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 الخلاصة

 كرافين نانوشيت، اوكسيد الكادميوم، تحضير كل من اوكسيد التليريوم، في هذه الدراسة، تم

( واوكسيد التليريوم/اوكسيد 1)خليط  اوكسيد التليريوم/اوكسيد الكادميوم/كرافين نانوشيت

والذي  النمطياك النبضي مقفل –بليزر الندميوم  التشظية( بواسطة  2)خليط  الكادميوم/كرافين نانوشيت

ملي جول ،والتردد )معدل تكرار  80ة ضوالطاقة لكل نب نانومتر، 1064يعمل عند الطول الموجي 

 نبضة . 500ثانية وعدد النبضات نانو 10ة ضوامد النب هيرتز ، 6ة ( ضالنب

 باستخدام حيود الاشعة السينية،الخواص التركيبية والبصرية لكل المواد المحضرة تم دراسة 

المرئية وفوق  تحت الحمراء ومطياف الاشعة للأشعة تحويلات فورير كتروني الماسح،لالمجهر الا

كل العينات المحضرة لها تركيب بلوري .ويلاحظ  انحيود الاشعة السينية  أظهرت نتائج البنفسجية .

،بينما الحجم  1بشكل طفيف في الخليط  تناقصتالتليريوم  لأوكسيدلجسيمات النانوية ا ان حجم

 لوحظ، 2لخليط بالنسبة ل نانومتر. 71.8الى  29.1من   ازدادتالكادميوم  لأوكسيدللجسيمات النانوية 

 حجمنانومتر ،بينما  29.7الى  73.4من  تناقصالتليريوم  لأوكسيدجسيمات النانوية الان الحجم 

 لأوكسيدلجسيمات النانوية ام وان حجبشكل طفيف.  ازدادالكادميوم  لأوكسيدلجسيمات النانوية ا

بصورة عامة ،نلاحظ وجود  .ينمتساوي كانا 2والخليط   1التليريوم واوكسيد الكادميوم في الخليط 

لكن يوجد نمو بلوري واضح لبعض قمم اوكسيد الكادميوم  ازاحة بسيطة في القمم قبل وبعد الخلط،

ن  عنصر التليريوم وعنصر الكادميوم في المركب النانوي خليط النانوي ،هذا بسبب عملية الترابط بي

 . إحلاليهعملية بينية وليست عملية  كانت 2و خليط    1

صفائح على شكل  هريحضقد تم تيلاحظ ان الكرافين  من نتائج طوبغرافية السطح للكرافين ،

ويلاحظ  مختلفة ، وبأحجامجسيمات اوكسيد التليريوم النانوية تمتلك شكل كروي  .من الكرافايت  نانوية

 65 كانمعدل الحجم لجسيمات اوكسيد التليريوم النانوية  وجود بعض التكتلات في مناطق مختلفة.

بعض من جسيمات اوكسيد الكادميوم النانوية تمتلك اشكال غير منتظمة و البعض الاخر   نانومتر.

 نلنومتر. 98.4 كانمعدل الحجم لجسيمات اوكسيد الكادميوم النانوية   ل.كروي  الشك

تكون جسيمات باحجام مختلفة ،البعض منها   1نتائج طوبغرافية السطح  للخليط  اظهرت

بسبب تكون جسيمات اوكسيد التليريوم واوكسيد الكادميوم النانوية على ارضية شيتات الكرافين  كروي،

ي الى تكون المركب النانوي اوكسيد التليريوم /اوكسيد الكادميوم /شيتات الكرافين والتي تود النانوية ،

  2السطح  للخليط نتائج طوبغرافية  كذلك اظهرت نانومتر. 98.9وبمعدل حجم  (1النانوية  )خليط 



مختلفة نتيجة تكون جسيمات  اوكسيد الكادميوم واوكسيد التليريوم  وبأحجامتكون جسيمات مكعبة 

النانوية على ارضية شيتات الكرافين النانوية ،والتي تودي الى تكون  المركب النانوي اوكسيد 

 نانومتر . 63.5( وبمعدل حجم حبيبي  2التليريوم/اوكسيد الكادميوم/شيتات الكرافين النانوية )خليط 

    ىتشير الوالتي  1-سم  1632.6تحت الحمراء قمة عند  للأشعةفورير تحويلات  اظهرت

المط  تذبذبقمم لوحظت  تذبذب اواصر الكابون غير الموكسدة (.) C=Cصرة  للا اصرة تذبذب المط 

تعود الى تذبذب  1-سم 561.5الامتصاص عند . نطاق 1-سم 1044.4)الكوكسي ( عند  =OC   صرةللآ

اوكسجين  تقابل قمة امتصاص عند –تذبذب اصرة المط للكادميوم  اوكسجين .-اصرة المط  للتليريوم

 نطاقا الى نجاح تحضير جسيمات الكادميوم النانوية. تشير . وجود قمة الامتصاص هذه1-سم  564.2

 (1الكرافين النانوية  ) خليط التليريوم /اوكسيدالكادميوم/شيتات أوكسيد الامتصاص للمركب النانوي 

(على التوالي 2و المركب النانوي اوكسيدالتليريوم /اوكسيدالكادميوم/شيتات الكرافين النانوية)خليط 

،هي بسبب ترابط جسيمات الكادميوم مع جسيمات التليريوم على  1-سم  588.2و     1-سم  580.5عند 

                   الكرافين صفائح

الطول مطيافية الاشعة المرئية وفوق البنفسجية ان وجود قمة امتصاص عند  قياسات اظهرت

π  الإلكترونينانومتر تعود الى الانتقال  265الموجي  → 𝜋∗  . هذا الانتقال يشير الى وجود اصرة

نانومتر ترتبط بتكوين جسيمات  292قمة الامتصاص عند  .كاربون  في العالق النانوي-اربونك

بي الثلاثي ( الى –صر آ)ت التكافؤالانتقال من حزمة  النانوية .قمة الامتصاص هذه  تنتج منالتليريوم 

التليريوم الى اوكسيد التليريوم  في الماء  تأكسدخلال عملية  بي الثلاثي (-صرآحزمة التوصيل )اللات

 الكترون فولت( 0.35وث ازاحة زرقاء  بالمقارنة مع مادة التليريوم الاساس )فجوة الطاقة .ويلاحظ حد

من الممكن ان تعرض جسيمات  .الليزر النبضي تأثيربسب حدوث ظاهرة الحصر الكمي الناتجة من 

 285البداية الامتصاص عند  اننانومتر . 500-250في المدى اوكسيد الكادميوم النانوية امتصاص 

نانومتر تشير الى تكون جسيمات اوكسيد الكادميوم النانوية .مطياف الاشعة المرئية وفوق البنفسجية  

ان جسيمات اوكسيد الكادميوم النانوية تمتلك ازاحة زرقاء  بالمقارنة مع عنصر الكادميوم الاساس  بين

الليزر النبضي .توجد قمم امتصاص حديدة عند  رتأثيبسبب حدوث ظاهرة الحصر الكمي الناتجة من 

على التوالي . قمم الامتصاص  2والخليط     1نانومتر لكل من الخليط  277.3نانومتر  و  274.5

الكرافين النانوية و جسيمات اوكسيد الكادميوم النانوية  صفائحالجديدة تمتلك ازاحة حمراء بالمقارنة مع 

الكمي  مع جسيمات اوكسيد التليريوم النانوية بسبب ظاهرة الحصر وتمتلك ازاحة زرقاء بالمقارنة

هذه القمم الجديدة تشير الى تكون المركب النانوي اوكسيد التليريوم/اوكسيد  .الناتجة من الليزر النبضي



الكرافين  صفائح( و  اوكسيد التليريوم/اوكسيد الكادميوم / 1الكرافين النانوية ) خليط  صفائحالكادميوم /

بسبب صغر حجم  الطاقة لكل العينات المحضرة تزداد اتفجووجد ان (على التوالي . 2النانوية )خليط 

 .الجسيمات النانوية بالمقارنة مع المواد الاساسية بسبب حصول ظاهرة الحصر الكمي

نحصل عندما يكون الزمن اطول انه يلاحظ   ،)ازالة صبغة المثيل الزرقاء( لبيئيافيما يتعلق بالتطبيق 

على شدة امتصاصية اعلى .هذه النتيجة تشير الى انه من غير الممكن استخدام جسيمات اوكسيد 

في ازالة صبغة المثيل بلو ،لكن من  2والخليط  1والخليط  ،ليريوم ،جسيمات اوكسيد الكادميومالت

 صفائحبينما  تعزز الامتصاصية في المدى المرئي لأنهاالممكن استخدامها في تصنيع الخلية الشمسية 

الزرقاء  متلك كفاءة عالية في امتزاز صبغة المثيلتالكرافين النانوية المحضرة باستخدام الليزر النبضي 

%  عند  68.7%  و  65.3بالمقارنة مع بقية المواد النانوية المحضرة .قيمة كفاءة الامتزاز  تصل الى 

 دقيقة  على التوالي . 15دقيقة و    5الزمن 

اظهر اختبار السمية الخلوية باستخدام خطوط خلايا طبيعية وأخرى سرطانية ان التليريوم 

سمية شديدة ضد الخلايا الطبيعية والسرطانية مقارنة بمجموعة السيطرة. بينما  تأثيراتالنانوي لديه 

 تأثيراتة أي اظهر الكادميوم سمية اقل ضد كلا النوعين. لم تظهر الأنواع الأخرى من المركبات النانوي

سمية لكلا النوعين من الخلايا عند نفس التراكيز المستخدمة مما يشير الى ان بعض المواد المحضرة 

 ذات سمية خلوية للخلايا البشرية.

 وجود فعالية  من الحفرلبكتيريا باستخدام تقنية الانتشار ل المضادة الفعاليةهرت اختبارات ظا

على      اتأثير 1الكرافين النانوية والخليط  صفائحكل من  اظهر نانوية.لاجسيمات للانتقائية ضد البكتيريا 

S. aureus,   . على بكتريا اتأثير اظهرت 1بينما جسيمات التليريوم والخليط E.coli اظهرت .

هذا يشير المختبرة.  مقاومة لكل انواع الجسيمات النانوية E.faecalis وP.aerugenosa بكتيريا 

 .الامراض البكتيرية بعض الجسيمات النانوية يمكن ان يستخدم في معالجة  تأثيران الى 
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1.1 Introduction  
            
        Nanoscience is the study of phenomena and the manipulation of materials at 

the atomic, molecular, and macromolecular sizes, where characteristics (such as 

optical, mechanical as well as electrical properties) differ greatly from those at larger 

sizes (bulk). A nanomaterial “is” defined as “ including at least one dimension on 

the nanoscale scale (approximately 1 to 100 nm)”[1]. Nanoparticles are constituted 

of several tens or hundreds of atoms or molecules and can have a variety of sizes 

and morphologies (amorphous, crystalline, spherical, needles, etc.)[2]. The effect of 

nanotechnology is directly related to the spatial and temporal dimensions under 

consideration: nanometer-scale materials and devices indicate precise manipulation 

of individual constituent molecules and atoms in how they are arranged to make the 

bulk macroscopic substrate. As a result of the control over their molecular 

production and assembly, nano-engineered substrates may be made to display 

extremely particular and regulated bulk chemical and physical characteristics. It 

should be noted that nanotechnology is not a single emerging scientific discipline in 

it self, but rather the convergence of traditional sciences such as chemistry, physics, 

materials science, and biology to bring together the necessary collective expertise to 

develop these novel technologies[3]. Scientists have discovered numerous ways for 

producing and analyzing several material properties during the last decade, including 

nanoparticles (NPs) and nanotubes [4, 5], Nanorods[6] Nanowires[7] Nanosheets 

[8]…..etc, in this study ,optical and structural properties for some of compounds, 

elements and their mixtures and known applications such biology application's.  
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1.2” Fabrication of Nanomaterials” 

       There are two ways for nanomaterial fabrication: top-down and bottom-up 

[9]. The top-down method involves slicing or successively cutting a bulk 

substance to obtain nanosized particles. Bottom-up approaches relate to the 

construction of material from the ground up atom by atom, molecule by molecule, 

or cluster by cluster. Milling, for example, is a typical top-down method for 

creating nanoparticles, whereas colloidal dispersion is an excellent example of a 

bottom-up strategy in nanoparticle synthesis. Both techniques are extremely 

important in nanotechnology, as seen in Figure(1-1)  [10] . 

