattering, where the SRS convects away from the 

source, inducing disturbances at farther regions in 

space [19-21]. Singh and Sharma [21] conducted a 

study on the stimulation of excitation of EPW in the 

presence of a laser beam with blank intensity at the 

centre. The concentration of hollow Gaussian beam 

(HGB), EPW stimulation, and back reflection of 

HGBs were explored. These results appear to find 

applications in the field of laser-induced fusion 

schemes, especially when higher modes are present in 

the laser beam. Gupta et al. [22] analyzed the 

reference system for lasers with elliptical q-Gaussian 

distribution in uniaxially inhomogeneous plasmas. 

The effect of laser beam self-focusing on the power 

of the scattered wave has been explored in detailed 

manner. Walia et al [23] discovered the existence of 

a self-focusing beam in stimulated Raman scattering 

(SRS) in collisional plasmas. In this context, 

nonlinear collisions arise as a result of nonuniform 

heating, which leads to carrier redistribution. The 

plasma density profile is adjusted in a direction 

perpendicular to the main beam axis. Ahmed and his 

colleagues [24] studied the occurrence of polarized 

radiation emission (SRS) when a q-Gaussian laser 

beam propagates through a non-magnetized plasma. 

The study showed that increasing the q value led to 

an increase in SRS throughput, as well as an increase 

in laser beam intensity and plasma density. The 

results also showed that the value of the integrated 

reflection was affected by the increase in the value of 

q, as its value increased with an increase in q and the 

growth rate. 

Many researchers have studied self-focusing [25-

28] and its effect on the stimulated Raman scattering, 

but few have studied its effect on the stimulated 

Raman scattering for q-Gaussian laser. This study 

used the paraxial approach method, which gave 

results different in some aspects from the previous 

work.  

The current study thoroughly investigates the SRS 

of a q-Gaussian laser beam in magnetized plasma. 

Relativistic nonlinearity and its role in the creation of 

plasma waves are examined in the Section II. The 

analytical and numerical investigation of the 

relativistic self-focusing of a q-Gaussian laser beam 

is carried out in Section III. Section IV of the study 

examines and discusses the impact of relativistic 

nonlinearity and diffraction processes on the 

beamwidth parameters of both the pump and scattered 

beams and their effects on SRS. Finally, section V 

presents the conclusions. 

 

2. Nonlinear permittivity tensor 

Consider a uniform plasma of equilibrium 

electron density (𝑛0
0), immersed in a magnetic field 

𝐵⃗ 0‖𝑦̂.  An intense laser beam propagates through it 

along 𝑧̂ direction, 

𝐸⃗ = 𝐴 𝑒−𝑖(𝜔𝑡−𝑘𝑧)    (1) 

where 𝐴 = 𝑥̂𝐴𝑥 + 𝑧̂𝐴𝑧 

The response of plasma electrons is governed by 

the relativistic equation of motion,  

𝑚
𝜕

𝜕𝑡
(𝛾0𝑣 ) + 𝑚 ⋅ 𝛻⃗ (𝛾0𝑣 ) = −𝑒𝐸⃗ −

𝑒

𝑐
𝑣 × 𝐵⃗ 0    (2)  

Where m is the rest mass, -e is the electronic charge, 

c is the speed of light in a vacuum, and γ0 is the 

Lorentz factor where gives by: 

𝛾0 = (1 +
𝑒2𝐸0

2

𝑚2𝜔2𝑐2)
1 2⁄    (3) 

For  frequency response this equation reduces to 

−𝑖𝜔𝛾0𝑣 = −
𝑒𝐸⃗ 

𝑚
+ 𝑣 × 𝜔⃗⃗ 𝑐𝑜  

giving 

𝑣 = −
𝑒(𝑖𝜔𝐸⃗ +𝐸⃗ ×𝜔⃗⃗⃗ 𝑐0 𝛾0)⁄

𝑚𝛾0(𝜔2−𝜔𝑐0
2 𝛾0

2)⁄
    (4)  

where 𝜔⃗⃗ 𝑐0 =
𝑒𝐵⃗ 0

𝑚𝑐
  and 𝛾 ≅ 1 + |𝑣|2 4𝑐2⁄  

The permittivity tensor that it is composed of the 

following components [28]: 

𝜀𝑥𝑥 = 1 −
𝜔𝑝

2

(𝜔2−𝜔𝑐
2)

   (5) 

𝜀𝑥𝑥 = 𝜀𝑦𝑦    (6) 

𝜀𝑥𝑦 = 𝑖
𝜔𝑝

2

𝜔
(

𝜔𝑐

𝜔2−𝜔𝑐
2)   (7) 

𝜀𝑦𝑥 = −𝑖
𝜔𝑝

2

𝜔
(

𝜔𝑐

𝜔2−𝜔𝑐
2)   (8) 

The intensity-dependent dielectric constant of the 

plasma is given by: 

𝜀 = 𝜀0 + 𝜙⁡(𝐸𝑧𝐸𝑧
∗)   (9) 

where   

𝜙 =
𝜔𝑝0

2

𝜔2 (1 −
1

(1+
𝑒2𝐸0

2

𝑚2𝜔2𝑐2
)

1 2⁄ )  (10) 

The effective non-linear permittivity may be 

determined by using the following formula: 

𝜀 = 𝜀𝑓 + 𝛽
𝑟2

𝑟0
2    (11) 

where the values of εf and β are given by the following 

relationships: 

𝜀𝑓 = 1 −
ωp0

2

ω2 [1 +
αA00

2

𝑓2 ]
−

1

2
   (12) 

𝛽 = −
ωp0

2

𝛾ω2 [
𝜔c0

2

𝜔2 +
αA00

2

2𝛾2𝑓4]   (13) 

 

3. Relativistic Self-focusing  

We study the possibility of propagating a high-

energy q-Gaussian laser beam within a collisionless 

plasma, along the z-direction. The initial intensity 

distribution of the beam is determined by [28]:  

𝐸0𝐸0
∗ = 𝐴00

2   [1 +
𝑟2

𝑞𝑟0
2]

−𝑞

   (14) 
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The wave equation is the prevailing equation that 

governs the electric field of a laser beam in a plasma 

[28]: 

∇2E0 − ∇(∇ ⋅ 𝐸⃗ 0) +
𝜔0

2

𝐶2 𝜀0̂ ⋅ 𝐸⃗ 0) = 0  (15) 

The symbol 𝜀0̂ is the permittivity tensor. When an 

electric field is given by: 

𝐸⃗ 0 = 𝐴 (𝑥, 𝑦, 𝑧) exp{𝑖(𝜔0𝑡 − 𝑘0𝑧)}   (16) 

 𝐴 (𝑥, 𝑦, 𝑧)⁡represents the laser beam's amplitude field 

which a function of (x,y,z). Continuing with this 

assumption, 𝐴 (𝑥, 𝑦, 𝑧)⁡might vary as: 

𝐴 (𝑥, 𝑦, 𝑧) = 𝐴 0⁡⁡exp⁡{−𝑖𝑘0𝑆0(𝑥, 𝑦, 𝑧)} (17)  

For a q-Gaussian beam 𝐴 0 and 𝑆0 are defined as 

follows: 

𝐴0
2(𝑟, 𝑧) =

𝐴00
2  

𝑓2(𝑧)
[1 +

𝑟2

qr0
2𝑓2(𝑧)

]
−𝑞

  (18)  

𝑆0 =
1

2
𝑟2 1

𝑓

𝑑𝑓

𝑑𝑧
+ Φ0(z)   (19)   

In this context, 𝑓 stands for the beam width and 

⁡𝑟0 is the spot size parameter. After dividing the real 

and imaginary parts of the resultant formula, the 

following set of equations is formed by inserting Eq. 

(18) into Eq. (15). Additionally, in Eq. (15), the actual 

part is: 

2
𝜕𝑆

𝜕𝑧
+ (

𝜕𝑆

𝜕𝑟
)2 =

1

𝑘2𝐴20
(
𝜕2𝐴20

𝜕𝑟2 +
1

𝑟

𝜕𝐴20

𝜕𝑟
) +

𝜔2𝜀

𝑐2𝑘2 (20) 

The equation controlling the bandwidth parameter 

f is obtained using Eqs. (4) and (7) in Eq. (6). In 

addition, the⁡𝑟2 coefficient equation is used on both 

sides of the derived formula: 

𝑑2𝑓

𝑑𝜁2 =
1

𝑓3 (
𝑞+2

𝑞
) +

𝜔2𝑟0
2

𝑐2 (−
𝜔𝑝0

2

𝛾𝜔2 [
𝜔c0

2

𝜔2 +
αA00

2

2𝛾2𝑓4]) 𝑓  (21) 

The fourth-order Runge-Kutta method was used 

to solve Eq. (21), which describes the laser and 

plasma parameters at variable levels. The problem is 

that an analytical solution is not possible. The vacuum 

wavelength of the laser beam is determined as 1.053 

µm, and the original laser radius is 𝑟0 = 10 µm due to 

the intensity of the laser beam (I=1018 W/cm2). 

Figure (1) shows, for different values of the q-

parameter, the changes in the laser beamwidth 

parameter f concerning the normalized propagation 

distance ξ. For instance, self-focusing becomes more 

effective as q increased. 

Figures (2) and (3) show how f changes with ζ , where 

figure (2) shows the relation when q=10 for four 

different values of 𝜔p0
2 𝜔2⁄ . From the figure, we see 

that increasing 𝜔p0
2 𝜔2⁄  leads to improved self-

focusing, which reduces the self-focusing length. We 

also note that increasing the plasma density increases 

the power and speed of self-focusing. 

Figure (3) shows how the beamwidth parameter 

changes with propagation distance for the parameters 

𝜔p0
2 𝜔2⁄ = 0.02⁡and 𝛼𝐴00

2 = 1.2⁡and 𝑞 = 10. When 

the laser beam is stronger, the self-focus increases. In 

this case, the self-focus length decreases with the 

propagation distance due to the increasing value of 

the magnetic field. When the magnetic field is 

stronger, the self-focusing length becomes shorter 

than the previous form. The focus effect also becomes 

more intense. 

 

 
Fig. (1) Effect of the q value on the graph between of the beam 

width of the laser beam with propagating distance through the 

plasma for the fixed value of the 𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ =

𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏.𝟐 

 

 
Fig. (2) Effect of the plasma density on the graph between of 

the beam width of the laser beam with propagating distance 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

 
Fig. (3) Effect of the magnetic field on the graph between of the 

beam width of the laser beam with propagating distance 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒑𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 
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4. Stimulated Raman Scattering 

In plasma, electron waves arise with frequencies 

(ω) and wavenumbers (k). When these waves interact 

with a powerful laser beam, SRS waves are emitted 

with frequencies (𝜔𝑠) and wavenumbers (𝑘𝑠), which 

can be represented by the relations 𝜔𝑠 = 𝜔 − 𝜔0 and 

𝑘𝑠 = 𝑘 − 𝑘0. Nonlinear interactions between the SRS 

wave and the laser wave led to attenuation of the laser 

wave. 

The relations 𝜔𝑠 = 𝜔 − 𝜔0 and 𝑘𝑠 = 𝑘 − 𝑘0 may 

be used to express the frequencies ωs and 

wavenumbers ks of the SRS waves that are produced 

when these waves come into contact with a strong 

laser beam. Laser wave attenuation results from 

nonlinear interactions between SRS and laser waves. 

The travelling and consumed lasers are described by 

the wave equations with the following frequencies 

(𝜔𝑑) and wavenumbers (𝑘𝑑): 

∇2𝐸⃗ 𝑑 +
𝜔𝑑

2

𝑐2 (1 −
𝜔𝑝0

2

𝛾𝜔𝑑
2) 𝐸⃗ 𝑑 +

𝑖𝑒2𝜔𝑝
2𝑘|𝐸⃗ 𝑠𝐸⃗ 𝑠

∗|𝐸⃗ 𝑑

16Γ𝑒𝑚0
2𝛾3𝑐2𝜔𝑑𝜔𝑠

2 = 0 (22)  

and 

∇2𝐸⃗ 𝑠 +
𝜔𝑠

2

𝑐2 (1 −
𝜔𝑝

2

𝛾𝜔𝑠
2) 𝐸⃗ 𝑠 +

𝑖𝑒2𝜔𝑝
2𝑘2|𝐸⃗ 𝑑𝐸⃗ 𝑑

∗ |𝐸⃗ 𝑠

16Γ𝑒𝑚0
2𝛾3𝑐2𝜔𝑠𝜔𝑑

2 = 0  (23)  

where 

𝐸⃗ 𝑑 = 𝐸⃗ 𝑑0 exp(𝑖{𝜔𝑑𝑡 − 𝑘𝑑[𝑧 + 𝑆𝑑]})) (24) 

𝐸⃗ 𝑠 = 𝐸⃗ 𝑠0exp⁡(𝑖{𝜔𝑠𝑡 − 𝑘𝑠[𝑧
′ + 𝑆𝑠]})) (25) 

In this equation, Γ𝑒 is the damping coefficient and 

the other variables have the same usual meaning. 

After entering these values into Eqs. (24) and (25) 

into Eq. (22), and by separating the real and 

imaginary parts, we obtain a set of related equations. 

The equation gives us: 

2
∂𝑆𝑑

∂𝑧
+ (

∂𝑆𝑑

∂𝑟
)
2

=
𝜔𝑑

2𝜀𝑑

𝑐2𝑘𝑑
2 +

1

𝑘𝑑
2𝐸𝑑0

(
∂2𝐸𝑑0

∂𝑟2 +
1

𝑟

∂𝐸𝑑0

∂𝑟
)   (26) 

where 

𝐸𝑑00
2 (𝑟, 𝑧) =

𝐸𝑑20
2  

fd
2(𝑧)

[1 +
𝑟2

qr0
2fd

2(𝑧)
]
−𝑞

𝑒−2𝑙𝑑𝑧 (27) 

𝑆𝑑0 =
1

2
𝑟2 1

𝑓𝑑

𝑑𝑓𝑑

𝑑𝑧
+ Φ𝑑(z)   (28) 

𝐸𝑠00
2 (𝑟, 𝑧) =

𝐸𝑠20
2  

fs
2(𝑧)

[1 +
𝑟2

qr0
2fs

2(𝑧)
]
−𝑞

𝑒−2𝑙𝑠𝑧
′
 (29) 

By substituting Equations 27 and 28 into Equation 

26, one gets the following equation: 
𝑑2𝑓𝑑

𝑑𝜉2 =
𝑞2

𝑘2𝑓𝑑
3(𝑟2 𝑓𝑑

2⁄ +𝑞r0
2)2

+
α𝐸𝑑20

2 𝜔𝑝
2

𝑐2𝑓𝑑
3𝑘2r0

2 𝑒−2𝑙𝑑𝑧 (30) 

where 𝑓𝑑 and 𝐸𝑑0 represnts beam width and real 

function of depletion laser beam, respectively 

Additionally, the variation of ES0 is presumed to 

be: 

𝐸𝑠0 = 𝐸𝑠00exp⁡{−𝑖𝑘𝑠𝑆𝑠}   (31) 

By similar way to get Eq. (31) and assuming that:  

𝑆𝑠0 =
1

2
𝑟2 1

𝑓𝑠

𝑑𝑓𝑠

𝑑𝑧
+ Φ𝑠(z

′)   (32) 

and, by separating into real part and imaginary part, 

one gets the real part as: 

2
∂𝑆𝑠

∂𝑧′ + (
∂𝑆𝑠

∂𝑟
)
2

=
𝜔𝑠

2𝜀𝑠

𝑐2𝑘𝑠
2 +

1

𝑘𝑠
2𝐸𝑠0

(
𝜕2𝐸𝑠0

𝜕𝑟2 +
1

𝑟

𝜕𝐸𝑠0

𝜕𝑟
)  (33) 

Substituting Eqs. (29-32) into Eq. (33), and by 

equating the coefficients of the variable 𝑟2 on the two 

equation sides, one gets the subsequent equation: 

𝑑2𝑓𝑠

𝑑𝜉′2 =
1

𝑓𝑠
3 (

𝑞+2

𝑞
) +

𝜔2𝑟0
2

𝑐2 (−
𝜔𝑝0

2

𝛾𝜔2 [
𝜔c0

2

𝜔2 +

αA00
2

2𝛾2f𝑠
4]) 𝑓𝑠𝑒

−2𝑙𝑠𝑧
′
   (34) 

where 

𝑙𝑠 =
−𝑒2𝜔𝑝

2𝑘2|𝐸𝑑0|𝑟=0
2

32𝑚0
2𝛾0

3Γ𝑒𝑐𝜔𝑠
2𝜔𝑑

2𝜀𝑠

1
2

   (35) 

The function 𝐴𝑑 ⁡is a complex function that is 

dependent on spatial variables. Additionally, it is 

assumed that the variation of 𝐴𝑑⁡is: 

𝐸𝑑0 = 𝐸𝑑00exp⁡{−𝑖𝑘𝑑𝑆𝑑}   (36) 

Equation (35) was also solved using numerical 

methods. Figure (4) shows the relationship between 

the stimulated Raman scattering and the beamwidth 

when the q values are changed. It is observed that 

when q values are less than 3, defocus occurs. 

 

 
Fig. (4) Effect of the q value on the beam width parameter of 

the laser beam propagating through the plasma for the fixed 

value of the 𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

Figures (5) shows how the plasma density and 

magnetic field affects the SRS back scattered of the 

laser beam. We note that the self-focusing range SRS 

back scattered of the laser beam improves as the 

plasma density and magnetic field increases. In Fig. 

(6), because the laser beam experiences a lower 

refractive index in the deeper parts of the plasma 

when the magnetic field is applied, and it helps 

increase the focus range of the laser beam. 

The integrated reflectivity is the ratio between 

integrated of scatter power to integrated of input 

power: 

𝑅 =
𝐸𝑠20

2

𝐴00
2

𝑟𝑠0

𝑟0
𝑒−𝑙𝑠𝜁     (37)  

By using Eq. (37), as shown in figures (7-9), the 

integrated reflection with distance ξ. In Fig. (7), 

maximum back reflection occurs when the central 

laser beam is aligned with the centers of the q-

Gaussian beam. It was also observed that the 

reflectivity decreases as the value of q in the array 

increases, because the density of q-Gaussian 

decreases as the beam size increases. 
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Fig. (5) Effect of the plasma density on the graph between back 

SRS and the beam width of the laser beam propagating 

through the plasma for the fixed value of the 𝒒 =
𝟏𝟎,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

 
Fig. (6) Effect of the magnetic field on the graph between back 

SRS and the beam width of the laser beam propagating 

through the plasma for the fixed value of 𝒒 = 𝟏𝟎,𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ =

𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏.𝟐 

 

 
Fig. (7) Effect of the q-value on the evolution of the stimulated 

Raman reflectivity of the plasma for the fixed value of the 

𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐,𝝎𝒄𝟎

𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎
𝟐 = 𝟏. 𝟐 

 

Figure (8) shows how reflectivity is affected by 

increasing plasma density. It can be seen that the 

reflectivity decreases as the density increases. This is 

because the plasma becomes more self-concentrated 

as the rate of change of the plasma density increases. 

Figure (9) shows the effect of increasing magnetic 

field on reflectivity. It is shown that the reflectivity 

decreases with increasing magnetic field. This is 

because the self-focusing length becomes shorter as 

the magnetic field strength increases. 

 

 
Fig. (8) Effect of the plasma density on the evolution of the 

stimulated Raman reflectivity of the plasma for the fixed value 

of the 𝒒 = 𝟏𝟎,𝝎𝒄𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟑⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎

𝟐 = 𝟏. 

 

 
Fig. (9) Effect of the magnetic field on the evolution of the 

stimulated Raman reflectivity of the plasma for the fixed value 

of the 𝒒 = 𝟏𝟎,𝝎𝒑𝟎
𝟐 𝝎𝟐⁄ = 𝟎. 𝟎𝟐⁡𝒂𝒏𝒅⁡𝜶𝑨𝟎𝟎

𝟐 = 𝟏. 𝟐 

 

5. Conclusions 

This study addresses the case of SRS when a q-

Gaussian laser beam passes through a magnetized 

plasma. We can say that the relative self-focus of the 

scattered beam decreases a lot when the laser beam is 

close to the ideal Gaussian shape. In addition, the 

focus length becomes shorter because the scattered 

energy is proportionally reduced. When q, plasma 

density and magnetic field increase, the fluctuations 

in the SRS also increase and improve. The reflectivity 

of SRS is also affected by increasing the q value, 

plasma density, and magnetic field, as it decreases as 

these parameters increase. 
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1. Introduction 

The uranium is a heavy and radioactive metal is 

found in the natural world. While most sources 

believe that radioactive decay has a detrimental 

biological impact [1-3], some sources assert that 

low radiation has a beneficial influence on living 

processes [4]. In comparison to the parent material, 

the soil natural background values for uranium 

range from 0.79 to 11 mg kg-1 [5]. Leaching from 

the natural deposits or from anthropogenic activities 

like nuclear power, mining, the disposal of the 

medical waste and industrial, and the use of 

phosphate fertilizers in agriculture can all result in 

elevated uranium concentrations in environmental 

compartments [6-11]. Inhalation, ingestion, or skin 

contact by humans or animals exposed to uranium 

compounds may result in harmful health effects. 

Although skin contact with uranium poses a special 

risk to those employed in the uranium industry, 

ingestion and inhalation are likely routes of 

infection for larger segments of the populace 

residing in uranium-polluted areas. Uranium is 

ingested by drinking water and by way of food 

chains that include crops, animal products, and 

animal feed. The sensitivity of mammals to 

Uranium is especially strong [12]. After entering 

the body, uranium is moved to the extracellular 

fluids and then to other organs via the blood. 

