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Abstract  

Thin films of cubic perovskite (CaZnO3) was deposited using spry pyrolysis deposition (SPD) 

method. The effect of many precursors concentration on the structural and optical properties of 

(CaZnO3) thin films have been studied using scanning electron microscope SEM, X-Ray spectrum 

and UV- spectrum respectively. The transmittance and absorbance of the prepared films with wave 

length show a clear variation with precursors concentrations, in addition, the energy gap of the films 

were also varied from 2.7eV to 3 eV. The SEM images and x-ray spectrum of the films shows also 

clear difference in the shape and structure of the films. 

______________________________________________________________________________ 
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1. Introduction 

Perovskite materials are considered as a 

good semiconductor that can replace silicon 

and germanium. Perovskite has many 

structures but the most common structure was 

ABX3, this structure is made up of five atoms 

[1] where "A" element has a rather large 

diameter "B" is a cation of small diameter 

"transitional or noble metal" [2] and "X" is an 

oxygen atom and it can be a halogen or a 

nitrogen [3]. 

Pervoskite can be easily prepared using 

several methods such as chemical bath 

deposition (CBD) [5], chemical vapor 

deposition (CVD) [6], Silar method [7], spin 

coating method [8], and spray pyrolysis 

deposition [9]. Perovskite materials have been 

used in many industries fields, including 

capacitors and memories [10], transistors 

[11], light emitting diodes LEDs [12], 

measure doses during radiotherapy in x-rays, 

[13], transparent ceramics [14], photovoltaic 

cells [15], fuel cells [16] and in the 

preparation of superconducting materials at 

relatively high temperatures [17]. 

In the present study, a different 

concentration of precursors ZnCl2 and CaCl2 

are used to prepare a thin films of inorganic 

Perovskite structure CaZnO3, the structural 

properties of these layers were examined 

using scanning electron microscope (SEM) 

and x-ray patterns, in addition the 

transmittance, absorbance, refractive index 

and extinction coefficient have been also 

investigated. 

 

 
 

Fig. (1) The perfect stricture of perovskite "ABX3" which forms 

a three-sided network"BX6"[4] 

 

2. Materials and Methods  

The films were deposited on glass slides as 

a substrates. The cleaning process include 

several steps, they were cleaned ultrasonically 

using alcohol, methanol, washed by distilled 

water and finally left to dry. Three different 

concentrations of CaCl2, ZnCl2 and KOH 

have been used to prepare thin films of 

CaZnO3, as in table (1). Each compound was 

dissolved in 50 ml of distilled water and then 

the solutions of CaCl2 and ZnCl2 compounds 

were added simultaneously to KOH solution. 

The mixture was stirred using magnetic stirrer 

device for 1hr at 80°C. The later solution was 
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used to prepare thin films of CaZnO3 on the 

glass slides at 300°C using spry pyrolysis 

deposition (SPD). During the deposition 

process the substrate temperature was kept at 

300°C, Atmospheric, pressure 7.5 bar and ten 

spray steps with period of 5 s. 

 
Table (1) Variation of concentrations of CaCl2, ZnCl2 and KOH 

 
KOH (g) ZnCl2 (g) CaCl2 (g) Concentration 

0.8 0.8 0.8 1st 

0.8 0.6 0.6 2nd 

0.8 0.2 0.2 3rd 

 

3. Results and Discussion  

A mixture of different concentration of 

ZnCl2 and CaCl2 have been used to prepare 

thin films of CaZnO3 structure, the optical and 

structural properties of the layers were 

examined using spectrophotometer, scanning 

electron microscope (SEM) and x-ray 

diffraction (XRD) patterns. The optical 

properties show a clear variation for all 

concentrations, the transmittance inversely 

proportional with ZnCl2 and CaCl2 

concentration while the absorbance and 

reflectance decreases. The refractive index 

spectrum shows a stable value for all 

concentrations along the range 300-550 nm 

then decrease over the range 550-600 nm, also 

the extinction coefficient was inversely 

proportional with concentration from 300nm 

to 550nm and then decreases for all 

concentrations as shown in Fig. (2). 

The band gap decreases with increasing 

concentration, for the first concentration 

(highest concentration) the energy gap was 

2.8 eV then increase to 2.9 eV for the second 

concentration and finally become 3 eV for the 

third concentration as in Fig. (2). The 

variation in the energy gap is due to the 

continuous changing in the structure and grain 

size of the films table (2). Scanning electron 

microscope images of the layers show that the 

grains size proportional to precursors’ 

concentrations. The image of the first 

concentration shows the formation of Nano 

roads structure with diameter of about 90-125 

nm, the second concentration image show the 

formation of a cubic shape grains as   a result 

of the grains aggregation and grow, while the 

third concentration   image show the 

formation of uniformly distributed grains with 

size of about 80 nm as in Fig. (2). 
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Fig. (2) Effects of concentration on the optical properties: (a) 

transmission, (b) absorbance, (c) reflectance, (d) refractive 

index, € extinction coefficient, and (f) energy gap 

 
Table (2) The grain size and energy gap with concentration 

 
Energy gap 

(eV) 

Average grain size 

(nm) 
Concentration 

2.8 387.4476 1st 

2.9 135.6373 2nd 

3 88.4817 3rd 

 

The XRD pattern shows that all the films 

have amorphous structure with the presence 

of several peaks belong to the single crystal 

phase with different intensities at same 2 in 

addition to the appearance of another peaks 

with in the spectrum due to the different 

orientation in the structure of the prepared 

films as in Fig. (3). 