 

 

 

Figure (1-1): Top-down and Bottom-up fabrication are illustrated [10]. 
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1.3 “ Classification of Nanostructure According to Dimensionality” 

         There are three classes in the nanostructure: 

 

1.3.1 “One-dimension confinement (Quantum Well)” 

 
         The resultant nanostructure is known as a quantum well when only one 

dimension is reduced to the nanometer range while the other two dimensions remain 

large [9] .“The schematic representation and density of states versus the energy 

diagram of a quantum well are shown in Figure (1-2). 

 

 

 

Figure (1-2): Variation of state density with a quantum well's energy diagram 

[9]. 
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The energy levels that electrons and holes can take are discontinuous yet distinct. 

In the 2D plane of the QW, electrons and holes are free to move [9]. 

1.3.2 “Two-Dimension Confinement (Quantum Wire)” 

 
        One-dimensional materials have two confined directions and one unconfined 

direction. This permits electrons and holes to travel freely along the unconfined 

direction. As a result, it has distinct optical and electrical characteristics when 

compared to other dimensional nanomaterials. Because of their original and 

distinctive features and a vast variety of uses, one-dimensional (1D) nanomaterials 

such as nanowires, nanotubes, nanorods, nanofibers, and nanobelts have gotten a 

lot of interest [11] , as shown in Figure (1-3). 

 

 

Figure (1-3): Variation of state density with a quantum wire's energy diagram 

[9]. 
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1.3.3 “Three-Dimension Confinement (Quantum Dot)” 

 
       The carriers in this system are confined in all directions by a quantum box or a 

quantum dot [9]. Semiconducting quantum dots with nanometer particle sizes have 

quite interesting properties. The transport of electrons and holes is spatially limited 

to the Q.D dimension, causing a rise in excitonic transition energy and the observable 

blue shift in the Q.D band-gap and luminescence. The exciton Bohr radius is a 

critical parameter, and the confinement effect becomes significant as the Q.D radius 

decreases [12]. Because electrons in quantum dots possess distinct energy levels, 

similar to atoms, confinement has a significant impact on the energy spectrum of 

carriers [13], as shown in Figure (1-4) [9]. 

 

 

 

 

 

 

 

 

 

 

 

Figure (1-4): A quantum Dot's density of states varies with its energy diagram 

[9]. 
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1.4 Methods of Preparing the Nanomaterials 

           For the synthesis of nanomaterials, a number of procedures have been used, 

depending on the material of interest and the size range involved. A variety of 

metals, metal oxides, sulfides, polymers, and composite nanomaterials may be 

created utilizing a variety of synthetic procedures, which are essentially divided 

into two categories: physical and chemical approaches. The most frequent method 

for producing nanoparticles is [11]. 

 

1.4.1 “Sputtering Method” 

          Because of its low cost, simplicity, and low operating temperature, 

magnetron sputtering is a preferred method [9]. Magnetron sputtering is a type of 

Physical Vapour Deposition (PVD) process in which films are formed from single 

atoms or very tiny clusters and any reactions that occur at the film surface (such 

as oxidation or nitridization). The energetic particle bombards a target surface 

with enough energy to eject one or more atoms. Inert gas ions (e.g., Ar+, Kr+, 

Xe+) are the most widely utilized incident species [14] . 

 

1.4.2 “Electro-Deposition Method” 

            Electro deposition is a simple method for producing high-quality films at low 

temperatures and costs. An electrical field moves ions through a solution to cover an 

electrode in an electrodeposition procedure. The most basic electrochemical cell 

uses a two-electrode arrangement consisting of a cathode and an anode. The voltage 

is measured between these two electrodes in the 2-electrode system, while the 

current is measured everywhere in the circuit. Under equilibrium conditions, this 

device works excellently[15]. 
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1.4.3 “Spray Pyrolysis Method” 

           Spray pyrolysis has been used to deposit a broad range of thin films. These 

films have been employed in a variety of technologies, including solar cells, sensors, 

and solid oxide fuel cells. The characteristics of the deposited thin films are heavily 

influenced by the preparation conditions. Spray pyrolysis involves spraying 

preheated substrates with a solution containing soluble salts of the target product. 

The most crucial parameter is the substrate surface temperature, which effects film 

thickness, cracking, crystallinity,  etc [16]. Spray pyrolysis deposition is a low-cost, 

up-scale technology for producing thin polycrystalline films over large surface areas. 

[17]. The important parameters can be changed in this technique substrate type, 

growth temperature, spray rate and solvent type[18]. 

1.4.4   Sol-Gel Method” 

           The sol-gel method includes transforming a system from a liquid "sol" 

(usually colloidal) phase to a solid "gel" phase [19]. One of the most often used 

solutions processing methods for manufacturing metal oxide nanoparticles is the sol-

gel approach. A reactive metal precursor, such as metal alkoxide, is hydrolyzed with 

water in sol-gel processing, and the hydrolyzed species are allowed to condense with 

one other to generate precipitates of metal oxide nanoparticles. The precipitate is 

then cleaned and dried before being calcined at high temperatures to produce 

crystalline metal oxide nanoparticles[20]. Sol-gel technique may also be used to 

produce nano powders, fibers, solid structures, and thin film coatings with great 

efficiency and purity. Another advantage of sol-gel is the development of a 

homogenous substance[21]. 
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1.4.5 “Spin Coating” 

        In this process, solutions are deposited on a substrate that is spun at high speeds, 

causing the solution to spread, resulting in a homogenous thin layer with great 

repeatability. Spinning parameters such as spin speed, duration, and temperature 

impact film formation, as do solution properties such as viscosity, volatility, 

concentration, and molecular weight [22]. Some advantages of this method include 

the ability to simply change the film thickness by changing the spin speed, as well 

as its low cost and quick operating system [23]. The Spin coating has four stages: 

deposition, spin-up, spin-off, and solvent evaporation. The thinnest films with the 

roughest surfaces are created by the greatest spin rates, while the thickest films with 

the nicest surfaces are formed by the lowest spin rates[24]. 

1.4.6” Hydrothermal Technique and Reaction Autoclaves” 

        Hydrothermal synthesis is a subset of solvothermal synthesis in which solvents 

rather than water are utilized. The phrase hydrothermal derives entirely from 

geology. Sir Roderick Murchison (1792-1871), a British geologist, used the term to 

describe the impact of water at high temperatures and pressure on the earth's crust, 

resulting in the production of diverse rocks and minerals. Hydrothermal processing 

is any heterogeneous reaction that takes place under high pressure and temperature 

settings in the presence of aqueous solvents or mineralizers to dissolve and 

recrystallize (recover) materials that are relatively insoluble under ordinary 

situations [25]. 

1.4.7  Pulsed Laser Ablation in Liquids(PLAL) 

       When the laser beam falls on the surface of the metal immersed in the liquid, it 

will reflect part of the surface of the metal immersed in the liquid.The falling button 

beam and the rest are absorbed by the surface of the metal and liquid. This leads to 
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an increase the heat energy and the melting and evaporation of the surface of the 

metal This leads to a higher degree of Heat, pressure, and limitations to the formation 

of a dense plasma (Plasma Plume)[26]. According to the study conducted by 

yang[27]. It will extract multiple types of different ions and atoms from the surface 

of the metal immersed in the liquid during the removal process. These types have 

large kinetic energy when the beam of the laser  is used in high-capacity ablation. In 

addition, these types of different ions and atoms that were extracted as a result of the 

laser ablation process have a high density of gases, solids and liquids, which are 

among the basic components of plasma (Plasma Plume). 

As a  result of various laser beam pulses on the surface of the metal contained in the 

liquid, this created plasma expands, resulting in extra pressure inside the plasma. 

This high pressure produces a rise in temperature, which causes more liquid to 

vaporize and bubbles to develop, and by intensifying the evaporation process. These 

bubbles will tend to grow further until they explode inside the liquid at a specific 

critical pressure and temperature. It is believed that the formation of nanoparticles 

of the dissolved metal inside the liquid is due to the high temperatures and extreme 

pressure resulting from the collapse of the plasma[27].  
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Figure(1-5) Representing a schematic diagram of the laser ablation method in fluids 

         Figure (1-5) shows the PLAL process[28]. The result of the chemical 

interactions that occur between the molecules of the solid and the dissolved materials 

in the liquid is nanoparticles (NPs), which are made up of atoms from the target and 

the liquid that collide in the liquid[29]. There are several factors that affect the laser 

ablation process, including: the laser wavelength, the laser energy, the type of liquid 

medium, the depth of the optical path of the laser beam inside the liquid, and the 

type of target material. PLAL is a more effective technique, as the aggregation of 

nanoparticles can be avoided by using dispersants and ultrasonic vibration in 

addition to changing the pH of the solution[30]. The liquid-phase pulsed laser 

ablation process offers several advantages, including the following: the chemical 

composition is simple and clean, and the end product is produced fast and without 

the need for extra purification, low cost and easy control of parameters. In addition, 

it is characterized by preparing nanomaterials at low temperatures, producing more 

than one material at the same time, and homogeneous and pure compounds[31]. The 

first process of laser ablation is the interaction of a laser beam with the surface of a 

hard target that causes the steel target to evaporate and vapourize into a liquid created 
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by a colloid solution. Chemical interactions may occur between solids and solids in 

liquid, and the result of these interactions is generally nanoparticles (NPs) composed 

of atoms from both the target and the liquid that collide when floating in the 

liquid[32]. The optical absorption spectra of metal nanoparticles are well known to 

be dominated by surface-plasmon resonance (SPR)[33], and shift to longer 

wavelengths as particle size increases. The plasmon resonances of noble metal 

nanoparticles are visible. The collective vibration of electrons causes this plasmon 

resonance[34], which is sensitive to size, shape and the surrounding medium[35]. 

The plasmon resonance enables the monitoring of size and shape transitions using 

just the UV/V is absorbance. 

 

1.5 Properties of Nanomaterials 

1.5.1 “Mechanical Properties” 

        Mechanical properties are the mechanical properties of components in different 

situations and under diverse external stresses. Mechanical qualities vary depending 

on the substance. Metals' mechanical properties normally consist of 10 parts, which 

include brittleness, strength, plasticity, and hardness. Hardness, toughness, fatigue 

strength, elasticity, ductility, stiffness, and yield stress are all important properties 

to consider. Most inorganic non-metallic materials are brittle and lack characteristics 

including plasticity, toughness, elasticity, and ductility. Moreover, many organic 

materials are flexible, having characteristics such as brittleness and hardness[36].“ 

1.5.2 Optical properties” 

         Surface dimers have a strong influence on the optical characteristics of 

extremely small nanoparticles (less than 1 nm), and surface steps are responsible for 

the biggest optical gap decreases in most nanoparticles. These predictions prove true 
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for a wide range of semiconductor nanostructures with highly curved surfaces, 

including quantum dots and wires, NEMS devices, and nanocantilevers [33]. 

1.5.3 Electrical properties 

        Because of their large grain boundary (surface) area, nanomaterials can carry 

far more energy than typical coarse-grained materials. They are materials in which 

an optical absorption band may be introduced or an existing band can be changed by 

passing a current through them or applying an electric field. Many applications that 

require electrical energy use both standard and rechargeable batteries. The energy 

density (storage capacity) of these batteries is often extremely low, necessitating 

regular recharging. Nanocrystalline materials are excellent options for separator 

plates in batteries because they can store far more energy than traditional materials. 

Nickel-metal hydride batteries constructed of nanocrystalline nickel and metal 

hydrides are expected to require significantly less frequent recharging and to last 

much longer [37]. 

1.5.4 “Thermal properties” 

         In general, increasing the number of grain boundaries increases phonon 

scattering at disordered borders, which results in reduced thermal conductivity. As 

a result, nanocrystalline materials are projected to have poorer heat conductivity than 

traditional materials. However, when grain sizes approach the nanoscale, they 

become similar to the mean free pathways of phonons that transfer thermal energy. 