Uranyl, in its soluble state, is carried and combines 

with anions and proteins to form complexes.  The 

uranium is tends to build up in body, primarily in 

the bones, liver, kidneys, and spleen. Radiological 

and chemical dangers are associated with exposure 

to uranium. Given that uranium contributes only 

slightly to the total amount of radioactivity in the 

environment, it is undoubtedly a negligible cause 

for concern [13]. After uranium is absorbed by 

organism and integrated into its bones and tissues, 

this evaluation must be reevaluated. Cancer is the 

most notable harm that comes with low and medium 

exposure levels [14].  Uranium contaminations pose 

a significant risk to kidney health due to their peak 

concentrations during the excretion process. These 

risks are associated with the binding of uranium to 

organic molecules. The amount of uranium that is 

accumulated in the body is directly correlated with 

the amount of uranium that is inhaled in solid and 

liquid food. The amount of uranium that 

accumulates increases with age in an individual. 

This suggests that the likelihood of suffering harm 

from uranium usually rises with exposure duration 

and, consequently, and the limit of 30 µg l-1 

according to WHO guidelines [15]. Keeping the 

daily uranium intake as low as feasible is necessary 

to minimize the risk of contracting uranium-related 

hazards, given that the ingestion of uranium cannot 

be prevented and there is no the lower limits for 

harmful effects from the uranium [16]. The quality 

of the drinking water is one of the constants in 

human existence household taps are connected to 

clearly defined private wells or public suppliers.  

It was believed that the main factor impacting 

people' was the amount of uranium in drinking 

water. The research effort detailed here aimed to 

investigate the effects of different sources of water 

on metropolitan populations. 
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2. Experimental Part 

Samples were taken from both private wells and 

the tap water. Very seldom is well water utilized for 

human consumption; instead, it is used to irrigate 

gardens. In the event that the water supply from the 

water works fails, the various water of wells have 

been examined to provide an indication of the water 

supply quality in a restricted region as in (Fig. 1). 

 

 
 

Fig. (1) The site map of samples 

 

Measurements of the CR-39 detector are made 

using a plastic can radon dosimeter (7 cm in diameter 

and 10 cm in length). The detector is put on the 

bottom of the dosimeter cover and is used to measure 

the concentration of radon in the samples, shown in 

(Fig. 2). Samples with a volume of 115.4 ml and a 

height of 3 cm were placed in the dosimeter; the 

distance from the water samples to the surface of 

detector was 7 cm. Samples were filled and kept in 

the plastic can for duration of 60 days. Following a 

60-day exposure period, the detectors were taken out 

of the dosimeter and etched chemically in a 6.25N 

solution of NaOH at 70°C for seven hours. Utilizing 

a 400x optical microscope, the tracks were counted. 

 

 
 

Fig. (2) The dosimeter 

 

The radon concentration in the air volume within 

the container, as determined from the equation [17] 

𝐶𝑅𝑛=𝜌[𝐾𝑇]−1                                                   (1) 

K= 0.05916 Tr/cm2.d/Bq/m3; is the radon dosimeter 

utilized in this study's CR-39 detector calibration 

factor; 𝜌 is the density of tracks; T is exposure period 

[18] 

Radon concentrations in water samples 

determined using the formula [19] 

𝐶𝑆 = 𝜆𝑅𝑛𝐶𝑅𝑛𝐻𝑇[𝑙]−1                                       (2) 

where CS is the radon concentration in water samples 

(Bq/m3), CRn is the radon concentration in air space 

(Bq/m3), and λRn is the radon constant of decay 

(0.1814 day-1), the T stands for exposure time (60 

days), H is for height of air gap in the plastic can (7 

cm), and l stands for sample thickness (3 cm) 

The uranium contents were calculated by the 

secular activity equilibrium between the uranium and 

its daughters, and the concentration of radon 

measured with using the CR-39 detector. Activity of 

radon ARn in sample may calculated thanks to the 

correlation between CRn and the amount of radon in 

the sample [20] 

𝐴𝑅𝑛 = 𝐶𝑅𝑛𝑉                                                     (3) 

The sample volume is (V=πr2L) = 115.4 X 10-6 m3 

= 115.4 mL, its thickness is l = 0.03 m, and its radon 

dosimeter radius is r = 0.035 m 

𝜆𝑅𝑛𝑁𝑅𝑛 = 𝐴𝑅𝑛                                                (4) 

The equation of the equilibrium between the 

uranium with its daughter (the uranium activity 

equals the activity of radon) was used to compute the 

uranium atoms number (NU) in samples [21].  

𝜆𝑈𝑁𝑈 =  𝜆𝑅𝑛𝑁𝑅𝑛                                           (5) 

In this case, the uranium decay constant is λU = 

4.883X10-18s-1. The uranium atom number NU was 

then used to compute the uranium weight in samples 

using the equation 

𝑊𝑈 =
𝑁𝑈𝑎𝑈

𝑁𝑎𝑣𝑜.
                                                   (6) 

where WU is measured in micrograms (µg), Navo= 

(6.02X1023atom/Mol) is number of Avogadro, aU is 

uranium mass number 238. Uranium content, 

determined by [22] 

𝐶𝑈 =
𝑊𝑈

𝑊𝑆
                                                       (7) 

CU represents the uranium concentration in (µg/L) 

units, with Ws equal to 115.4 mL. 

Calculating excess risk of cancer: radiological 

risk evaluation, radioactive risk based on the specific 

activity (activity per unit of weight) or activity 

concentration of radiation. In the case of uranium 

equation (7) is used to compute Ac, or uranium 

activity concentration in (BqL-1) unit, in the form  

𝐴𝑐 = 𝜆𝑈𝑁𝑎𝑣𝑜.[𝐴𝑡𝑈]−1𝐶𝑈                             (8) 

The increased risk of cancer due to uranium in 

water, as determined by the provided method of [23]. 

𝐸𝐶𝑅 = 𝐴𝑐𝑅                                                  (9) 

According to BqL-1, R is a risk factor, and ECR is 

the excess cancer risk. The factor of risk R associated 

with the ingestion of uranium via water is determined 

by multiplying the per capita activity intake (I) by the 

uranium risk coefficient (r) (1.19×10-9) Bq-1 for 

death. Where (I) for uranium computed as the product 

of daily water consumption of 4.05 L day-1 and life 

expectancy of 63.7 years, or 23250 days [24]. The 
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factor of the risk value R= r×I=1.19×10-9 Bq-

1×94162.5 L=1.12×10-4 LBq-1 when I = 4.05 Lday-

1×23250 day=94162.5 L. 

 

3. Results and Discussion  

Results of the water samples collected the various 

study locations are listed in table (1). Table (1) 

includes information on the concentration of radon in 

water samples CRn in units of Bq/L, the 

concentrations of uranium in the samples of water CU 

in (µg/L),  and the exceed cancer risk ECR. In tap and 

well water samples from the Nineveh Province, 

concentration levels of radon gas range from 0.0236 

to 0.0607Bq/L for tap water, and 0.0708 to 0.1517 

Bq/L in well water, due to variations in geological 

characteristics, the amount of radon in the samples of 

water varied from one place to another. Every 

detected concentration of radon in the samples of 

water was below the safe internationally 

recommended concentration limit, indicating that 

long-term exposure to high amounts of danger does 

not have a negative impact on health. The permissible 

limit of radon in drinking water for humans, as 

suggested by the agencies of health and 

environmental protection, is 4–40 Bq/L [25], the 

maximum radon contamination level in the drinking 

water, from to the US Environmental Protection 

Agency, is 11 Bq/L. The measurements results of 

radon in the drinking samples of water that were 

collected are safe. Results showed that, on average, 

the concentrations of uranium in units of µg/L, which 

averaged 8.8406 µg/L and 27.076 µg/L for tap and 

well water respectively, shown in (Fig 3), were 

generally lower than the standard level rate of 

uranium concentrations in the drinking water, which 

was set at 30 µg/L according to WHO guidelines, still 

not dangerous. Surface waters are mostly supplied by 

precipitation, which explains why their uranium level 

is lower than that of mineral waters [26]. Deeper 

layers of the earth's crust are home to many heavy 

minerals that contain radioactive nuclides; granite 

rocks, in particular, often have uranium 

concentrations of less than 1%. As a result, uranium 

concentrations in lower-depth water are anticipated 

to be higher than in surface water [27]. Water from 

very deep depths loses radioactivity when it rises to 

the earth's surface because of a mechanism Yoshida 

et al. [28]. Simplified, this procedure utilizes a 

mechanism similar to that seen in chromatography, 

whereby heavy molecules remain behind lighter ones 

in a stream passing down a column. Nevertheless, in 

an attempt to boost a source's yield, boosting the flow 

through a column weakens the separation process and 

therefore increases the amount of heavier 

radionuclides transferred to the surface. This is 

comparable to forcing mineral water through a pump. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (3) Uranium concentrations: a. in tap water samples, b. in 

well water samples, c. the comparison between tap and well 

waters 
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With the mean value 0.1222 x10-4, 0.3745 x10-4 

for tap and well water indicates that the probability of 

12 and 37 per million people will die by uranium 

intake from water which is very low so the studied 

area is safe. The water in these places poses a risk of 

cancer to 12 and 37 per million residents. Although 

there is no risk to human life, the high incidence of 

uranium availability in particular areas poses a risk to 

public safety and health. Similar to high-level radon 

exposure, significant health impacts associated with 

uranium have been seen; no treatment is necessary. 

 

4. Conclusion 

High radiation content water is one of the study 

area's causes of public health risks. The findings 

might be used to determine the background levels of 

uranium and radon in tap and well water, as well as 

to determine the uranium's impacts on cancer risk 

(ECR). The mean radon concentrations in tap and 

well waters were 0.0430 and 0.1317 Bq l-1 

respectively. The mean uranium concentrations in tap 

and private well waters were 8.8406 and 27.076 µg l-

1, whereas these values were below the limit of 30 µg 

l-1 according to WHO guidelines. This indicates that 

the risk of increased uranium intake from drinking 

tap water is almost very low. The excess cancer risk 

is 0.1222 and 0.3745 x10-4 meaning that the water in 

these places poses a cancer risk to 12 and 37 out of 

every million residents for tap and well water 

respectively, by uranium intake from water which is 

very low so the studied area is safe. 
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Table (1) The radon concentrations, and the annual effective dose, uranium activity concentrations, and the exceed cancer risk 

 

No Location 
Tap water Privet well water 

CRn (Bq/L) CU (µg/L) ECR x 10-4 CRn (Bq/L) CU (µg/L) ECR x 10-4 

S1 Mosul 0.0303 6.2404 0.0863 0.1112 22.881 0.3164 

S2 Telkaif 0.0269 5.5470 0.0767 0.1011 20.801 0.2877 

S3 Wana 0.0236 4.8536 0.0671 0.0708 14.561 0.2014 

S4 Al-Qoush 0.0472 9.7073 0.1342 0.1349 27.735 0.3836 

S5 Ba’sheeqa 0.0404 8.3206 0.1150 0.1483 30.508 0.4219 

S6 Bartellah 0.0337 6.9338 0.0959 0.1382 28.428 0.3932 

S7 Al-Hamdaniya 0.0370 7.6272 0.1055 0.1450 29.815 0.4124 

S8 Al-Namroud 0.0438 9.0139 0.1246 0.1483 30.508 0.4219 

S9 Al-Hamidat 0.0539 11.094 0.1534 0.1483 30.508 0.4219 

S10 Zummar 0.0303 6.2404 0.0863 0.1112 22.881 0.3164 

S11 Rabia’a 0.0370 7.6272 0.1055 0.1194 24.552 0.3396 

S12 Al-Iyadiah 0.0404 8.3206 0.1150 0.1268 26.071 0.3606 

S13 Talla’far 0.0505 10.400 0.1438 0.1416 29.122 0.4028 

S14 Sinjar 0.0573 11.787 0.1630 0.1483 30.508 0.4219 

S15 Al-Ba’aj 0.0607 12.480 0.1726 0.1517 31.202 0.4315 

S16 Hammam Al-Aleel 0.0539 11.094 0.1534 0.1416 29.122 0.4028 

S17 Al-Shora 0.0505 10.400 0.1438 0.1382 28.428 0.3932 

S18 Al-Qayara 0.0573 11.787 0.1630 0.1483 30.508 0.4219 

S19 Al-Hadar 0.0438 9.0139 0.1246 0.1315 27.041 0.3740 

S20 Telabtah 0.0404 8.3206 0.1150 0.1281 26.348 0.3644 

 Min 0.0236 15.254 0.2109 0.0708 45.763 0.6329 

 Max 0.0607 39.225 0.5425 0.1517 98.064 1.3564 

 Mean 0.0430 8.8406 0.1222 0.1317 27.076 0.3745 
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This article presents an experimental study of measuring the temperature of the center 
spot of DPSS green laser, which emits a light beam with a center wavelength of (532 
nm), and its changing with the laser spot dimensions and the type of material. The 
optical properties of this laser were studied, for example, the threshold current value 
was determined to be 62mA at room temperature. The results showed that the 
temperature of the center of the spot decreases logarithmically with increasing laser 
spot size. Moreover, by studying the spectral power distribution with the laser spot 
dimensions, it is observed that the density of the power spectral distribution drops in an 
inverse exponential function with increasing spot size. Finally, the results showed that 
the temperature of the of the spot center increases as the density of the power spectral 
distribution increasing. 
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1. Introduction 

The significant development in solid-state laser 

technology over the past several years has been the 

result of numerous technical developments across 

many different fields, correspondingly increasing 

interest in using semiconductor diode lasers to excite 

solid-state lasers made of materials impregnated with 

transparent rare earth ions [1-3]. Laser diode-pumped 

solid state is commonly called DPSS laser. The 

resultant diode pumped laser has much better 

spectrum and spatial properties than the laser diode 

itself, these lasers' benefits include their high 

efficiency, long lifespan, stability, small design, and 

superb beam quality [4]. In numerous scientific uses, 

high power DPSS lasers have taken the role of ion 

lasers and flash lamp pumped lasers, and now they are 

considerably used in green and other color laser 

pointers. The DPSS lasers is widespread used several 

field such as information technology, science, 

industry, as well as in the military [5]. Because of its 

exceptional qualities, namely a high absorption 

coefficient and a wide absorption bandwidth at the 

pumping wavelength, as well as a large stimulated 

emission cross section at the laser wavelength, the 

Nd:YVO4 crystal has gained the most interest among 

the several laser crystals suited for DPSL [2]. 

Additionally, by coupling the diode-pumped 

Nd:YVO4 crystals with NLO crystals (LBO, BBO, or 

KTP), the resultant frequency can be changed from 

near infrared to green, blue, or even ultraviolet light 

[6]. Laser is used as a heat source in many industrial 

applications such as cutting, perforating, welding, 

annealing, etc. [7-9], and medical applications such 

as surgical operations, skin disease therapy, eye 

treatment, etc. [10,11]. This requires determining the 

amount of heat produced in the material as a result of 

the laser beam’s absorption. Thus, in order to make 

the best and most efficient use of lasers in a variety of 

applications, several theoretical and practical 

research have attempted to understand the heat 

distribution in the laser beam and the factors 

controlling it. For instance, many of the studies 

focused on the analysis of the impact of various laser 

parameters on temperature distributions across 

workpiece employing finite element model [7,12]. An 

important element in the stability and part quality of 

the laser beam melting process is temperature fields, 

which have been studied through numerically and 

experimentally in references [13,14]. In reference 

[15], the influence of uniform and Gaussian heat flux 

distribution in various beam diameters, power and 

velocity on bending angle was simulated for two 

types of lasers including Nd:YAG and CO2 lasers. 

Many studies have attempted to understand how heat 

is distributed across in biological tissues when using 

lasers for medical therapy in order to reduce tissue 

damage brought on by excessive heat. Most of these 

studies have focused on the effects of several factors, 

including time of exposure, power, wavelength, spot 

size, on the temperature distribution in skin tissues 

and the thermal response of skin tissues when 

exposed to a laser source, using finite element 

technique numerical computations [11,16,17]. 

Measuring the laser spot size is not as easy as it 

may seem at first glance, especially if we want our 

measurements to be accurate and decisive. There are 

two meanings associated with the term "laser spot 

size". In the first, the diameter of the laser beam when 

it leaves the laser device or is in an area far from the 

laser is meant, and in the second, the size of the spot 

on the focal plane while focusing with the lens. It is 

important to distinguish two cases because the 

measurement method is different. The laser beam's 

diameter varies continuously as it propagates along its 
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optical path. The following formula determines the 

beam's radius along the propagation z-axis for a 

Gaussian beam [21]. 

𝑤(𝑧) = 𝑤𝑜√1 + (
𝜆𝑍𝑅

𝜋𝑤𝑜
2)2   (1) 

where 𝑤𝑜 represents the beam radius and ZR 

represents the Rayleigh length, which is given in the 

form of 

𝑧𝑅 =
𝜋𝑤𝑜

2

𝜆
    (2) 

The waist value of the Gaussian beam focused 

using a lens with focal length f, see Fig. (1), is given 

as [21] 

𝑤𝑓 =
𝜆𝑓

𝜋𝑤𝑜
    (3) 

 

 
 

Fig. (1) A lens with a focal length f is used to focus the light 

beam 

 

Therefore, the size of the focal point could be 

quite tiny, and in this case the beam size will vary 

very quickly along the axis of dissemination. Since 

determining the focal plane of a laser beam requires a 

high degree of accuracy in the location of the sensor's 

image plane and a method for altering this position, 

measuring the focused spot size of a laser beam is 

almost an art in and of itself. To calculate the 

magnitude of the laser spot size, there are three 

general definitions known for the diameter of the 

laser beam represented by FWHM, 1/e2, D4. 

The FWHM is measured at the midpoint of the 

maximum value (also called the beam width at mid-

power) from the beam intensity distribution curve 

along the pre-determined axis of propagation passing 

through the center of the beam, this is often the point 

with the highest level of intensity. FWHM 

corresponds to the distance between the two points 

closest to the peak that contains 50% of the maximum 

beam intensity [22]. Some people prefer to use other 

ratios of the maximum intensity of the beam to 

determine its width, and the common ratio 13.5% 

leads us to define the diameter of the beam as 1\e2 of 

the maximum intensity, this approximation results 

from simplifying the equation that describes the radial 

distribution of the Gaussian beam. Since the 

definitions of both 1\e2 and FWHM are computed 

from the distribution of intensity along one axis, 

therefore it does not consider the general appearance 

of the beam and thus the exact size of the laser light 

spot. The D4 is the most often used definition for 

laser beam widths. In essence, the diameter (D4) is 

equal to four times of the standard deviation of the 

laser beams main axis' intensity distribution. It is 

computed using the laser beam’s second kind of 

intensity distribution form [22]. 

The spectral power distribution (SPD) is given by 

the following relationship: 

M = ℷ =
P

AΔλ
   W/m3   (4) 

where P is the radiant flux power and A is the area of 

the spot 

Study of SPD is crucial for applications in optical 

sensing systems where optical properties such as 

transmittance, reflectivity, and absorption are 

important. As well as the sensor’s response to the 

wavelength of the incident light [23]. 

This work aims to quantify the spot center 

temperature of a diode-pumped solid-state (DPSS) 

laser experimentally, considering both the type of 

irradiated materials and its spot size. 

 

2. Experimental Part 

The laser used in this study is a DPSS emitting a 

green light at 532 nm. Figure (2) depicts the main 

components of a microchip laser, which primarily 

consists of an Nd:YVO4 crystal acting as the active 

medium which is optically pumped using a laser 

diode with a wavelength of 808 nm. The emitted 

wavelength (1064 nm) is passed through a KTP 

crystal, which is used as a frequency doubling 

medium, efficiently converting into a highly visible 

green. The primary axes of KTP and Nd:YVO4 

crystals are rotated by 45° toward one another for 

effective frequency doubling, because KTP exhibits 

an interaction of type II [18]. Despite the crystals are 

coated in a way that only allows green light (532 nm) 

to emerge from the cavity, the resultant green light 

still has some traces of 1064 nm. Therefore, the 

infrared filter is used to prevents 808 nm and 1064 nm 

light from exiting the laser [19,20]. 

 

 
 

Fig. (2) DPSS green laser structure 

 

Figure (3) depicts the schematic diagram of 

experimental system used for determining the 

temperature of the spot center of the DPSS laser. The 

wavelength of the DPSS laser (532nm) displays a 

spectral line of up to ∆=30nm and an output optical 

output power of up to 180mW. 

A precision thermal sensor with a resolution of 

±0.1°C was used to monitor the temperature at the 

center of the laser light as a function of spot size with 

black and white backgrounds, because the color of the 

screen is of great importance in the issue of heat 

absorption or reflection The current was manually 
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adjusted using a laser injection current controller 

providing a maximum current of 250 mA with a 

resolution of 0.1 mA. An AS-M890A multimeter 

was used to measure the current. The laser spot size 

was measured by scanning the laser spot penetrating 

a small aperture in both the horizontal and vertical 

directions. The spot size was determined precisely 

through the precise variation of the vertical and 

horizontal scanning that was within a millimeter. 

 

 
 

Fig. (3) Schematic diagram of the experimental setup 

 

 

3. Results and Discussion 

Figure (4) shows the photoelectric characteristics 

of a DPSSFD laser for the relationship between the 

output optical power from the laser versus the 

injection current. It is noted that the threshold current 

(which can be found from the intersection of the 

extension of the curve in the linear region with the 

current axis) is equal to 62mA. The stimulated 

emission occurs above this current. Therefore, the 

laser must be operated with a current higher than 

62mA to ensure that the laser operates normally. 
 

 
 

Fig. (4) Optical output power versus injection current of DPSS 

Laser 

 

After operating the laser with a constant current of 

75 mA and at an almost constant temperature while 

changing the spot size of the laser, the temperature of 

the spot center was measured in two cases of the 

screen on which the laser spot is incident. 

