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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 UV–visible and FTIR spectroscopy. 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. 
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1. Introduction 

The production of nanoparticles  may be 

performed by a number of methods, some of 

which include biological, chemical, and 

physical methods [1-3]. Green synthesis has 

attracted significant attention as an 

environmentally friendly, low cost, energy 

efficient and non-toxic method for preparing 

silver anoparticles (AgNPs) [4]. Green 

chemistry focuses on liminating or 

minimizing the use of toxic chemicals [5]. In 

order to achieve this goal, the strategy makes 

use of chemical catalysts. The production of 

nanoparticles calls for the incorporation of a 

wide range of chemicals, including those with 

reducing and stabilizing properties. 

Phytochemicals in plants, such as 

polyphenols, flavonoids, tannins, proteins, 

and sugars, are responsible for synthesizing 

nanoparticles and serve as reducing and 

stabilizing agents [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. 

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 [7]. 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. 

This is because the concentration of the 

biological material is directly proportional to 

the amount of biomolecules that are present 

[8]. 

 

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. 

Both an aqueous solution of silver nitrate 

(AgNO3) with a concentration of one 

millimolar and leaf extracts with 

concentrations ranging from 0.5 to 1.75 
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milliliters were generated separately. The leaf 

extracts ranged in concentration from 0.5 to 

1.75 milliliters. The amount of the extract 

needed to be adjusted as a result of the use of 

Ruta leaf extract in a variety of different sizes. 

The amounts of the extract were as follows: 

(0.5, 0.75, 1, 1.25, 1.5, and 1.75 ml). 

Following the preparation of 20 mL of a 

solution of AgNO3 with a concentration of 1 

mM, each amount of leaf extract was added. 

After fifteen minutes, the color of the solution 

changes from a light yellow to a brownish 

hue, which is a sign that AgNPs have been 

formed. This change in hue is indicative of the 

production of AgNPs. 

the analytical methods that have been used 

in the process of analyzing the properties of 

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. FTIR 

spectrometer (BRUKER FTIR 

spectrophotometer, Platinum ATR) is used to 

identify and evaluate functional or active 

groups of chemical compounds in the plant 

extract separately and for silver nanoparticles 

and plant extract together. 

 

3. Results and Discussion  

As can be seen in Fig. (1), after a period of 

15 minutes has elapsed since the beginning of 

the reaction, the color of the solution that is 

being used in the reaction has transformed 

from being colorless to yellow. Brown is the 

new hue after an hour and a half has elapsed 

since the transition began. The progressive 

increase in color intensity that has been seen 

over time is due to the activation of surface 

plasmon vibrations in the metallic 

nanoparticles [8]. This is responsible for the 

gradual rise in color intensity. In order to 

confirm the creation of biosynthesized silver 

nanoparticles, UV-Vis (NOVIALAB UV-

visible 1911 DB spectrometer) measurements 

were carried out, and the following quantities 

of each component were used in the 

experiment: 0.01 mL, 0.02 mL, 0.04 mL, 0.06 

mL, and 0.08 mL. (0.5, 0.75, 1, 1.25, 1.5, 1.75 

ml). The increase in absorbance that we see in 

Fig. 1 as a result of an increase in the size of 

the extract is an indication of an increase in 

the production of silver nanoparticles [9]. 

This can be seen by looking at the graph. Our 

interpretation of this occurrence leads us to 

believe that there has been an uptick in the 

production of silver nanoparticles. We find 

that there is a direct correlation between the 

volume of the extract and the quantity of 

biomolecules that are readily available to take 

part in the process of silver reduction. This is 

something that we have seen. The end effect 

is a hue that has a deeper saturation. This 

effect has been described with banana peel 

extract [8]. So that enhanced absorbency 

occurs with increasing extract volume it is 

consistent with [10]. 