 

4. Conclusions 

The transmittance, absorbance and 

reflectance inversely proportional with ZnCl2 

and CaCl2 concentration. The refractive index 

spectrum shows a stable value for all 

concentrations along the range 300-550 nm 

then decrease over the range 550-600 nm, also 

the extinction coefficient decreases for all 

concentrations. The band gap for the first 

concentration was 2.8 eV then increase to 2.9 

eV for the second concentration and finally 

become 3 eV for the third concentration. SEM 

images and for all concentrations show a high 

variation in the structure of the films. Finally, 

the results showed the possibility of obtaining 

a thin film from semiconductor of Pervoskite 

and therefore can be used in the manufacture 

of solar cells. 

 

 
 

Fig. (3) SEM images and XRD patterns of the layers prepared 

from different concentrations 
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Abstract  

The purpose of this study is to optimize the green synthesis of AgNPs using various quantity of  Ruta leaf 

extracts, the biosynthesized AgNPs were characterized using several methods, UV–visible spectrum, FTIR 

spectroscopy, DLS and zeta potential. The examination of the visible and ultraviolet spectra revealed an 

absorption peak in the region of 405-420 nm. Through the use of FTIR spectroscopy, the functional groups 

that were found in the Ruta plant extract were analyzed in order to locate the components that were accountable 

for reducing the silver nitrate. X-ray diffraction (XRD), which occurs in the form of (111) lattice planes in the 

face centered cubic (fcc) structure of metallic silver, the biosynthesized AgNPs were a spherical shape with a 

nanoscale size ranging between 30-50 nm and moderately stable at -22.53 and -25.88 mV. The preparation 

resulted in distinct variations in the size of the silver nanoparticles found in the samples. These variations 

corresponded to the distinct sizes of the extracts employed. 

_______________________________________________________________________________________ 
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1. Introduction 

Phytochemicals in plants, such as 

polyphenols, flavonoids, tannins, proteins, 

and sugars, are responsible for synthesizing 

nanoparticles and serve as reducing and 

stabilizing agents [1-6]. However, the make-

up of these components may be different 

based on the kind of plant that was extracted, 

the plant section that was extracted, and the 

method that was used to extract the plant [7-

12]. Because of this, the amount of extract 

that is used in the reaction has a substantial 

influence on the technique that is used to 

prepare the substance [13-15]. When the 

biological material that is used in the 

preparation of nanoparticles is increased in 

concentration, higher contents of the 

biomolecules that are involved in the process 

of metal reduction become available [16-19]. 

This is because the concentration of the 

biological material is directly proportional to 

the amount of biomolecules that are present 

[20,21]. 

The biogenesis of silver nanoparticles by 

using ruta leaf extract is the objective of this 

research. Another objective of this study is to 

observe the impact of varying the quantity of 

extract utilized in the manufacture of these 

particles. Both of these objectives are 

intended to be accomplished by the end of this 

study. 

 

2. Materials and Methods 

The leaves of the Ruta plant, which were 

utilized in the production of silver 

nanoparticles, were obtained from a farm in 

Kabisa, which is located in Anbar Province in 

Iraq. The British company Sigma-Aldrich 

provided silver with a purity level of 99.9%, 

which was used in the experiment. 

After being washed thoroughly with 

distilled water, the leaves were dried in an 

electric oven. An electric blender was used to 

pulverize the dry leaves. To 4 grams of leaf 

powder, 200 milliliters of distilled water were 

added. The resulting mixture was heated to 90 

degrees Celsius for twenty minutes while 

being continuously stirred. Whatman filter 

paper was then used to filter the material that 

was extracted from the leaves. The extract 

was stored at a temperature of 3 degrees 

Celsius until it was required. 

the analytical methods that have been used 

in the process of analyzing the properties of 
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AgNPs are: Ultraviolet-visible spectroscopy 

(NOVIALAB, UV-visible 1911 DB 

spectrometer ) was used to investigate the 

formation of silver nanoparticles in colloidal 

solution and study the optical properties of the 

synthesized silver nanoparticles. The zeta 

potential and nanoparticle distribution were 

investigated using DLS (Brookhaven 

Instruments BI-ZTU). 

 

3. Results and discussion  

One of the most common approaches of 

measuring the dimensions of nanoparticles is 

called dynamic light scattering DLS 

(Brookhaven Instruments BI-ZTU), which 

was used in this investigation. The size 

distribution of silver nanoparticles that were 

generated using various volumes of extract 

(0.5, 1 and 1.5 mL) is shown in Fig. (1). the 

average hydrodynamic size of synthesized 

AgNPs using Ruta leaf extract was 

determined to be 103, 89 and 190 nm, 

respectively with a polydispersity index 

(PDI). These numerical values for PDI are 

generally acceptable because the smaller the 

PDI, the more homogeneous nanoparticles  

are produced [22]. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. (1) DLS of AgNPs at (a) 0.5ml (b) 1 ml (c) 1.5ml 

 

One of the most significant aspects that 

plays a role in shaping the characteristics of 

nanomaterials is the surface charge of the 

nanoparticles. The zeta potential of the silver 

nanoparticles that were generated using 

varied amounts of extract (0.5, 1 and 1.5 mL) 

was found to have a charge of -25.88, -22.53, 

and -23.10 mV, respectively, as shown in Fig. 

(2). A stable dispersion is indicated without 

notable AgNPs agglomeration over an 

extended time in the solution. Previous 

investigations have stated that nanoparticles 

with  charges in the range of +30mV to 

−30mV are very stable, and those in the range 

of +15mV to−25mV are moderately stable 

[23-25]. As a result of the strong negative 

repulsion caused by the large negative 

potential value, AgNPs have an good 

colloidal nature, are moderately stable over 

the long term, and have a high dispersion. 