The first is a white screen and the second is a black 

screen in order to compare the heat generated in the 

two cases of black and white. Figure (5) shows the 

relationship between the laser spot dimensions and 

the heat generated in the center of the spot. It is found 

that the temperature of the center of the spot decreases 

with the increase in the size of the spot. Moreover, in 

the cases of the white screen and the black screen, the 

equation of change for both cases is shown in the 

figure, as the amount of change in the temperature of 

the center of the laser spot with the spot size. The 

change is -14.625°C/m2 for a black screen, while the 

change for a white screen is -11.636°C/m2. The 

reason for the difference in temperatures is due to the 

high absorbency and emissivity nature of the black 

surface. The reason for taking two completely 

different colors in terms of absorbance of the screen 

on which the laser spot falls is to take into account 

other objects that differ between black and white in 

the case of treating these objects or cells optically to 

choose the average temperature of the center of the 

spot for the laser in treating these contrasting objects. 

 

 
 

Fig. (5) Variation of spot center temperature with the spot area  

 

Figure (6) represents the relationship between the 

average temperature extracted for the two curves in 

Fig. (5) versus the spot size of the laser. The equation 

of change for the curve is given by the following 

formula: 

𝑇𝑎𝑣𝑔 = −7.466 𝑙𝑛(𝐴) + 32.704  (5) 

where Tavg represent the average spot center 

temperature, and A is the spot area 

Through this relationship, it is possible to find the 

temperature of the center of the laser spot at any size. 
For example, if we have a sample of living cells with 

a number of 100,000 cells and the average diameter 

of one cell is 10 m, the total area of this sample will 

be approximately 100 mm2, or 10-4 m2. Therefore, 

when a laser spot with a size of 10-4 m2 is shined, the 

temperature of the sample will It will rise to about 

40°C, and it can be increased by increasing the 

injection current of the laser. 

Figure (7) represents the relationship between the 

spectral power distribution (SPD) versus the average 

temperature of the laser spot center. It can be seen that 

there is a non-linear increase in (SPD) with the 

increase in the temperature of the spot center, and 

when the spectral density of the laser spot rises to 

reach the value 275 GW/m3, the average temperature 

of the center of the laser spot reaches to 47°C. The 

Ith= 62 

mA 
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reason for this is that if the size of the laser spot is 

small, it leads to an increase in the number of photons 

per unit area and thus an increase in the temperature 

of the area on which the photons strike. Figure (8) 

represents the relationship between the spectral 

power distribution (SPD) versus the spot size of the 

laser. It is noted from this curve that (SPD) decreases 

when the laser spot size increasing. The change 

equation can be written as: 

𝑆𝑃𝐷 = 33.249𝐴−1.001   (6) 

 

 
 
Fig. (6) Variation of average spot center temperature with the 

spot area 

 

Finally, the results of this work could be used for 

medical and life applications in studying the effect of 

the temperature of the laser spot on the performance 

of bacteria, living cells, and enzymes. 

 

 
 

Fig. (7) Variation of spectral power distribution with the 

average spot center temperature 

 

4. Conclusions 

The following conclusions can be obtained from 

this work: For the DPSSFD green laser, the laser spot 

dimensions can be controlled by controlling the 

distance of the lens from the laser light exit. By 

studying the temperature of the center of the laser 

spot, we found that the temperature of the center of 

the spot decreases logarithmically with increasing 

laser spot size. We also found that by studying the 

spectral power distribution with the laser spot 

dimensions, the density of the power spectral 

distribution exponential decreases with increasing 

spot size, Finally, it was found that the temperature of 

the center of the spot increases when the density of 

the power spectral distribution increasing. 
 

 
 

Fig. (8) Variation of spectral power distribution with the spot 

area 
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The effects of laser irradiation on the registration properties of nuclear solid state track 
detectors were examined. Two different kinds of lasers were used, along with three 
detectors. The findings demonstrated that the quantity of radon gas-produced tracks 
increased with irradiation time, peaking at 8 minutes increasing about 25%, suggesting 
that bonds in the detector broke and free radicals were created. The recording of tracks 
was then varied by the detector solidification due to recombination between the free 
radicals and other molecules, finally falling to a value near the initial value. In addition 
suggesting that laser power matters more than wavelength. 
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1. Introduction 

The domains of application for nuclear track 

detectors have grown and increased due to their 

affordability, accuracy, and ability to preserve 

antiques. They are also simple to operate and do not 

require a power source. In uranium exploration, 

radiation protection in nuclear power plants, optical 

applications, and radiation protection dosimetry, the 

CR-39 detector is utilized as a simple charged 

particle monitor [1-4]. One of the most significant 

uses for them is radon gas concentration 

measurement to estimate the ensuing pollution to the 

environment [5]. Radiation is divided into two sorts 

based on its impact on matter: ionizing radiation and 

non-ionizing radiation. Ionizing radiation includes 

cosmic rays and x-rays, whereas non-ionizing 

radiation includes ultraviolet light, radiant heat, radio 

waves, and microwaves. Non-ionizing radiation has 

a longer wavelength, which results in a lower 

frequency and energy. Ionizing radiation has a 

shorter wavelength, a higher frequency, and a higher 

energy. Both non-ionizing and ionizing radiation can 

harm organisms and affect the natural environment 

[6]. Several research have lately investigated the 

impact of the laser on the polymeric detector to 

investigate the sensitivity increase [7-9]. The laser's 

interaction with polymeric detectors is influenced by 

factors such as wavelengths, pulse duration, pulse 

repetition rate, power density, energy density of the 

coherent beam, and ambient conditions, which are 

broadly classified as thermal and non-thermal [10]. 

Low-ionizing laser radiation can cause the polymer 

molecules in plastic track detectors to either cut or 

cross-link, which would speed up the etching process 

overall [11]. One of the organic reagents, CR-39 is a 

polymeric substance composed of small repeating 

units called monomers that are bonded together. Asra 

defeated her O-H, the CN-85 and LR-115 detectors 

utilizing cellulosic reagents. Due to the fact that the 

polymeric reagent is made up of tiny units that are 

joined by some that have an O-H covalent link that is 

easily broken when exposed to radiation, small 

polymeric chains with ends are produced [12]. Unlike 

other active chemicals, free radicals can interact with 

one another. These molecules become irritated and 

ionized due to the effect of radiation on the polymer. 

This stored effect, which breaks the links between 

them and damages the polymer material without 

dissipating under normal circumstances, is called the 

latent effect. Ionizing radiation-damaged areas are 

more able to interact with alkaline solutions, like 

sodium hydroxide, than intact areas. Consequently, 

the irradiated areas are swiftly penetrated by the 

chemical solution, leading to an increasing effect. 

When examined under a microscope, the latent effect 

of ionizing radiation may be observed, and its depth 

and diameter increase with scraping time [13]. 

Radiation either dissolves the polymer into free 

radicals or free radicals and ions, or causes 

dissolution, which includes reactions that break the 

chemical bonds between atoms in the polymer's main 

chains, resulting in a loss of structural strength, 

ductility, or flexibility, and a decrease in molecular 

weight [14-16]. A higher percentage of chemical 

processes and products involve free radicals. The 

polymers that emerge from these reactions might 

have tangled, branching, or linear forms. Alternately, 

harden it. If the free radicals are able to travel and 

restore fusion with other roots or with the main chain, 

this will lead to entanglement. The molecular chains 
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are linked to one another by cross-linking, creating a 

complex network structure at the end, and this 

entwining increases the molecular weight, strength, 

and hardness of the reagent. When the polycarbonate 

surface was exposed to a laser, this resulted in both 

hardening and softening at power. The stability of the 

polymer is determined by the strength of the 

interatomic connection, and laser free ions have a 

comparatively limited lifetime [17-20]. 

The objective of the current investigation is to 

ascertain how laser radiation affects the detector's 

capacity to record alpha particle traces released by 

radon gas, as well as the diameter of those traces. 

Nuclear track solid state detectors, which can record 

tracks (damage places) and its width using ImageJ 

software after acquiring images from an optical 

microscope, were utilized to acquire results and 

information helpful in explaining some of the events 

that occur in polymers when exposed to laser. 

 

2. Experimental Part 

The nuclear track detector was exposed to a laser 

before being placed in a plastic container "Can 

technique" used as a dosimeter to measure the 

number of alpha particle tracks emitted from radon 

gas, in order to study the effect of lasers on the 

number and diameters of tracks resulting from radon 

gas exposure ImageJ software was used. The 

detectors CR-39, CN-85, and LR-115 were used, and 

the exposure lasers were: 

1- (He-Ne) laser beam, is a type of gas laser, 

that irradiates with powers (5 mW) for (5 min), the 

distance between the source and the detectors is (0, 4, 

8, 12, and 16 cm) and the wavelength is 632.8 nm as 

in Fig. (1a). 

2- A laser diode beam that emits (250 mW) of 

light (5 min). The wavelength of 405 nm and the 

distance between the source and the detectors are (0, 

4, 8, 12, and 16 cm) as in Fig. (1b). 

 

 
(a) 

 
(b) 

Fig. (1) The laser sources used in this work (a) He-Ne laser, and 

(b) Diode laser 

 

To measure the number of tracks and their 

diameter, passive type detectors using the "Can 

technique" were used with detector film as alpha 

track detectors. Each detector piece was 1cm2, fixed 

in the top of a sealed can and identified by a number 

or code, a hole on the bottom cover of 1.5 cm 

diameter covered with 2.5 x 1.5 cm2 of sponge piece 

with a thickness of 1cm to prevent impurities, as 

shown in Fig. (2). Dosimeters were placed 50 cm 

away from the walls, windows, and sunlight, at a 

height of 2.00-2.25 m. For 60 days, dosimeters were 

placed in a room. After 60 days, the detectors were 

removed and etched at normality 6.25 N of NaOH in 

a water bath at heat 70°C tracks revealed. The 

detectors were then washed and dried, and the 

number of tracks was counted using ImageJ software, 

as well as the track diameter. The ImageJ software 

then calculates the average area of the tracks. 

𝐴 = 𝜋𝑟2     (1) 

The mean radius can be calculated from the area 

by the relation 

𝑟 = √(𝐴/𝜋)    (2) 

Then the diameter calculated by the equation. 

𝑑 = 2𝑟     (3)  

 

 
 

Fig. (2) Radon monitor technique “Dosimeter” 
 

3. Results and Discussion  

The obtained results from detectors of measured 

tracks number of alpha particles emitted from radon 

gas are listed in table (1). The calculated track 

diameters are listed in table (2). 

 
Table (1) Track numbers from the three types of detectors for 

both lasers used in this work 

 

Irradiatio
n time 
(min) 

Laser Diode He-Ne Laser 

CR-
39 

Tr.c
m-2 

CN-
85 

Tr.c
m-2 

LR-
115 
Tr.c
m-2 

CR-
39 

Tr.c
m-2 

CN-
85 

Tr.c
m-2 

LR-
115 
Tr.c
m-2 

0 159 120 140 159 120 140 

4 181 136 161 174 134 156 

8 201 152 175 193 150 169 

12 176 133 155 168 131 151 

16 165 125 143 161 123 141 
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Table (2) Track diameters from the three types of detectors 

for both lasers used in this work 

 

Irradiation 
time (min) 

Laser Diode He-Ne Laser 

CR-
39 
µm 

CN-
85 
µm 

LR-
115 
µm 

CR-
39 
µm 

CN-
85 
µm 

LR-
115 
µm 

0   28.10 27.18 27.64 28.10 27.18 27.64 

4 32.32 31.72 29.86 31.31 31.72 29.43 

8 35.69 34.23 33.85 35.15 33.85 33.48 

12 31.52 31.52 32.51 30.90 29.86 32.12 

16 29.86 29.86 28.99 29.64 28.55 28.32 

 

The outcomes are shown in table (1). It shows that 

as the laser irradiation time increases for both types 

of lasers, the number of tracks increases for all 

detectors up to the maximum value of the number of 

tracks at the 8-minute mark. After that, the number of 

tracks starts to decrease as the laser irradiation time 

increases until it reaches its lowest value at the 16-

minute mark, which is almost equal to the number of 

original tracks without irradiation. This result implies 

that weakly ionizing laser radiation applied to the 

plastic path detectors may enhance polymer cross-

linking, resulting in the breaking and conversion of 

long chain molecules into shorter ones. As radon 

outperforms O-H because it is composed of tiny, 

tightly spaced repeating units known as monomers, 

which are easily damaged by radiation. Different 

active compounds known as free radicals can interact 

with other molecules or with each other. Crosslinking 

is produced when the irradiation time is extended, 

allowing free radicals to reunite with the main chain 

or additional radicals. Ultimately, as the irradiation 

period rose, the number of traces and their diameter 

decreased as a result of the polycarbonate surface 

being exposed to the laser, which also induced 

particle and free radical re-adhesion and surface 

particle interlocking and hardening. The radiation 

that hits the polymer irritates and ionizes it. This 

causes the bonds between them to break and the 

chemical bonds between the atoms in the polymer's 

major chains to break. The polymer then disintegrates 

into free radicals and loses its structural strength and 

flexibility, as well as reducing its weight. Ions and 

roots The final products of these transformations are 

polymers with linear, branching, or cross-linked 

structures because free radicals participate in a larger 

proportion of chemical processes. This explains why 

the number of traces and their diameter grow with 

irradiation time. Crosslinking is produced by letting 

free radicals roam around and recombine with other 

radicals or the main chain over an extended period of 

irradiation. The resulting intricate network structure 

reinforces, hardens, and raises the molecular weight 

of the detector. The number of traces and the diameter 

of the traces decreased as the irradiation time 

increased, the number of traces produced by radon 

gas at room temperature for the detectors, when the 

polycarbonate surface was exposed to the laser 

because the surface particles interlocked and 

hardened as well as the particles and free radicals re-

adhered to each other. The number of traces increased 

during laser diode irradiation for CR-39, reaching a 

maximum value of 201 traces at an 8-minute 

irradiation time, or a 26.41 percent increase. This 

indicates the maximum amount of bond 

disintegration and free radical formation that was 

possible. Following this, the number of traces started 

to decrease, approaching the beginning of the 

irradiation due to recombination between the free 

radicals and the remaining molecules. This led to an 

increase in detector solidification and a decrease in 

trace recording. 

 

 
(a) 

 
(b) 

Fig. (3) Number of tracks comparison of the detector response 

among the three detector types for laser irradiation (a. Diode 

laser, b. He-Ne laser) 

 

As there will be no more rise in the quantity of 

traces, radiation should be stopped. In contrast, the 

CN-85 detector showed a 26.66% increase, while the 

LR-115 showed a 25% increase. He-Ne laser 

irradiation resulted in increases of 21.38% for CR-39, 

25 percentage for CN-85, and 20.71% for the LR-115 

detector. The response to a laser diode is higher than 

that of a He-Ne laser for all detectors. The radon gas 

in the detectors produced a track diameter of 28.10 

μm without laser irradiation. The track diameter rose 

with increasing irradiation duration, peaking at 35.69 

μm during an 8 min irradiation time, or a 27.01% 

increase. Whereas the rise was 25.93% for the CN-85 

detector and 22.46% for the LR-115 detector. There 

100

120

140

160

180

200

220

0 4 8 12 16

T
ra

ck
s 

n
u

m
b

er

Irradiation time (min)

diod cr

cn

lr

100

120

140

160

180

200

0 4 8 12 16

T
ra

ck
s 

n
u

m
b

er

Irradiation time (min)

h
e
c
r



IRAQI JOURNAL OF APPLIED PHYSICS  Vol. 20, No. 3, July-September 2024, pp. 545-548 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   548 

was a 25.08% rise for CR-39, a 24.54% increase for 

CN-85, and a 21.12% increase for an LR-115 

detector when exposed to He-Ne laser radiation. The 

correlation between the two lasers' effects on the 

detectors is as follows: for the CR-39 detector, the 

laser diode’s irradiation has an effect 5.03% greater 

than that of the He-Ne laser; for the CN-85 detector, 

the effect is 1.66 percent greater than that of the He-

Ne laser; and for the LR-115 detector, the effect is 

4.29% greater than that of the He-Ne laser. 

According to these findings, the CR-39 detector 

responds more quickly than the LR-115 detector, and 

both detectors are significantly bigger than the CN-

85 for the laser kinds that were utilized. There is a 

difference of 42 tracks between the minimum and 

maximum number of track registrations of the CR-39 

detector between the two lasers on the detectors (Fig. 

3a: laser diode), which is more than the 35 tracks of 

the LR-115 detector and the 32 tracks of the CN-85 

detector. As with CR-39 being higher than LR-115 

and both being higher than CR-85 detector, the 

comparison for (Fig. 3b: He-Ne laser) displays the 

same difference. 

 

4. Conclusion 

The detectors exposed to the laser led to an 

increase in track density and track diameter. When it 

comes to track registration, diameter, and types of 

employed lasers, the CR-39 and LR-115 detectors 

perform better than the CN-85. Additionally, both 

detectors are substantially larger. The response of all 

detectors to the laser diode (power 250 mW, 

wavelength 405 nm) is larger than the response to the 

He-Ne laser (power 5 mW, wavelength 632.8 nm), 

suggesting that the laser power has a greater effect on 

the detector response than the wavelength. 
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Zinc (Zn) thin films were deposited on silicon and glass substrates using DC 
sputtering. The crystal structure and morphology of the films were characterized by 
X-ray diffraction (XRD) and field-emission scanning electron microscopy (FESEM), 
respectively. XRD analysis revealed a dominant Zn (002) peak, indicating a 
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to calculate the grain size from the XRD patterns. Notably, the Zn thin film 
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silicon substrate at 5 minute where the particle size was at a peak 9 nm. 
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1. Introduction 

Nanomaterials (1-100nm) exhibit distinct 

characteristics compared to the same material in 

bulk form to enable them to be used in different 

fields such as medicine, electronics, energy and 

environment [1]. Advancements in nanotechnology 

allow for the complete alteration of chemical as well 

as physical properties, along with nanoparticles 

surface-to-volume ratios [2]. This field enables the 

production of a diverse array of nanoparticles with 

unique spatial characteristics, facilitating their 

utilization across various applications and scientific 

research domains [3]. Zinc nanoparticles (ZnNPs) 

could be categorized based on the chemical structure 

into metallic, metal oxides, and semiconductor 

nanoparticles, zinc metal nanoparticles are good 

conductors and zinc semiconductors can be used for 

solar cell applications [4]. Various methods offer 

control over the structure and size of nanoparticles. 

While all methods can yield satisfactory 

nanoparticles, continuous improvement in 

procedures is essential for enhancing production 

efficiency and yield, particularly for industrial and 

commercial applications [5-7]. Deposition of metal 

thin films onto different substrates, including glass 

and silicon can be achieved using many techniques 

such as molecular beam epitaxy, [8], electroplating 

[9], spray pyrolysis [10], Pulsed Laser Ablation 

[11], physical vapor deposition (VPD) [12], 

magnetron, ion beam and DC sputtering [13]. This 

work aimed to investigate the structural 

characteristics and surface morphology of zinc thin 

films placed on two distinct substrates: glass and Si 

n-type.  

 

2. Experimental Part 

Figure (1) illustrates the home-made dc 

sputtering system schematic diagram. Two types of 

substrates (glass and n-type Si (111)) were inserted 

on the anode inside the deposition chamber, Si with 

resistivity ranging from 5 to 40 Ω.cm and a 

thickness of 0.45 mm. The dimensions of these 

substrates were 1x1 cm, after a cleaning process 

they have being subjected to ethanol in a digital 

ultrasonic cleaner for fifteen minutes. 

 

 
 

Fig. (1) Schematic diagram of DC sputtering system 

 

A zinc target with 5cm diameter and a 5mm 

thickness was placed on the sputtering chamber's 

cathode. Using glow discharge, argon gas in the 

deposition chamber has been used to create plasma 

at a flow velocity of 500 sccm and a maximum 

pressure of 1.5 mbar. The tube discharged to a 

vacuum below 10-2 Torr using a rotary pump and a 

discharge current of 15 mA. Deposition times of 5 

and 10 min were used to achieve various Zn thin 

film thicknesses, and 30 min were used for the 

analysis of x-ray diffraction (XRD) patterns 

obtained using a Phillips Xpert x-ray diffractometer 

(λ=1.54056Å). A MIRA3 TESCAN field-emission 

scanning electron microscope (FE-SEM) was used 

to introduce the structural properties of the prepared 

thin films. 
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3. Results and Discussion  

The XRD patterns are presented in Fig. (2) in the 

scanning range of 10°-80°. For zinc thin films on 

glass substrates, the XRD peak is observed at 

approximately 2θ=36° along the (002) plane. 

Conversely, for zinc thin films on n-type Si 

substrates, peaks appear at angles approximately 

38°, 54°, and 75° corresponding to the (002), (102), 

and (004) planes, respectively. Figure (2b) displays 

the polycrystalline and hexagonal wurtzite structures 

of the prepared thin films [14]. According to this 

figure, it’s clear that all thin films have maximum 

intensity along the (002) plane which is the 

preferred plane for the growth of Zn thin films. 

Figure (2) clearly shows the influence of substrate 

type on the XRD pattern of Zn thin film. Thin film 

growth on Si n-type substrate has larger grain size 

than that of film deposited on glass substrate. The 

thin film parameters derived from the XRD results 

are summarized in table (1). 
 

 
(a) 

 
(b) 

Fig. (2) XRD patterns of Zn nanoparticles on (a) glass, (b) Si 

(n-type) 

 

Scherrer’s equation has been utilized to obtain 

the grain size (x) within zinc thin film as 

𝑥 = 𝐾.
𝜆

𝛽.𝑐𝑜𝑠𝛳
 

    (1) 

In this equation, the average grain shape factor 

represented by K (0.9), the x-ray wavelength 

(0.154056nm) denoted by λ, the full-width at half 

maximum (FWHM) of the peak diffraction signified 

by β in rad, and the diffraction peak angle 

represented by θ. Equation (2) emphasizes an 

inverse relationship between the grain size of 

nanoparticles and the FWHM of the diffraction 

peak. As the grain size increases, there will be 

sharpness in the diffraction peak. 