Because of the photon confinement and quantization effects of photon transport, 

nanomaterials can have very different characteristics than course yes materials. It 

has been discovered that, in addition to particle size, the form of nanomaterials 

influences their thermal characteristics [37]. 
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1.6 Characteristics of The Laser Beam 

       The laser beam has four main characterized by[38]: 

1-Monochromatic: Monochromatic refers to a single wavelength, or “one color” of 

light. Laser radiation contains a narrow band of wavelengths and can be produced 

closer to monochromatic than light from other sources. 

2- High Directionality: The radiation is produced in a beam that is spatially narrow 

and has low divergent  angel relative to other light sources. 

3-coherency: It means that the difference between any two points on the wave of the 

laser beam is constant when it moves in time and space. The laser is the only light 

source that has the characteristic of coherence compared to other traditional light 

sources 

4-Brightness: It is the amount of energy emitted per unit time, unit area of the 

surface, and unit solid angle unit  [39]. 

1.7  Nd-YAG Laser 

           The Nd-YAG laser is one of the most important solid-state lasers discovered 

in 1964. The active medium has a crystal of (YAG), which is (yttrium–Aluminum-

Garnet) doped with neodymium ions (Nd+2 ). The inoculation ratio does not exceed 

(1.5%), and  the color of the crystal is purple. The YAG crystal is characterized by 

high resistance to damage, hardness against breakage, and high optical quality. The 

Nd –YAG laser operates in a four-level system with a continuous pulse mode, and 

the effective medium is pumped using a flash lamp. As an electric voltage is shed 

between the two ends of the lamp, producing light rays that are absorbed by the 

crystal to irradiate, or by using a semiconductor laser (diode laser). Nd-YAG laser 

emits a beam of wavelength (1064 nm ) in the infrared region[40]. It is possible to 
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obtain wavelengths 532 nm (SHG) and 335(THG) using nonlinear crystals. Figure 

(1-6) shows a diagram of the energy levels of the Nd-YAG laser [40]. 

 

The Figure(1-6) The main regions of a diagram of the energy levels of Nd-YAG Laser [40]. 

 

1.8 Semiconductors 

         Solid materials can be classified according to their ability to conduct electricity 

into conductive materials such as copper metals. This tab came depending on the 

range of free electrons available in the outer orbit of the atom, which is known as 

the valence orbit. Therefore, metallic materials are good electrical conductors, as the 

density of the presence of free electrons is  responsible for the conduction increases, 

while it is low in insulating materials, there are a group of materials called 

semiconductors, such as silicon and germanium, that are not subject to this 

classification because they are an exceptional material, where the value of the 

volumetric density of its free electrons ranges between conductors and insulators. 

Semiconducting materials have two bands: the valence band, which is packed with 
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electrons, and the conduction band, which is empty of electrons, and between them 

is a gap called the energy gap can be defined as the energy needed to raise an electron 

from the valence band to the conduction band. This gap is small compared to 

insulating materials[41]. Figure (1-7) shows the schematic of the energy bands in the 

resources [42]. 

 

 

 

 

 

 

 

 

Figure( 1-7): The main regions of the energy bands in materials  a/ conductive   b/ 

semiconductor   c/ dielectric [42]. 

 

1.8.1 Classification  of  Semiconductors 

        Semiconducting materials are classified according to their crystalline structure 

into: 

a- Crystalline Semiconductors 

1-single crystalline semiconductors 

        These materials are characterized by the fact  that their atoms are arranged in 

all directions and in a regular periodic manner, meaning that it is repeated 

periodically in the three dimensions and for a long period, and the arrangement of 

the atoms in this way is called(Long Range Order)[43]. As  shown in Figure (1-8 a), 
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where the atoms of the substance are arranged in all directions in a regular 

manner[44]. 

2- Polycrystalline Semiconductors  

         These materials consist of many small crystals called (Grains). Each crystal 

grain consists of thousands of cell units, where each cell has a(Long-Range Order), 

while the crystal grains as a whole have a (Short-Range Order), and the areas of the 

confluence of the grains (at which the periodic order of each grain is cut off) are 

called the(Gain Boundaries )[45]. as shown in Figure (1-8 b) [44]. 

b- Amorphous  Semiconductors 

        The structure of these materials is characterized by a regular (Short Range 

order), where their atoms are arranged in an amorphous  shape forming a complex 

group, and the atoms of these materials cannot periodically rearrange themselves in 

the three dimensions due to the loss of the periodic arrangement for distances greater 

than two or three halves atomic diameters[46]. As shown in  Figure (1-8 c) [44], all 

crystalline materials are characterized as having different directional (Anisotropic) 

characteristics, meaning that the direction of the axes of the crystal has an effect on 

its distinctive properties. In addition to its sudden melting at a certain temperature , 

as random materials, they are characterized by being identical in directional 

properties (Isotropic), and this shows that there is no effect of direction on their 

properties, in addition to that they melt at a certain range of temperatures[47]. 
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Figure (1-8)  : Different types of semiconductors  a-crystalline b- Amorphous        

c- Polycrystalline[44]. 

1.9 Optical Properties 

     Studying the optical properties of semiconductors is an important way to 

understand the mechanism of electronic transitions between energy bands, by 

measuring the radiation absorption and transmittance of the semiconductor material. 

The characteristic and common characteristic of all semiconductors is the rapid 

increase in absorption when the energy of the absorbed radiation is approximately 

equal to the forbidden energy gap, called (Fundamental Absorption Edge)[48]. The 

absorption region of a semiconductor can be divided into three basic regions, as 

shown in Figure(1-9) [49], which are: 
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1-High Absorption Region (A) 

         The amount of absorption coefficient in this region is ( α≥104cm-1) .This region 

is produced due to the transitions that occur between the (extended levels)  of the 

valence and conduction bands[50]. 

2-“Exponential Absorption Region (B)” 

         The range of absorption coefficients is  (1<α<104) cm-1. It is the transition area 

between the extended levels in the valence band and the local levels at the bottom of 

the conduction band, as well as the transition region between the extended levels in 

the conduction band and the local levels in the valence band [50]. 

3-Low Absorption Region (C) 

        The absorption coefficient “in this” area is very small(α<1cm-1(The amount of 

absorption coefficient in this region is very small, and it represents the transitions 

between the energy tails within the optical gap[51]. 

 

 

(1-9): The main regions of the main regions of the absorption edge[49]. 
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1.9.1 Transmittance (T) 

       “ It is known as the ratio between the intensity of the transmitted light ray) I(  to 

the intensity of the incident light ray)Iº (and it is written in the following form [52]. 

 

𝑇 =
𝐼

𝐼0
   … … … … … … … … … … … … (1 − 1) 

“Where I: is the intensity of the light at the wavelength (λ ) that passes through the 

sample (the intensity of the transmitted light)”. 

“Iº: The intensity of the light before entering the sample or the intensity of the 

incident light”. 

 

1.9.2 Absorbance (A) 

         The absorbance (A) or optical density is the mathematical quantity that 

connects the particle density (concentration C) in a sample to the sample thickness 

(optical path lengths X). 

𝐴 = 𝑙𝑜𝑔
𝐼0

𝐼
  … … … … … … … … … … (1 − 2) 

 The absorption of the incident rays cause an electronic activity that may lead to the 

breaking up of molecules if the value of the absorbed energy is greater than the value 

of the dissolution of one of the bonds or its transfer to a higher energy level [53]. 

1.9.3 Absorbance Coefficient  (α) 

        It is defined as the amount of decrease in the energy of the incident ray relative 

to the unit length in the direction of wave propagation within the medium, and it is 

possible to identify the nature of the electronic transitions whether they are direct or 
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indirect through the values of the absorption coefficient(α)[54]. The absorption 

coefficient can be calculated using the following relationship[55]. 

ᾳ =
2.302  log ( 

𝐼0

𝐼
 )

𝑥
 … … … … … … … … . . (1 − 3) 

Where    log (  
𝐼0

𝐼
 ) represent the absorbance (A). 

If the value of the absorption coefficient (α) is equal to (α ≥104  cm-1(, the electronic 

transfers are direct, but if the value of the absorption coefficient is  (α ≤104  cm-1(, 

the electronic transitions are indirect[56]. 

 

1.10 Types of Transitions 

        There are two types of transitions in semiconductors, which are direct and 

indirect transitions, depending on the location of the highest point at the top of the 

valence band, and the lowest point at the bottom of the conduction band. 

 

1.10.1 Direct Transitions 

         Occurs when the electron moves directly from the top of the valence band 

(V.B) to the bottom of the conduction band (C.B), and when the locations of the top 

of the valence band and the bottom of the conduction band are identical ̋ and at the 

same magnitude of the wave vector i.e. (∆K = 0) [56]: 

       𝛼ℎ𝜗 = 𝐵 (ℎ𝜗 − 𝐸𝑔)𝑟 … … … … … … … … (1 − 4) 

Where: 

B: a constant that depends on the nature of the material 

Eg: Optical  band gap of material  
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hν: photon energy 

r: A constant if takes the value (1/2) in the case of the allowed direct transmission 

,and the value (3/2)in the case of the forbidden direct transmission . 

1.10.2  Indirect Transitions 

         These transitions occur when there is a mismatch in the wave vector space(k) 

between the energies of the valence band top and the bottom of the conduction band, 

where the transition is from the highest point of the valence band to the lowest point 

of the conduction band in a non-vertical way which in (∆K ≠ 0). This transition 

results in a change in the crystal's momentum. In order to achieve the law of 

conservation of energy and momentum, this change in momentum is compensated 

by the lattice either by phonon absorption or its emission. The absorption equation 

for this type of semiconductor is given by the following relationship[57]. 

     𝛼ℎ𝜗 = 𝐵 (ℎ𝜗 − 𝐸𝑔 ∓ 𝐸𝑝)𝑟 ……………….(1-5)     

Where: 

B: constant that depends on the nature of the material 

EP: Photon energy represent the sign (+)phonon emission , and sign(-) absorption 

phonon, r: constant and take the value(2) in the case of indirect allowed transmission 

,and the value (3)in the case of indirect forbidden transmission . 
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Figure(1-10): The main regions of the types of electronic transmissions (a) 

direct transmission allowed. (b) Direct transmission is forbidden. (c) Indirect 

transmission is permitted. (d) forbidden indirect transmission [58]. 

 

1.11 Nano Materials 

        Carbon is the one, which still gets a lot of attention, carbon is a ubiquitous 

molecule capable of forming many allotropes with many potential applications. The 

major ones are graphite and diamond[59]. Nanocarbons belongs to carbon all carbon 

nanotubes and two-dimensional (2D) graphene. Nanocarbons have lately received 

increased interest because of their unusual electrical, optical, thermal, and chemical 

characteristics, which promise applications in a range of areas [60]. 
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1.11.1 Graphite and Graphene  

            Graphite is a carbon allotrope. Natural graphite is classified into three types: 

flake graphite, vein graphite, and microcrystalline graphite. The most frequent kind 

of graphite utilized in chemical reactions is flake graphite. Because of its great 

crystallinity, the vein graphite structure is electrically conductive. Amorphous 

graphite is another name for microcrystalline graphite. Graphite is a low density, 

low-cost material, and microcrystalline graphite has long been employed in pencil 

manufacture. Graphite is a material with high electrical and thermal conductivity 

[61]. Graphite's conductivity is determined by its structure. Polycrystalline graphite, 

on the other hand, has a vastly higher resistivity due to the crystal boundaries. 

Graphite has a multi-layer structure with hexagonal lattice arrays in each layer. This 

meansn that graphite is formed of parallel layers of graphene with hexagonal 

rings[62], as shown in Figure (1-11)  [63]. Each yellow sphere represents a carbon 

atom, and each blue line represents a covalent link between carbon atoms. The dotted 

line depicts the weak Vander Waals forces that allow sliding movement between the 

parallel hexagonal rings. 
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Figure (1-11): “Structure of graphite” [65]. 

” 

            Graphene, a two-dimensional (honey comb lattice),a single-layered sheet of 

sp2 hybridized carbon atoms, has caught the interest of researchers because of its 

intriguing mechanical, thermal, electrochemical, and electrical characteristics. These 

outstanding qualities have created new prospects for the use of this nanomaterial in 

future devices and systems [64], as shown in Figure (1-12). 