 

 

 
Fig. (1) Color change and UV-visible spectroscopy of AgNPs 

when using different extract sizes 

 

A spectrophotometric study using 

BRUKER Platinum ATR Fourier-transform 

infrared (FTIR) spectrophotometer was 

carried out in order to evaluate the chemical 

composition of the plant extract and the 
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effective groups that were present in the 

extract. The results of this study are depicted 

in Fig. (2), and they show how the effective 

groups were distributed throughout the 

extract. We take note of the fact that there is a 

resemblance in the positions of the beams 

and, more importantly, in the positions in 

figure where the infrared spectrum of the 

plant extract was shown (Fig. 2a) The 

presence of a group (O=C-N-H) that binds 

two consecutive amino acids may be deduced 

from the observation of an absorption beam at 

a wavelength of 580 cm-1 in the extract of the 

protein or peptide. This can be done by 

looking at the structure of the protein or 

peptide. An absorption beam with a frequency 

of 1637 cm-1 is produced when there is a 

stretching vibration of carbon dioxide to 

oxygen, which is present in the structure of 

flavonoids, peptides, amino acids, and 

proteins. This vibration is responsible for the 

occurrence of an absorption beam. The 

absorption band that occurs at a wavelength 

that ranges from 3150-3350 cm-1 may be used 

to identify whether or not the group (-NH2) is 

present during the process of creating proteins 

and amino acids. The stretch vibration of the 

absorption beam at 3253 cm-1 reveals that the 

plant extract contains peptides, flavonoids, 

amino acids, proteins, carbs, and polyphenols. 

Additionally, this vibration indicates that 

there is a presence of carbohydrates. The 

presence of the carboxyl group (-COOH) in 

monosaccharides may be shown by the 

observation of a wide absorption band that has 

a range that extends from 2520 to 3600 cm-1. 

As an additional piece of evidence for the 

existence of this group, the presence of the 

carboxyl group (-COOH) in peptides, amino 

acids, and proteins all provide support for this 

assertion. Figure (2b) displays the FTIR 

spectroscopy of silver nanoparticles that were 

manufactured using biofabrication. It was 

discovered that the spectrum of the 

nanomaterials is very equivalent to the 

spectral range of the extract from the plant 

Ruta, with the exception of one clear band that 

is located in 2100-2200 cm-1, and that band 

belongs to the CO of phenols, amines, 

carboxylic, proteins, and peptides [11-18]. 

 

 
(a) 

 
(b) 

Fig. (2) FTIR spectra of (a) Ruta extract, and (b) Ruta extract  

with AgNPs 

 

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. 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  

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

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

cluster. The properties of the junction gave a proof of the formation of carbon nanotubes.  
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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 [1]. 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 [2-4]. 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 [5]. 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 

[6,7]. 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 

[8]. Different techniques have been used in the 

preparation of carbon nanotube such as hot-

filament (HF-CVD) [9-13], thermal chemical 

vapor deposition [14,15], plasma-enhanced 

chemical vapor deposition (PECVD) [16-18], 

and laser ablation technique [19,20]. 

In this study, different thickness of carbon 

nano layers (30.5, 52.6 and 70.12 nm) have 

been used in the preparation of Si-CNT solar 

cell, carbon layers were examined using 

scanning electron microscopy. 

 

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 
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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 tables (1) and (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 

 

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), carbon layers have been 

examined using scanning electron microscope 

(SEM). 

Figure (2) shows the Scanning electron 

microscope SEM images of the carbon layers, 

The images showed aggregates of carbon 

nanoparticles, which took the form of clusters, 

and also showed a slight change in the size of 

the grains with the change in the thickness of 

the carbon layer, this is due to the fact that the 

plasma during the deposition process scrapes 

the carbon layer as a result of the proximity of 

the samples surfaces to the plasma, which will 

negatively affect the growth of the grains [21-

23]. 

 

 
(a) 
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(b) 

 
(c) 

Fig. (3) SEM images of carbon layers with different thicknesses 

(a) 30.5 nm, (b) 52.6 nm and (c) 70.12 nm 

 

The effect of light intensity on the out 

power of the Si-CNT solar cell with different 

concentration of carbon layer are shown in 

Fig. (2). The junction for all thicknesses 

behaves as an n-type semiconductor and this 

proves that the carbon nanotubes are of the 

multi-walled type because this type of tubes 

always behaves as a semiconductor [24,25]. 