 
Table (1) Zinc thin film parameters obtained from XRD 

measurements 

 

Substrate 
type 

(hkl) 
2θ 

(deg) 

FWHM 
(β) 

(rad) 

𝒙 (nm) 
=0.9λ/βcosθ 

δ=1/x2 
(cm-2) 

Glass (002) 36.025 0.046 3.16 1.00E+13 

Si n-type 

(002) 38.275 0.035 4.23 5.59E+12 

(102) 54.425 0.011 14.64 4.67E+11 

(004) 74.725 0.017 10.06 9.88E+11 

 

The density of dislocation (δ), indicating the 

dislocation length per unit volume of the crystal, 

could be calculated using the equation below: 

δ= 1/x2     (2) 

Surface morphology was studied depending on 

FE-SEM results. Figure (3) depicts a consistent and 

distinguishable granular surface morphology 

characterized by an identical distribution of the 

ZnNPs synthesized in this investigation. The 

nanoparticles exhibit uniform dispersion across the 

entirety of the substrate's surface. However, for 

samples prepared after 10 minutes of sputtering, the 

surfaces of both glass and silicon (Si) could not be 

observed. 

Figure (4) illustrates the energy-dispersive x-ray 

(EDX) spectroscopy analysis of zinc nanoparticles 

synthesized after different sputtering times on 

different substrates. These data indicate that the 

EDX spectra of elements is largely similar with 

differing element weights according to the variation 

in sputtering time. Specifically, for ZnNPs deposited 

on glass substrates, about 23.6% and 30.2% of the 

total weight zinc consisted in the resulted 

nanoparticles after 5 and 10 minutes, respectively. 

Conversely, for ZnNPs deposited on n-type Si 

substrates, about 27.6% and 34.8% of the weight 

was attributed to zinc. 
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(b) 

 

 
(c) 

 

 
(d) 

Fig. (3) SEM images of Zn nanoparticles (a), (b) glass (c), (d) 

Si (n-type) at 5 and 10 minutes, respectively 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

Fig. (4) EDX results at 5 and 10 minutes of (a), (b) Zn NPs on 

glass and (c), (d) Zn NPs on Si (n-type) 

 

The histogram of zinc deposition on glass at 5 

minutes (Fig. 5a) reveals a range of 2-18 nm, with a 

peak at 11 nm. Extending the deposition time to 10 

minutes (Fig. 5b) leads to ZnNPs ranging from 6 to 

28 nm, with a peak at 13 nm. On silicon substrate at 

5 minutes (Fig. 5c), ZnNPs sizes vary from 2 to 11 

nm, with a peak at 9 nm. At 10 minutes (Fig. 5d), 

ZnNPs sizes range from 4 to 19 nm, with a peak at 

10 nm. 
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(b) 

 
(c) 

 
(d) 

Fig. (5) Histogram at 5 and 10 minutes of (a), (b) Zn NPs  on 

glass and (c), (d) Zn NPs  on Si (n-type) 
 

4. Conclusion 

This study examines the influence of substrate 

type and sputtering time on Zn thin film deposition 

using dc sputtering. The results show a positive 

correlation between sputtering time and Zn thin film 

thickness. The successful formation of Zn with a 

wurtzite structure on both n-Si (111) and glass 

substrates was confirmed. The ZnNPs deposited on 

the n-type Si substrate had a larger grain size those 

deposited on glass. When Zn thin films are 

deposited on Si or glass substrates, a granular 

surface forms. The produced thin films have a 

standard orientation along the (002) plane and a 

polycrystalline nature with a hexagonal wurtzite 

structure. 
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Chicken meat producers in Nineveh Province are in great demand for both organic 
and inorganic feeds that promote faster growth in chickens. Concerns over the quality 
of chicken meat and the potential for cancer and other biological consequences of 
radiation on consumers of chicken products are brought up by competition in the 
chicken producing industry. This study focused to determining the uranium 
concentrations in chicken meat and bones. Radiological risk parameters need to be 
determined in order to check the health risks to consumers of chicken products. The 
obtained mean radon concentrations were 44. 9565 Bq.m-3 which is below the world 
limit level of 100 Bq.m-3. The mean uranium concentrations in were 8.53243 µg Kg-1. 
The mean uranium activity concentrations value is 1.0529 Bq kg−1 which it’s below the 
world average of 35 Bq kg−1. The results indicates that the risk of increased uranium 
intake from chicken meat is almost very low so the studied area is safe. 
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1. Introduction 

One of the staple foods for human consumption 

is considered to be chicken meat worldwide [1].  

Understanding uranium products' dispersion and 

toxicity to humans and animals is beneficial, as 

there is an increase in uranium products that can be 

eaten or inhaled that contain uranium oxides [2,3] 

and its capacity to infiltrate the food chain for 

humans. One of the main ways that uranium enters 

the food chain and contaminates animals is by 

eating it in their food, water, or soil [4]. Water 

tainted with uranium is the primary factor affecting 

the amount of uranium activity in chicken meat 

[5]. A combination of organic and inorganic 

substances are used to make chicken feed [6], 

instead of naturally occurring technologically 

enhanced radioactive materials (TENORMs), 

which could increase the amount of radionuclides 

in chicken feed, meat, and bones [7]. Plants are 

more likely to absorb radionuclides when 

fertilizers and agrochemicals are used in farming, 

which creates a pathway for radiation exposure to 

plants, chicken feed, and chicken products [8,9]. 

Phosphate fertilizers and other inorganic materials 

include TENORM, while organic substances 

contain NORM [10,11]. Chicken is exposed to 

radioactive elements by the NORM and TENORM 

components. Moreover, living things are put in 

danger when NORM is present in the environment 

at activity concentrations above the radiological 

reference limits set by the United Nations 

Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR) [12]. Due to the 

widespread distribution of radioactivity in the 

earth's environment, the planet is constantly 

exposed to radiation, primarily from man-made 

and natural sources [13,14]. The natural 

radioactivity of uranium and its offspring exposes 

people to biological consequences of radiation and 

cancer [15]. Roughly, 30% of cancer cases 

worldwide are caused by nutrition [16]. 

Urbanization and dietary changes have been 

identified as the main drivers of the general 

increase in cancer risk. As a result, dietary changes 

in lifestyle might cause the percentage to grow or 

decline [17]. 

The goal of this study was to measure the 

amounts of uranium and radon in typical chicken 

parts including meat and bones. 

 

2. Experimental Part 

Samples of fresh chicken flesh were collected 

from farms, after which the birds were slaughtered, 

feathered out, and given a water bath. For bone 

samples, fresh chicken meat pieces were boiled for 1 

hour at 100°C to separate the bones from meat. Each 

sample of chicken was oven dried meat at 100°C for 

2 hours, and bones at 200°C for 1 hour. After 

cooling, each sample was grinded into powder, and 

sieved. Each sample of feeds, meat and bones was 

then put in plastic can. The measurements of the 

CR-39 detector are made using a plastic can radon 

dosimeter (7 cm in diameter and 10 cm in length). 

The detector is put on the bottom of the dosimeter 

cover and is used to measure the radon 

concentration of the samples, as shown in (Fig. 1). 
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Samples with a volume of 115.4x10-6 m3 and a 

height of 3 cm were placed in the dosimeter; the 

distance from the samples and the detector surface 

was 7 cm. The samples were kept in the plastic can 

for duration of 60 days exposure period. The 

detectors were taken out of the dosimeter and etched 

chemically in a 6.25N of NaOH solution at 70°C for 

seven hours. Utilizing a 400X optical microscope, 

the tracks were counted. 

 

 
 

Fig. (1) The radon dosimeter 

 

The radon concentration in the air volume within 

the container, as determined by the equation [18]. 

𝐶𝑅𝑛=𝜌[𝐾𝑇]−1                                                   (1) 

where T is the exposure period, ρ is the track 

density, K (=0.05916 Tr/cm2.d/Bq/m3) is the radon 

dosimeter utilized in this study's CR-39 detector 

calibration factor [19] 

Radon concentrations in samples determined 

using the formula [20] 

𝐶𝑆 = 𝜆𝑅𝑛𝐶𝑅𝑛𝐻𝑇[𝑙]−1                                       (2) 

where CRn is the air space radon concentration 

(Bq/m3), CS is the samples radon concentration 

(Bq/m3), and λRn is the radon decay constant (0.1814 

day-1), T stands for exposure time (60 days), H is for 

height of air gap in the plastic can (7 cm), and l 

stands for sample thickness (3 cm) 

The uranium contents were calculated from the 

secular activity equilibrium of uranium and its 

daughters and the concentration of radon measured 

with the CR-39 detector. The activity of radon ARn 

in the sample may be calculated thanks to the 

correlation between CRn and the amount of radon in 

the sample [21]. 

𝐴𝑅𝑛 = 𝐶𝑅𝑛𝑉                                                     (3) 

The volume of samples is (V=πr2L) =115.4X10-6 

m3, its thickness is 0.03 m, and its radon dosimeter 

radius is 0.035 m. 

𝜆𝑅𝑛𝑁𝑅𝑛 = 𝐴𝑅𝑛                                                (4) 

The equation of the equilibrium of uranium with 

its daughter (the uranium activity equals the radon 

activity) was used to compute the number of atoms 

of uranium (NU) in the samples [22].  

𝜆𝑈𝑁𝑈 =  𝜆𝑅𝑛𝑁𝑅𝑛                                           (5) 

In this case, the uranium decay constant is λU 

(=4.883x10-18s-1). The uranium atom number NU 

was then used to compute the uranium weight in 

samples using the equation 

𝑊𝑈 =
𝑁𝑈𝑎𝑈

𝑁𝑎𝑣𝑜.
                                                   (6) 

where WU is measured in micrograms (µg), Navo 

(6.02x1023 atom/Mol) is the number of Avogadro, 

and aU is the uranium mass number 238. Uranium 

content is determined by [23] 

𝐶𝑈 =
𝑊𝑈

𝑊𝑆
                                                       (7) 

Here, CU represents the uranium concentration in 

(µg/g or ppm) units, and WS equal to 125g 

Uranium activity concentration is determined in 

unit of Bq/kg, in the form 

𝐴𝑐 = 𝜆𝑈𝑁𝑎𝑣𝑜.[𝐴𝑡𝑈]−1 𝐶𝑈                             (8) 

 

3. Results and Discussion  

The study's average value of five farms' samples 

are listed in table (1). That includes the 

concentration of radon in samples CRn in units of 

Bq.m-3, uranium concentrations in the samples CU in 

ppm, and the uranium concentrations in the samples 

CU in µg/kg and uranium activity concentration AC 

in Bq/kg (Fig. 2). 

 

 
Fig. (2) Uranium concentrations (µg/kg) in the samples 

 

The uranium content of chicken liver and kidney 

is higher than that of other chicken organs were the 

values are 12.312, and 11.0165 µg/kg respectively. 

Radionuclides from consuming water and other 

inorganic additives could be the cause of this. The 

chicken legs' low level of uranium content its value 

was 6.480 µg/kg. The mean uranium activity 
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concentrations value is 1.0529 Bq/kg which it’s 

below the world average of 35 Bq/kg [12]. Uranium 

can be readily absorbed by plants that are also used 

to raise chickens. Plant absorption is more 

influenced by the concentration of radionuclides in 

soil solutions than by their total concentrations [24]. 

The industrial methods used to make feeds and other 

human activities may be the cause of the high 

concentration of uranium found in feeds [25]. The 

findings demonstrated that eating chicken posed no 

dangers in the area under investigation. 

 

4. Conclusion 

Measuring uranium activity and concentration in 

chicken meat, bone, and other sections has been 

done. All of the samples were safe for ingestion by 

humans since their uranium activity contents were 

below the global average limit. According to the 

findings, eating chicken poses no dangers in the area 

under investigation. 
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Table (1) The radon concentrations, uranium concentrations in ppm, and in µg/Kg. 

 

No Sample 
CRn 

(Bq.m-3) 

CU 

(ppm) 

CU 

(µg/Kg) 

AC 

BqKg-1 

S1 Chicken liver 58.04524 0.011017 11.01656 1.360546 

S2 Chicken lung 37.55869 0.007128 7.128365 0.880353 

S3 Chicken kidney 64.87409 0.012313 12.31263 1.52061 

S4 Chicken legs 34.14426 0.00648 6.480332 0.800321 

S5 Chicken Wings 37.55869 0.007128 7.128365 0.880353 

S6 Chicken head 47.80196 0.009072 9.072464 1.120449 

S7 Chicken thighs 44.38754 0.008424 8.424431 1.040417 

S8 Chicken breast 47.80196 0.009072 9.072464 1.120449 

S9 Chicken back 40.97311 0.007776 7.776398 0.960385 

S10 Chicken Bon 47.80196 0.009072 9.072464 1.120449 

S11 Chicken spleens 37.55869 0.007128 7.128365 0.880353 

S12 Chicken gizzards 40.97311 0.007776 7.776398 0.960385 

 Min 34.14426 0.00648 6.480332 0.800321 

 Max 64.87409 0.012313 12.31263 1.52061 

 Mean 44. 9565 0.0085324 8.53243 1.05291 

 

 
 



IRAQI JOURNAL OF APPLIED PHYSICS   Vol. 20, No. 3, July-September 2024, pp. 557-560 

ISSN (print) 1813-2065, (online) 2309-1673 © ALL RIGHTS RESERVED  PRINTED IN IRAQ   557 

 

Islam N. Yousif 
Malak J. Ali 

Ismael T. Tlayea 

Study the Effect of Etching Time 
on the Morphology of Porous 
Silicon Surfaces Manufactured 
via Photochemical Etching 

Department of Physics, 
College of Education for 

Pure Science, 
University of Al-Hamdaniya, 

Nineveh, IRAQ 

 
Given the importance of silicon nanocrystals in many applications of 
microelectronics, energy storage, and biomedicine, porous silicon was prepared 
from a n-type silicon wafer with a crystal orientation (100), negative conductivity, 
and low resistance (4.3 x 10^-4 ohm*cm) by photochemical etching technique in 
the presence of a halogen lamp (1000 W) and concentrated hydrofluoric acid (HF 
40%). The effect of changing the etching time (70 minutes, 80 minutes, and 90 
minutes) on the morphology of their surfaces was studied, and the results of 
atomic force microscopy (AFM) showed the formation of porous layers (392.8 nm, 
491.3 nm, and 566.3 nm) and average diameters of the grains and nanoparticles 
(101.4 nm, 106.9 nm, and 44.85 nm) respectively. The results indicated that the 
surface roughness and thickness of the porous layer of the samples prepared 
increases when the etching time increases and decreases when the etching time 
decreases. 
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1. Introduction 

The importance of silicon nanofabrication 

technology has emerged through the great efforts 

that have been made to organize the structures of 

atoms and the compositions of materials that fall 

within the nanoscale [1], in order to benefit from 

them in many laser [2] and optoelectronic 

applications [3], in addition to their nanoscale 

optical properties [4], which led to the appearance of 

a quantum confinement effect on its crystals through 

the movement of electrons and holes on its surfaces 

inside the crystal [5], which in turn led to an increase 

in its efficiency of electrical conduction, and the 

effectiveness of its light radiation resulting from the 

processes of controlling its wavelengths [6]. 

Through the multiple modifications made by 

researchers to the properties to develop silicon to 

produce optical and electronic properties completely 

different from the properties of the parent silicon 

material, what is called porous silicon appeared [7], 

which is forked and complex networks of isolated 

pores that are separated from each other by thin 

walls [8]. As a result of material reduction and 

miniaturization processes that lead to very small 

dimensions and sizes, we have the formation of 

nanoporous silicon [9]. 

The formation of porous silicon has given new 

dimensions to technologies based on crystalline 

silicon [10], as it has become of wide and great 

interest as a result of the changes and 

transformations that occur in the nature of its 

indirect energy gap, which turns into an energy gap 

direct, leading to improving the efficiency of its 

photoluminescence [11]. Enlarging the energy gap 

brings about changes in the resistance of the 

material, that increases with a decrease in the size 

and dimensions of the pores [12], in addition to the 

depletion processes of charge carriers accompanying 

the preparation process [13]. 

There are many techniques for preparing porous 

silicon, such as electrochemical etching [14], 

photoelectrochemical etching [15], spot etching [16], 

and photochemical etching technique using different 

light sources, such as using types of lasers or using 

spherical or flat halogen lamps [17-19]. It is possible 

to control its porosity and atomic dimensions 

[20,21], in order to work in a wide range of the 

electromagnetic spectrum which extends from 

infrared to the entire visible spectrum and even near 

ultraviolet [22-25]. 

We will show in this article the extent of time 

effect on the morphology of the porous surface of 

silicon produced through the process of preparation 

by the photochemical method, relying on a halogen 

lamp as one of the light sources to melt random 

areas of the silicone surface that determined through 

the atomic force microscope (AFM). Thus 

improving its properties and developing it to benefit 

from it more widely in applications of integrated 

circuits and electronic devices. 

 

2. Experimental Part 

The experiment is carried out on a single-sided 

n-type silicon chip whose surfaces are completely 
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polished, with a resistivity of 4.3x10-4 Ω.cm and a 

crystalline orientation of (100), so the slice is cut 

into dimensions of 0.7x0.5 cm to be prepared for 

preparing porous silicon samples through using the 

photochemical etching system. 

The samples are washed in diluted hydrofluoric 

acid (HF 10%) for 8 minutes to remove the layers of 

oxide stuck on it. Then, the samples are immersed in 

acetone and ethanol for 6 minutes to wash and clean 

them of the impurities stuck on them and to remove 

the remaining diluted hydrofluoric acid (HF 10%) 

from their surfaces. The samples are then left to dry. 

The preparation system consists of a Teflon 

container, which is a solid polymeric material 

characterized by its high resistance to acids. The 

diameter of the container ranges 5.5 cm, its height is 

3.5 cm, and the drilling depth from the inside is 1.5 

cm. In the middle of container from the inside is a 

circular protrusion with a diameter of 1.5 cm, and 

the height of the protrusion ranges 0.7 cm from the 

surface of the drilling depth. The circular protrusion 

contains a support engraved in its face in the shape 

of the letter (U) to place the sample on it, while the 

Teflon container is filled with hydrofluoric acid (HF 

40%) and the sample to be prepared is placed on the 

support so that it is covered by the HF solution, and 

a halogen lamp is shined (1000 W) on it vertically. 

Silicon samples are prepared with variable 

etching times (70, 80, and 90 min) and constant 

resistivity (4.3x10-4 Ω.cm) as well as constant 

concentration of HF (40%) using light source 

(halogen lamp 1000 W). This ensures that the 

process of etching, dissolving, and formation of 

pores has occurred on the upper surface of the 

sample facing the light source, by observing the 

appearance of hydrogen bubbles on the surface of 

the sample resulting from chemical reactions leading 

to the dissolution of the silicon, or through the 

change in the color of its surface approaching the 

reddish-brown color that indicates the formation of 

the porous layer [26,27].  

After the etching process is completed, we lift 

the sample with iron tweeze and place it in a tightly 

closed plastic container filled with methanol to 

prevent oxidation and preserve its properties. 

The fine details of the surface morphology and 

the structures of the nanoparticles formed on the 

surface of the prepared samples are studied through 

an atomic force microscope (AFM) for the purpose 

of analyzing them and knowing the nanostructure of 

the porous layer, its thickness range, and roughness 

rate of its surface and particle sizes. 

 

3. Results and Discussion 

The process of decomposition of silicon 

molecules takes place as a result of the rapid 

exchange of silicon-fluoride bonds Si-F, which 

interact with water molecules H2O, when placed in a 

dilute HF acid solution to form strong and stable 

covalent bonds. As a result, dense groups of silicon-

hydroxyl bonds Si-OH, are formed that lead to 

formation of bridges and stable structures from Si-

O-Si bonding to reveal oxide nuclei [28,29]. 

The precise dissolving mechanism of silicon 

occurs through the presence of important gaps for 

electronic polishing and etching to occur. When 

samples are immersed in a concentrated HF acid 

solution at different etching times (70, 80, and 90 

min), porous layers of nanoporous silicon are 

formed, which is shown by 3D imaging of the 

morphology of silicon surfaces through the AFM 

examination shown in Fig. (1), where the silicon 

surface is saturated with hydrogen.  

 

 
(a) 

 
(b) 

 
(c) 

Fig. (1) 3D AFM examination of the morphology of silicon 

surfaces prepared at different etching times: (a) 70 min, (b) 80 

min, and (c) 90 min 
 

As soon as the surface is illuminated by the light 

of the source directed at it, it will begin to generate 

electron-gap pairs as a result of the absorption of 

light inside the chip, which in turn helps in the 
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formation of the depletion layer in the illuminated 

area that It removes the silicon atom from its 

surface, leaving behind a hole or freckle to change 

the surface geometry and distribution of the electric 

field, which causes irregularities in its surface and 

the formation of holes [30,31]. 

The thickness of the porous layer and the average 

roughness surface of the prepared samples increase 

as the etching time increases and decrease when the 

etching time decreases, which leads to an increase in 

the root mean square (RMS) roughness, and shows 

the surface shape of the sample in the form of a 

semi-squishy structure and they are separated from 

each other by empty pore grooves and contain 

structures with pointed heads as shown in Fig. (1). 

This is a result of agglomerations of nanoparticles 

due to the continuation of etching processes, which 

leads to a change in the sizes and dimensions of the 

nanostructures of the prepared samples. 

The surface kurtosis (Ssk) of the prepared 

samples shows a Gaussian distribution containing 

high peaks and low valleys that reflect the 

homogeneity of the surface skewness (Sku) that gives 

a logarithmic distribution to show the differences of 

nanostructures in the distributions of surface heights. 