 

Figure (1-12): Graphene structure [66]. 
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  Graphene may be made by micro-mechanical exfoliation of highly ordered 

pyrolytic graphite, epitaxial growth, chemical vapor deposition, and graphene oxide 

reduction (GO)[65]. Graphene nanoparticles can be used in a variety of biological 

applications. The possibility of graphene as nanocarriers for medication delivery, 

gene delivery, and nanomedicine for future anticancer therapy has been shown [66]. 

Graphene materials have the potential to be utilized in improved energy-conversion 

devices such as solar cells and fuel cells, as well as energy-storage devices such as 

supercapacitors and lithium-ion batteries [67]. 

1.11.2“Graphene Oxide (GO)” 

               Graphene oxide has a layered structure comparable to graphite, but the plane 

of carbon atoms in graphene oxide is highly adorned by oxygen-containing groups 

(epoxy hydroxyl and carboxyl groups), which not only increase the interlayer 

distance but also make the atomic-thick layers hydrophilic[68]. GO is of tremendous 

interest owing to its inexpensive cost, ease of access, and wide ability to convert to 

graphene. GO is frequently regarded as an electrical insulator. The capacity of GO 

to conduct electrons is determined by the quantity of oxidization in the molecule as 

well as the technique of production[69]. It contains a mixture of sp2 and sp3 

hybridized carbon atoms. In contrast to pure graphene, GO is fluorescent over a 

broad range of wavelengths”[70],  as shown in Figure (1-13)[71].  
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Figure (1-13): Graphene oxide structure [71]. 

GO could act as a photocatalyst in the water splitting process [72]. Graphene 

compounds' unique and interesting features, including, high UV absorption, 

fluorescence, and fluorescence quenching capabilities, make them one of the most 

promising materials for biosensors, therapies, tissue engineering, and 

electronics[73]. 

1.12 Method of preparation of Graphene Oxide  

        There are numerous methods for producing graphene oxide (GO), and they are 

as follows: [74]. 

1.12.1 Hummer's Method 

          It is one of the chemical ways for producing graphene oxide, and it is achieved 

by adding potassium permanganate KMnO4 to a combination of graphite, sodium 

nitrate NaNO3, and sulfuric acid H2SO4. This process is widely used for producing 

large amounts of graphene oxide (GO)[75]. 
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1.12.2 Modified Hummer's  Method 

            This technique is widely used to create significant amounts of graphene oxide. 

This technique combines (1gm) of pure and fine graphite powder, (1gm) of sodium 

nitrate, and (6gm) of potassium permanganate KMnO4 with (46ml) of concentrated 

sulfuric acid (H2SO4) in an ice bath for two hours and after adding the ice bath was 

raised, then stirred the mixture using a magnetic stirrer and for three days at 

laboratory temperature, it was observed that the color of the mixture changed from 

green to brown. Later, (60ml) of hydrogen peroxide (H2O2) and (200ml) of distilled 

water was slowly added, where it was observed that the color of the mixture changed 

from brown to yellow, and which indicates the formation of graphene oxide. Then, 

the graphene oxide is separated using a centrifuge at (6000rpm)[76]. Then it is 

washed and purified using hydrochloric acid (HCL) and distilled water. 

1.12.3 Staudenmairs Method  

          It is one of the appropriate chemical methods for producing graphene oxide 

(GO) by changing the ratio of  HNO3/H2SO4. In this method, Graphite is oxidized in 

this process with a 1:3 combination of sulfuric H2SO4 and nitric acid HNO3. The 

results reveal that the graphene oxidation process [77]. 

1.13 Reduced Graphene Oxide (rGO) 

         There are numerous methods for producing reduced graphene oxide (rGO), 

and they are as follows: 

1.13.1 Thermal Reduction 

         The thermal graphene oxide reduction method involves removing oxygen from 

graphene oxide and converting it to reduced graphene oxide, using high temperatures 

up to(2000°C )[78]. The thermal reduction product has a large surface area[79]. In 
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addition, the resulting materials are of high efficiency because they are pure and free 

of impurities.   

1.13.2 Chemical  Reduction 

           Chemical reduction occurs through the use of chemical detectors in a chemical 

reaction with graphene oxide, It is a cheap and simple method for producing reduced 

graphene, and it relies on strong reducing chemicals like hydrazine, which is a 

suitable chemical detector for reducing graphene oxide. and ammonia, as well as 

eco-friendly natural products, can be employed to decrease graphene oxide[80, 81]. 

 

1.13.3  Electrochemical “Reduction” 

         The electrochemical reduction of graphene oxide takes place in a normal 

electrochemical cell using a dielectric aqueous solution at room temperature. Where 

it is dependent on the electrochemical removal of functional groups of oxygen, and 

the reduction process occurs through the exchange of electrons between GO and 

electrodes. In this way, the reduction process with chemical reagents such as 

hydrazine can be dispensed with, because the chemical reagent results in residues 

that cause pollution to the resulting substance[82]. 

1.14 General Properties of Cadmium and Cadmium Oxide  

          Symbol Cd, atomic weight 112.4, a metallic element, show a close 

relationship to zinc, with which it is very frequently associated. Cadmium is a non-

essential element that is harmful to a wide range of plants and animals. The metal, 

discovered in 1817, is derived primarily as a byproduct from zinc, copper, and lead 

ores and has significant industrial applications. Cadmium is used in pigments, , 

batteries, solar cells and  solders. It is often used in electroplating[83]. Cadmium 

Oxide is a highly insoluble thermally stable Cadmium source used in glass, optics, 
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and ceramics. Cadmium oxide is a crystalline solid that occurs naturally as the 

mineral monteponite and is commercially made by oxidizing cadmium vapor. 

Cadmium Oxide (CdO) Powder is used in aeronautical and electrochemical 

applications such as fuel cells because of its ionic conductivity[84]. 

 

Table(1-1)  Physical and Chemical Properties of Cadmium[85] 

Cadmium Property 

48 Atomic number 

112.41 mol\gm Molecular weight 

Silver-white Color 

Lustrous metal Physical state 

321 °C Melting point 

765 °C Boiling point 

8.65 g/cm3 at 25 °C Density at 20 °C 

6.21 kJ/mol Heat of fusion 

99.6 kJ/mol Heat of vaporization 

 

 

1.15 General Properties of Tellurium and Tellurium Oxide  

         Tellurium (Te) is well known as a p-type semiconductor with a band- gap of 

0.35 eV at room  temperature  and  possesses a wealth of intriguing properties such 

as photoconductivity, thermoelectricity, and piezoelectricity [86]. Tellurium is a 

silver-white semimetallic element that is glossy, crystalline, and brittle. It is often 
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available as a dark grey powder with characteristics of both metals and nonmetals. 

Tellurium may produce several compounds that are similar to sulfur and selenium. 

Tellurium displays a greenish-blue flame when burned in the air and produces 

tellurium dioxide out of the atmosphere. Water and hydrochloric acid have little 

effect on tellurium, but it dissolves in nitric acid [87]. Tellurium Dioxide will 

continue to be used in specialist applications such as anti-corrosive materials in 

batteries. It is really heartening to see how science may extend the reach of fiber 

optics above and beyond any existing restrictions as it produces greater efficiency 

and breakthroughs. These new developments may raise demand for high purity 

tellurium dioxide[87].                     . 

 

Table (1-2) Physical and Chemical Properties of Tellurium [87]. 

 

Property Tellurium 

Atomic number” “52” 

Atomic mass” “127.6 “g.mol -1 

Density” “6.24 “g.cm-3
 

Melting point” “450 °C” 

Boiling point” “988 °C” 

Heat of fusion “17.49 kJ/mol” 

Heat of vaporization “114.1 kJ/mol” 

Molar heat capacity “25.73 J/(mol·K)” 
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1.16 Antibacterial Activities of Nanoparticles 

            Bacterial infections and the emergence of antibiotic resistance have created 

significant health problems in recent years. Antibiotic overuse and misuse in 

previous decades had a significant influence in this catastrophe. The World Health 

Organization (WHO) projected in 2019 that antimicrobial resistance (AMR) will kill 

10 million people each year, with Gram-negative infections accounting for two-

thirds of these fatalities. Notably, Escherichia coli, Klebsiella pneumonia 

, Pseudomonasaeruginosa, Proteusmirabilis, Serratiamarcescens   and  Staphyloco

ccus   aureus are  species . As a result of their multidrug resistance, they are 

responsible for the bulk of clinical infections and present a significant danger to 

human healthcare [88].  

The emergence of new resistant bacterial strains necessitated the development of 

novel bactericidal materials. In this context, the synthesis of chemicals with 

antimicrobial characteristics, such as nanoparticles, is critical and has potentially 

beneficial uses in the battle against antibiotic-resistant pathogenic bacteria, which 

represent a constant danger to human and animal health [89].  

Various types of nanomaterials, are either used directly as an antibacterial agents 

such as metallic nanoparticles (NPs) (silver, gold, zinc, etc.) or as a nanocarriers to 

deliver and target the antibiotic to the bacteria and its infected area [90].  

Some biological activities of nanoparticles have been reported recently, such as the 

antimicrobial effect of silver nanoparticles, gold nanoparticles, titanium dioxide 

nanoparticles, zinc oxide nanoparticles and silica nanoparticles[91]. 

 Metal oxide (M-O) nanoparticles, which range in size from 1 to 100 nm and come 

in a variety of forms and sizes, are one type of nanomaterial. M-O nanoparticles have 

distinct physical and chemical properties due to their nanoscale size, providing 

versatility[92]. 
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 MeO NPs have the potential to be effective antibacterial agents against a wide range 

of microorganisms, including drug-resistant species [92].  

The antibacterial activity of Cadmium oxide nanoparticles was investigated using 

the well diffusion method against several pathogenic bacteria, including Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Staphyloco 

ccus  aureus, and it was discovered that Cadmium nanoparticles had an inhibitory 

effect against all pathogenic bacteria [89]. 

 It has been shown that the antibacterial effects of cadmium oxide nanoparticles on 

positive gram bacteria are greater than those on negative gram bacteria 

Staphylococcus aureus bacteria were more sensitive to nanoparticles as compared 

to Pseudomonas aeruginosa and increase of cadmium oxide concentration. 

Antimicrobial properties rise while bacterium growth speed decreases, which is 

consistent with other study on the effect of nano particles on microorganisms [93]. 

 Its research shows that nano CdO can be utilized to treat infectious diseases caused 

by E. coli. Several researchers have proposed a mechanism involving the interaction 

of nanomaterials with biological macromolecules. Zhang and Chen think that 

microorganisms have a positive charge. The microorganisms and treated surface 

form an "electromagnetic" attraction as a result. Once in touch, the microbe is 

oxidized and dies instantaneously. Russell and Hugo discovered that strong 

nanoparticle attachment to the outer membrane of E.coli inhibits active transport, 

dehydrogenase, and periplasmic enzyme activity, and eventually inhibits RNA, 

DNA, and protein synthesis, leading to cell lysis. Nanomaterials are thought to emit 

ions that react with the thiol groups (-SH) of proteins on the bacterial cell surface. 

These proteins protrude through the bacterial cell membrane, allowing nutrients to 

pass through the cell wall. Nanomaterials inactivate proteins, reducing membrane 

permeability and finally inducing cellular death[94]. 
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 CdONPs have a broad spectrum of bactericidal activity against both gram positive 

and gram negative bacteria [95]. 

 When this comes into close touch with the bacterial outer surface, it may breach the 

cell wall and membrane. This might result in lipid injuries, in which huge volumes 

of phospholipids are removed from the bacteria via further vanderWaals and 

hydrophobic bond formation with the charged groups of GO. As a result, the 

pathogens' membrane integrity may be compromised, rendering several important 

activities including as respiration, materials transport and energy transduction 

ineffective. When the bacterial cell's surface is sufficiently covered by GO sheets, 

the cell becomes physiologically inactive and eventually dies, resulting in the 

creation of a clear zone of inhibition in the culture plate[88].  

Tellurite ions (TeO3
2-) have been studied earlier and are long known to be toxic, 

killing most Gram-negative bacteria at quantities lower than other dangerous metals. 

The bactericidal action of Te nanoparticles has been researched, and it has been 

linked to the generation of reactive oxygen species (ROS) when bacterial cultures 

are exposed. Furthermore, research shows that antibacterial activity appears to be 

closely related to nanoparticle dimensions: certainly, nanoparticles of smaller sizes 

had the strongest activity. The surface-to-volume ratio of nanoparticles increases as 

their size decreases, suggesting that smaller is better for enhancing biological 

reactivity [96]. 