The short circuit current and open circuit 

voltage increases for all thicknesses of carbon 

layers as a result of the increases of carbon 

nanotube density. 

 

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. 
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Abstract  

In the present study, nanoparticles of cadmium oxide 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. These films were analyzed with UV-visible spectrophotometry. 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. 
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1. Introduction  

Cadmium oxide (CdO) 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 [1-5], transparency in 

the visible region Near infrared rays (NIR) 

[6,7], high reflectivity in the red region of the 

electromagnetic spectrum [8,9], high mobility 

of carriers [10], high electrical conductivity 

similar to the conductivity of negative-type 

metals (n-type) [11,12], 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]. 

 

2. Preparation Method   

Solutions containing nanoparticles were 

prepared by the induced plasma deposition 

method for different preparation periods (4, 6, 

8 and 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. 

As 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 

containing 7 ml of distilled water. The needle 

nozzle 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 optical properties of CdO particles 

in each solution were taken. Figures (2-6) 

shows the optical properties and constants for 

the solution that was prepared at different 

periods. The transmittance, absorbance, and 

reflectance were varied rapidly over the range 

of 300-400 nm and then extremely saturated 

for the longer wave lengths. This change also 

occurs similarly in the optical constants and 

for the same range of wavelengths, where we 

notice the refractive index and the extinction 
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coefficient decrease with wavelength in the 

range of 300-400nm and then become 

extremely constant for the other longer 

wavelengths. 
 

 
 

Fig. (1) Transmission spectra of the prepared thin films 

prepared at different bombardment times 

 

 
 

Fig. (2) Variation of refractive index with wavelength for the 

prepared thin films prepared at different bombardment times 

 

 
 

Fig. (3) Absorption spectra of the prepared thin films prepared 

at different bombardment times 

 

 
 

Fig. (4) Variation of extinction coefficient with wavelength for 

the prepared thin films prepared at different bombardment 

times 

 

 
 

Fig. (5) Reflection spectra of the prepared thin films prepared 

at different bombardment times 

 

 
 

Fig. (6) Relationship of (αhν)2 with photon energy (hν) for the 

prepared thin films prepared at different bombardment times 

 

The calculated band gap for all solutions 

changed clearly in Fig. (7). The band gap for 

the particles prepared at 4 min was 2.96 eV, 

then decreased to 2.94 eV for the particles 

prepared at 6 min, while it increased to 3.1 eV 

and 3.2 eV for the particles prepared at 8 and 

10 min, respectively. The fluctuation in the 

band gap is due to the variation in the grain 

size, where we note that the energy gap 

increases when the grain size approaches the 

Nano scale. 
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(a) 

 
(b) 

Fig. (7) (a) Variation in energy band gap (Eg) with bombardment 

time; (b) variation in grin size with bombardment time 

 

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 the current study, nickel oxide nanoparticles were made from bulk structure using the induced plasma process 

and various bombardment periods. These nanoparticles were created as thin layers on various thicknesses of 

glass substrates (prepared at different times of shelling). After that, they were analyzed with an x-ray spectrum, 

scanning electron microscope, atomic force microscope, and UV-visible spectrophotometer. When the optical 

constants and characteristics were measured, the films' energy gaps ranged from 1.85 eV to 2.1 eV depending 

on the bombardment periods. The AFM and SEM examination tools clearly reveal a structural change where 

the roughness varies with bombardment time due to the variation in the diameter of the nanoparticles. Finally, 

layers are completely crystalline by the x-ray spectrum. 
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1. Introduction 