Figure (2) shows the number of particles formed 

on the surface of the prepared sample due to the 

large transfer of positive charges accompanying the 

increase in etching time, which leads to a process of 

etching and gouging in multiple directions on the 

surface, sides and walls, and randomly, leading to an 

increase in the movement of the gaps and their 

numbers, and thus the production and formation of 

nanostructures particles of different compositions 

distributed with a certain homogeneity along the 

surface of the sample. The average diameters of the 

formed nanostructure are 101.4 nm, 106.9 nm, and 

44.85 nm, which contributes to increasing the 

surface area, which in turn helps in increasing 

photovoltaic generation, enabling us to obtain 

spectral emissions within the visible region. These 

variables related to the distribution of the formed 

particles, the sizes of the surface pores, and the 

diameters of their nanostructures are used in many 

applications of nanotechnology, materials science, 

and micro-optoelectronics. 

 

(a) 

(b) 

 
(c) 

Fig. (2) Statistical distribution of the numbers of particles 

formed on the surfaces of the prepared samples with their 

mean diameters nanoscale at different etching times (a) 70 

min, (b) 80 min, and (c) 90 min 
 

4. Conclusion 

Photochemical etching using a 1000W halogen 

lamp as the light source is an effective way to obtain 

porous silicon layers with multiple structures and 

properties. The results showed that increasing the 

etching time in the preparation processes when the 

concentration of hydrofluoric acid, the resistivity, 

and the light source are constant will lead to an 

increase in the sizes and diameters of the 

nanoparticles, which is useful in photodetectors, 

energy storage, and the manufacture of diodes. 
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Radioactive pollution in the environment is produced by uranium and its progeny. The 
obtained value of average radon concentrations levels in soil was 164.640 Bq/m3, for 
water samples was 208.950 Bq/m3. Total intake uranium is dependent mostly on the 
uranium content in the consumed water. The mean uranium concentrations value for 
soil samples was 18.130 µg/kg, and for water samples average was 21.255 µg/kg, 
were generally lower than the standard level rate of uranium concentrations in the 
drinking water, which was set at 30000 µg/kg according to WHO guidelines, still not 
dangerous. The findings show that the values of the water samples are greater than 
those of the soil samples because the water originated in the earth's crust's deeper 
layers, which are home to a large number of heavy minerals that contain radioactive 
nuclides. Although there is no risk to human life, the high incidence of uranium 
availability in particular areas poses a risk to public safety and health. The studied 
area is safe. 
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1. Introduction 

Environmentally damaging battles were fought 

in Iraq, and there is a connection between those 

conflicts and an increase in cancer cases, as well as 

a predicted rise in these diseases in the future due 

to the pollutants from those conflicts [1]. The 

environment was impacted by these conflicts in 

both direct and indirect ways. Chemicals used in 

warfare as well as garbage and pollution from 

bombs and missiles were among the immediate 

effects. Infrastructure damage, however, pointed to 

the indirect effects [2] Uranium and its byproducts 

constitute the most major waste contaminant. The 

heaviest and longest-living element is uranium.  

Because of its radioactivity, it is one of the most 

dangerous pollution issues. Because uranium and 

its compounds are so poisonous, they are 

dangerous for the environment and human health 

[3,4]. One of the most prevalent elements in 

nature, uranium can be found in a variety of solid, 

liquid, and gaseous forms.  It can be found in food, 

water, air, rocks, soil, and natural materials. With 

ease, uranium may combine with other elements to 

form carbonates, silicates, hydroxides, and 

uranium oxide [5]. The solubility of uranium 

compounds largely determines their physiological 

action. While insoluble (less soluble) uranium is 

regulated because of its radioactive characteristics, 

soluble uranium is controlled because of its 

chemical toxicity. However, rather than the 

potential for serious chemical damage to the renal 

system, its primary harm will be radiological 

damage (risk of cancer mortality) to internal 

organs due to its delayed absorption through the 

lungs and prolonged retention duration in the body 

tissues [6].  The human body can absorb uranium 

in a variety of ways.  It can enter the body directly 

by ingesting uranium-contaminated water or by 

inhaling uranium-containing dust particles. 

Additionally, it may inadvertently penetrate via the 

layer of fertile soil and the food chain [7]. Soil is a 

major natural source of radioactivity because of its 

mineral richness. It also makes people more 

vulnerable to radiation and helps release 

radioactive materials into the environment. For 

these reasons, soil's inherent radioactivity is 

thought to be a key sign of radioactive 

contamination [8]. Concentration of radionuclides 

in soil is a primary indicator of natural background 

radiation [9]. Different types of soil can have 

dramatically varied natural radioactivity levels. 

One of these naturally occurring radionuclides that 

has been on Earth since the beginning is uranium. 

All uranium isotopes are radioactive, hence there 

needs to be control over their quantity [10]. Water 

is the other fundamental element for life, along 
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with soil, and its supply and continued existence 

depend on other elements. The direct 

comprehensiveness of the water is essential to the 

existence of a wide variety of living organisms and 

is also necessary to meet their demands. Water is 

useful to humans since it may be used for food and 

drink, direct cleanliness, and maintaining good 

health. But we can't deny that contaminated water 

can spread illness [11]. Growing water use coupled 

with population growth indicates that the risk of 

uranium poisoning typically increases with 

exposure time and, as a result, the limit of 30 µg/L. 

When compared to the parent material, the natural 

background values of uranium in soil range from 

0.79 to 11 mg/kg as per WHO guidelines [12]. 

Keeping daily uranium intake as low as feasible is 

necessary to minimize the danger of developing 

uranium-related hazards because uranium 

ingestion cannot be avoided and the negative 

effects of uranium have no lower limit [13].  

The study aimed to measure the environmental 

and radioactive contamination, as uranium and its 

progeny radium and radon in soil and water 

samples of the Kabarli village thought it has cancer 

risks. 

 

2. Experimental Part 

Samples of soil and water were taken from 

village of Kabarli. Measurements with the CR-39 

detector are made using a plastic can radon 

dosimeter (7 cm in diameter and 10 cm in length). 

The detector is put on the bottom of the dosimeter 

cover and is used to measure the radon 

concentration in samples, shown in (Fig. 1). 

 

 
 

Fig. (1) The dosimeter 

 

Samples with a volume 115.4x10-6 m3 and the 

height of 3 cm were placed in dosimeter; the 

distance from the water samples to the surface of 

detector was 7 cm. Samples were filled and kept in 

the plastic can for duration of 60 days. Following a 

60-day exposure period, the detectors were taken 

out of the dosimeter and etched chemically in a 

6.25N solution of NaOH at 70°C for seven hours. 

Utilizing a 400X optical microscope, the tracks were 

counted. 

The concentration of radon in the air volume 

within the container, as determined from the 

equation [14]. 

𝐶𝑅𝑛=𝜌[𝐾𝑇]−1                                                   (1) 

where K (=0.05916 Tr/cm2.d/Bq/m3) is the radon 

dosimeter utilized in this study's CR-39 detector 

calibration factor, 𝜌 is the density of tracks, and T is 

exposure period [15] 

Radon concentrations in water samples 

determined using the formula [16] 

𝐶𝑆 = 𝜆𝑅𝑛𝐶𝑅𝑛𝐻𝑇[𝑙]−1                                       (2) 

where CS is the radon concentration in samples 

(Bq/m3), CRn is the concentration of radon in air 

space (Bq/m3), and λRn is the radon constant of 

decay (0.1814 day-1), the T stands for exposure time 

(60 days), H is for height of air gap in the plastic can 

(7 cm), and l stands for sample thickness (3 cm) 

The uranium contents were calculated by the 

secular activity equilibrium between the uranium 

and its daughters, and the concentration of radon 

measured with using the CR-39 detector. Activity of 

radon ARn in sample may calculated thanks to the 

correlation between CRn and the amount of radon in 

the sample [17] 

𝐴𝑅𝑛 = 𝐶𝑅𝑛𝑉                                                     (3) 

The volume of sample volume is (V=πr2L) 

115.4x10-6 m3, its thickness (L) is 0.03 m, and its 

radon dosimeter radius (r) is 0.035 m. 

𝜆𝑅𝑛𝑁𝑅𝑛 = 𝐴𝑅𝑛                                                (4) 

The equation of the equilibrium between the 

uranium with its daughter (the uranium activity 

equals the activity of radon) was used to compute 

the uranium atoms number (NU) in samples [18] 

𝜆𝑈𝑁𝑈 =  𝜆𝑅𝑛𝑁𝑅𝑛                                           (5) 

In this case, the uranium decay constant is λU 

(=4.883x10-18 s-1). The uranium atom number NU 

was then used to compute the uranium weight in 

samples using the equation 

𝑊𝑈 =
𝑁𝑈𝑎𝑈

𝑁𝑎𝑣𝑜.
                                                   (6) 

where WU is measured in micrograms (µg), Navo= 

(6.02x1023 atom/Mol) is number of Avogadro, aU is 

uranium mass number 238. Uranium content is 

determined by [19] 

𝐶𝑈 =
𝑊𝑈

𝑊𝑆
                                                       (7) 

Here, CU represents the uranium concentration in 

(µg/kg) units, with WS equal to 200g for soil and 

170g for water 

 

3. Results and Discussion  

Outcomes of soil and water samples are listed in 

table (1), which contains data on the amounts of 

uranium in the samples CU in (µg/kg) and radon in 

the samples (CRn in units of Bq/m3). Radon 

concentration levels in soil ranged from 131.532 to 
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209.102 Bq/m3 with average value 164.640 Bq/m3, 

and for water samples ranged 152.990 to 236.770 

Bq/m3 with average value 208.950 Bq/m3. The level 

of radon in the water samples was higher than in the 

soil samples because of differences in the earth's 

geological features. This is because the water comes 

from deep underground mining, where mineral 

metals were present in its journey. The US 

Environmental Protection Agency's recommended 

acceptable international concentration limit for 

radon contamination of drinking water is 11000 

Bq/m3, which is lower than any measured radon 

concentration in the samples. The uranium 

concentrations ranged from 14.484 to 23.026 µg/kg 

on average 18.130 µg/kg for soil samples and from 

15.562 to 24.085 µg/kg on average 21.255 µg/kg for 

water samples, as illustrated in Fig. (2), were 

generally lower than the standard level rate of 

uranium concentrations in drinking water, which 

was set at 30000 µg/kg in accordance with WHO 

guidelines, but still not dangerous. 

 

 
(a) Soil 

 
(b) Water 

Fig. (2) Uranium concentrations: (a) in soil samples, and (b) 

in water samples 
 

The findings demonstrated that the water 

samples had greater values than the soil samples. 

Radioactive nuclides can be found in many heavy 

minerals found in the Earth's deeper crustal layers. 

Public safety and health are at danger due to the 

high prevalence of uranium availability in certain 

places, even if there is no harm to human life. 

Significant health effects linked to uranium have 

been observed, akin to high-level radon exposure; 

treatment is not required. 

 

4. Conclusion 

The objective of this investigation was to 

measure the levels of radiation and uranium in soil 

and water samples from the Iraqi village of Kabarli, 

which is located in the Nineveh plain. Water with a 

high radiation level is one of the research area's 

sources of dangers to the public's health. This makes 

figuring out the radiation levels in the surrounding 

important. The study location is safe since the 

danger of increased uranium intake from drinking 

tap water is practically very minimal due to very 

low uranium intake from water. 
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Table (1) The radon concentrations, uranium concentrations, and the radium concentrations 

 

No 

Soil Water 

CRn 
(Bq/m3) 

CU 
(µg/Kg) 

CRn 
(Bq/m3) 

CU 
(µg/Kg) 

S1 148.395 16.341 196.702 20.009 

S2 134.905 14.855 233.128 23.714 

S3 185.494 20.426 174.846 17.785 

S4 165.258 18.198 189.416 19.268 

S5 188.867 20.797 225.843 22.973 

S6 209.102 23.026 233.128 23.714 

S7 141.650 15.598 240.413 24.455 

S8 148.395 16.341 225.843 22.973 

S9 151.768 16.712 189.416 19.268 

S10 131.532 14.48 152.990 15.562 

S11 205.730 22.654 236.770 24.085 

min 131.532 14.484 152.990 15.562 

max 209.102 23.026 236.770 24.085 

average 164.640 18.130 208.950 21.255 
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Samples of n-type porous silicon samples with negative conductivity, low 
resistivity (4.3x10-4 Ω.cm) and crystalline orientation (100) were prepared by 
photochemical etching method using sunlight as a light source. The intensity of 
the incident sunlight was collected and focused on the surface of the sample 
through a telephoto lens with a diameter of 7.5 cm and a focal length of 30 cm. 
The effect of changing concentrations of hydrofluoric acid (20%, 30%, and 40%) 
when using etching time of 30 min and illumination intensity of 6181 mW/cm2 was 
studied. The results of surface morphology showed forming porous layers with 
thicknesses 527.7, 594.7, and 663.4nm and mean grain diameters of 104.9, 
121.1, and 99.80 nm, respectively. 
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1. Introduction 

The discovery of the phenomenon of 

photoluminescence in porous silicon prepared from 

crystalline silicon wafers at room temperature led to 

increasing interest in porous silicon structures that 

are characterized by an indirect energy gap [1,2], in 

order to give it a broad spectrum that extends from 

infrared radiation, and continues to the entire visible 

spectrum and may reach near ultraviolet spectrum 

by controlling the porosity of their surfaces and their 

atomic dimensions [3-5]. 

The processes of reducing the sizes of the pores 

and decreasing them to extremely small sizes and 

dimensions during the processes of preparing porous 

silicon will form complex and isolated networks of 

pores that lead to their separation and independence 

from each other with thin walls and the creation of 

pits and trenches between them [6-8], forming very 

small and patterned areas in the form of different 

nanostructures with semi-spherical or irregularly 

shaped heads to achieve quantitative confinement. 

Then, what is called nanoporous silicon is formed 

[9,10]. 

As a result of the photoluminescence processes 

that occur on the surfaces of porous silicon, its 

porous structures are stimulated to increase its 

ability to absorb light, which is used in the 

applications of photodetectors [11-13], which leads 

to an increase in the amount of light energy, and 

thus reduces the losses resulting from 

recombination, enabling us to convert the absorbed 

solar energy into electrical energy for use in solar 

cell applications and generating renewable energy 

[14-16]. Because of their porous surfaces of 

different sizes and distributions it provides large 

areas for contribute to processes of storing and 

preserving electrical charges, and works to 

rearranging them to be highly efficient in 

applications of energy storage systems such as 

electrical capacitors and batteries [17,18].  

The changes which occur in the concentrations 

of chemicals used in their preparation processes, 

including the change in hydrofluoric acid 

concentration, which produces their porous 

structures using the photochemical etching 

technique occurs without applying any external 

effort to provide their surfaces with the gaps 

[19,20]. It is processes opposite to the preparation 

processes using the electrochemical etching 

technique, which requires an applied external effort 

on it and which makes it of great importance in 

optical sensing applications [21,22]. 

This article seeks to shed light on the importance 

of changing the concentration of hydrofluoric acid 

in light of the stability of other influences and its 

effective role in shaping porous silicon surfaces and 

the changes that occur to them when they are 

prepared using the photochemical etching technique, 

by taking advantage of the energy of sunlight that is 

absorbed by the prepared porous silicon surfaces 

because It is considered one of the most important 

sources of renewable energy. 
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2. Experimental Part 

Based on the photochemical etching system and 

using sunlight as a light source, as shown in Fig. (1), 

n-type single-sided silicon slices were prepared with 

electrical resistance of 10-4 Ω.cm. Their surface is 

completely polished with crystalline orientation of 

(100). The material is cut into small samples with 

dimensions of 1.0x0.5 cm. It is then placed in a 

solution of acetone and ethanol for 5 minutes to 

remove the impurities stuck to it and get rid of the 

remaining diluted HF solution on it. After that, the 

samples are left to dry in order to configure them for 

the preparation process. 

 

 
 

Fig. (1) Photochemical etching system of this work using 

sunlight as a light source 

 

Through the light source (sunlight), the optical 

power of the lens with a diameter of 7.5 cm and the 

illumination intensity is calculated by multiplying 

the total lens area by the intensity of solar radiation. 

The average radiation intensity of 140 mW/cm2 was 

adopted. So the value of both the optical power and 

the illumination intensity per (cm2) are 6181 mW 

and 6181 mW/cm2, respectively. 

Porous silicon samples are prepared at different 

hydrofluoric acid concentrations (HF 20%, HF 30%, 

and HF 40%) at constant etching time (30 min), 

resistivity (10-4 Ω.cm), and illumination intensity 

(6181 mW/cm2). Therefore, the samples are placed 

inside a cylindrical Teflon container known for its 

high resistance to acids and corrosion. The diameter 

of the Teflon container is 5.5 cm, an external height 

of 3.5 cm, and an internal drilling depth of 1.5 cm. 

In the middle of its internal design is a cylindrical 

protrusion with an engraved face in the shape of the 

letter (U) to hold the samples, where a container is 

filled with HF 40%, so that immersed of the surface 

of the sample, and then sunlight is shined on it, 

which in turn produces a light intensity of 6181 

mW/cm2 to contribute to the formation of the porous 

layer. 

The formation of pores and the etching processes 

are confirmed through the chemical reactions that 

occur on the upper surface of the samples, since we 

notice the appearance of small hydrogen bubbles as 

a result of the dissolution of the silicone and their 

surface reddening in a color close to brown as a 

result of the continuing etching processes on their 

surface [23,24].  

After the preparation process is completed, the 

sample is lifted with iron forceps to preserve its 

surface morphology. It is then placed in a plastic 

container filled with methanol and closed tightly to 

preserve its nano-porous structure. Its characteristics 

of the formed pores and the compositions of its 

particles are analyzed through an atomic force 

microscope (AFM), which shows us the shape of the 

porous layer and its thickness, its nanoparticles, 

their particle sizes, and their surface roughness. 

 

3. Results and Discussion 

The precise dissolution process occurs on silicon 

surfaces through the presence of gaps when sunlight 

is shed and focused on them to complete the process 

of electronic polishing and the formation of pits 

whose molecules dissolve when they interact with 

water (H2O) molecules by placing them in HF acid 

solution. So, Si-F bonds are formed, which leads to 

the formation of stable and dense bridges from the 

Si-OH bond, to reveal the oxide nuclei emerging are 

formed from the Si-O-Si bonds [25-27]. 

The effect of changing the concentrations of HF 

acid (20%, 30%, and 40%) is evident on the 

morphology of their surfaces at an etching time of 

30 min and an illumination intensity of 6181 

mW/cm2, porous layers of nanoporous silicon are 

formed with structures separated by grooves, pits, 

and semi-spherical heads, which is shown by the 3D 

AFM images shown in Fig. (2). 

The thickness of the porous layer of the etched 

samples increases as the concentration of HF acid 

increases and decreases when the concentration 

decreases. The surface roughness rate is 

proportional to the root mean square (RMS) 

roughness in the form of a Gaussian distribution, 

due to the occurrence of agglomerations of 

nanoparticles due to the continuity of etching and 

removal processes on their surfaces, which leads to 

change the sizes and dimensions of nanostructures. 

The surface kurtosis and surface skewness of the 

produced samples are shown in a logarithmic 

distribution because it contains low valleys and 

grooves extending with a certain homogeneity in 

relation to the distribution of surface heights and in 

a curved pattern that is close to the average values 

and gradually decreases when moving away from 

them. This distribution is used in many electronic 

industries related to technologies surface because it 
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resists corrosion and reduces pressure and stress on 

the surface. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (2) 3D AFM images of silicon surfaces produced at 

different HF acid concentrations: (a) 20%, (b) 30%, and (c) 

40% 
 

Figure (3) shows that etching operations occur 

randomly on the surface or on the walls or sides, 

leading to a significant increase in the number of 

flowing gaps, so different nanoparticles with 

multiple compositions are formed along the surface 

of the sample by mean diameters 104.9 nm, 121.1 

nm, 99.80 nm, which increases the surface area and 

generates high photovoltaic to emit spectral 

emissions within the visible region, which can be 

utilized in many materials science, optoelectronics, 

and nanotechnology applications. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (3) Statistical distribution of the numbers of particles 

formed on the surfaces of the produced samples with their 

mean diameters nanoscale at different HF acid 

concentrations: (a) 20%, (b) 30%, and (c) 40% 
 

4. Conclusion 

Sunlight is one of the most promising and 

effective light sources in the process of preparing 

porous silicon slices using the photochemical 

etching method. It is one of the most important 

renewable and environmentally friendly sources of 

energy, and is considered as a successful alternative 

to other industrial sources. The results showed that 

increasing the concentration of hydrofluoric acid 

will lead to an increase in the thickness of the 

porous layer, and reducing it will lead to reducing 

the thickness of the porous layer when the etching 

time, resistivity, and illumination intensity are 

constant. It is considered useful in the applications 

of sensors and photodetectors, improving the 

efficiency of solar cells, and sensing diodes. 
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CN-85 is used to measure the levels of radon. A total of twenty-one surface soil samples 
were distributed around Tuzkormato's outskirts, while six samples were gathered from the 
city center. The radon concentration in Tuzhurmato, Imam Ahmad district, ranged from 
18.96 Bq.m-3 to 61.99 Bq.m-3, while the radon concentration in the Albu Sabah village was 
37.09 Bq.m-3. The surface emission rate (Ex) was 1.14x10-4 Bq.M-2.h−1 (Albu Sabah) to 
3.73x10-4 Bq.M-2.h-1 (Albu Hassan). The mass emission rate (Em) ranged between 0.12 x 
10-4 Bq.M-2.h-1 in Albu Hassan village and 2.81x10-4 Bq.M-2.h-1 in Tuzhurmato-Iqsu district. 
When these results are compared to the allowable quantity of (ICRP) radon in the soil, 
which is (200) Bq.m-3. The comparison revealed that all locations of study agree with these 
boundaries. 
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1. Introduction 

The most important element of the environment 

that allows humans access to food sources is soil. It 

is the thin, fragile layer that lies between a few 

millimeters and several meters above crustal rocks. 