 

 

 
(a) 
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(b) 

 

 
(c) 

Fig. (2) Zeta potential of AgNPs at (a) 0.5ml (b) 1 ml (c) 1.5ml 

 

4. Conclusion 

Green synthesis of AgNPs using Ruta leaf 

extract was performed, and AgNPs with well-

defined morphologies were created. the 

results showed that the various quantity of  

Ruta leaf extracts had substantial effects on 

the green synthesis of the AgNPs. Based on 

the results of the current study, the FTIR 

analysis revealed the presence of some 

functional groups (O=C-N-H), (-NH2),(-

COOH), and (C-O) and confirmed that the 

bio-compounds: amino acids, proteins, 

peptides , phenols, amines, carboxylic, and 

peptides, present in the plant extracts were 

adsorbed on the surface of the AgNPs, thus 

enhancing their properties. The different 

biosynthesized AgNPs are spherical and 

ranged in size between 30-50 nm and 

moderately stable. This study focused on the 

green synthesis of AgNPs using different 

amounts of rota leaf extracts which induced 

the formation of AgNPs with well-defined 

sizes and shapes, thus improving the 

properties of the nanoparticles. 
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Abstract  

Non-thermal atmospheric pressure plasma has recently garnered a lot of attention in the industrial and 

biological industries because to its numerous benefits, including its high efficiency, straightforward systems, 

simple operations, non-toxic byproducts, and low cost. In this experiment, argon gas was used to create non-

thermal (cold) plasma using a voltage source with a specific frequency (microwave up to 2.4GHz).the 

discharges of argon gas plasma jet at flow rate (5 L/min) and with voltages (170 V) have been researched to 

kill some types of bacteria that causes skin diseases. 
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1. Introduction 

In the middle of the 20th century, plasma 

was first created through the interaction of 

electromagnetic fields with gases like helium 

or argon. This new generation of 

electrochemical sources includes microwave 

plasma (MWP), which operates at a GHz 

frequency and is particularly useful as an 

emission source for optical emission 

spectrometry (OES) and as an ionization 

source for mass spectrometry (MS). An 

external cavity or antenna is used to connect 

the microwave radiation to the gas stream that 

is going through the torch. According to the 

mode of power transfer to the plasma gas, the 

plasma form, and its position relative to the 

plasma torch, two categories of MWP are 

often stated. A capacitive linked microwave 

plasma, initially created by Combine and 

Wilbur in 1951, is a plasma that resembles a 

flame at the electrode's tip (CMP). The inner 

conductor of a CMP torch creates a 

capacitance against the ground and transmits 

microwave energy via its tip into the plasma 

gas. The plasma in the second form is 

sustained in a quartz or ceramic tube that is 

housed inside a resonant cavity, where it is 

created by the inductive transfer of energy 

from standing waves in a suitable resonator. 

The term “microwave generated plasma” is 

frequently used to describe this system (MIP). 

It is the most effective and widely applied 

kind of microwave discharge. Either a 

magnetic field (H pairing) or an electrical 

field (E pairing) is used to link the microwave 

energy to the working gas. The usual 

frequency of a MIP is 2.45 GHz. Seed 

electrons are introduced into the plasma gas to 

ignite it, typically, this is done by inserting an 

electrically conductive and heat-resistant 

substance while power is being delivered. A 

correctly tuned system encourages the 

ionization of the plasma gas following the 

injection of these seed electrons, and plasma 

develops. The originally tuned resonant 

cavity creates a standing electromagnetic 

wave that is axially oriented to the plasma 

discharge tube and has a maximum electric 

field at its center. The cavity is set to have a 

minimum amount of reflected power after 

plasma ignition. Exceptionally, under 

appropriate experimental conditions, heating 

of the discharge tube and extraction of the 

seed electrons from the discharge tube 

material might cause the plasma to ignite 

"Spontaneously." Flexible working 

conditions are ensured by a self-ignition of the 

discharge, which is advantageous, especially 

when low- In certain MWP sources, nitrogen 

or air plasmas are created by igniting the 

plasma with argon while the plasma is being 

matched to the impedance that is most 

appropriate for the nitrogen or air discharge. 

The originally tuned resonant cavity creates a 

standing electromagnetic wave that is axially 

oriented to the plasma discharge tube and has 

a maximum electric field at its center. The 

cavity is set to have a minimum amount of 
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reflected power after plasma ignition. Rarely, 

under particular experimental circumstances 

immediately following the creation of the 

argon plasma, the argon flow is progressively 

replaced by nitrogen or air, allowing for the 

maintenance of stable plasma in a molecular 

gas. Different gases, including noble gases, 

nitrogen, air, oxygen, or carbon dioxide, 

under both normal and decreased pressure, 

can produce MWP. The plasma gas's 

composition and pressure affect the 

discharge's characteristics. Due to several 

fundamental differences in the technological 

design and functioning of these two 

microwave techniques, the development of 

CMP and MIP occurred concurrently. A 

minimum number of charged particles per 

unit volume is also necessary for the physical 

description of a plasma, as well as distinctive 

time and length scales. These factors are 

connected to the attenuation of the tiny 

amplitude variations in the plasma's 

equilibrium state. The variations in space are 

dampened out over a characteristic length 

shown by the symbol D. This characteristic 

distance may alternatively be interpreted as 

the cancellation of the length scale along the 

spatial average of electric charge in the 

plasma. Because the electric fields at 

distances below LD are local, extremely 

changeable, and considered microscopic, 

L>D over the Debye length are typically taken 

into consideration in plasma physics. The 

weakly ionized gas in a jet exhaust, for 

instance, does not meet the criteria for a 

plasma because the charged particles clash 

with neutral atoms so often that their motion 

is governed by regular hydrodynamic forces 

rather than electromagnetic forces. We need. 

𝜔𝜏 > 1 for the gas to act more like a plasma 

than a neutral gas if and only if are the 

frequency and mean duration between 

collisions with neutral atoms, respectively, of 

typical plasma oscillations. 