According to Lin et al, Te nanoparticles exhibit stronger antibacterial activity and 

lesser toxicity [91].  

Studies suggest that the TeO2 NPs inhibit the growth of E. coli, K. pneumonia and 

S. aureus bacteria, Electrochemical and antimicrobial activity of tellurium oxide 

nanoparticles[97]. 
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1.17 Cytotoxicity 

        Several studies mentioned that various nanoparticles may be cytotoxic and 

cause harmful effects or even irreversible damage to human cells [98].  

Many studies have been conducted on the genotoxicity and cytotoxicity of NPs, 

including CdONPs. Cd is frequently utilized in industry and is one of the major 

environmental toxins that can harm humans through the food chain. Several in vitro 

and in vivo investigations have been conducted to assess the toxicity of CdO NPs. 

Their findings reveal that CdO NPs are harmful to live creatures, and that eukaryotic 

systems are more susceptible than bacterial cells [99]. 

 Small particles have comparatively high surface areas, which allows for increased 

contact between particle molecules and biomaterials [100]. 

 In vitro cytotoxicity tests were performed with human dermal fibroblasts (HDF) and 

human melanoma cells for 24 and 48 hours to determine the cytotoxic effect of 

green-synthesized TeNPs on mammalian cells. After 48 hours of testing, it exhibited 

a dose-dependent cytotoxic impact on the cells. The Te nanoparticles reduced cell 

growth in both healthy and malignant cell types. Cancer cells, on the other hand, 

degrade more rapidly and exhibit more cytotoxicity. Within an optimal range of 5 to 

50 g/mL, TeNPs demonstrated both antibacterial and anticancer activities, as well as 

a low cytotoxic impact on human healthy cells. When nanoparticles are present in 

the medium, ROS generation increases, with a dose-dependent impact. As a result, 

an increase in the amount of reactive oxygen species is linked to dose-dependent 

anticancer activity. Several studies have revealed that Te compounds have 

anticancer properties, but only a few, if any, have proven this activity in tellurium 

nanomaterials [96]. 

 Among the diverse metal nanomaterials that exist, cadmium-based nanostructures 

have piqued the interest of many researchers due to their multiple medicinal uses, 
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particularly in the diagnosis, treatment, and targeted medication delivery of several 

kinds of cancers [101]. 

Data from investigations on Cd ion release from CdONPs and CdCl2 cytotoxicity 

imply that the toxicity of the CdONPs was caused by the NPs themselves, rather 

than the released Cd ions, because the ions released from the NPs were low. These 

findings shed the light on cytotoxicity and genotoxicity in human and rodent cell 

lines, which may be utilized to estimate the danger of CdONPs[102].  

Graphene toxicity on many cell types and genetic material is being investigated. 

GFN cytotoxicity factor has been studied in a number of recent investigations. GO 

nanosheets were proposed to efficiently intercalate into DNA molecules, and GO 

sheets combined with copper ions were shown to produce DNA scission. [103]. 

1.18 Environmental Application of the Prepared Materials  

         Dyes are considered one of the organic materials polluting water sources, 

because of their widespread use in various industries. They are used in dyeing, textile 

industries, in photographic colors, in addition to their use in many different broad 

fields[104]. Several techniques have been used to remove organic dye from water, 

including adsorption, which is considered a preferred method due to its low cost and 

ease of operation[105]. Adsorption is the phenomenon of a liquid or gaseous 

substance collecting in the form of molecules or atoms of a specific substance called 

an adsorbate on the surface of another solid substance called an adsorbent[105]. 

 

1.18.1  Types of Adsorption                     

           Many studies indicate that the adsorption process can be classified into two 

types, as the occurrence of this process depends on the nature of the adsorbent 

material and the adsorbent surface[105]. If the connection between the molecules of 

the adsorbent material and the adsorbing surface is through weak Vander waals 
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bonds, it is called physical adsorption, and it is defined as the physical attractive 

forces that occur between the adsorbing surface and the molecules that are adsorbed 

on the surface, and it is also written ̋ for short( physisorption)[106]. 

 Also, physical adsorption has a small activation energy that does not exceed (40 

KJ/mol), and this type of adsorption occurs efficiently at normal temperature[107]. 

But if the bonding between molecules is with strong chemical bonds, it is called 

chemical adsorption, and it is called by this name because the surfaces in it tend to 

form covalent, chemical, or ionic bonds or a mixture of them with atoms,  molecules 

and ions of the substance that is being adsorbed[108].  

This process occurs on the surface of the solid material in a large way, and this type 

of adsorption is the first step of a chemical reaction, so it needs a high activation 

energy. Chemical adsorption gets on a specific surface under certain conditions of 

pressure and temperature, so this type of adsorption is selective. The heat content of 

this type of adsorption is much higher than that of physical adsorption, as it is about 

(80 KJ/mol )[109]. 

 

1.18.2 Factors Affecting on The Adsorption Process 

a- Temperature  

          Both the extent and rate of adsorption are affected by temperature, as the rate 

of adsorption increases when the temperature rises and decreases when the 

temperature decreases. As for the extent of adsorption at low temperatures, it will 

rise and decrease with increasing temperature[110, 111]. 
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b- Nature of Adsorbent  

       The efficiency of adsorption depends on the chemical and physical properties, 

and mainly on the chemical composition and the surface area of the adsorbing 

surface with respect to the presence of basic or acidic groups, since the surface area 

has a major role in the adsorption process. The greater the surface area, the smaller 

the adsorbent particles, the greater the number of active sites on the adsorbent 

surface, and hence the greater the adsorption capacity[112]. 

 

c- Nature of Adsorbate        

          The nature of the adsorbent affects the adsorption process, as the adsorption 

increases with the increase in the molecular mass of the adsorbent substance, and the 

adsorption process is affected by the chemical properties of the adsorbent in terms 

of the presence of effective groups in the composition of the adsorbent material from 

the absence of it, as well as its solubility in different solvents, as the lower the 

solubility.The adsorbent in solution increases the adsorption capacity[113]. 

d- Effect of Equilibrium Time 

         It means the time period after which there is no decrease in the concentration 

of the solution, or it is the time during which equilibrium occurs between the 

adsorbate and the adsorbent, and this time may be hours or days [114]. 

e- Concentration of Adsorbate     

          The amount of the adsorbent increases with increasing concentration, which 

leads to an increase in the adsorption capacity as a result of the increase in the rate 

of diffusion and mass transfer on the adsorbent surface [115]. 
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1.18.3  Methyl Blue (MB) Dye 

          Methylene blue is a complex organic compound that has three cyclic 

structures attached in a chain. Sulphur and nitrogen are attached to the central ring, 

and chlorine is in a separate group and is negatively charged Molecular Formula – 

C16H18ClN3S. Molecular Weight 319.9 mole/gm  [116]. Figure (1-14) shows the 

chemical structure of methyl blue dye (MB). 

 

 

 

Figure (1-14) The main regions of the chemical structure of methyl blue 

dye(MB). 
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1.19 Previous Studies 

 

- A.A. Dakhel, et al,(2010),  Vacuum evaporation was used to create Te-doped 

CdO  thin-films (1%, 3%, and 5%) on glass and silicon-wafer substrates. 

Experimental findings show that Te ions doping somewhat strains the host CdO 

crystalline structure and alters the optical and electrical characteristics. Because 

of a little (1%) doping with Te ions, the bandgap of the host CdO was 

unexpectedly decreased by around 23%. The effects of trap levels overlapping 

with the conduction band were used to explain the bandgap shrinking. The 

electrical properties of Te-doped CdO films reveal that they are degenerate 

semiconductors with bandgaps ranging from 1.7 to 2.2 eV. In comparison to 

undoped CdO film, 1% Te-doped CdO film increases mobility by around 5 times, 

conductivity by 140 times, and carrier concentration by 27 times. Finally, the 

absorption in the near-infrared spectral region was investigated using the 

traditional Drude theory[117]. 

 

-A. E. Ersundu, et al , (2011), CdO-WO3-TeO2 nanocomposite With decreasing 

TeO2  concentration,  the observed density values increased from 5.82 to 6.22 

g/cm. The molar volume of glasses was discovered to grow as the amount of 

oxygen atoms increased. As the glass structure grows denser, the oxygen molar 

volume decreases. Refractive indices at 632 nm increased from 2.03 to 2.21 when 

TeO2 concentration decreased due to the addition of cations with higher 

polarizability[118]. 

 

-Houlong L. Zhuang, et al, (2012) looked for single-layer oxide materials in the 

II-VI material family, and discovered that planar hexagonal CdO is a promising 
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material with a low formation energy for upcoming synthesis attempts. 

According to calculations of the optical characteristics, the absorption is 

comparable to that of graphene. CdO may be a viable dielectric for graphene 

applications in electrical devices, according on estimates of the tunneling barrier 

of a graphene/CdO/graphene heterostructure[119]. 

  

-S. So¨nmezog˘lu , et al, ( 2013 ) CdO thin films with different Te concentrations 

were successfully synthesized by using sol–gel method. Also, the fluctuation of 

these thin films' structural, morphological, and optical characteristics as a 

function of Te concentration was examined. When Te was added to a thin layer 

of CdO, the strength of the typical peaks for pure CdO grew steadily as the Te 

doping concentration increased; Additionally, pure CdO thin films have smaller, 

more tightly packed grains, whereas doped CdO thin films have bigger, more 

porous grains[120]. 

 

-Chengyan Liu, et al,(2015)  rGO/Te nanowires thermoelectric films were 

prepared, The simultaneous improvement of electrical conductivity (s) ,is 

essential to realize the thermoelectric materials with high power factor value. The 

transport characteristics of the hybrid films are also demonstrated based on the 

measurement of Hall effect. With the increased temperature, the electrical 

conductivities of the hybrid thin films increase[121].  

 

-  Sumeet Kumar, et al , (2016) showed that the nanocomposite  CdO/rGO was 

created by growing highly distributed CdO NPs on rGO sheets using the 

hydrothermal technique. The current work offers information on the creation of 

a novel photocatalyst for the removal of organic compounds[122]. 
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-Yao Jun Zhang, et al, ( 2018 ) showed that the CdO/graphene For the first time, 

an alkali-activated steel slag nanocomposite made of graphene and GASSN-

loaded CdO was employed to photocatalyze the breakdown of DFB dye 

wastewater [123]. 

 

-Solleti Goutham , et al, (2019) showed that CdO/graphene nanocomposite can 

be placed as a film on interdigitated electrodes (IDEs), which were then utilized 

to detect liquid petroleum gas (LPG) chemically using a four probe approach. A 

LPG exposure greatly reduces a resistivity. It was also possible to examine the 

flexibility of the sensor by performing mechanical bending; the response was 

unaffected even when the sensor was bent with a 5 mm radius. The CdO/graphene 

nanocomposite sensor's optimal graphene content created electrotransfer routes 

between nanostructured CdO, which helped to reduce the CdO crystallite 

size[124]. 

 

-Sourav Sadhukhan ,et al ,(2019) showed that the CdO/rGO nanocomposite 

was made utilizing a hydrothermal process. It has been noted that the RGO/CdO 

nanocomposites exhibit greater electrical conductivity than RGO alone. As a 

result, it might be a helpful material for many electrical applications. Comparable 

to CdO NPs and significantly more effective than RGO alone, the antibacterial 

activity of the nanocomposites has been proven to be effective and safe in the 

realm of biological applications compared to hazardous CdO. The creation of 

metal oxide (CdO) adorned RGO nanocomposites via a green approach, as well 

as the potential applications, are thus indicated by the current work[125]. 
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-Reda Hassanien, et al, (2019) synthesized cadmium oxide and graphene 

nanocomposite. The outcomes demonstrated that the reduction of graphite to 

graphene was effective . The production of the CdO NPs was confirmed by FT-

IR due to the existence of strong and distinct peaks at 556 and 602 cm1 (Cd-O 

stretching). CdO NPs had a 260 nm absorption peak with a large direct bandgap 

(3.11 eV) The results show that this method may be used to synthesize additional 

metals or metal oxides on graphene sheets and suggest that it may have a variety 

of biological, industrial, and technological uses[126]. 