It consists of a mixture of air, water, organic and 

mineral components. The plant has the ability to 

cling to the soil with its roots and extract the 

components necessary for life. The presence of 

radioactive radon gas in the soil, with high 

radioactive concentrations, is considered a source of 

long-term environmental pollution, leading to the 

pollution of food, water, air, and thus humans [1]. 

Radon is a colorless, odorless, natural gas that is 

emitted when uranium series U-238 radioactively 

decays. Radon is mostly found in rocks and soil near 

the surface. Therefore, there is a direct danger to 

human life as a result of the presence of radioactive 

radon gas in the soil in proportions exceeding the 

normal limit [2, 3]. We looked at the effect of radon 

gas on the lives of individuals directly through food, 

drink and even air, and indirectly through the soil 

and irrigation water, and from there to plants and 

animals and then to humans. Numerous studies have 

been conducted to determine the concentration of 

radon in various fields [4-6]. Uranium and radon gas 

exposure is a significant health concern, linked to 

increased cancer incidence, kidney failure, and other 

dangerous diseases due to uranium presence in 

patients' blood and urine [7-10]. The long-term 

measurement method for measuring radon 

concentration was adopted in models of surface soils 

it uses solid-state nuclear impact detectors, the 

method is more effective in detecting the 

concentration of radon [11]. Where the detector are 

placed in sealed diffusion Chamber in a cylindrical 

shape and placed against a sample is used to 

measure radon concentration and tightly sealed to 

prevent leakage or air exchange with the ocean [12].  

       The study aims to determine the 

concentration and rate of surface and mass radon 

emission. in 27 samples of the surface soil of the 

city of Tuzkhurmatu and its outskirts in Salah al-Din 

Governorate, with Six samples were collected from 

the city center, while 21 samples were distributed in 

the areas located on the outskirts of the city using  

trace detector CN-85 which is an organic detector. 

Its chemical formula is N(C6H8N2) and it has 

exceptional sensitivity to alpha particles and other 

heavy particles. [13]. 

 

2. Experimental Part 

Twenty-seven surface soil samples were 

collected from the center and outskirts of 

Tuzkhurmatu city. The study area included about 

600 km2, including the center of Tuzkhurmatu city, 

with 6 samples and 22 samples distributed over 20 

areas on the outskirts of Tuzkhurmatu city. Nuclear 

track detectors are electrically insulating materials, 

and charged particles (protons, alpha particles, and 

fission fragments) produce tracks as they pass 

through these materials where they generate narrow 
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paths of radiation damage consisting of atomic 

defects, clonal gaps, and molecular chain breaks 

[14]. These defects are called latent tracts, and the 

damaged areas can be seen using an optical 

microscope after being treated with a chemical that 

etches and shows the areas of damage formed. 

Important properties of SSNTDs are the possibility 

of extending the minimum damage intensity along 

the impact core by etching technique [15]. 

Irradiation dramatically changes the properties of 

polymers by splitting or mixing their molecules, 

leading to significant changes in their overall 

structure. Radiation falling on these polymers causes 

them to ionize and break the bonds between them, 

leading to damage or defects. This stored defect is 

known as the hidden effect. Also, the areas affected 

by ionizing radiation show a the individual has a 

greater capacity to interact with alkaline solutions 

such as NaOH compared to the healthy areas, 

because the affected areas have more energy than 

the healthy areas, so the chemical solution quickly 

penetrates the areas exposed to radiation, which 

leads to an increase in the depth of the visible path 

and an expansion of its diameter with the etching 

time increases, and the hidden ionization path after 

chemical treatment can be seen using an optical 

microscope[16]. After the end of the microscopic 

viewing phase, the radon concentration in the 

samples can be determined using the following 

equation [17].     

𝐶𝑠 = 𝜆𝑅𝑛𝐶𝑎ℎ𝑡/𝐿                                           (1) 

where 𝐶𝑠 concentration of Rn-222 within samples in 

Bq.m-3. 𝐶𝑎 The concentration of Rn-222 in the air 

space of Bq.m-3. 𝜆𝑅𝑛 Fixed Rn-222 dissolution 

equals 0.1814 day-1. ℎ Height of the aerospace equal 

to 5.3 cm. 𝐿 Thickness estimated value is about 1 

cm. t Irradiation time is 55 d 

The concentration of radon was determined 

using the following equation for its surface emission 

rate. [18]: 

𝐸𝑥 =
C λ V

𝐴[𝑇+(𝑒−𝜆𝑇−1)𝜆−1]
                                  (2) 

where Ex: radon emission rate in terms of area( 

Bq/m2.h). C: concentration of radon in unit (Bq/m3), 

λ: radon decay constant and its value is 0.1814 day-

1. V: The size of the irradiation mug is 71.41 cm3, A: 

The area of the cylinder is 75.17 m2, T: The 

irradiation time in hours is 1320 hr. 

The mass emission rate of radon was determined 

using the following equation [19]: 

𝐸𝑚 =
C λ V

𝑀[𝑇+(𝑒−𝜆𝑇−1)𝜆−1]
                                (3)     

Here, Em Rn-222 emission rate in terms of mass ( 

Bq.(kg.h)-1), M:  Models block is 10 gm 

The samples were left in the sun for about a 

week to remove the moisture from them, then grind 

and sieve to keep the smooth part only to ensure the 

homogeneous distribution of the radioactive 

material. Use the CN-85 and 100 μm (1 x 2 cm2 

Solid-state nuclear path detectors are used to 

monitor the effects of alpha particles emitted by 

radon gas. Use a 10-2 gm sensitivity scale to 

calculate the weight of the soil models at 10 gm of 

each samples. 

Samples were left for 22 days in enclosed test 

glasses to reach 98% of the balance between Ra226 

radium and Rn222 radon. This time was calculated 

using the equilibrium relationship of radioactivity 

[20]: 

𝐴𝑅𝑛 = 𝐴𝑅𝑎(1 −  𝑒−𝑡𝜆𝑅𝑎)                               (4)   

Here, ARn the efficiency of radon, ARa the efficiency 

of radium, λRa the decay of radium, 8.73× 10-8 s-1 

and t the time needed to reach equilibrium state. 

After the equilibrium state period ended, we 

quickly removed the cup lid to avoid changing the 

air inside the cup and replaced it with another lid 

with a piece of CN-85 reagent. The distance 

between the sample surface and the detector is 

approximately 5.3 cm and the sample is left for 55 

days. The detector was then installed to prepare for 

the chemical etching process. The etching solution 

is created by dissolving a specific amount of NaOH 

granules in distilled water to obtain the required 

standard using a specific formula [21] 

𝑁 =
𝑊(𝑔)𝑥000

𝑊𝑒𝑞𝑉(𝑚𝑙)
                                               (5)  

N standard of solution, w(g) mass NaOH, V(ml) 

distilled water volume, weq equivalent weight of 

NaOH equal 40, the 6.25N Standardization was used 

for the etch solution for detector where 62.5g of 

sodium hydroxide granules were dissolved in 250ml 

of distilled water. Use the water bath to heat the 

NaOH solution to the required temperature of 60 °C, 

the etching process is carried out by placing the 

detector in the etching solution, which is placed in a 

flask inside the water bath after the finishing time of 

2.5 hours. The detector is washed with distilled 

water and dried. The microscopic phase of the 

detector is then started. The ligands and synthesized 

complexes were characterized as follows. 

 

3. Results and Discussion 

Apart from the radiological background, the 

concentration of Rn-222 gas was determined for 27 

soil samples using the CN-85 nuclear track detector. 

The surface and mass emission as well as the 

intensity of radon concentration were computed as 

shown in table (1). 

According to the investigation, sample S3 had 

the greatest radon concentration (61.996 Bq.m-3), 

sample S1 had the lowest value (18.961 Bq.m-3) and 

the rate (37.09 Bq.m-3) (Fig. 1). Also showed 

highest concentration of surface emission was 

recorded in sample S3 (3.732 Bq.m-2.h-1) and lowest 

in sample S1 (1.141 Bq.m-2.h-1) and 2.23 Bq.m-2.h-1) 

as shown in (Fig. 2), either As can be shown in (Fig. 

3), sample S3 had the highest mass emission rate 

(2.810 Bq.kg-1.h-1), sample S21 had the lowest value 

(0.121 Bq.kg-1.h-1), and the average was 1.65 Bq.kg-

1.h-1. According to the International Commission on 

Radiological Protection (ICRP), a comparison of 
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these data with the allowable revealed a soil radon 

concentration of 200 Bq.m-3 [14]. Comparison 

revealed that all research locations concurred with 

these limitations. 

 

 
Fig. (2) Concentration of radon gas in surface soil models 

 

 
Fig. (3) Mass emission rate for radon 

 
Fig. (4) Surface emission rate of radon 

 

 

4. Conclusion 

Along with the radiological background, the 

concentration of radon gas, its intensity, and its 

surface and mass emission were calculated, and the 

concentration of Rn-222 gas was determined for 

twenty-seven soil samples using the CN-85 nuclear 

track detector. Based on a comparison of these 

findings with the allowable level, the International 

Commission on Radiological Protection (ICRP) 

reported a radon concentration of 200 Bq.m-3 in soil. 

The comparison revealed that these limitations were 

accepted by all research locations. 
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Table (1) The intensity of the effects, the concentration of radon and the surface and mass emission rate 

 

Symbol 
Intensity of effects 

(track/mm3) 
Concentration of radon 

CRn(Bq/m3) 
Surface Emission Rate 

(EX) x10-4 Bq/m2.hr 
Mass emission Rate 
(EM) x10-4 Bq/kg.hr 

S 1 445±1.34 18.961 1.141 0.859 

S 2 1042±1.67 44.357 2.670 2.010 

S 3 1455±1.16 61.996 3.732 2.810 

S 4 1162±1.21 49.486 2.979 2.243 

S 5 800±1.63 34.087 2.054 1.545 

S 6 842±2.77 35.877 2.160 1.626 

S 7 771±1.03 32.852 1.977 1.489 

S 8 616±1.46 26.247 1.580 1.189 

S 9 1228±1.82 52.324 3.150 2.372 

S 10 628±1.66 26.758 1.611 1.213 

S 11 1133±4.34 48.276 2.906 2.188 

S 12 928±1.38 39.541 2.380 2.380 

S 13 516±0.68 21.986 1.323 0.996 

S 14 1014±1.24 43.206 2.601 1.958 

S 15 885±1.95 37.709 2.270 1.709 

S 16 528±0.88 22.497 1.354 1.019 

S 17 737±0.99 31.351 1.887 1.421 

S 18 1142±1.59 48.660 2.929 2.206 

S 19 942±0.90 40.138 2.416 1.819 

S 20 671±0.88 28.591 1.721 1.226 

S 21 628±1.66 26.758 1.611 0.121 

S 22 1128±1.03 48.063 2.893 2.179 

S 23 871±1.66 37.112 2.234 1.682 

S 24 1157±0.33 49.299 2.968 2.235 

S 25 985±2.16 41.970 2.526 1.902 

S 26 811±1.66 34.524 2.078 1.565 

S 27 957±2.25 40.777 2.455 1.848 

Radiation back ground 700±1.19 29.286 1.795 1.352 

Min. 445±0.33 18.961 1.141 0.121 

Max. 1455±4.34 61.996 3.732 2.810 

Ave. 882.92±1.51 37.09 2.23 1.65 
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The current study is critical in examining the performance of a new nanocomposite 
sensor capable of detecting NO2 and H2S using a combination of PPy, NiO, and f-
MWCNT. The f-MWCNT addition to the polymer matrix increases film roughness and 
the surface-to-volume ratio of the film, hence increasing adsorption of gas molecules on 
nanotube surfaces. The resistance change of the nanocomposite after exposure to H2S 
shows a very high sensitivity to the detection of gas, and the f-MWCNT has enhanced 
the sensing ability of the PPy sensor. This combination of PPy and f-MWCNT also 
exhibits a fast response time for both NO2 and H2S gases. The paper analyses the 
sensitivity, response, and recovery time of the sensor, along with operating 
temperatures from 50, 100, 150, and 200°C, giving a survey of the different operating 
conditions that the sensor may operate efficiently. The uniqueness of this paper is in the 
specific nanocomposite structure based on the unique properties of PPy, NiO, and f-
MWCNT to enhance the detection of gas. The innovative approach to the design of 
sensors guarantees an efficient and highly responsive solution to monitor toxic gases. 
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1. Introduction 

Gas sensing technology has revolutionized the 

measurement and monitoring of a large number of 

gases in their different aspects. Gas sensing has found 

research and practical applications in a variety of 

areas, including environmental research, the 

automotive industries, medical diagnostics, and 

indoor air quality management. Chemo-resistive gas 

sensors have become a very important transduction 

unit for a variety of reasons, including easy readout 

interface circuitry, portability, low power 

consumption, and low cost. A gas sensor having 

active sensing material has been showed to be very 

versatile in terms of detection gases with a variety of 

different active sensing materials [1-2]. 

Hydrogen sulfide (H2S) and Nitrogen oxide (NO) 

are naturally occurring and health hazards to human 

beings. Of the two, the most poisonous one is H2S, 

which causes symptoms like headaches and dizziness 

at low concentrations, and it is lethal at concentrations 

above 250 ppm. Its occurrence is found in mines, 

petroleum fields, and natural gas production, so 

detection is of utmost importance in oil and gas 

exploration, automotive ventilation, and dentistry. 

Although most of the available sensors are based 

on inorganic metal oxide semiconductor technology, 

such as ZnO, Fe2O3, and WO3, these materials often 

are very sensitive to high operating temperatures and 

poor selectivity. There is a great necessity for 

operating at room temperature [3-5]. 

Major applications in the field of sensing are 

assigned to conducting polymers, such as polypyrrole 

(PPy) as active layers of gas sensors, for which 

significant advantages arise from operation at room 

temperature, cost-effectiveness, flexibility, and very 

high sensitivity. Exceptionally high surface-to-

volume ratio and hollow structure of nanomaterials, 

such as carbon nanotubes (CNTs), bring the ideal 

medium to adsorb gas molecules. CNTs have to a 

large extent driven significant advancements in gas 

sensor technology due to their unique geometries, 

morphologies, and material properties, making it 

possible to detect the changes of the gas induced 

through various techniques. NiO is regarded as a 

model of p-type semiconductors and is highly valued 

for its chemical stability and outstanding optical and 

electrical properties. The potential of NiO thin films 

as electrochromic device or sensing layers is 

appreciated by other studies [6]. Heinig et al. 

prepared a PPy–Au coated NiO nanocomposite to 

improve the electrocatalytic properties. Jia et al. 

prepared a PPy–Au coating on NiO nanoparticles to 

produce multifunctional nanocomposites for 

electroanalysis applications [7]. 

The aim of this study is to evaluate the 

performance of a nanocomposite sensor, composed of 

Polypyrrole (PPy), nickel oxide (NiO), and 

functionalized multi-walled carbon nanotubes (f-

MWCNT), for the detection of NO2 and H2S gases, 

focusing on its sensitivity, response time, and 

efficiency across various temperatures. 

 

2. Experimental Work 

A nanocomposite film of PPy, f-MWCNT, and 

NiO was prepared on FTO substrates by using pulsed 

laser ablation (PLA). The substrate was heated to 

400°C during deposition with a Nd:YAG laser, 

operating at a wavelength of 1064 nm, with a pulse 

duration of 10 ns and a frequency of 6 Hz. Before 

laser deposition, the sample powder was compressed 

into disk form under a pressure of 5 tons, resulting in 

a disk with 0.2 cm thickness and 1.5 cm radius. 

The surface characteristics of the prepared 

nanocomposite film were characterized: the contact 
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angle was measured by means of a special program 

and a high-resolution camera. This data gave insights 

into the hydrophobic or hydrophilic nature of the film, 

and these are the main characteristics to point to a 

possible application in gas sensing. 

The electrical properties are measured using 

sensitive digital electrometer, Keithley 616, using a 

2V power source to find the film resistance. A 

differential temperature test was also carried out, 

considering how the fluctuation of temperature would 

impact the performance of the sensor. 

To see how the sensor should work in detecting 

poisonous gases, the films were exposed to NO2 and 

H2S gases in a controlled environment. This was 

achieved with the help of a specially designed system 

that controlled the concentration and flow of gas in an 

accurate manner, thus providing reliable test 

environments to test the sensor reaction to these given 

gases. 

With some comprehensive tests and analyses, it 

was possible to determine the suitability of the 

nanocomposite film for gas sensing applications, with 

the objective of providing valuable data, which, in 

turn, help for improved design and functionality of 

the nanocomposite film. 

 

3. Results and Discussion 

The contact angle measurement indicates changes 

in surface wettability. The contact angle of the film 

decreased from 92° to 81°, as illustrated in Fig. (1), 

suggesting a shift from hydrophobic to hydrophilic 

characteristics. This change in wettability may result 

from the presence of lone pairs of electrons in the 

nitrogen atoms within the heterocyclic pyrrole 

structure, allowing hydrogen bonding with water 

molecules. This observation aligns with previous 

studies [10,11]. 

The direct current (DC) conductivity of the 

nanocomposite varies with the concentration of NiO, 

f-MWCNTs, and temperature. An increase in both 

NiO and f-MWCNT concentrations, as well as 

temperature, resulted in a fourfold increase in 

conductivity, as shown in table (1). Figure (2) 

demonstrates the exponential relationship between 

conductivity and temperature, consistent with the 

Arrhenius equation [12,13]. The activation energy for 

doped PPy was found to be between 0.89 and 0.11 eV 

within a temperature range of 303 to 453 K, 

indicating that increased MWCNT concentrations 

lead to improved conductivity due to the formation of 

a conductive path through the PPy/NiO matrix, as 

explained by percolation theory [14,15]. 

 
Table (1) The values of σdc and Ea for PP/MWCNT 

nanocomposites 

  

PPy/NiO/f-MWCNT 
Ratio (wt.%) 

1 2 3 4 

σ (S/cm) 4.8x10-3 3.1x10-2 31.58 61.8 

Ea (eV) 0.89 0.72 0.46 0.11 

 

 
1% 

 
2% 

 
3% 

 
4% 

Fig (1) Contact angle measurements of PPy/NiO/f-MWCNT (1, 

2, 3, 4%) samples 

 

The differential thermal analysis (DTA) 

thermograms for PPy and PPy/NiO/f-MWCNT 

nanocomposites are shown in Fig. (3). The first stage 

of thermal analysis occurs in the temperature range of 

50-75°C, likely due to the loss of moisture. The 

second stage, observed between 150-175°C, might be 

attributed to the loss of oligomeric molecules, with 

additional endothermic activity around 190-200°C. A 

weight loss between 200 and 300°C could result from 

the loss of dopants. The incorporation of f-MWCNT 

into PPy increased the thermal stability of the 

composites compared to PPy alone, suggesting that 

well-dispersed MWCNTs prevent rapid heat 

transmission [16,17]. 
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Fig (2) Variation of Ln(σ) versus 1000/T for PPy/NiO/f-

MWCNT(1, 2, 3, and 4%) 

 

 
 

Fig (3) DTA curves of PPy/NiO/f-MWCNT (1, 2, 3, 4%) 

samples 

 

The gas sensing performance of the 

nanocomposite was examined using oxidizing (NO2) 

and reducing (H2S) gases at different operating 

temperatures (25, 100, 150, and 200°C), as shown in 

Fig. (4). The sensitivity of the PPy/NiO/4% f-

MWCNT film to H2S at 50 ppm was approximately 

14% at temperatures up to 200°C, whereas the 

sensitivity to 86 ppm NO2 was about 13% at 100°C. 

This high sensitivity is attributed to the nano-sized 

structure of the films and the ability of the sample 

surface to adsorb oxygen [18-20]. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (4) The sensitivity of PPy/NiO/4% f-MWCNT to NO2 

(a),(c)  and H2S gases (b),(d) 
 

These results highlight the potential of the 

PPy/NiO/f-MWCNT nanocomposite as a versatile 

material for gas sensing applications, demonstrating 

high sensitivity and thermal stability under varying 

conditions. 
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4. Conclusion  

This study undoubtedly demonstrates proof of 

concept for the development of a nano-based sensor 

for the detection of NO2 and H2S, using a combination 

of PPy, NiO, and the f-MWCNT in the polymer 

matrix. The addition of f-MWCNT to the polymer 

matrix increases the roughness of the film and, 

therefore, the surface-to-volume ratio, in which gas 

adsorption is increased and yields greater sensitivity. 

The f-MWCNT-based sensor is capable of quick 

response to both NO2 and H2S, with different 

sensitivity, response, and recovery times for distinct 

operating temperatures (50, 100, 150, and 200°C), 

which shows versatility. The novel design of this 

sensor is very responsive and effective for the 

detection of toxic gases and has broad applications in 

industries where gas monitoring is of utmost 

importance. 
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The main objective of the current study is to characterize radioactivity in selected 
samples of building materials by measuring the amounts of natural radionuclides 
(238U, 232Th, 40K) using gamma spectroscopy with a high-purity germanium (HPGe) 
detector. Samples selected for the models were collected from different origins and 
subjected to analysis to confirm average concentrations of radionuclides. Then, risk 
factors were calculated and these results were compared to international values for 
further analysis. The results of the study indicate that the quantities of radionuclides 
fall within the established global natural limits, which indicates that the levels of 
natural radioactivity fall within the globally accepted range. 
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1. Introduction 

Soil is a critical environmental component that 

plays a vital role in providing humans with a 

livelihood. When contamination occurs as a result of 

the addition or removal of certain components, it 

results in defects that alter inherent natural, 

biological, or chemical characteristics. These 

changes have direct or indirect effects on both 

humans and other species living in the affected 

environment [1]. The increasing number of 

sophisticated scientific inquiries pertaining to the 

generation of radioactive elements and the wide 

range of applications they possess in everyday 

existence poses a significant peril to the 

environment and its contamination [2]. Hence, it has 

become essential for researchers to gain knowledge 

regarding the properties and risks associated with 

these substances, as well as appropriate protocols 

for their safe handling and management. 