Nickel is a chemical element with atomic 

number 28, a shiny silver-white metal with a 

touch of gold. Nickel is a transition metal hard 

and malleable [1-3]. However, only small 

amounts of nickel are found in the atmosphere 

[4]. Within large nickel-iron meteorites that 

are not exposed to oxygen outside the Earth's 

atmosphere [5]. It is believed that a mixture of 

iron and nickel forms the outer shell of the 

planet [6,7]. Nickel has many uses, especially 

in alloys. This includes the rapidly growing 

battery industry as a vehicle for electric 

vehicles [8]. Nickel has many special uses in 

chemical manufacturing, such as 

hydrogenation catalysts, battery cathodes, 

dyes, and metal surface treatments [9]. Nickel 

is an essential nutrient for some 

microorganisms and plants that contain 

enzymes that use nickel as their active site 

[10]. 

Nickel is found in meteorites and can 

usually be found only in small quantities, but 

the largest source of it is in some ores, the 

minerals composed of iron, copper, and nickel 

[11]. Perhaps this raw material is the most 

abundant source, since it is extracted and sent 

to most of the industrial regions of the world 

[12]. As for how to extract it, the nickel-

bearing ore is smelted in a high-temperature 

furnace, resulting in a fertile mixture or 

mixture of metals [13]. This mixture turns into 

nickel by mixing it with coke and heating it in 

an oven at a high temperature [14]. Nickel is 

known for its shiny silver color and density, 

which is hard and malleable under heat [15]. 

This means that it can be modified in the 

desired way and shape. 

 

2. Process of Preparation 

Using the induced plasma deposition 

approach, solutions containing nanoparticles 

were created for various preparation times 4, 

6, 8 and 10 min. The nanoscale nickel has 

been obtained from 99% pure metal foils. The 

foils were cleaned with polishing paper and 

then washed with ethanol alcohol to get rid of 

any impurities on the metal’s surface. Where 

the Ni metal before placing it in the glass 

beaker had dimensions of length and width of 

about 5 cm2, after that, a part of the Ni metal 

was cut to about 1.5 cm2. It will be submerged 

in a 10 ml beaker with 7 ml of distilled water, 

where the nozzle of the needle is directed in 

the middle of the metal. The metal foil will be 

linked to the positive electrode, while the 

negative electrode will be connected to the 

needle nozzle. If a needle nozzle is 7 cm from 

the target in order to produce a spark in the 

shape of a scattered blue flame. The process 
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was carried out in the presence of argon gas 

that flows at a constant rate (3 L/s). 

 

3. Results and Discussion 

The induced plasma technique has been 

used to bombardment the nickel oxide 

particles for varying preparation times 

(bombardment) ranging at 4, 6, 8 and 10 min. 

Each solution's NiO particles' optical 

characteristics were recorded. The optical 

characteristics and constants for the solution 

created at various times are shown in Fig. (1). 

Over the wavelength range of 300–400 nm, 

the transmittance, absorbance, and reflectance 

rapidly changed before becoming extremely 

saturated for the longer wave lengths. The 

refractive index and the extinction coefficient 

both decline with wavelength in the range of 

300–400 nm and then become remarkably 

stable for the other longer wavelengths. This 

change also occurs similarly in the optical 

constants for the same wavelength range. 

 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 
(e) 
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(f) 

Fig. (1) Effect of bombardment time on the optical properties (a) 

transition, (b) absorption, (c) reflective, (d) refractive index, (e) 

extinction coefficient, and (f) energy gap 

 

For each option, the predicted band gap in 

Fig. (2) altered significantly. The energy band 

gap was 2 eV for the particles prepared at 4 

min, 1.85 eV at 6 min, and subsequently 

increased to 1.88 eV and 2.1 eV for the 

particles prepared at 8 and 10 min, 

respectively. Figure (2a). The variation in 

particle size is what causes the band gap to 

fluctuate (Fig. 2b). We can see that the energy 

gap widens as the grain size gets closer to the 

nanoscale. Table (1) shows the change of the 

energy band gap with time. 