 

2. Experimental Work 

Microwave-induced plasma jet system was 

used. It includes five main parts; microwave 

source (magnetron), rectangular waveguide, 

plasma discharge tube, explosion system, gas 

supply and flow control device. In order to 

generate microwave radiation with a 

frequency of 2.45 GHz, a local oven 

magnetron (Panasonic-2M210) was used and 

connected to a suitable high voltage circuit 

(transformer, capacitor and diode). In this 

experiment, an ionized gas flask is typically 

an industrial chemical been used in a 

microwave plasma system. The connection 

tube between the plasma needle and the gas 

bottle is installed, and the flowmeter unit that 

controls the gas passage is l/min. We employ 

a magnetron attached to the top to produce 

microwave radiation at a frequency of 2.4 

GHz. A voltage circuit that transforms the 

applied voltage when traveling through a 

microwave, a component known as a 

waveguide catches the rays and guides them 

into a quartz glass tube. By altering the 

plasma's inherent characteristics, voltage at 

the input and gas flow rate. For each instance, 

we investigate how cold plasma affects the 

inhibition of bacterial growth. 

 

 
 

Fig. (1) Diagrammatic drawing of the MIPJ system 

 

 
 

Fig. (2) MIPJ system 

 

3. Results and Discussion 

The conditions selected are ; Voltage (170 

V), frequency (2.45 GHz), distance (2.5cm), 

time (15, 30, 60, 180, 300) s and gas flow rates 

(1, 2, 3, 4, 5) l/min using Microwave plasma 

jet particularly for this in testing of 

biomaterials that have undergone plasma 
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processing and for thorough understanding of 

the effects of plasma. A plan of attack must be 

communicated, and medication must be 

began. Research on destroying bacteria. The 

percentage of inhibiting and killing bacteria 

procedure was using a microwave jet plasma 

and argon gas. We note - through work - how 

to increase the percentage of inhibition or 

killing with the increasing of the time used. 

When exposing a Gram-negative bacteria 

(pseudomonas), it was found that the bacteria 

are inhibited with time. At time (15 s) the 

percentage of bacterial inhibition was (5%), at 

time (30 s) the percentage of inhibition was 

(10%), at time (60 s) the percentage of 

inhibition is (20%), at time (180 s) the 

percentage of inhibition is (60 %) and at time 

(300 s) the percentage of inhibition is (100%) 

as shown in the table (1) above and Fig. (3). 

The chart below shows that when the 

exposure time to cold plasma increases the 

percentage of bacterial inhibition increases 

with it. 

 
Table (1) The differentiate of number of bacteria with 170V 

and different time 

 

Voltage (V) 170 170 170 170 170 

Time (s) 15 30 60 180 300 

Number of bacteria 90 60 35 30 0 

 

 
 

Fig. (3) Pseudomonas growth after exposure to MIPJ plasma 

system (A: control, B: 15s, C: 30s, D: 60s, E: 180s, F: 300s) 

 

 
Fig. (4) The ratio between exposure time and bacterial inhibition 

 

The use of low temperature and high 

pressure plasma in healthcare has created new 

scientific and technical possibilities. As a 

result, significant progress has been made in 

the search for new plasma-based therapies for 

treatment. A sign that hypothermic plasma 

may soon be considered an innovative and 

practical therapeutic in biomedicine and many 

healthcare related issues. To learn more about 

upcoming developments in this sector. The 

reader is provided with references [26, 27]. In 

fact, it is essential to know how to manage 

medical emergencies. In this case, plasma 

apheresis offers a viable alternative to 

perishable therapies in the form of 

technology. Undoubtedly, there is still 

potential for progress in the strategic field of 

human health regarding the application of 

plasma processes. Especially for this in the 

testing of biomaterials that have undergone 

plasma treatment and a comprehensive 

understanding of the effects of plasma. The 

action plan must be reported and treatment 

initiated. To decide when plasma therapy 

should be given, he should follow vital 

clinical signs before and after exposure. 

 

4. Conclusions 

The results indicate that as the duration of 

exposure to cold plasma increases, so does the 

rate of bacterial inhibition, which is important 

for the development of plasma-based 

therapies for wound healing, cancer treatment 
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and other clinical specialties. We anticipate 

significant developments in bio-oriented 

knowledge in plasma science and technology 

in the near future, and firmly believe that 

relevant plasma-based therapeutic approaches 

will be developed at that time, and will have a 

significant impact on human health care from 

fundamental, clinical and economic. 
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Abstract  

Plasma sputtering technique was used to deposit carbon layers with different nanoscale thicknesses on p-type 

silicon wafers. The scanning electron microscope images showed that the grains size grow and aggregate in a 

cluster. The electrical properties of the junction behave as a solar cell and this gave proof of the formation of 

carbon nanotubes. The out power and efficiency of the Si-CNT cells increases with carbon layer thickness and 

light intensity.  
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1. Introduction 

The importance of carbon as a chemical 

element comes from the ability of its large 

atoms to bond with each other or with atoms 

of different chemical elements in different 

ways. This diversity in bonding gives a 

diversity of structural forms, including 

crystalline carbon such as graphite and 

fullerene, amorphous carbon and carbon 

nanoparticles, including carbon nanotubes, 

each of these shapes is characterized by 

different properties, including a low 

coefficient of friction, high thermal 

conductivity, optical transmittance, hardness, 

as well as being non-toxic or harmful to the 

environment. In 1985, Kroto and Smalley 

gave the name fullerene to clusters of carbon 

atoms that contain sixty carbon atoms C60, 

which are a group of icosahedral symmetry 

closed molecules and because of the similarity 

between them and Buckminster’s designs R. 

Buckminster has been called 'buckminster 

fullerene', and for short these molecules are 

called 'buckyball' [1,2]. Fullerene particles 

have attracted great interest in recent research 

because of their distinct electrical and 

mechanical properties, including high 

electrical conductivity, hardness, and others. 