Radionuclides make up a large portion of naturally 

occurring radioactive materials [3]. The presence of 

these nuclides can be observed in various geological 

formations within the Earth's environment, 

encompassing the Earth's crust, subsurface rocks, 

soil, vegetation, hydrosphere, and atmosphere. The 

relative proportions of these nuclides, which serve 

as sources of radioactivity [4], show variations 

based on factors such as the geographic and 

geological characteristics of a given area, the spatial 

distribution of radionuclides, and the existing 

radiochemical conditions. The United Nations 

Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR) in 2000 stated that [5]. 

Radioactive contamination is widely recognized as 

an extremely dangerous form of environmental 

pollution. When radioactive elements infiltrate the 

body's cells, they cause visible and internal 

imbalances [6]. 

Building materials contribute to the construction 

of buildings and residential homes in which people 

live and spend most of their lives for a long period. 

These materials are made or taken from natural 

sources, whether rocks or soil from different 

regions. [7]. They have natural radioactivity that 

affects human life. This effect depends on the 

amount of radiation to which he/she is exposed, the 

type of ionizing rays contained in these materials, 

and the manner in which a person is exposed to 

them, whether internally or externally [8]. Among 

the health risks to which a person is exposed that are 

related to exposure to radiation are cancerous 

diseases that occur as a result of genetic mutations 

resulting from a change in the genetic codes due to 

exposure of living cells to radiation. Because of 

these and other effects, it has become important to 

focus on the control factor for these materials and 

examine them periodically to determine the extent 

of their danger and their impact on humans [9]. This 

is done by measuring their radioactivity and 

comparing it with international values for the 

amount of radiation permitted to be exposed to 

according to statistics set by the relevant 

international bodies. 

This study seeks to validate the levels of inherent 

radioactivity and assess the radiation levels found in 

samples of the building materials under 

investigation [10]. To achieve this goal, 

measurements were carried out on five samples, 

including those sourced from different companies, 

to determine radium equivalents, internal and 

external risk indicators, annual absorbed dose, and 

gamma radiation risk indicators. 

 

2. Experimental Part 

A high-purity germanium detector (HPGe) it has 

an efficiency of 20% and an operating voltage of 
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400keV located in Al-Nahrain University, Al-

Nahrain Research Center for Renewable Energy was 

used for quantitative and qualitative analysis of the 

samples of the studied materials in order to calculate 

the specific activity of natural radionuclides (238U, 
232Th, 40K) and industrial cesium (137Cs) and analyze 

these results using a computer equipped with 

(SpectraLineGP) software to make appropriate 

changes. 

The study included 5 samples of different types 

of ceramic, porcelain, and marble substitutes, as 

distributed in table (1). Samples were collected from 

different types in Iraqi local markets and from 

different industries. One kilogram for each sample is 

taken, after using a small-diameter sieve to obtain a 

homogeneous mixture, and then the samples are 

transferred to the laboratory to preserve them and 

measure the exact mechanism of action of 

radionuclides. In order to begin the measurement, an 

empty plastic container was placed in the detector 

system and the gamma ray spectrum was collected 

for a duration of 60 min. Following this, the 

radiation background of the laboratory was 

measured. After that, the device was calibrated as 

needed. Then, the samples under study were 

measured, The lead isotope 214Pb specific activity 

was determined at an energy level of 351.9 keV, 

bismuth 214 Bi at an energy level of 609.32 keV, and 

radium 226Ra at an energy level of 185.6 keV, which 

is equivalent to the specific activity of the uranium 
238U series. The most effective value was selected. 

The specific activity of 212Pb was determined at an 

energy level of 238.6 keV, the specific activity of 

actinium isotope 214Ac at an energy level of 911.16 

keV, which is equivalent to the specific activity of 

the thorium series 232Th, and the specific activities 

of potassium 40K at an energy level of 1460.8 keV 

[11]. 

 

3. Results and Discussion 

According to the results listed in table (1), 

sample Y3 had the greatest specific activity of 

uranium 238U at 54.6 Bq/kg, while sample Y5 had 

the lowest at 7.80 Bq/kg, according to the findings 

of the specific radioactivity of radioactive isotopes 

acquired from ceramic, porcelain, and marble 

substitution samples. Sample Y3 had the greatest 

specific activity of 232Th (42.25 Bq/kg), whereas 

sample Y5 had the lowest (1.1 Bq/kg). As indicated 

in Fig. (1), the specific activity of 40K had a 

maximum value of 300 Bq/kg in sample Y5 and a 

minimum value of 100 Bq/kg in sample Y1. Radium 

equivalent effectiveness (Raeq). The results showed 

that the highest value is sample Y5 had the lowest 

value at 35.67 Bq/kg, whereas the overall rate of 

comparable radium efficacy was 83.21 Bq/kg. 

Sample Y3 had the highest value at 131.26 Bq/kg. 

The findings presented here show. There is a 

discrepancy between the radium equivalent efficacy 

rate and the worldwide average of 370 Bq/kg. 

 

 
Fig. (1) Effect Hazard Index for the studied ceramic, 

porcelain, and marble substitute samples 
  

The values of the absorption dose rate (D) range 

from 18.26 nGy/h in sample Y5 to 59.54 nGy/h in 

sample Y3. The average rate is 38.05 nanograms per 

hour. According to the latest findings, as seen in 

Fig. (2), the airborne absorbed dose rate is lower 

than the average worldwide value of 84 nGy/h. 

In terms of the Annual Effective Dose Indoor 

(AEDEin), the sample Y5 had the lowest value at 

0.02 mSv/y, while Y3 had the highest value at 0.07 

mSv/y. On average, it's 0.05 mSv/y. A lower value 

of 0.09 mSv/y was found in Y5, while the highest 

value of 0.29 mSv/y was in sample Y3, indicating 

that the present findings demonstrate that the yearly 

effective dose rate for internal exposure is lower 

than the worldwide average of 1 mSv/y. On average, 

it's 0.19 mSv/y. According to the latest findings, the 

yearly effective dosage rate from the outside is 

lower than the worldwide norm (1 mSv/y) . 

Nuclear danger index for the interior Hin In 

sample Y3, the maximum value was 0.5 Bq/kg, 

whereas in sample Y5, the lowest value was 0.13 

Bq/kg. The internal risk index rate is lower than the 

world average, which is 1 Bq/kg, with a typical rate 

of 0.32 Bq/kg. Additionally, the Hout external 

radiation risk index With a value of 0.35 Bq/kg, 

sample Y3 had the highest concentration. Also, in 

sample Y5 the lowest value was 0.10 Bq/kg). The 

findings show that the external risk index rate is 

lower than the general rate of 1 Bq/kg, whereas the 

general average is 0.22 Bq/kg. 

Index of danger for Iγ gamma radiation. While 

the overall average was 0.59 Bq/kg, the findings 

showed that sample Y3 had the greatest value at 

0.93 Bq/kg and sample Y5 had the lowest value at 

0.28 Bq/kg. Figure (3) shows that the overall rate is 

1Bq/kg, but the external risk index rate is lower 

[12]. 
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Fig. (2) Specific effectiveness for the studied ceramic, 

porcelain, and marble substitute samples 
 

 
Fig. (3) Risk factors for the studied ceramic, porcelain, and 

marble substitute samples 
 

4. Conclusions 

Based on the data collected, the absorbed dose 

rate did not exceed the limitations set by UNSCEAR 

(2000) [22]. Internationally permitted levels, as 

determined by UNSCEAR (2000), are lower than 

the yearly effective dose rates. The radium 

equivalent likewise fell under the 370 Bq/kg level 

that is considered acceptable worldwide. The 

findings of this study indicate that the absorbed dose 

rate in the samples collected was within the 

acceptable limits set by the International 

Commission on Radiological Protection (ICRP, 

1993). Hence, these varieties are deemed safe for 

use in building. 
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Table (1) Specific effectiveness and risk factors for the studied ceramic, porcelain, and marble substitute samples 

 

Sample Samples name 

Specific activity 

(Bq/kg) 

HazardIndex 

(Bq/kg) 
absorbed dose 

rate 

D(nGy/h 

Annual effective 

dose (mSv/y) 
Iγ 

(Bq/kg) 

Ra 

(Bq/kg) 
238U 232Th 40K HIN HEX AEDEIN AEDEOUT 

Y1 Ceramic Indian 33.2 16 40 0.25 0.16 26.67 0.03 0.13 0.41 59.16 

Y2 Porcelain Indian 41.3 39.8 136 0.41 0.29 48.82 0.06 0.24 0.76 108.76 

Y3 Ceramic Iranian 54.6 42.2 211 0.50 0.35 59.54 0.07 0.29 0.93 131.26 

Y4 Porcelain Iranian 34.3 25.1 141 0.31 0.22 36.95 0.05 0.18 0.57 81.19 

Y5 
Marble alternative 

Turkish 
7.8 1.1 300 0.13 0.10 18.26 0.02 0.09 0.28 35.67 

Max 54.6 42.2 300 0.5 0.35 59.54 0.07 0.29 0.93 131.26 

Min 7.80 1.10 40.0 0.13 0.10 18.26 0.02 0.09 0.28 35.67 

Mean 34.25 24.8 165.6 0.32 0.22 38.05 0.05 0.19 0.59 83.21 
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In the current work, CuAlSe2 alloys were fabricated by melting the 
stoichiometric weights of Cu, Al, and Se in a sealed quartz ampoule at a 
vacuum of about 3×10-2 mbar. The alloy is applied to a soda lime glass 
substrate, heated to various temperatures, and then thermally evaporated at 
a pressure of roughly 10-6 mbar. The thin layer has a thickness of 1200±100 
Å. Thin films were polycrystalline with sphalerite structure but the bulk 
showed chalcopyrite structure throughout. An increase in the optical energy 
gap with substrate temperature and direct transitions in the thin layer were 
observed in the optical experiments. As the annealing period was raised to 
two hours, the films annealed at 200-400°C indicated an increase in the 
energy gap. 
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1. Introduction 

The preparation technique of thin films from 

solid materials is one of the most crucial methods 

for studying their physical characteristics. Since thin 

films are used in the fabrication of integrated 

circuits like capacitors, resistors, and diodes as well 

as high-reflective mirrors and electromagnetic 

detectors, they are important to both advanced 

applications and solid-state physics research. One of 

the most significant and well-preferred uses of thin 

films is the fabrication of solar cells due to their low 

production cost as they require less production 

requirements than other energy sources [1]. Due to 

their high energy band gap (2.67eV) and tri-

crystalline form in the orthogonal chalcopyrite 

structure, which is comparable to the structure of 

sapphirite, the CuAlSe2 compound family has 

recently gained the interest of many researches. 

These compounds can be used in solar cells with 

efficiencies up to 11% and as electromagnetic 

radiation detectors too [2,3]. The group I-III-VI 

compounds, such as CuAlSe2, CulnSe2, and others, 

have great technical significance because of their 

remarkable optical sunlight absorption. The basic 

absorption edge of an ideal semiconductor is the 

region where photons with energy at least equal to 

the optical energy gap are employed to activate the 

valence band [4]. In crystalline and polycrystalline 

semiconductors, there are direct transitions, where 

electrons move from the top of the valence band to 

the bottom of the conduction band without changing 

their wave vector. The absorption coefficient of 

these transitions (αdir) is related to the optical energy 

band gap (Egopt) by the following relatioship 

𝛼𝑑𝑖𝑟 = 𝐵(ℎ𝑣 − 𝐸𝑔𝑜𝑝𝑡)
1

2   (1) 

where B is a constant, and h is the energy of the 

incident photon 

In crystalline and amorphous semiconductors, an 

indirect transition can occur when the electron wave 

vector is different before and after the transition. 

Transitions in semiconductors are unconstrained, 

however in crystalline semiconductors, the 

conservation of momentum principle imposes 

restrictions. The law of conservation of momentum 

is random because composition is unpredictable. 

The indirect absorption coefficient for each type of 

semiconductors is given if crystalline and 

polycrystalline semiconductors absorb photons to 

accomplish momentum conservation [3]. 

𝛼𝑙𝑛𝑑 =
𝑐(ℎ𝑣−𝐸𝑔𝑜𝑝𝑡)

𝑒
(𝐸𝑝ℎ/𝑘𝑇−𝑠)

   (2) 

where Eph is the energy of the absorbed photon, Egopt 

is the optical energy gap, and c is a constant 

 

2. Experimental Part 

The pure stoichiometric weights of the 

constituents (Cu:Al:Se = 1:2:3) were combined in a 

sealed quartz tube to produce the alloy. The quartz 

tube was evacuated using a rotary pump to 3x10-2 

mbar getting an evacuated tightly-closed tube as a 

capsule with the three contents. A convection oven 

was gradually and gently heated to 1100°C and the 

tube was left there for three hours. To guarantee a 

homogenous molten mixture and complete fusion of 
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the three elements, the oven is regularly stirred and 

set at 1100°C. After the capsule gradually cools to 

room temperature to extract the alloy (CuAlSe2), 

some of its bulk is powdered and characterized by 

the x-ray diffraction (XRD) analysis to ensure the 

formation of the required alloy. A molybdenum 

(Mo) evaporation pot was continuously electrically 

charged and the evaporation chamber was evacuated 

to 10-6 mabr in order to perform the process at room 

temperature. This allowed for the growth of thin 

films by thermal evaporation using Balzer 

evaporation system. At a rate of 2 Å/s, the substance 

was evaporated. Consequently, the film preparation 

process was performed at room temperature. the 

film preparation process was carried out with 

variable deposition temperatures. The alloy was 

fabricated in the form of an ingot, which is then 

completely ground to produce usable alloy powder. 

A Phillips x-ray diffractomer was used in the 

scanning range (2θ) of 20°-70°, and the thin films 

prepared from the same alloy were examined using 

the same XRD apparatus. The film thickness was 

measured using a quartz crystal monitor and the 

optical interference method [5]. 

 

3. Results and Discussion  

By comparing the Bragg’s reflections of the 

deposited films and alloy powder with the American 

Standard for Testing Material (ASTM) cards, the 

composition of the alloy (bulk) was verified by 

analyzing the XRD patterns. It was found that these 

patterns belong to the compound CuAlSe2. These 

patterns are displayed in Fig. (1) for substrate 

temperatures (Ts) of 150°C, 250°C, and 350°C. 

 

 
Fig. (1) XRD patterns of the samples deposited at different 

substrate temperatures (a) 150°C, (b) 250°C, and (c) 350°C 

 

By increasing the substrate temperature, the 

composition of the prepared samples was sphalerite 

cubic with a lattice dimensions of a=5.0364Å and 

c=10.5440Å [6,7]. The substrate’s composition is 

sphalerite cubic with a lattice dimension of 

a=5.0364Å, and by raising the temperature, the 

sample becomes much more porous (c=10.5440Å). 

The XRD patterns of the thin films annealed at 

200°C or 400°C for two hours with thickness of 

1200±1100Å are displayed in figures (2) and (3). 

These figures showed an increase in the intensity of 

some peaks and a decrease in the intensity of others 

when compared with Fig. (1) for unannealed films. 

The reason for this result is attributed to the growth 

of crystalline grains due to the coalescence of the 

grains with each other during the annealing process, 

which will lead to an increase in the diffraction 

intensity of some peaks, whereas the decrease in the 

intensity of some other peaks is due to the fact that 

this coalescence process will lead to the formation 

of separate islands (discrete islands), the distances 

between which are rather wide, especially when the 

thickness of the deposited film is small, and this is 

consistent with reference [9]. 

 

 
Fig. (2) XRD pattern of CuAlS2 thin film annealed at 200° 

 

 
Fig. (3) XRD pattern of CuAlS2 thin film annealed at 400° 

 

The relationship between (αhv)2 and incident 

photon energy (hv) is depicted in Fig. (4). It is 

observed that the films prepared at high 

temperatures exhibit increased crystallization, as the 

composition of the CuAlSe2 films is greatly 

influenced by the substrate temperature during film 

deposition. The activation energy of the deposited 

particles increases with the intensity and height of 

the Bragg’s peaks. This energy is required for the 

deposited particles to reach sites on the substrate 

with the least energy loss in order to be more stable. 

As a result, during the evaporation process, the films 

prepared at temperatures 150-350°C exhibit phase 

transition from orthogonal chalcopyrite to cubic 

sphalerite. These findings agree with those of 

references [7,8], who found that deposition of thin 

films at lower temperatures results in the growth of 

films composed primarily of sphalerite. We observe 
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that the CuAlSe2 films are of direct transition, which 

is consistent with the results of references [4,10]. 

Also, the values of optical energy gap were in 

agreement with those of reference [4], who prepared 

CuAlSe2 films at temperatures between 300 and 

400°C using a spray deposition method. The rise in 

the number of crystalline grains and the increase in 

film crystallization were the reasons given for the 

increase in the optical energy gap with increasing 

deposition temperature. The absorption edge is 

obviously impacted by the annealing process. The 

effect of film annealing at 400°C for two hours is 

depicted in Fig. (5). The optical energy gap has 

changed to 2.65eV for films annealed at 200°C and 

400°C, as shown in this figure. The annealing 

process removes structural flaws and increases the 

grain size, which explains the increase in 

absorbance due to the increase in granular 

boundaries. This is consistent with references [11-

14]. 

 

 
Fig. (4) Relationship of (αhv)2 with incident photon energy 

(hv) for thin films prepared at different substrate 

temperatures (a) 150°C, (b) 250°C, and (c) 350°C 

 

 
Fig. (5) Effect of annealing temperature on the energy band 

gap of the thin films: (a) not annealed, (b) annealed at 200°C, 

and (c) annealed at 400°C for two hours 
 

4. Conclusion 

The thin films deposited at high temperatures 

were found much more crystalline. During the 

evaporation process, the orthogonal chalcopyrite 

composition of the films formed at temperatures 

between 150 and 350°C has converted into cubic 

sphalerite, causing a phase transition. The growth of 

crystalline grains is a result of the grains 

coalescence during the annealing process. The 

absorption edge is clearly impacted by the annealing 

process, which decreases structural flaws and 

enlarges the grains. 
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The research aims to evaluate the extent of the effect of optical processing 
sources and other factors on radiation outputs in dental clinics on the left side 
of Nineveh Governorate. Use a radiometer to measure the amount of 
radiation coming from polymerization devices. Radiation values were 
recorded at three locations in the clinics while the polymerase machines were 
operating. The mean radiation was determined after a short period of 
operation. The results showed that many dentists do not use curing lamps 
correctly and are not provided with sufficient information about the harm 
resulting from these devices and their impact on their health and the health of 
patients and the surrounding environment. Therefore, emphasis must be 
placed on appropriate education and training on the ideal light therapy 
technique. Improve photo curing performance at scale with detailed 
instructions on optimizing photo curing technology. 
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1. Introduction 

Radiation is a measure of the amount of 

radiation present in a given environment. The 

effective dose is the radiation dose to which tissues 

and the environment are exposed, taking into 

account the different biological effects resulting 

from different types of radiation. Blue light therapy 

has increased in popularity in the past few years. It 

is a painless, comfortable, non-invasive and highly 

effective biophysical treatment for many diseases 

[1,2]. There is no evidence that devices operating on 

mid-level blue light have harmful effects, but the 

potential effects of long-term cumulative exposure 

and dose-response effects are currently unknown[3]. 

   A dental device used to polymerize composites 

based on photo curing, used to harden the composite 

material. There are four basic types of light sources 

for dental treatment: tungsten halogen, light-

emitting diodes (LED), plasma arcs, and lasers. All 

these modules emit blue light in the wavelength 

range of 380-510 nm [4]. It emits appropriate light 

intensity. The consumption of light source and 

exposure to light radiation of materials can reduce 

the output intensity of the module. Therefore, it is 

recommended to evaluate the performance of optical 

processing units [5]. As the polymerization system 

ages, the light output diminishes due to prolonged 

use, resulting in decreased mechanical properties 

[6]. Blue light from therapy lights can cause eye 

damage; the risks depend on the radiation emitted, 

radiation geometry, exposure time, and degree of 

reflectance. The International Commission on 

Radiation Protection has stressed the application of 

special guidelines when exposed to blue light and its 

reflection from treatment lamps. Safety concerns are 

essential to avoid a work-related injury [3,7,8]. 

Regarding the principles of patient safety and 

radiation protection, the dentist must improve the 

treatment procedures. When exposed for a long 

time, the pulp and tissues of the tooth exposed to 

light are damaged [9]. On the contrary, applying low 

radiation or short treatment time leads to failure of 

the restoration. Although LED lamps are more 

commonly used compared to halogen lamps, the 

radiation of LED lamps decreases over time and 

causes technical failure. Therefore, curing lamps 

need constant maintenance and regular monitoring 

to control the beam coming from light sources [10]. 

This study aims to determine the amount of 

radiation resulting from light sources in dental 

clinics on the left side of the city of Nineveh and to 

determine the extent of its impact on the doctor, the 

patient, and the surrounding environment during and 

after treatment and to know the characteristics and 

correct usage of these devices. 

 

2. Experimental Part 

This study was conducted in the left side of 

Nineveh Governorate, and 45 private dental clinics 

were randomly selected, including 78 phototherapy 

devices that work to polymerize light-cured resin. 