 
Table (1) Energy band gap of the CdO prepared at different 

bombardment times 

 

Bombardment 

time (min) 

Energy gap 

(eV) 

4 2 

6 1.85 

8 1.88 

10 2.1 

 

 
(a) 

 
(b) 

Fig. (2) (a) Variation of Eg with bombardment time, (b) Variation 

of grin size with bombardment time 

 

An ionized gas called plasma has roughly 

equal amounts of positively and negatively 

charged ions and electrons [9]. Neutral atoms 

may be present in plasma. The plasma is 

referred to as partially or insufficiently 

ionized in this situation. If not, the plasma is 

referred to as totally or completely ionized 

[10]. The total number of positively and 

negatively charged particles in a partially or 

completely charged plasma must be balanced 

in order for the plasma to remain in a neutral 

state. The behavior and utility of plasma are 

frequently determined by interactions 

between the charged particles and the neutral 

particles. A plasma can have a wide range of 

properties depending on the type of atoms 

present, the ratio of ionized to neutral 

particles, and the energy of the particles [11]. 

 

4. Conclusions 

Cadmium oxide nanoparticles have been 

prepared using the plasma jet technique for 

different bombardment periods. 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 study the spectrum of plasma 

generated from a nickel target irradiated in the air with pulses from a Q-switched Nd:YAG laser. This laser has 

wavelength of 1064nm, pulse duration of 10ns, repetition rate of 6Hz and energy of 300-500mJ. Plasma 

parameters such as electron temperature, electron density, Debye sphere length, and plasma frequency were 

determined using the Boltzmann-Plot and Stark broadening method. The results showed that the values of these 

parameters increased with increasing laser energy and the electron temperature was ranging through 0.934-

1.479eV. 
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1. Introduction 
The term "laser-induced plasma 

spectroscopy" refers to an atomic emission 

spectroscopy method that makes use of high-

energy laser pulses to excite optical materials 

(LIPS) [1]. Highly purified metal spectra may 

be obtained by irradiating metal surfaces with 

high-intensity laser pulses, which produce 

plasma in the process [2]. Optical sample 

excitation is achieved by focusing a high-

energy laser pulse on a small area of the 

sample surface [3]. To make a laser-induced 

plasma (LIP), the sample is first heated, then 

evaporated, atomized, and finally deionized in 

a very tiny quantity; this is a source of highly 

pure metal spectrum. For example, plasma 

light emissions may represent "spectral 

signatures" of many types of solid, liquid, and 

gaseous materials. When it comes to quick, 

low-precision, and low-cost chemistry 

analysis, LIBS is an excellent choice. Since no 

sample preparation is required, this method 

may be considered a "plug and play" method 

that could be used in many different situations 

[4-6]. High-power laser interactions with the 

matter may result in the formation of a 

transitory plasma. 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 [7-9]. 

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 

[10]. 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 [11,12]. 

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 
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the laser target is around 30 cm. The laser-

induced plasma light emissions from the Ni 

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 [13] 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 

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 of the 

nickel atom line, the electron temperature of 

the plasma in Ni is determined to be 

10829.07K. The linear correlation coefficient 

of the line hits 0.8356 after 600 mJ laser 

energy of the Boltzmann method. 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 10829.07K throughout 

experimentation, increasing the linear fitting 

coefficient (Fig. 2a and 2b) from 0.6529 to 

0.8356. 

Density of electrons in a laser-induced 

nickel plasma. Stark broadening is the 

primary method by which the atomic emission 

line broadens in a laser-induced plasma. This 

widening is driven by the surrounding charged 

particle field. The following equations [14-16] 

describe the connection between plasma 

electron density and the Stark broadening 

breadth [17] 

Δ𝜆1 2⁄ = 2𝜔 (
𝑁𝑒

1016) + 3.5 𝐴 (
𝑁𝑒

1016)
1

4⁄

×  

[1 −  
3

4
 𝑁𝐷

−
1

3]  𝜔 (
𝑁2

1016
)  (1) 

 

 
(a) 

 
(b) 

Fig. (2) (a) Correlation coefficient of laser-induced nickel plasma 

with laser energy, and (b) Correlation between the laser energy 

and the electron temperature of Ni plasma generated by LIBS 
 

The contribution of electron widening is 

represented by the first item on the right in Eq. 