 

-Hui Wang ,et al , (2020) cite the growing interest in water treatment caused by 

graphene materials. The adsorption characteristics of cadmium were examined in 

this work, which also used the modified Hummers technique to create magnetic 

graphene oxide (MGO). First, the impacts of pH as well as the sorption kinetics 

and isotherms were examined [127]. 

-Ashwini P. Alegaonkar, et al, (2020) prepared the Te-rGO nanocomposite, 

Graphene derivatives has persuasive absorbing ability and its electron transport 

capacity makes it a great prosperity in many science horizons. Our diffuse 

reflectance spectra (DRS) studies indicate that Te-rGO has a significant amount 

of increase in light absorption and red shift in absorption peak[128].  

 

 

-Dalal Z. Husein, et  al, (2021) showed that CdO/G nanocomposite had been 

prepared, Due to their huge specific area, quick kinetics, and particular affinity 

towards heavy metal impurities, graphene-based metal oxide nanocomposites are 

intriguing and promising types of nanocomposites. In this study, CdO 

nanoparticles (CdO NPs) and a graphene-based CdO nanocomposite (G-CdO) 
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were made using an easy and affordable method. The produced nanoparticles 

were examined and evaluated for their potential to remove lead from water[129]. 

 

 

1.20 The Aim of The Research 

            This study aims to prepare the CdONPs, TeO2NPs, GNS, TeO2NPs/ 

CdONPs/GNS nanocomposite (Mix 1) and TeO2NPs/CdONPs/GNS nanocomposite 

(Mix 2) by using Q-switched Nd-YAG pulsed laser ablation in water, to using in 

removing pollutants and some biology application's such as (Some of Bacteria 

types).    
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2.1 Introduction: 

         This chapter describes the synthesis and spectroscopic instruments of 

CdONPs, TeO2NPs, Graphene Nano Sheet (GNS), CdONPs/TeO2NPs/GNS 

(Mix1), and CdONPs/TeO2NPs/GNS (Mix2) nanocomposite synthesized by laser 

ablation in liquid (PLAL). Finally, the structural and optical properties of the 

prepared samples were characterized using X-ray diffraction, FE-SEM, FTIR, and 

UV-Vis Absorption spectroscopy.                                          

 

.2 The Materials Used:2 

                     Figure(2-1) show the sample of a laboratory-prepared graphite target. 

 

 

 
 

Figure (2-1): Graphite target.                          
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Table (2-1): Shows the materials used in this study. 

 

 
purte 

Country Company 
 

materials 

99.99% china -  Graphite powder                 

99.99% china -  Cadmium powder  

99.99% Iran -  Tellurium powder   

99.99% Iraq -  Distilled water                   

99.99% France France 

Alcools 

 Ethanol                       

99.99% Germany Capricorn  Fetal bovine serum (FBS)    

99.99% Germany Roth    MTT(3-(4,5-

Dimethylthiazole-2-yl)-2,5-

diphenyl-2H-tetrazolium 

bromide) dye powder  

99.99% Germany Capricorn  Penicillin-streptomycin 

solution      

99.99% USA BioPLUS 

chemicals 

 Phosphate buffer saline 

packets  

99.99% USA US 

Biological 

life science 

 RPMI 1640 medium w/L-

glutamine, 25mM HEPES 

(powder) 

99.99% Belgium Ludeco 

 

 Sodium bicarbonate powder 

99.99% USA US 

biological 

 

 Trypsin-Ethylene 

diaminetetraacetic acid 

(EDTA) powder  

99.99% Italy       Biofil  Millipore filter (0.45mm) 

Millipore filter (0.22mm) 

99.99% Germany Membrane  Benson burner 

99.99% Jordan Afeco  Petri dishes    

99.99%                      

 Jordan Afeco   Slides   

 Jordan Afeco  Platinum Wire Loop          
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 Jordan Afeco   Micropipette 

tips                          

 
purte 

Jordan Afeco  Plastic test tubes 10 

ml                     

99.99% India Himedia  Muller –Hinton agar     

99.99% India Himedia   Nutrient agar 

 

2.3 Equipment Used for The Measurement of The Prepared 

Materials: 

    This study used a variety of instruments, which are listed in Table (2-2) along 

with the nations that manufactured them and the site of the work. 

 

Table (2-2): List of Instruments and Tools Used in the Study. 

Instrument Company's Country 

Q-Swiched Nd -YAG laser - China 

UV-Vis Spectrophotometer - Japan 

X- Ray Diffraction ( XRD) - Japan 

Fourier Transform Infrared 

Spectrophotometer ( FTIR) 

- Germany 

Field Emission Scanning 

Electron Microscopy(FE-SEM) 

USA USA 

Oven - China 

Autoclav Jeiotech Korea 

Cell culture flask (25ml) SPL Korea 

Cell culture plate (96- wells) SPL Korea 

Centrifuge Rotanta Germany 

Distiller ROWA Germany 

Double distillation water stills GFL Germany 
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Electric oven Memmer Germany 

ELISA Reader Human Germany 

Eppendorf centrifuge 5702 RH eppendorf Germany 

Incubator Memmert Germany 

Inverted microscope 
T.C Meiji 

techno 
Japan 

Laminar airflow cabinet Labtech Korea 

Micropipettes (different sizes) Dragon-Med India 

Millipore filter (0.45, 0.22μm) Biofil Australia 

Refrigerator Arcelik Turkey 

Sensitive Balance Labtech Korea 

Syringe 5 ml MED China 

Water bath Memmert Germany 

 

2.4 Laser Ablation System: 

     The Q-Switched Nd-YAG pulsed laser was used to fragment solid pellets of Te, 

Cd, and graphite powder and their mixtures in water to obtain TeO2NPs, CdONPs, 

GNS, and CdONPs/TeO2NPs/GNS (Mix1) and CdONPs/TeO2NPs/GNS (Mix2) 

nanocomposite as shown in Figure (2-1, a and b). The laser parameters utilized in 

pulsed laser ablation in liquids are listed in Tables 2 and 3 (PLAL-Method).  
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Figure (2-2): a) Q -Switched Nd-YAG laser device.                          

b) Set up of pulsed laser ablation in liquids. 

 

Table (2-3) The parameters that are used through pulsed laser ablation in 

liquids (PLAL) 

Used Values Standared Values Parameters 

80  1-1000  Energy (mJ) 
1064  1064 Wavelength (nm) 

10 10 Pulse duration (ns) 

6  6  Pulse repetition  rate (PRR)(HZ) 

500 pulses 40-1000 pulses No. of Pulses 

 

 

 

 

 

a b 
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2-5 Preparation of TeO2NPs , CdONPs, GNS and  CdONPs 

/TeO2NPs/ GNS Nanocomposite:  

2-5-1  Preparation of Cd, Te and graphite pellets ( discs): 

          Cadmium (Cd), Tellurium (Te), and Graphite powders were weighed and 

compressed by a hydraulic piston JB/T3818-1999 type, which had previously been 

cleaned with ethanol, to produce a pellet with a diameter of 2 cm and a thickness of 

5 mm, which was then placed in an oven type WG43 at a temperature of 500 °C for 

one hour to anneal the samples, as shown in Figure (2-2, b). 

 

 

 

 

 

 

 

 

 

 

 

Figure (2-3):   a) The hydraulic piston,    b) Vacuum oven 

 

 

 

 

b 

( 
a 
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2-5-2 Synthesis of CdONPs, TeO2NPs, GNS, CdONPs / TeO2NPs / GNS (Mix1) 

and CdONPs /TeO2NPs / GNS (Mix 2) by (PLAL-Method): 

 The materials were prepared by the laser ablation method as shown in the flowchart 

illustrated in Figure (2-3):                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2- 4): Flowchart for preparing CdONPs TeO2NPs, GNS, CdONPs / TeNPs / GNS 

(Mix1) and CdONPs /TeO2NPs / GNS (Mix 2) by pulsed laser ablation in water ( PLAL). 

Take 2 grams of cd, Te and graphite 

powders and mix them together and 

then pressed using hydraulics piston 

JB/T3818-1999 type to obtain a 

pellet with a thickness of 5 mm and  

a diameter 2 cm( Mix1) 

nanocomposite). 

Press 6 gm each of Cd, Te  and graphite 

powder in pellets  form, each 

separately  by hydraulic piston 

JB/T3818-1999 type to  obtain a 3 

pelletS with a diameter of 2 cm and a 

thickness of 5 mm . We obtain a Mix 2  

by making the successive 

fragmentation of cd, Te, and graphite 

powder in 10 ml of distilled 

Immersed Mix 1, Mix2,   Cd, Te , and graphite  pellets  in 10 ml of distilled water 

water 

NPs , and graphene nanosheets( 2Ps, TeOfor Mix 1 , Mix 2 , CdONsuspension -Obtaining the nano

GNS)  

XRD FTIR Energy gap calculation  FE-SEM UV-VIS absorption 

spectroscopy   

Environmental applications (removing pollutants) 

(methylene blue dye) 
biological applications 

Using a Q-Switched Nd-YAG pulsed laser with a wavelength of 1064 nm, Frequency(PRR) 6 Hz, Energy 

per pulse 80 mJ, No.of pulses 500 in the fragmentation process of the prepared Pellets. 
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2.6 Measuring Instruments:  

2.6.1 X-Ray Diffraction (XRD): 

           The crystal structures of CdONPs, TeO2NPs, GNS, CdONPs/TeO2NPs/GNS 

(Mix 1), and CdONPs/TeO2NPs/GNS (Mix 2) films were determined using X-ray 

diffraction equipment. The crystal structure, orientation, and grain size may all be 

determined using X-ray diffraction, which is a strong non-destructive approach for 

material characterization. A typical X-ray wavelength that is equivalent to the 

interatomic distance in a crystal is used for characterization. When the path 

difference is an integer multiple of the wavelength, constructive interference occurs. 

This is the diffraction Bragg condition. In the corresponding directions, the intensity 

of the reflected beam exhibits distinct peaks. They're known as the Bragg peaks. 

The Bragg peak can be detected by changing the detector's angle (2θ). 

2d sin θ = mλ  …………………………………………….... (2-1) 

Where m is an integer, Scherer's formula measures the grain size ( D ) in a 

polycrystalline film,: 

   𝐷 =
0.9 𝜆

𝛽 𝐶𝑂𝑆𝜃 
… … … … … … … … … (2 − 2) 

Where β :is the full width at half maximum (in radians) of the peak (FWHM), (θ) 

:is the Bragg angle. The structure of the samples was investigated using a Shimadzu 

6000 X-ray diffractometer (Made in Japan) ( λ=1.5406 A0). Figure (2-4, a and b) 

illustrates the image and diffraction of a beam of parallel and monochromatic X-

rays of wavelength ( λ ) incident at an angle ( θ ) on a crystal. A proportional counter 

with a 40 kV operating voltage and a 30 mA current was used. XRD has a scanning 

speed of 8 degrees per minute and a range of 5 to 80 degrees. Only if the wavelength 

in equation (2-1) is less than or equal to twice the distance between two successive 

planes in the crystal can Bragg diffraction occur.  
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Figure (2-5): a) XRD device used to measure the prepared samples.                       

b) The mechanism of work of the XRD. 

 

2.6.2 Field Emission Scanning Electron Microscopy (FE-SEM): 

           It is a sort of electron microscope that scans a sample with a beam of 

electrons rather than light waves, and these electrons are released with a field 

emission source (electron Gan) in which the sample is scanned in zigzag patterns 

and accelerates in the high gradient of the electric field. High vacuum columns of 

primary electrons are fixed by electronic lenses to prepare the narrow scanning 

beam that bombards the material, and secondary electrons and back-scattered 

electrons emerge from every point on the body as a result. Figure (2-5, a and b) 

shows the image of the high resolution scanning electron microscope used in the 

research (type-INSPECT F50 DS0019_09-11-HOLAND), in which the detectors of 

this device receive electrons liberated and convert them into an optical image that 

can be displayed on a screen or a digital image, resulting in a 3D image. 

a b 
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Figure (2-6): a) FE-SEM device used to measure the prepared samples. 

b) Main components of   FE-SEM 

 

Fourier Transform Infrared Spectroscopy (FTIR):  2.6.3 

        The FTIR technique is used to investigate the structural properties of solids, 

liquids, and gases. It allows for the investigation of materials' absorptive and 

emissive characteristics. The FTIR method's choice of IR wavelengths is very 

beneficial for analyzing chemical bonds that link atoms. These bonds, it turns out, 

vibrate at frequencies that correspond to infrared wavelength light, and can thus be 

easily excited by such radiation. By placing some drops in the device (type ALPHA, 

Germany), the prepared samples were analyzed at room temperature, and the 

instrument worked within the range (400cm-1 - 4000 cm-1). The FTIR device is 

shown in Figure (2-6, a and b). 