Fullerene molecules are the basis for the 

construction of carbon nanotubes, because the 

ends of the carbon nanotubes are in the form 

of fullerene molecules [3]. Each carbon atom 

in the fullerene is aligned with three other 

carbon atoms and the positions of the carbon 

atoms in the fullerene molecule (C60) are 

identical and are located at a fixed distance 

from the center of the molecule 

(approximately 3.55Å) and the average 

distance between each Two adjacent carbon 

atoms of 1.44 Å and the fullerene (C60) can be 

counted as a coiled graphite layer that 

generates a symmetric polyhedral shape 

consisting of 20 hexagonal rings and 12 

pentagonal rings needed to form curved 

surfaces and this agrees with Euler's theorem. 

The carbon nanotubes are originally bi-

directional strips of graphene wrapped around 

a specific axis to form a cylindrical shape with 

a diameter ranging between (50-0.4 nm), each 

carbon atom hybrid (sp2) has three covalent 

bonds With three other carbon atoms, and the 

fourth electron is in un hybridized orbital  

and since the unit cell in graphene includes 

two atoms, there will be even numbers of 

electrons that can give the conductor or 

semiconductor properties of carbon nanotubes 

[4]. Different techniques have been used in the 

preparation of carbon nanotube such as hot-

filament (HF-CVD) [5-7], thermal chemical 

vapor deposition [8,9], plasma-enhanced 

chemical vapor deposition (PECVD) [10,11], 

and laser ablation technique [12,13]. 

In this study, different thickness of carbon 

nano layers (30.5, 52.6 and 70.12 nm) have 
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been used in the preparation of Si-CNT solar 

cell, carbon layers were examined using 

Scanning electron microscope and measure 

the effect of the layer thickness and light 

intensity on the solar cell out power. 

 

2. Experimental Method 

Carbon nano layers have been deposited on 

silicon wafers to prepare Si-CNT junction 

using plasma sputtering technique. The 

impurities expected to be formed on the 

surface of silicon strips can be divided into 

three categories, contamination fills, discreet 

particles and absorbed gas atoms as a result of 

processing silicon strips during the 

preparation. In the process of cleaning the 

silicon wafers, chemical compounds are used 

as solvents for removing different types of 

impurities, and it includes a set of successive 

steps in which the silicon wafers is washed 

with distilled water for 2-3 minutes, washed 

with ethanol solution by ultrasonic for a 

period of 5-10 minutes, washed with distilled 

water for 2-3 minutes, washed with ultrasonic 

acetone solution for 5-10 minutes, washed 

with distilled water for 2-3 minutes and then 

immersed in hydrofluoric acid (HF) at a 

concentration of 9% for one minute to remove 

a layer of silicon dioxide generated as a result 

of oxidation, washed with distilled water for 

2-3 minutes and finally immersed in acetone 

solution in order for the model to be dried 

directly [14,15]. The plasma atomization 

technique was used to deposit a layer of 

carbon with different thicknesses (30.5, 52.6 

and 70.12 nm) of pure graphite columns 

(99.9%) in a vacuum chamber of 10-2 mbar in 

an atmosphere of argon gas, the device used 

in the plasma atomization process is Q150R 

S/E/ES shown in Fig. (1). 

The device-specific variables are 

determined by which the thickness and 

structure of the carbon deposited layer can be 

controlled according to the amount of current 

passing through the carbon column, the time 

of the pulses and the number of pulses as 

shown in table (1). Gold was used as the 

electrode for the Si-CNT junction, layers of 

gold were deposited on the top and back 

surfaces of the junction to measure the 

electrical properties as shown in Fig. (2). The 

variables used in gold deposition are shown in 

table (2). 

 
Table (1) Values of variables used in carbon deposition 

 

Value Parameter 

Carbon Material 

70 A Pulse Current 

10 s Pulses Length 

5 Number of Pulses 

60 s Out Gas Time 

50 A Out Gas Current 

 

Table (2) Values of variables used in gold deposition 

 

Value Parameter 

Gold Material 

70 A Sputter Current mA 

70 nm Terminate thickness (nm) 

5 Tooling factor 

30 second Out Gas Time 

50 A Out Gas Current 

 

 
Fig. (1) Photograph of the Q150R S/E/ES plasma atomization 

system 

 
Fig. (2) Sample structure and the circuit used for measurement 

 

3. Results and Discussion  

Silicon wafers (p-type) have been used as a 

substrate to deposit different thickness of 

carbon nano layers (30.5, 52.6 and 70.12 nm) 

in the preparation of silicon-carbon nanotube 

junction (Si-CNT), the effect of the layer 

thickness and light intensity on the solar cell 

out power were investigated. 

The effect of thickness on the Si-CNT solar 

cell shown in Fig. (5), the out power of the Si-

CNT junction (at a constant light intensity 

60W) increases with carbon layer thickness. 

The efficiency also increases with carbon 

layer thickness from 0.3 for the carbon layers 

with thickness 30.5 nm to 0.87 for the carbon 

layers with thickness 52.6 nm and then the 

efficiency become 1.45 for the carbon layers 
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with thickness 70.12 nm, this increase in 

efficiency with the thickness of the carbon 

layer could be due to the increase in the 

density of the carbon nanotubes as shown in 

table (3).  
 

thick
ness 

nm 

po

wer 

Isc 

A 

Voc 

mv 

Imax 

A 

V max 

mv 
FF  

30.5 

60 
18.
2 

17.
2 

12.7 14.2 
0.576
093 

0.3005
66921 

40 
13.

1 
13 10 8.4 

0.493

247 

0.1399

9994 

20 9.8 9.3 6.3 7.2 
0.497

696 

0.0756

00022 

52.6 

60 
28.

1 

28.

55 
24.5 21.4 

0.653

533 

0.8738

33528 

40 
22.
1 

23.
5 

17.3 15.6 
0.519

65 
0.4498
00379 

20 
17.