(1), while the contribution of ion broadening 

is represented by the second. Δ𝜆1 2⁄  is Stark 

broadening the half peak width, 𝜔 is electron 

collision broadening coefficient, Ne is the 

number of electrons in the plasma, and ND is 

the number of particles in the Debye ball, 

which may be represented as [18]: 

𝑁𝐷 = 1.72 × 109  
𝑇

3
2 (𝑒𝑉)

𝑁𝑒

1
2 (𝑐𝑚−3 )  

  (2) 

The widening of the ionic quasi-static 

coulomb field is a disruption in the laser-

produced plasma, according to the Stark 

extension theory. Because the influence of 

electrons on radiation atoms is so important, 

the ion collision broadening may be neglected 

in the actual computation, ignoring the second 

item in Eq. (1). As a result, in Eq. (1), the 
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connection between Stark widening the half 

peak width and the number of plasma 

electrons may be simplified as follows [19]. 

Table (1) lists plasma parameters of the Ni 

lines with different laser energy. 

∆𝜆1
2⁄ = 2 𝜔 (

𝑁𝑒

1016)   (3) 

The Lorentz type Stark broadening spectral 

line has the following function expression 

[20]. 

𝑦 =  𝑦0 +  
2𝐵

𝜋
 

𝜔

4 (𝑥− 𝑥𝑐)2+𝜔2  (4) 

where B is the spectral line's integral strength, 

is the whole width of the spectral line, xc is the 

spectral line’s center wavelength, and y0 is the 

spectral line’s background radiation intensity 

 
Table (1) Plasma parameters of Ni with different laser energy 

 

Laser 

energy 

(mJ) 

slope R2 
Te 

(eV) 

ne 

×1018 

(cm-3) 

λD 

×10-6 

(cm) 

fp 

×1013 

(Hz) 

400 -1.05 0.65 0.934 3.030 4.124 1.563 

500 -1.11 0.83 1.203 3.210 4.549 1.609 

600 -1.15 0.755 1.379 3.500 4.663 1.680 

 

Figure (3) depicts the Stark broadening of 

Ni I 651.48 nm; the actual line is the Lorentz 

fitting curve, the square value of the 

correlation coefficient (R2) is 0.83, and the 

spectral line's half-peak width is 0.35 nm. The 

plasma electron density of a Ni is 3.5 x 

1018cm-3, according to the Stark broadening 

hypothesis, which ignores other broadening 

effects and deducts widening instrument 

situations by the relevant electron collision 

broadening coefficient [17]. 

 

 
Fig. (3) Stark broadening of Ni I (651.48nm) and Lorentz fitting 

 

Figure (4) shows the variation of electron 

temperature and density in a laser-induced 

nickel plasma as a function of laser energy, the 

increase of plasma temperature may be due to 

the plasma becomes opaque to the laser beam 

that reaches the target, plasma shielding 

occurs when the plasma reduces the 

transmission of laser peak energy along the 

beam path. 
 

 
Fig. (4) Variation of electron density of laser-induced nickel 

plasma and electron temperature with the laser energy 

 

4. Conclusion 

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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Abstract  

New design of an objective magnetic immersion lens has been studied, where three innovative designs of 

immersion lenses were developed in a variable manner in the geometric dimensions. The axial magnetic field 

of these lenses was calculated by the Finite Element Method and using computer programs to study the focal 

properties of these lenses. L1, L2, L3 and it was found that the L3 lens achieved the best results because it had 

the lowest values of focal length, which corresponds to the highest values of the magnetic field, and had the 

lowest values of spherical aberration coefficients Cs and chromaticity Cc at a constant value of the irritant 

factor (NI=4800 (A-t).  
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1. Introduction 