 

a b 
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Figure (2-7 ): a)  FTIR  device used to measure the prepared samples.           

b) Main components of FTIR. 

 

UV-Visible Absorption Spectroscopy:  2.6.4 

           The absorption spectra of TeO2NPs, CdONPs, GNS, Mix1 and Mix2 

nanocomposite solutions were measured using UV-Visible absorption 

spectroscopy, CECIL CE 7200 (ENGLAND), where the colloidal solutions were 

placed in a quartz container after the calibration process and filtering of the device. 

After that, the optical properties (absorption, absorption coefficient, and energy 

gap) were calculated for all the prepared samples. Figure (2-7, a and b), shows the 

devices used in the research. The electronic spectrum of the compound is a curve 

that illustrates the change in absorption intensity as the wavelength of the rays 

passing through the solution of the compound under study changes. The purpose of 

this curve is to determine the wavelength at which the absorption intensity is 

a b 



Chapter Two                                                                                    Materials and Methods   

 

55 
 

highest, and it is symbolized by the symbol λmax. The absorption spectrum covers 

the range from 190 nm to 1100 nm.       

     

 

Figure (2-8): a) UV-Visible spectroscopy device used to measure the prepared 

samples.   b) The Main components of the device. 

                

NPs, GNS, CdONPs / 2CdONPs, TeO of Environmental Application 7.2

:) NPs / GNS ( Mix 22ONPs / GNS ( Mix1) and CdONPs /Te2OTe 

       By adding (0.00319 gram) of methyl blue dye powder to a baker containing (10 

ml) of distilled water according to the equation (2-3), a solution of methyl blue dye 

(MB) at a concentration (10-3 M) was prepared    :  

w =  
M ×V×c

1000
…………………………(2 – 3)                                

So that: W: the weight of dye required to achieve the desired concentration in gm, 

c: the molarity unit concentration , V: the amount of solvent to be applied to the 

material in cm3, M:  319.9 is the molecular weight of the dye in gm/mol. In addition, 

a b 
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the prepared concentration was diluted using the dilution relationship below by 

adding a given amount of solvent (distilled water) to a specific volume of high 

concentration. 

 

) 4 – 2.(..………………………….. 2V2= C 1V1C 

C1: The first concentration (high), V1: The amount of high concentration 

required, C2: The second concentration (light), V2: the volume required 

to add to the first concentration to get the second concentration.  

 

 2.8 Cell lines 

         Frozen vials of prostate cancer cells (LNCaP) and normal cells (Vero) cell 

lines were received from the cell culture technique laboratory in the college of 

medicine/university of Babylon. 

 

2.8.1 Preparation of reagents and solutions  

2.8. 1.1  Phosphate buffer saline (PBS): 

           According to the manufacturer manual, the PBS was prepared by dissolving 

only one packet in 500 ml of deionized distilled water (DDW) with continuous 

stirring by a magnetic stirrer at room temperature resulting in a PH value of 7.45 

with out need for adjustment. Autoclaving is required for compling sterilization and 

then the PBS was stored in a closed bottle until used to keep sterile. 

 

2.8.1.2 Trypsin-ethylene diamine Tetraacetic Acid  (EDTA) solution:  

 

           As indicated by US biological headings, a weight of 10.1g of trypsin-EDTA 

powder was dissolved in 0.9 liter of DDW with continuous mixing at room 
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temperature. 7.2 of PH value was reached then the volume was completed to 1 litre 

by DDW, the solution was sterilized using millipore filters of 0.45 and 0.22 μm 

respectively, after that, the solution was kept at (- 20°C) temperature. 

2.8.1.3 Preparing MTT assay solution: 

         The general purpose of the MTT assay is to measure the viability of the cells 

in relatively high throughput (96-well plates) with no need for cell counting. 

Therefore, the most usual use of MTT assay is to find out the cytotoxicity of many 

drugs at various concentrations. The concept of the MTT assay is to detect the 

cellular mitochondrial activity of the viable and thereby a rise or decline in the 

number of viable cells is related to the mitochondrial activity. The mitochondrial 

activity of the cells is indicated by the changing of the pale-yellow tetrazolium salt 

(MTT dye) into dark purple formazan crystals by NADH which can be solubilized 

for homogenous measurement. Thus, any increment or decline in the number of 

viable cells can be noticed by measuring formazan concentration that is indicated 

by the measurements of optical density (absorbance) using a plate reader at 570 

nm. The darker the solution, the greater the number of viable and metabolically 

active cells. The following MTT Procedure was performed according to [130]: 

 

1- At the end of the drug exposure period, the media were withdrawn from the wells 

and rinsed with PBS. To measure unspecific formazan conversion, a blank 

control used.            

2- A volume of 1.2 ml of MTT solution (5 mg/ ml) was added to 10.8 ml medium 

to obtain final concentration of 0.5 mg/ml. Then, 200 μl of the resulting solution 

was added to each well.       

3- The plate was incubated for three hours at 37°C till intracellular purple formazan 

crystals were detectable by the inverted microscope. 

4- The supernatant was removed and 100 μl DMSO was added to each well to 

dissolve the formazan crystals.                                                                
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5- The plate was incubated for 30 minutes at room temperature until the cells had 

lysed and the purple crystals had dissolved.    

6- Absorbance was measured by a microplate reader at 570 nm.  

The absorbance of the blank must be subtracted from all samples. The 

absorbance of the test samples must then be divided by those of the control and 

multiplied by 100 to give percentage cells viability or proliferation. Absorbance 

values greater than the control indicate cell proliferation, while lower values 

indicate cells death or inhibition of proliferation. The percentage of cells viability 

or percentage of inhibition was calculated by the following formula:         

% viability = (AT – AB) / (AC – AB) × 100%  

Where, AT = Absorbance of treated cells (drug).  

AB = Absorbance of blank (only medium).  

AC = Absorbance of control (untreated).  

% Inhibition = 100 – % viability 

 

2.9 Preparation of bacterial Culture Media:  

           It was prepared according to the instructions of the company and sterilized 

by autoclaving at temp.121oC for 15 min. 

2.9.1 Nutrient Agar Medium 

           This nutrient agar was prepared according to the instruction of supplier 

company by dissolving 28gm of nutrient agar in 1L of distilled water then sterilized 

in the autoclave at  121 ºC for 15 min. , this medium was used in general experiment 

such as cultivation and activation of bacterial isolates when it necessary. 

2.9.2 Müller-Hinton agar 

          This medium was prepared according to the instruction of supplier company 

by dissolving 38gm from the medium in 1L of distilled water and sterilization by 

autoclave at 121 ºC for 15 min., this medium used an antibiotic sensitivity test. 
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2.10 Preparation of tissue culture medium  

        Liquid RPMI-1640 medium was prepared according to US Biologics from 

RPMI-1640 medium powder as follows:                                 

An amount of 16.353 grams was dissolved in 900 ml of DDW without heating, 2 

g of sodium bicarbonate can be added with gentle stirring to adjust pH additional 

water was added to obtain 1 liter then filtered using a 0.22 µm syringe filter. A 1% 

penicillin-Streptomycin and 10% fetal bovine serum was added then filter-

sterilized using a 0.22-micron membrane filter. The mixture contains heat-labile 

compounds that can be damaged with autoclaving.  The prepared media should be 

kept at 4°C and used within a short period.  

 

2.11 Preparation of cell line  

2.11.1 Thawing of frozen cell lines  

           The frozen cell lines vials were removed from the liquid nitrogen container 

with caution and directly placed into a beaker containing pre-warmed (37°C) sterile 

DDW. The vials were removed from the water before the ice floccule dissolved 

completely, and then they were wiped with 70% ethanol. Without delay, the cell 

suspension content of each vial was pipetted under a laminar flow cabinet into a 15 

ml sterile plastic centrifuge tube containing 10 ml of pre-warmed serum-free 

medium. Centrifugation was done at 1000 rpm for 5 minutes and the supernatant 

was aspirated and decanted. The cells pellet was resuspended into 5 ml warm (37°C) 

serum-medium and transferred into a 25 ml size cell culture flask, incubated at 37°C 

and the serum medium replaced on the next day. 

2.11.2 Sub-culturing of cell culture 

  

1- The cells were checked and analyzed using an inverted microscope to ensure   

that they were healthy, sub-confluent, and free of contamination.  
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2-Using a pipette, the growth medium was removed from the flask, and 

the monolayer was washed with enough volume of PBS to remove all of 

the media from the flask.  

3-To allow the cells to detach from the flask's interior surface, a suitable 

volume of trypsin/EDTA solution was applied to the flask and incubated 

at 37°C (for 2-10 min). 

4-An inverted microscope was used to inspect the cells to confirm that 

they were all separated and suspended. To release any remaining detached 

cells, the flask was lightly taped with the palm a couple of times.  

5-Trypsin was inactivated in the flask by adding an equal volume of the 

serum-containing medium. 

6-The cell suspension was then split into two flasks, each with a cell line 

name, passage number, and date labelled on it. 

7-The cell line was incubated at 37°C for 24 hours[131].  

 

2.11.3 Maintenance of cell culture  

           Cells were routinely checked under an inverted microscope for any 

contamination and the cells were given a new medium (RPMI) every 2 to 3 days 

based on color changes. The cells were maintained in supplemented medium with 

10 % serum and kept at 37 ºC in an incubator. After the cells have achieved more 

than 80 % confluence, they were subcultured.  

 

2.11.4 Harvesting of cell culture 

  

         Harvesting is a technique that uses proteolytic enzymes to separate adherent 

cells from the surface of the flask. First, the growth medium in the vessel was 

aspirated and discarded. PBS was used to wash the cells twice. Afterwards, the 

enzymatic harvesting solution (containing trypsin) was added to the vessel. After 

15 minutes, the proteolytic reaction was neutralized by adding the serum-containing 
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culture medium. The cells in the tissue culture flasks were harvested by using 

different enzymatic solutions composed of different concentrations of trypsin and 

EDTA[132].  

 

2.12 Cytotoxicity measurement of nanomaterials on the normal and 

cancer cells. 

 

        Cells were cultured in 96 tissue culture plates. Cells were treated with different 

nanoparticles (four replicates were used for each contype) along with four replicates 

of untreated cells (control group). The plate was then incubated for 24 hours, after 

which the cell growth was measured using the MTT cytotoxicity assay. Calculation 

of cell viability was done by dividing the measured absorbance for each 

concentration by the absorbance of the control multiplied by 100. 

Cell viability = (complete  absorbance /cells only absorbance) * 100 = % cell 

survival 

 

2.13 Statistical analysis 

 

          Microsoft Office Excel 2016 and Sigma plot version 12.5 software were used 

to analyze the data. The ANOVA one-way test was employed to determine whether 

there were significant differences between the data means. The p-values (p≤ 0.05) 

was declared statistically significant.  
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3-1 Introduction:  

          The results of the prepared materials CdONPs, TeO2NPs, GNS, and CdONP 

s/TeO2NPs/GNS (Mix1) and CdONPs/TeO2NPs/GNS (Mix 2) were discussed in this 

chapter using XRD, FE-SEM, FTIR, and UV-visible spectroscopy, as well as the 

results of their application. 

3-2 Results of X-Ray Diffraction measurements: 

          Figure (3-1 a) displayed the strong diffraction peaks at angles of 2θ = 26.60 

and 54.70, which corresponded to Miller indices of (002) and (004), respectively. 