3 

20.

2 
12.5 12.1 

0.432

811 

0.2520

83553 

70.12 

60 
37.
5 

38.
55 

28.5 30.6 
0.603
268 

1.4534
98838 

40 
28.

1 

33.

9 
24 19.8 

0.498

851 

0.7920

0079 

20 24 
28.
2 

17 15.5 
0.389
332 

0.4391
66496 

 

 
(a) 

 
(b) 

 

 

 
(c) 

Fig. (4) Out power of the Si-CNT solar cells with different carbon 

light intensities (20,40 and 60W) and layers thicknesses (a) 30.5 

nm, (b) 52.6 nm, and (c) 70.12 nm 

 

 
 

Fig. (5) The out power of Si-CNT solar cell with different carbon 

layer thickness 

 

4. Conclusions 
The carbon nanotubes have been 

constructed on a p-type silicon wafer 

substrates without catalysts. Scanning 

electron microscope showed that the grain 

size increases slightly with layer thickness. 

The Si-CNT junction behave as a solar cell, 

the out power and efficiency increases with 

carbon layer thickness and light intensity.  
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Abstract  

In the present study, cadmium oxide nanoparticles have been prepared from bulk structure by the induced 

plasma technique at different bombardment times. These nanoparticles were prepared as thin layers on glass 

substrates with different thicknesses (prepared at different times of shelling). After that, they were analyzed 

with a UV-visible spectrophotometer, Scanning electron microscope SEM, atomic force microscope AFM and 

X-ray spectrum. When the optical properties and their constants were measured, the energy gap of the films 

increased in the range of 2.94-3.2 eV with bombardment times. The examining images of AFM and SEM show 

a clear variation in the structure where the roughness varies with bombardment time due to the variation in the 

nanoparticles' diameter. Finally, the x-ray spectrum shows that the layers are completely crystalline. 
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1. Introduction  

Cadmium oxide is soluble in acids only 

while it is insoluble in water and alkalis [1]. It 

is one of the (II-VI) group compounds and has 

a cubic crystal structure with face-centered 

(FCC) unit cells similar to the structure of a 

crystal of sodium chloride (NaCl) (Fig. 1) [2-

4]. Cadmium oxide. It is a semiconductor 

material within the group of transparent 

conductive oxides (TCO) and has distinct 

properties, including a relatively large energy 

gap range of 2.2–2.7 eV. [5-7], transparency 

in the visible region Near infrared rays (NIR) 

[8,9], high reflectivity in the red region of the 

electromagnetic spectrum [10,11], high 

mobility of carriers [12], high electrical 

conductivity similar to the conductivity of 

negative-type metals (n-type) [3,8], and has 

good fluorescence, cadmium oxide has many 

applications  such as electro-optical devices 

[13], phototransistors [14], biological and 

catalytically applications [15], and gas sensors 

[16]. Several techniques have been used in the 

preparation of cadmium oxide thin films, such 

as magnetron sputtering [17,18], sol gel 

method [19] and spray pyrolysis technique 

[20]. 

  

 
Fig. (1) A diagram of the CdO crystal structure [16] 

 

2. Preparation Method   

Solutions containing nanoparticles were 

prepared by the induced plasma deposition 

method for different preparation periods 4, 6, 

8, 10 min. Cadmium metal foils 99% purity 

have been used as a source for cadmium. The 

cleaning of the foils was carried out using 

polishing paper and then washed with ethanol 

alcohol to remove any impurities present on 

the surface of the metals. 

The cadmium metal before placing it in the 

glass beaker had dimensions of length and 

width of about 10 cm2, after that, a part of the 

cadmium metal was cut to about 1.5 cm2, it 

will be immersed in a 10 ml glass beaker 
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containing 7 ml of distilled water. The nozzle 

of the needle is directed in the middle of the 

metal. If a needle nozzle is located at a 

distance of 7 cm2 from the target, then in order 

to generate a spark in the form of a scattered 

blue flame, the metal foil will be connected to 

the positive electrode while the negative 

electrode will be connected to the needle 

nozzle. The process will be carried out in the 

presence of argon gas that flows at a constant 

rate (3 L/s). 

 

3. Results and Discussion 

The cadmium oxide CdO particles have 

been prepared using the plasma-jet technique 

for different preparation periods 

(bombardment) in the range of 4, 6 8, and 10 

min. The surface roughness is also decreases 

with bombardment time table (1). 

 
Table (1) AFM measurements and energy gap for the prepared 

samples at various bombardment times 

 

Bombardment 

time (min) 

Surface 

thickness (nm) 

Roughness 

average (nm) 

4 74.75 7.491 

6 43.27 8.00 9 

8 10.04 5.150 

10 7.678 1.059 

 

X-ray diffraction patterns in Fig. (2) show 

that the layers are extremely crystalline with 

cubic structure for all bombardment periods, 

the peaks for all periods appear with small 

differences in 2 and small differences in 

intensities, which is reflected in the calculated 

grain size, the grain size decreases with 

bombardment period as in table (2), and this 

agree with AFM images shown in Fig. (3). 

Also, SEM images show that the grain size 

decreases with bombardment time as shown in 

Fig. (4), and this agree with x-ray and AFM 

measurements. 