The distribution of the axial magnetic flux 

density and the path of the magnetic flux lines 

inside those lenses were studied, as well as the 

objective and projective optical properties of 

those lenses were calculated, and it was 

concluded that the round magnetic lens 

produces a relatively high peak value for the 

distribution of the axial magnetic flux density 

and the paths of the regular magnetic flux 

lines. Moreover, it has relatively low objective 

focal characteristics of focal length, spherical 

and chromatic aberration. This type of lens 

can be used as an objective lens in 

transmission electron microscopy [4]. In 

2021, Basma and Ahmed were able to design 

magnetic lenses with optimal operating 

conditions, as they presented a study on the 

effect of the diameter of the axial aperture and 

the air gap between the poles, as well as the 

thickness of the pole face on the magnetic and 

optical properties, and they found that the 

optical properties and the distribution of 

magnetic flux density improve with Reducing 

the diameter of the axial aperture as well as 

reducing the air gap between the poles of the 

symmetric monopolar magnetic lens. As for 

the thickness of the electrode face, they found 

that the best magnetic properties, the highest 

value of magnetic flux, the lowest value of the 

axial magnetic field strength, and the 

narrowest bandwidth was when the thickness 

of the electrode face was equal to (4.3 mm) for 

the proposed design [5]. In 2021, Mardeen 

and Al-Jubouri studied the design of a 

immersed magnetic lens and it was found that 

the distance between the poles has a direct 

effect on the focal properties and found that 

the best distance between the poles is (2 mm) 

because they have the lowest values of focal 

length and beam diameter, which corresponds 

to the highest analysis value. 

 

3. Experimental Part 
 The design of magnetic lenses requires 

determining the best geometric shape. Three 

models of the immersion magnetic lens were 

proposed, and then they were designed and 

named with the symbols L1, L2, L3, 

respectively. 

The efficiency of the magnetic lens is 

determined by its optical properties 

represented by the chromatic aberration 

coefficient Cc and spherical Cs and the focal 

length F˳, where the chromatic aberration 

represents the ability of the lens to focus the 

electronic beam at uniform wavelengths, 

while the spherical aberration represents the 

ability of the lens to produce an electronic 

beam prepared in a point and less distortion, 

while the The focal length is the ability of the 

lens to focus the electronic beam [12]. And 

using the (MELOP) program [13]. The optical 

properties were calculated as a function of 

acceleration voltage (Vr) and as a function of 

the irritant factor (NI) for the three designs. 
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Figures (1-4) show the relationship between 

spherical and chromatic aberration 

coefficients, respectively, for lenses designed 

as a function of NI/SQRT (VR) irritant factor. 

 

 
Fig. (1) Variation of spherical aberration Cs as a function of 

NI/SQRT irritant factor (VR) for lenses at a constant 

acceleration voltage Vr=10kV, (a) for the three lenses L1, L2, and 

L3 

 
Fig. (2) Variation of spherical aberration Cs as a function of 

NI/SQRT irritant factor (VR) for lenses at a constant 

acceleration voltage Vr=10kV, (b) for the two lenses L2, L3 

 

 

 
Fig. (3) Chromatic aberration change as a function of the 

NI/SQRT irritant factor (VR) for lenses at a constant 

acceleration voltage Vr=10kV, for the three lenses L1, L2, and L3 

 

 
Fig. (4) Chromatic aberration change as a function of the 

NI/SQRT irritant factor (VR) for lenses at a constant 

acceleration voltage Vr=10kV, (b) for the two lenses L2, and L3 

 

From the last two figures, the figure was 

divided into a and b for magnification and 

clarification. The difference between the 

lenses was found that the best uniform 

behavior obtained was for the L3 lens, which 

gave the least aberration rate. In addition, a 

detailed study was conducted for the focal 

length of the proposed lenses, and figures (5) 

and (6) show the comparison between the 

focal length as a function of the NI/SQRT 

irritant factor (VR) for lenses at a constant 

acceleration voltage Vr=10 kV. 