The following information was collected: type of 

unit (LED and the QTH unit), age of the unit, and 

date of last maintenance. For the device, number of 
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uses during the day, light output (light intensity in 

mW), and radiation from the clinic and units, use a 

radiation measuring device (1 pc An hour (μSv/h) to 

150 mSv/h to measure the amount of radiation 

emitted by the polymerization devices in these 

offices.  

Radiation values were recorded in three different 

locations in the clinics while the polymerization 

devices were operating. The average radiation 

emitted by each device was measured at different 

times. This was repeated three times and we 

obtained three readings from each LED unit and the 

QTH of all parameters, after which the average 

irradiance was determined after a short period of 

operation and all results were recorded in tables for 

analysis.  

 

3. Results and Discussion   

Tables (1) and (2) show the average radiation 

changes with the (age, last maintenance date, 

number of times used during the day, intensity) of 

the unit versus the number of curing units. The 

results showed that the radiation rate was not 

influenced by the last maintenance date of the unit, 

but the three variables (age, number of times used 

during the day, intensity) did have an effect on the 

unit versus the number of curing units. To maintain 

the safety of the patient and dentist and reduce 

radioactive contamination of the environment 

surrounding clinics, appropriate treatment units with 

appropriate characteristics must be chosen. This 

study highlights the importance of repeatedly 

evaluating the radiation rate of different treatment 

units used in dental clinics in the left side of 

Nineveh province. efficiency Continuous 

improvement in treatment unit technology may 

contribute to increased adoption by dentists of these 

curing units in clinics as they have numerous 

benefits such as narrow emission spectrum, specific 

energy density, improved treatment efficiency, 

durability, compact device form, and energy [11,12] 

and thus lead to a reduction in Emitted radiation is 

harmful to humans and the environment. When the 

intensity is low, the light radiation from light 

sources does not produce efficiency in treatment 

even if the treatment time is increased. However, the 

ray with a high intensity and the shortest treatment 

time produces high-precision mechanical properties, 

and increasing the treatment time can be an 

alternative to low intensity in some treatments, the 

fracture strength efficiency and hardness of the 

composite material increase [13-15].   

This study demonstrated how easily errors can 

occur during the phototherapy process, leading to 

increased risks during restoration operations. 

However, photo curing performance can be 

extensively enhanced using detailed instructions on 

improving the technology used in photo-

polymerization and detecting the resulting damage 

and radiation emitted by photo polymerization 

devices used in dental clinics and hospitals. This is a 

result of the incorrect use of some relevant features 

and understanding the technical knowledge in these 

devices and providing the necessary advice and 

guidance to the owners of these clinics, according to 

the survey data collected. The results of this study 

showed that many dentists do not use curing lamps 

correctly and are not provided with sufficient 

information about the harms resulting from these 

devices and their impact on their health and the 

health of patients, as well as their impact on the 

surrounding environment. To their clinics. 

Therefore, emphasis should be placed on 

appropriate education and training on the ideal 

phototherapy technique in all dental schools and 

even the inclusion of all dentists in special and 

periodic courses to understand the problems related 

to phototherapy. 

 
Table (1) Average radiation changes with:   Age and last 

maintenance date (c) the no. of times   was used during the 

day (d) the intensity of the unit versus no. of curing unit 

 

average 
Radiation         

µSv/h 

Age of the 
unit (years) 

Number of 
QTH lights 

(n=26 ) 

Number of 
LED lights 

(n=52 ) 

0.12 <1 6 19 

0.15 1-4 9 24 

0.18 >4 11 9 

Average 
Radiation 
(µSv/h) 

Last 
maintenance 
date of the 

unit (months) 

Number of 
QTH lights 

(n=26) 

Number of 
LED lights 

(n=52 ) 

0.22 no 9 22 

0.17 <3  2 3 

0.20 3-6  6 5 

0.15 6-12 5 18 

0.21 >12 4 4 

 

Table (2) Average radiation changes with:  the no. of times   

was used during the day and the intensity of the unit versus 

no. of curing unit 

 

Average 
Radiation 
(µSv/h) 

The number of 
times the unit 

was used 
during the day 

Number of 
QTH lights 

(n=26) 

Number of 
LED lights 

(n=52 ) 

0.17 <5  13 19 

0.21 5-10  7 12 

0.24 >10   6 21 

Average 
Radiation 
(µSv/h) 

Intensity 
(mW/cm2) 

Type of 
QTH lights 

(n=26) 

Type  of 
LED lights 

(n=52 ) 

0.16 <250 15  17  

0.18 250-1000 7  25  

0.23 1000-1500 4  10   

 

4. Conclusion 

The typical treatment times with radioactive 

light were addressed, in addition to a typical number 

of daily treatments as well as maintenance, the 

danger of these devices to the surrounding people 

and the environment may exceed the limits, because 

dentists did not protect themselves and their patients 

adequately from these devices Requires the operator 

to know the characteristics and correct usage of 

these devices. 
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Glasses with compositions (65%) Na2B4O7 – (35-x)%V2O5 – (x)% MgO, where x=10, 
15, 20, or 25, is were produced using conventional melt quenching technique. The 
shifting rate of absorption edge position, band tails energy (Eo) and optical band 
energy (Eopt) were investigated. The results showed all the values of Eo and Eopt for 
the glass compound can be possibly treated and their characteristics can be 
compared with the values that correspond to their identical semiconductors. 
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1. Introduction 

Tetraborate glasses are a class of glasses that are 

technologically important and play an important role 

in various physical applications [1]. Optical 

absorption in solids occurs by several different 

mechanical processes, all of which involve the 

interaction between incident rays and the dipole 

moments of the material and thus the transfer of 

energy. Absorption likely occurs as a result of internal 

transitions between shell (D) electrons in transition 

metals. Optical absorption can also be created by 

transferring electrons from a neighboring atom to 

transition metal ions and vice versa [2]. 

Measurements of the dimensional optical 

absorption coefficient, in particular near the main 

absorption edge, have enhanced the study of optically 

induced electronic transitions, and also provide us 

with some insights into the beam structure and gap 

energy of crystalline and amorphous materials [2]. 

The optical absorption coefficient near the 

absorption edge in a number of amorphous 

semiconductors and insulators shows an exponential 

dependence on photon energy. It is subject to a quasi-

experimental relationship [3]: 

α(⍵) = α0 exp [ħ⍵/E0]   (1) 

Here, α(⍵) represents the absorption coefficient, ⍵ 

the angular frequency of incident radiation, α0 is 

constant, and E0 represents the energy of the beam 

tails for localized states. The optical absorption 

coefficient can be calculated by the following 

relation [4]: 

α(⍵) =
1

d
ln(

I0

I𝑡
)    (2) 

where I0 and It represent the intensity of the incident 

and penetrating rays, respectively and d represents the 

thickness of the sample under study. The optical gap 

energy (Eopt) in most semiconductors has been 

calculated using the following relationship [5]: 

α(⍵) = A
(ħ⍵−Eopt)

𝑟

ħ⍵
  (3) 

where A is a constant, ħ⍵ represents the photon 

energy, the exponent (r) is a coefficient depends on 

the type of emission or electronic transition 

responsible for absorption. The value of 1/2 

represents the direct emission allowed, the value of 2 

represents the permissible indirect emission, the value 

of 1/3 represents the direct emission present, while 

the value of 3 represents the indirect emission 

observed [6] 

Borate glasses have been studied in recent years 

as there is a number of published research on how to 

prepare glass. Identify and identify the characteristics 

of these glassware through their compositions [7,8]. 

In this study, a number of laboratory experiments 

were conducted to study the optical gap energy, the 

beamwidth energy of the localized states, the 

refractive index, density and molar volume as 

functions of increasing the percentage of MgO oxide 

in the network of the glassware under investigation, 

as well as studying the infrared absorption spectra and 

knowing the beam positions and analyze it. 

In addition, density of material, the most 

important to determining the mechanical and 

chemical properties, it is involved in determining the 

thermal and electrical insulation properties of 

materials [9]. 

 

2. Experimental Part 

Glass aggregates have been prepared [65% 

Na2B4O7 – (35-x)% V2O5 – x% MgO]. The values of 

x=10, 15, 20, and 25 were taken each time for oxide 

MgO. Highly-purified chemicals were used in the 

method of cooling the molten material suddenly and 

at room temperature. Each group was prepared after 

being weighed and mixed together in an alumina 

crucible, mixing using an alumina rod and melting 
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using an electric furnace with a maximum 

temperature of 1200°C. Each sample was placed in a 

furnace installed at a temperature of 200°C for one 

hour to reduce volatile substances and then the 

sample was introduced into the melting furnace for 

one hour. It was observed through the experiment that 

the fusion of the samples of these group is in the range 

of 1000-900°C based on the ratio of oxide (MgO) 

where the higher its proportions in the glass lattice, 

the higher the melting point than 900°C. Finally, the 

molten material is poured onto a mold designed for 

this purpose to obtain a disc between 2 and 4 mm. 

 

3. Results and Discussion 

Figure (1) shows the optical absorption spectra of 

the glass compound Na2B4O7–MgO as a function of 

the wavelength and within the wavelength range 190-

900nm. It is clear that the main absorption edge 

deviates slightly towards the short wavelengths as the 

amount of MgO in the compound increases. 

 

 
 

Fig. (1) Optical absorption spectra of the prepared glass as a 

function of the wavelength 

 

Figure (2) shows the graph between (ħ⍵α)1/2  and 

the energy of the incident photon where it is possible 

to calculate the optical gap energy from the same 

figure and the values of the optical gap energies (Eopt) 

have been drawn as a function of the oxide 

concentrations (MgO) in the glass compound under 

consideration as shown in Fig. (3). The log change of 

the optical absorption coefficient ln[ω(α)] as a 

function of the energy of the incident photon (ħ⍵) is 

shown in Fig. (4) and from the diagram the energy of 

the beam tail is calculated using Eq. (1) as shown in 

Fig. (5). 

Table (1) shows beam values as an optical 

function (Eopt), beam tail energy for localized states 

(Eo) and theoretically calculated values of refractive 

index with increasing oxide (MgO). 

 

Table (1) Optical gap energy values, beam tail and refractive 

index of glass compound 

 

MgO content (%) Eo Eopt 

10% 0.998 3.352 

15% 0.862 3.252 

20% 0.771 3.058 

25% 0.659 2.957 

 

 
 

Fig. (2) Variation of (αħ⍵)1/2 as a function of the photon energy 

(ħ⍵) for the prepared glass 

 

 
 

Fig. (3) The optical gap energy for the prepared glass as a 

function of the MgO content 

 

4. Conclusions 

The increase in density in the crystal structure of 

the models under investigation is closely related to 

the change in the composition of these glasses caused 

by the decrease in the atomic interval, which in turn 

produces tight and dense semiconductor glass. It is 

clear that the results of the optical absorption edge 

analysis of all glass lattices under research are well 

consistent with the theory of Mott & Davis [2] and 

this confirms with conclusive evidence the 

occurrence of indirect emission between beams in 

these glass aggregates. 

It was found that the optical absorption edge 

deviates towards the longest wavelength in all binary 
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glass aggregates with increasing concentration of 

MgO in all the glasses. This is likely due to a change 

in the amount of unbridged oxygen ion with an 

increase in the ions of the element Mg. A decrease in 

the energy of the optical gap with an increase in the 

concentration of the amount of oxides leads to an 

increase in the degree of loss of order (disorder) in 

these glasses and in turn supports the theory of Mott 

& Davis [2]. 

 

 
Fig. (4) Variation of Lnα for the prepared glass as a function of 

incident photon energy 

 

 
Fig. (5) The beam tail energy for the prepared glass as a 

function of the MgO content 
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The high-temperature superconductivity of Tl2-xBixBa2Ca2Cu3O10 and its electrical 
resistivity were measured at temperatures ranging from 90 to 330K. According to 
the findings, when the Bi ions concentration is increased from 0.1 to 0.5, the zero 
resistivity's critical temperature rises from 121 to 146K. The x-ray diffraction has 
also been used to analyze the structure of the Tl2Bi2Ba2Ca2Cu3O10 compound. The 
analysis revealed that the compound structure type is tetragonal with a=b=5.36Å 
and c=36.09Å. In addition, the value of the c-axis increases to 37.8Å when the Bi 
ions concentration is elevated to 0.5. 
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1. Introduction 

Since the discovery of mercury, there has been a 

great deal of interest in extremely high-temperature 

(HT) superconductivity in copper oxide. Initially, the 

first participant in the HgBaCan-1CunO2(n+2+8) series 

has n=1, 2, 3, 4, and 5 and crucial temperatures 

Tc=94, 128, 135, 116, and 96 K, respectively [1,2]. 

Two more comparable HT superconductivity series 

with Tc>100K received undue attention. The first 

was the super conductivity about 105 K shown by the 

Bi-Sr-Ca-Cu-O compounds [3,4]. The systems 

shown above proved that the Tc values of the 

structural formulation superconductors 

Bi2Sr2Ca2Cu3O10, Bi2Sr2Ca2Cu3O8, and 

Bi2Sr2Ca2Cu3O6 are 120, 110, and 108.5 K, 

respectively [5]. On the other hand, second series TI-

Ba-Ca-Cu-O compound demonstrated 

superconductivity above 100 K [6]. The greater Tc of 

this series of superconductors gives them infinite X 

significance. The Tc values of Tl2Bi2Ba2Ca2Cu3O6, 

Tl2Bi2Ba2Ca2Cu3O8, and Tl2Bi2Ba2Ca2Cu3O10 

compounds were found to be 80, 110, and 125 K, 

respectively. There are other series that exhibit 

superconductivity above 130 K when Hg is used in 

place of Tl. More investigation was done on the Hg-

Ba-Ca-Cu-O combination, which resulted in 

increased Tc at 150K when subjected to pressures as 

high as 150 bar [7]. Given that the primary 

determinants of site tenancy in replacement studies 

are the valence state ionic radius and the ionic radius 

coordination number. The replacement effects in 

these materials have received a lot of interest in 

HTSC studies [8,9]. Here are some key points that 

highlight the significance of the substitutional results: 

(a) A number of replacement investigations lead to an 

increase in the materials' low Tc. New 

superconductors discovered at HT (b). (c) Can enable 

a more thorough comprehension of the HT 

superconductivity mechanism. Nearly all high Tc 

systems are made of co-based materials, which have 

two key characteristics: (a) A crystal structure that is 

partially or entirely orthorhombic or tetragonal with 

a high C-parameter value. (b) The cause of HT 

superconductivity in these systems is thought to be 

the very conducting 2D Cu-O layers. 

The aim of this work is to investigate the effects 

of Bi substitution instead of Tl on the electrical 

resistivity in the HT and Tc of Tl2-xBixBa2Ca2Cu3O10 

superconductors. 

 

2. Experimental Part 

Samples of HT superconducting technology were 

produced using solid state reaction technology of the 

Tl2-xBixBa2Ca2Cu3O10 compounds (where x=0, 0.1, 

0.2, 0.3, 0.4, and 0.5). The correct stoichiometric 

ratio of Ba, Ca, and Cu is 2:2:3. With the help of the 

isopropanol fluid, these ingredients were combined, 

ground in a manually operated gate mortar, and 

thoroughly dried for 20 minutes at 60°C. For 12 

hours, the appropriate mixture of these oxide 

powders was heated in an electric resistance furnace 

to 950°C. The resulting mixture was then further 

ground and compressed into pellets with a radius of 

1.4 cm and a thickness of 0.1 cm while operating at a 

pressure of 3 tons per square centimeter. For 30 

hours, the pellets were sintered in an oxygen gas 
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stream at a flow rate of 1.1 liters per hour at 850°C. 

After that, the pellets were cooled at a rate of 30°C 

per hour to reach room temperature. Conventional 

four-probe method used to find the electrical 

resistance. Using conductive silver paste, the samples 

and probes were connected by thin copper wires. The 

samples are being cooled to a low temperature using 

a closed cycle helium refrigerator. Those samples 

were subjected to room-temperature x-ray 

diffractometer (XRD) analysis utilizing a Phillips 

device equipped with a Fe K-α source and a 

wavelength 1.937Å. 

 

3. Results and Discussion 

The expected Tc0 values along with the resistance 

drop's midpoint temperature displayed in table (1). 

The electrical resistivity of Tl2-xBixBa2Ca2Cu3O10 

compounds was evaluated in response to temperature 

for x = 0, 0.1, 0.2, 0.3, 0.4, and 0.5, as shown in Fig. 

(1). Using the MATLAB computer language, the 

lattice parameters values of the a, b, and c were 

determined and are provided in table (2). The 

transition temperature of superconducting (Tc0) is the 

temperature at which the sample resistance drops to 

zero. The sample that yielded the ideal Tc0 value was 

the one when x=0.5. The fluctuations in the 

superconducting electron carrier density are 

responsible for the rise in Tc values seen in those 

samples. Moreover, the normal spacing between the 

Bi ions in the network matrix coherence length in the 

c-direction and at the a-b planes is impacted by partial 

replacement of Bi rather than TI. These effects 

facilitate easier movement in the direction of a to b 

for the 2D Cu-O planes, which govern HTSC. Higher 

Tc values must follow from a fractional substitution 

of Bi in TI. Furthermore, the resistively temperature 

curves' slope is not much altered, even if increasing 

the x-value to 8.5 seems to have a large effect on Tc 

values. These patterns suggest a transition 

mechanism based on electron-phonon interaction. 

Increases in Tc values resulting from partial 

substitution of Bi in TI-Ba-Ca-Cu-O compounds 

have been associated with changes in the 

superconducting electron carrier density. These 

changes change the usual ion spacing in the network 

matrix, with the coherence length of the a-b planes in 

the c-direction aiding simpler movement in the Cu-O 

planes and increasing Tc values [11]. 

 
Table (2) Values of lattice parameters a, b, and c were 

calculated using the MATLAB programming language 

 

Sample composition 
Lattice parameters (Å) Tc (K) 

a b c Tco Tcm 

Tl2 Bi2 Ba2 Ca2 Cu3 O10    125 125 

Tl1.9 Bi0.1 Ba2 Ca2 Cu3 O10 5.361 5.361 36.12 121 136 

Tl1.8 Bi0.2 Ba2 Ca2 Cu3 O10 5.361 5.361 36.22 129 145 

Tl1.7 Bi0.3 Ba2 Ca2 Cu3 O10 5.362 5.362 36.56 133 147 

Tl1.6 Bi0.4 Ba2 Ca2 Cu3 O10 5.361 5.361 37.67 137 149 

Tl1.5 Bi0.5 Ba2 Ca2 Cu3 O10 5.361 5.361 37.80 146 156 

 

According to this, increasing Tl with Bi results in 

higher c-values, which makes electron mobility 

across the Cu-O planes of those compounds easier. 

At 0.5 Bi in Tl, it seems that the substitution worked. 

For the compound Tl2-xBixBa2Ca2Cu3O10, adding 

more than 0.5 Bi concentration causes the Tc values 

to drop towards 133 K [12]. Table (2) displays the 

values of the a, b, and c parameters. As the Bi 

concentration grows, so does the length of the c-axis 

in comparison to the lengths of the other cell sides. 

The findings are interpreted as follows. There will be 

few opportunities because the TI roles are not entirely 

filled. According to the first idea, cations such as Bi 

can reside in such regions, increasing HT 

superconductivity. The c-axis values reported in this 

study are in good agreement with the findings for the 

Bi-2223 compounds, which demonstrate a linear 

increase in Tc values with compound-level Pb 

concentration. Results of partial substitutions of Sn, 

Eu, and Zn in Ba, Sm, and Cu metals for the crystal 

structure, transition temperature, and oxygen 

concentration of the HT SmBa2Cu3O7 

superconductor [13-15]. These results showed that 

the limited replacement of Eu and Sm metals 

increased the Tc from 88 to 107 K without changing 

the type crystal structure. In contrast, the limited 

replacement of Sn and Ba metals resulted in lower Tc 

values and a different shape of the crystal structure. 

The orthorhombicity and superconductivity of the 

structure were lost when Cu was replaced with Zn 

metal. 

 

 
 

Fig. (1) The temperature dependence of electrical resistivity 

for varying Bi wt.% 
 

4. Conclusion 

High-temperature Tl2-xBixBa2Ca2Cu3O10 

superconductors have had their electrical resistivity 

tested in the 90-330 K temperature range. The 

following points serve as a summary of the primary 

findings. As the concentration of Bi rose from zero to 

0.5, the critical temperature rose from 121 to 146 K. 

The lattice parameters of the crystal structure, 

a=b=5.36Å and c=36.09Å, were determined to be 

tetragonal. When the c-axis is raised to 0.5 elevation, 

its magnitude rises to 37.8Å. 
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Table (1) Lattice parameter values as the Bi concentration increases 

 

T (K) 
ρ 

(mΩ.cm) 
x=0.1 

T (K) 
ρ 

(mΩ.cm) 
x=0.2 

T (K) 
ρ 

(mΩ.cm) 
x=0.3 

T (K) 
ρ 

(mΩ.cm) 
x=0.4 

T (K) 
ρ 

(mΩ.cm) 
x=0.5 

330 0.8 330 0.76 330 0.74 330 0.7 330 0.64 

300 0.78 300 0.75 300 0.72 300 0.68 300 0.62 

270 0.76 270 0.7 270 0.68 270 0.63 270 0.58 

255 0.73 240 0.65 240 0.63 240 0.57 240 0.54 

240 0.7 210 0.61 210 0.60 210 0.53 210 0.5 

235 0.69 180 0.56 180 0.56 180 0.46 180 0.46 

210 0.66 150 0.46 165 0.51 150 0.35 155 0.3 

195 0.63 135 0.3 150 0.32 140 0.3 154 0.29 

180 0.59 130 0.2 145 0.25 137 0.2 153 0.28 

165 0.56 125 0.01 136 0.00 135 0.0 150 0 

135 0.5         

120 0.02         

90 0.01         
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