 
Table (2) Average grain size for different bombardment time 

 

Bombardment time Average grain size 

4 min 5.4 

6 min 4.9 

8 min 3.9 

10 min 3.5 

 

 
Table (3) Energy band gap of the CdO prepared at different 

bombardment periods 

 

bombardment time (min) Energy gap (eV) 

4 2.94 

6 3.1 

8 2.96 

10 3.2 

 

 
Fig. (2) XRD patterns of CdO metal oxide after preparing it 

with induced plasma bombardment with different times 

 

 

 
4 min 

 

 

 
6 min 
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8 min 

 

 

 
10 min 

Fig. (3) Structural properties of CdO after plasma-get 

bombardment for different bombardment periods (4, 6, 8 and 

10) min 

 

 
4 min 

 
6 min 

 
8 min 

 
10 min 

Fig. (4) SEM images of CdO prepared at different bombardment 

periods (4, 6, 8 and 10) min 

 

4. Conclusions 

Cadmium oxide nanoparticles have been 

prepared using the plasma-Get technique for 

different bombardment periods. AFM images 

show that the roughness and surface thickness 

decrease with bombardment periods, and this 

agrees with SEM images and the X-ray 

spectrum. The X-ray spectra show that the 

layers are completely crystalline. The peaks 

for all periods appear at the same 2 with 

different intensities. In addition, the 

calculated grain size decreases with periods 

from 5.4 to 3.5 nm. The optical properties and 

energy gap varied clearly with bombardment 

periods. 
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Abstract  

In this research, the optical emission spectrometry (OES) technique was used to record the spectrum resulted 

from the plasma generated from a (Ni) target in the air by using of a Q- switched Nd:YAG laser with a 

wavelength of 1064nm, a pulse duration of 10ns, a focal length of 10cm, and a repetition rate of 6Hz in the 

energy range 300-500mJ. Plasma parameters such as temperature, electron density, Debye sphere length, and 

plasma frequency were calculated using the Boltzmann-Plot and Stark broadening method. The resulting 

spectrum of plasma was recorded with different energy values. The results of the plasma parameters resulting 

from the laser showed that their values increased with increasing energy, and the electron temperature was 

ranging between 0.934 and 1.479eV. 
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1. Introduction 
Laser induced breakdown spectroscopy 

(LIBS) is based on the laser plasma atomic 

emission spectroscopy, is a kind of 

spectroscopy that has been developed [3,4]. 

As a novel method of matter element analysis, 

it possesses some of advantageous 

characteristics, including high resolution, 

nearly nondestructive measurement of the 

target, the ability to analyze multiple elements 

in real-time online at the same time, and the 

ability to be applied to solid, liquid, gas, and 

aerosol materials. LIBS is capable of 

achieving both qualitative and quantitative 

analysis of the target material, and as a result, 

the technique is extensively used in 

environmental pollution monitoring, diamond 

jewelry evaluation, and industrial 

manufacturing. In addition to laser properties 

such as wavelength, pulse energy, and pulse 

width; the nature of the target material and the 

surrounding environment; as well as the 

measuring equipment, all of these factors may 

impact LIBS [5-7]. As a result of these factors, 

the repeatability of the LIBS signal is low, 

which is one of the key challenges that plague 

the deployment of LIBS technology [8,9]. The 

study of hardware improvement, as well as 

research into the system through experiment 

equipment, measurement environment, 

optimizing target material properties, and 

other methods of improving the accuracy of 

experimental data has been conducted to 

overcome matrix effects and improve the 

accuracy of experimental data. It has thus 

become a significant research trend to 

increase the dependability and stability of 

LIBS technology by improving the spectrum 

of data processing, as a result of these 

considerations [10-11]. The purpose of this 

research is to evaluate the effects of laser 

energy on plasma emissions as well as the 

characterization of Ni plasmas in air. 

 

2. Experimental LIBS Setup 

Figure (1) shows a schematic diagram of 

the experimental setup in this work. It depicts 

a schematic of the LIBS experimental setup. 

The tests were carried out at room temperature 

and pressure. Nickle samples were chosen for 

plasma production, and the goal purity was 

nearly 99.9999 percent. With a Q-switched 

nanosecond laser source, which has an 

essential wavelength of 1064 nm, a pulse 

duration of 10 ns, and a repeating frequency 

of 6 Hz, the plasma was generated. Analysis 

of the spectrometer's optical emission was 

done. The distance from the spectrometer to 

the laser target is around 30 cm. The laser-

induced plasma light emissions from the Ni 



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS    Vol. (4) No. (2) April-June 2023, pp. 23-26 

ISSN 1999-656X (print) 2958-6488 (online)  © All Copyrights are reserved  Printed in Iraq  24 

target surface were captured using an optical 

fiber with a 50 µm diameter core that was 

positioned at a 1 cm distance. NIST database 

software [12] was used to calibrate the optical 

emission line to specified elements to 

determine the plasma properties. 

 

 
 

Fig. (1) Schematic diagram of the experimental setup for LIBS 

 

3. Results and Discussion 

Spectra of Ni plasma produced by LIBS. 

Figure (2) depicts the radiation spectrum of Ni 

plasma at wavelengths ranging from 200 nm 

to 1000 nm in wavelength. As may be seen in 

Fig. (2), several nickel emission lines (such as 

Ni I at 286.55, 366.40, 385.83, 440.15, 

446.24, 460.5, 471.57, 485.54, 508.40 and 

547.08 nm, among others) are superimposed 

over continuous background radiation. Ni I 

emission lines include 286.55 and 366.40 nm. 

The collision of plasma particles between 

bremsstrahlung and electronics-ion 

compound radiation has been shown 

experimentally and theoretically to be the 

primary source of the strong background 

radiation in the early plasma [1,2]. The 

generation time and attenuation rate of 

continuous background radiation, ionizing 

radiation, and atomic radiation, on the other 

hand, are all distinct. Because of the delay in 

the formation of the plasma, the background 

intensity will decrease fast, and atomic 

radiation and ionizing radiation will 

progressively get stronger and narrower as the 

time delay progresses [13].  The correlation 

data of the atomic spectral standard and the 

technical database from the National Institute 

of Standards and Technology (NIST) as well 

as spectral line analysis software from the 

spectrometer were used to identify the nickel 

atom spectrum in Fig. (2). 