 

 
Fig. (5) Variation of focal length F0 as a function of NI/SQRT 

irritant factor (VR) for lenses at a constant acceleration voltage 

Vr=10kV, for the three lenses L1, L2, and L3 
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Fig. (6) Variation of focal length F0 as a function of NI/SQRT 

irritant factor (VR) for lenses at a constant acceleration voltage 

Vr=10kV, (b) for the two lenses L2, and L3 

 

The basics of this research is to design a 

strong objective lens with a short focal length, 

and from the last figure, the figure was divided 

into a and b for magnification and clarification 

of the difference between the lenses. It was 

found that the best uniform behavior obtained 

was for the L3 lens, which has the lowest 

value of the focal length F0. 

Figures (7-10) show the relationship 

between the spherical and chromatic 

aberration coefficients, respectively, of the 

designed lenses as a function of the 

acceleration voltage when excited by a 

constant NI = 4800 (A.T). 

 

 
Fig. (7) Variation of spherical aberration as a function of the 

acceleration voltage when excited at a constant NI = 4800 (A.T), 

(a) for the three lenses L1, L2, and L3 

 

Figures (11) and (12) show the change of 

the focal length Fo as a function of the 

acceleration voltage Vr for lenses L1, L2, L3 

at constant excitation NI = 4800 (A.T). Figure 

(12) shows the change of the focal length as a 

function of the acceleration voltage when 

excited at a constant NI = 4800 (A.T) (b) for 

the two lenses L2, L3. 
 

 
Fig. (8) Variation of spherical aberration as a function of the 

acceleration voltage when excited at a constant NI = 4800 (A.T), 

(b) for the two lenses L2, and L3 

 

 
Fig. (9) Variation of chromatic aberration as a function of the 

acceleration voltage when excited at a constant NI=4800 (A.T), 

for the three lenses L1, L2, and L3 

 

 
Figure (10) Variation of chromatic aberration as a function of the 

acceleration voltage when excited at a constant NI=4800 (A.T), 

(b) for the two lenses L2, and L3 

 

 

0

0.5

1

1.5

2

2.5

3

0 200 400 600 800

Fo
(m

m
)

NI/SQRT(VR)

b L3

L2

0

100

200

300

400

500

600

0 50000 100000 150000

C
s(

m
m

)

Vr(volt)

a L1

L2

L3

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 50000 100000 150000

C
s(

m
m

)

Vr(volt)

b L2

L3

0

5

10

15

20

25

30

35

0 20000 40000 60000 80000 100000 120000

C
c(

m
m

)

Vr(volt)

a L3

L2

L1

0

0.5

1

1.5

2

2.5

0 50000 100000 150000

C
c(

m
m

)

Vr(volt)

b L3

L2



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS    Vol. (5) No. (2) April-June 2022, pp. 23-26 

ISSN 1999-656X (print) 2958-6488 (online)  © All Copyrights are reserved  Printed in Iraq  26 

 
Fig. (11) Variation of the focal length as a function of the 

acceleration voltage when excited at a constant NI = 4800 (A.T), 

for the three lenses L1, L2, and L3 

 

 
Fig. (12) Variation of the focal length as a function of the 

acceleration voltage when excited at a constant NI = 4800 (A.T), 

(b) for the two lenses L2, and L3 
 

4. Conclusions  

The symmetrical immersed magnetic 

objective lens, symbolized by L3, achieved 

the best results from the three proposed 

designs because it had the lowest values of the 

focal length that corresponded to the highest 

values in the analysis, and it had the lowest 

value for the spherical and chromatic 

aberration coefficients at a fixed value of the 

irritant factor (NI=4800 A.t).The change of 

the pole shape and the position of the pole 

head of the immersion magnetic lens directly 

affects the focal properties of the magnetic 

lens. L3 immersed magnetic objective lens 

has a maximum value of the axial magnetic 

flux density distribution (Bz.max = 1.32 T) at 

the site (z=1mm) when the lens is excited 

(NI=4800 A.t). 
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