 

 
Fig. (2) Nickel plasma within the spectral range 200-1000nm 

 

Laser-induced Ni plasma electron 

temperature measured with a laser beam. In 

plasma, the electron temperature and the 

electron density are two fundamental 

thermodynamic characteristics that must be 

considered. Only when the plasma is under 

Local Thermodynamic Equilibrium 

circumstances does the temperature of the 

plasma have physical relevance (LTE) [13]. 

When the plasma is in LTE, the electron 

temperature may be used to define the key 

plasma properties. For example, in the LTE, 

particle velocities are distributed by the 

Maxwell distribution, while particle numbers 

in different energy levels are distributed in 

accordance with the Boltzmann distribution. 

The adjacent ionization state of a single 

particle is distributed in accordance with the 

Saha distribution. As predicted by the 

Boltzmann distribution of particles, the 

spectral line intensity Iji and the spectral 

energy Ej associated with the higher level are 

both met in the following ways [14]. 

ln [
𝐼𝑗𝑖  𝜆

ℎ𝑐𝑔𝑗 𝐴𝑗𝑖
] =  −

1

𝑘𝑇𝑒
 𝐸𝑗 + ln [

𝑁

4𝜋 𝑈
]     (1) 

For each level, Aji denotes the transition 

probability, gj indicates the statistical weight 

of the higher level, h denotes The Planck 

constant, and c denotes the speed of light in a 

vacuum. Ej the energy at the top level, in this 

equation, Te is the temperature of the 

electrons, k is the Boltzmann constant, U is a 

partition function, and N is the total number 

density of species, all in degrees Celsius. 
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It is possible to obtain the plasma 

temperature without knowing N or U if the 

vertical coordinate is ln [
𝐼𝑗𝑖 𝜆

ℎ𝑐𝑔𝑗 𝐴𝑗𝑖
] and the 

horizontal coordinate is Ej, and the Boltzmann 

diagram is fitted in a linear manner. If the 

Boltzmann diagram is fitted in a linear 

manner, a line with a slope of −
1

𝑘𝑇𝑒
 is 

obtained. When attempting to solve the 

plasma electron temperature problem, it is 

necessary to know the excitation energy of the 

upper- level Ej, the degeneracy of the upper 

energy level gj, and the spontaneous transition 

probability of the spectral lines Aji, among 

other things. It has been shown that the 

literature estimates of the likelihood of 

spontaneous emission transition of the 

spectral lines Aji are significantly different 

and that the measurement error of the spectral 

line intensity Ej is quite substantial. As a 

result, the estimated plasma temperature of 

electrons will have a large inaccuracy, which 

will result in poor precision for the other 

plasma characteristics. 

 
Table (1) Physical characteristics of NI, NII lines 

 

Space 
Wavelength 

(nm) 
Aji.gj Ei eV Ek eV 

Ni II 251.08 5.8 E8 1.68 6.61 

Ni II 261.5 5.40E+06 1.68 6.39 

Ni I 286.55 9.00E+06 0.21 4.53 

Ni I 366.4 6.00E+06 0.27 3.65 

Ni I 385.83 4.80E+07 0.42 3.63 

Ni I 440.15 4.20E+08 3.19 6 

Ni I 446.24 8.50E+07 3.46 6.24 

Ni I 460.5 1.60E+08 3.47 6.17 

Ni I 471.57 1.40E+08 3.54 6.17 

Ni I 485.54 2.80E+08 3.54 6.09 

Ni II 506.42 5.20E-03 1.15 3.6 

Ni I 508.4 2.80E+08 3.67 6.11 

Ni I 547.69 2.80E+07 1.82 4.08 

Ni I 653.28 6.30E+04 1.93 3.82 

Ni II 937.48 6.20E-05 0 1.32 

 

As a result of advancements in the iterative 

Boltzmann technique, it is now possible to 

measure the electron temperature of laser 

coin-induced plasma. Because of the 

correlation coefficient of linear fitting of 

0.6529 and the Boltzmann diagram (Fig. 3) of 

the nickel atom line shown in Eq. (1), the 

electron temperature of the plasma in Ni is 

determined to be 10829.07 K as shown in Fig. 

(4). The linear correlation coefficient of the 

line hits 0.8356 after 600 mJ laser energy of 

the Boltzmann method, according to the flow 

chart (Fig. 5). In other words, based on the 

slope found above, the electron temperature of 

the Ni plasma is 15993.29K. Ni plasma's 

electrical temperature remains constant 

between 15993.29 and 10829.07 K 

throughout experimentation, increasing the 

linear fitting coefficient (Fig. 6a and 6b) from 

0.6529 to 0.8356. Table (1) lists the physical 

properties of the N I and N II lines the 

technical database from the National Institute 

of Standards and Technology (NIST) 

employed in this experiment. 

 

 
Fig. (3) A Boltzmann plot of 400 mJ Ni I emission lines with a 

correlation coefficient of R2 0.6529 

 

 
Fig. (4) A Boltzmann plot of 500 mJ Ni I emission lines with a 

correlation coefficient of R2 0.8356 
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Fig. (5) A Boltzmann plot of 600 mJ Ni I emission lines with a 

correlation coefficient of R2 0.7557 

 

4. Conclusion 

Using optical emission spectroscopy 

(OES), the plasma spectra of the pulsed Q-

switched Nd:YAG laser incident were 

examined on a Ni target in air at a fundamental 

wavelength of 1064 nm. The spectra of the 

plasma showed multiple emission lines from 

the element Ni. The irradiance of the laser was 

used to model the plasma and estimate its 

characteristics. The higher the power of the 

laser, the higher the temperature of the 

electrons and the higher the density of the 

electrons. In addition to this, the plasma 

frequency, Debye length, and number all rose 

as the laser light strength increased. The 

findings also shown that the plasma is heated 

to a greater degree whenever there is 

interaction between the laser and the plasma. 
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