The distance between the crystal levels was d = 3.3858 A°, which is attributed to 

commercial graphite powder. It's in agreement with that reported in ICDD Grant-in-

Aid, (1990). Figure (3-1 b), it indicates the presence of a very small diffraction peak 

at an angle of 26.90, corresponding to Miller's index (002), which is almost negligible 

in comparison with the graphite powder peak. This peak is due to the formation of 

graphene nanosheets (GNS), identical to what was stated in the international card 

ICDD Grant-in-Aid (1990). 
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Figure (3-1) : a- XRD of the commercial graphite b- graphene nanosheets(GNS) were 

prepared by pulsed laser ablation in distilled water. 
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      The diffraction peaks at 32.5 °, 37.80 °, and 54.80 °, which correspond to Miller 

indices (001), (200), and (220) respectively , are due to the formation of CdONPs. 

which clearly indexed as a cubic phase of CdO. It's in agreement with that reported 

in ICDD Grant-in-Aid, (1990), as shown in Figure (3-2). 
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 Figure (3-2) :XRD of CdONPs prepared by pulsed laser ablation (PLAL). 

 

        Figure (3-3) illustrates the peaks at angles of 26.70, 29.60, and 33.2°, which 

correspond to miller indices (100), and (210), respectively, which indicate the 

formation of TeO2NPs ,which clearly indexed as a hexagonal phase of TeO2 and is 

in agreement with that reported in ICDD Grant-in-Aid, (1990). 
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Figure (3-3):XRD of TeO2NPs prepared by pulsed laser ablation (PLAL). 

 

       Figure (3-4) shows the diffraction peaks at angles of 33.10 and 38.60, 

which correspond to Miller's indices (111) and (200) respectively due to the 

formation of CdONPs in CdONPs /TeO2NPs /GNS(Mix1 ) nanocomposite, but the 

diffraction peaks at angles of 240 and 26.80, which correspond to Miller's indices 

(111) and (100) respectively due to the formation of TeO2NPs in 

CdONPs/TeO2NPs/GNS nanocomposite (Mix1 ). It is in agreement with that 

reported in the ICDD Grant-in-Aid, (1990). The highest orientation (crystal growth) 

of the peak is at (100) for TeO2NPs in nanocomposite instead of (111) and (210) for 

individual CdONPs and TeO2NPs respectively, and this indicates the dominance of 

TeO2NPs in nanocomposite. It is noted that a rearrangement of the atoms occurs. 

The mixing process led to crystal growth at a Miller's index of (111) for CdONPs, 

and this is evident by the increase in intensity compared to CdONPs before mixing. 

No diffraction peak of graphite was observed in the CdONPs /TeO2NPs /GNS 
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nanocomposite (Mix1) nanocomposite, indicating that graphite had completely 

transformed into graphene nanosheet (GNS).  
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Figure(3-4):XRD of CdONPs / TeO2NPs / GNS Nanocomposite ( Mix1) prepared by pulsed 

laser ablation (PLAL). 

, 0, 45.70, 29.70the diffraction peaks at angles of 27.45) shows that -Figure(3              

coefficients (100), (040), (042), (311) , which correspond to Miller's 0and 57.1, 052.8

NPs in the 2and (133), respectively, are due to the formation of TeO

, which 0). At the angle of 38.1Mix2NPs/GNS nanocomposite (2CdONPs/TeO

corresponds to Miller's index (200) due to the formation of CdONPs in 

). It is noted that a rearrangement of Mix2NPs/GNS nanocomposite (2eOCdONPs/T

NPs and the peak at (111) for the 2the atoms occurs. As the peak at (210) for the TeO

NPs and 2appeared and emerged at (100) for TeO are CdONPs disappeared, peaks

NPs on both CdONPs and GNS is 2nance of TeOfor CdONPs. The domi) 200(

                              ).Mix2NPs/GNS nanocomposite (2observed in the CdONPs/TeO 
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 Figure (3-5): XRD of CdONPs / TeO2NPs / GNS Nanocomposite ( Mix 2) prepared 

by pulsed laser ablation (PLAL). 

The Crystallite size of all prepared materials was calculated by using Debye-Scherer 

equation (2-2) as shown in Table (3-1).  

Table (3-1): Crystallite size of CdONPs , TeO2NPs , Mix1 and Mix2 

Nanocomposite. 

Structure  2θ ( Deg.) FWHM(Deg.) Crystallite  Size( nm) 

TeO2NPs 33.2 0.1082 73.4 

CdONPs 32.5 0.2727 29.1 

Mix1 highest peak of TeO2NPs= 26.8 0.1106 71.8 

peak of   CdONPs=33.1 0.11062 71.8 

Mix2 highest peak of TeO2NPs)=27.4 0.2669  29.7 

peak of   CdONPs=38.1 0.2669 29.7 
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NPs decreases 2size of TeOcrystallite 1) that the -It is noticed from Table (3    

slightly in Mix 1, while the value of crystallite size of CdONPs increases from 29.1 

decreases from  NPs2eOof T crystallite size, it is noticed that the 1 MixFor  .to 71.8

73.4 to 29.7, while the crystallite size of CdONPs increases slightly. The value of the 

From the  2 are equal.ixM and1 ixCdONPs in M NPs and2TeO crystallite size of

results of XRD in general, it is noticed that there is a slight shift in the peaks before 

and after mixing, but there is a clear crystal growth of some peaks at the expense of 

the others after mixing, This is because the bonding process between Te and Cd 

element in the compound Mix1 and Mix 2 is an interstitud processes, and not a 

reciprocal process.                                                                                                       

 

3-3 Filed Emission Scanning Electron Microscopy (FE-SEM) 

Analysis : 

        The surface morphology of graphene prepared from graphite in water using a 

pulsed laser is shown in Figure (3-6, a-d). It confirms that the  prepared graphene 

has  the Nanosheet shape (GNS), which is in agreement with what was obtained in 

reference[133]. 
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Figure (3-6):  a- Field Emission Scanning Electron Microscopy of Graphene nanosheets 

(GNS)(5µm)  b-Graphene (GNS)(3µm)  c-Graphene(GNS)(1µm) d-Graphene(GNS)(40µm). 

 

and some NPs have a spherical shape of different sizes 2TeO The prepared            

agglomerations are observed at various locations as shown in Figure (3-7, a-d). 

 

 

a b 

c d 
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Figure (3-7):   a-FE-SEM images of TeO2NPs(50µm)  b-TeO2 (5µm)  c- TeO2 (1µm) 

 d- TeO2  (500nm)   were prepared by pulsed laser ablation in distilled water . 

 

 

a b 

c d 
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       Figure (3-8) shows the method for calculating the average particle size of 

TeO2NPs by using image J program and is equal to 65 nm and it is similar to what 

was mentioned in the reference [134]. 

 

 

Figure (3-8): Size distribution of the TeO2NPs.        

  Figure (3-9, a-d) shows the formation of CdONPs  in irregular shapes and some of 

them are spherical in shape[135]. 
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Figure(3-9): a-FE-SEM images of CdONPs(1µm) b-CdO(3µm)  c-CdO(5µm) 

d-CdO(500nm) were prepared by pulsed laser ablation in distilled water . 
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Figure (3-10) shows the average particle size of CdONPs, which was 98.4 nm.       
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 Figure (3-10): Size distribution of the CdONPs. 

 

     Figure ( 3-11) shows the formation of particles of different sizes, some of which 

are spherical, due to the formation of TeO2NPs and CdONPs on the graphene 

nanosheet substrate which led to the formation of the TeO2NPs/CdONPs/GNS 

nanocomposite (Mix 1). 
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Figure(3-11):  a- FE-SEM images of TeO2NPs/CdONPs/GNS (Mix 1)(4µm)  b-Mix1(5µm) 

c-Mix1(3µm)  d-Mix1(500nm) Nanocomposite were prepared by pulsed laser ablation in 

distilled water. 
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The average particle size of Mix1 is 78.9 nm as shown in the Figure (3-12). 
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Figure (3-12): Size distribution of the Mix1 Nanocomposite. 

 

            Figure (3-13) shows the formation of cubic particles of different sizes due to 

anosheet substrate which NNPs on the graphene 2the formation of CdONPs  and TeO

led to the formation of the TeO2NPs/CdONPs/GNS nanocomposite (Mix 2).           
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        Figure(3-13): a- FE-SEM images of Mix2(10µm)  b-Mix2(5µm) c-Mix2(3µm) 

 d-Mix2(500nm) Nanocomposite were prepared by pulsed laser ablation in distilled water. 
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The average particle size of Mix 2 is 63.5 nm as shown in the Figure (3-14). 

 

Figure (3-14): Size distribution of the Mix2 Nanocomposite. 

 

3-4 Results of Fourier Transform Infrared Spectroscopy 

measurement (FTIR): 

      The FTIR spectrum of prepared GNS was illustrated in Figure (3-15). The 

appeared intense peaks at (3288.8cm–1) were corresponding to stretching vibrations 

of hydroxyl (O-H) for water and its in agreement with the reference [104]. The peak 

at (1632.6 cm–1) refer to C=C stretching vibrations bond (skeletal vibrations from 

unoxidized graphitic domains). Stretching vibration peaks of C–O (alkoxy) are 

observed at 1044.4 cm–1  and it’s close to the reference[136]. 
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Figure (3-15): The FTIR spectrum of prepared GNS. 

 

). The appeared 16-NPs is shown in Figure (32The FTIR spectrum of the TeO             

were corresponding to stretching vibrations of hydroxy   1–intense peaks at 3288.8cm

stretching  O) refer to C=1–range of (1642. 1cmhe peak at the T. H) for water-O(

vibrations bond. Stretching vibration peaks of C–O (alkoxy) are observed at (1048.2 

O stretching vibrations its -) is correspond to the Te1–The band at (561.5cm. )1–cm

close to the reference[137].                                                                                                        
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Figure (3-16): FTIR spectra of TeO2NPs. 

 

           Figure (3-17) shows the absorption band of CdONPs prepared by pulsed 

laser. The stretching vibrations of the O-H group produce a large absorption band at 

3286.7 cm-1 in the FT-IR spectrum. The stretching vibrations of the C–O (alkoxy 

bond) are responsible for the absorption bands at 1044cm-1. The stretching vibrations 

of Cd–O are responsible for the absorption peak at 564.2 cm-1. The existence of this 

band suggests that the CdO NPs were successfully manufactured [138]. 
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 Figure (3-17): FTIR spectra of CdONPs. 

 

Figures (3-18) and (3-19) show the absorption bands of the TeO2NPs /CdONPs 

/ GNS (Mix 1) and TeO2NPs / CdONPs / GNS (Mix 2) nanocomposite respectively. 

The absorption peaks at 580.5 cm-1 and 588.2 cm-1 are due to the bonding of Cd-O 

with Te-O on the graphene sheet. As for the absorption peaks at 1044cm-1,  

1636.7cm-1 and 3286.7 cm-1for both Mix1 and Mix 2 it is corresponding to C–O 

(alkoxy) stretching vibrations, C=C stretching vibrations bond and the stretching 

vibrations of the O-H group for water respectivelly. 
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Figure (3-18): FTIR spectra of Mix 1. 
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 Figure (3-19): FTIR spectra of Mix 2. 
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3-5 UV-Visible Absorption Spectra: 

        The optical properties of all nanomaterials prepared by pulsed laser were 

studied using UV-visible absorption spectroscopy. Figure (3-20) shows the nano-

suspension of all the materials used and the product of the fragmentation process 

using the pulsed laser.      

 

 

 

 Figure (3-20) : Images  of GNS, CdONPS, Mix1, TeO2Nps and Mix2 respectively 

 

             Figure (3-21) of GNS shows the presence of an absorption peak at the 

wavelength of 265 nm, which is due to the π-π* electron transition. This transition 

indicates the presence of a C-C bond in the prepared nanosuspension, and these 

results are close to what was obtained in the sources[139].                                                                 
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Figure (3-21): The absorption peak of GNS. 

 

Figure (3-22) depicts the absorption peak at 292 nm associated with the 

formation of TeO2NPs. This absorption peak resulted from the progressive 

weakening of the valence band (p-bonding triplet) to the conduction band (p-

antibonding triplet) during the oxidation of Te into TeO2 in water, and it is similar 

to what is described in the reference[140]. It is noted that a blue shift occurs 

compared to Te bulk (Eg=0.35 eV) due to the occurrence of the quantum 

confinement phenomenon resulting from the effect of the pulsed laser.  
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Figure (3-22): The absorption peak of TeO2NPs. 

 

It can be seen that CdO nanoparticles show absorption in the range 250-500 

nm. The onset of absorption is at 285 nm, which clearly indicate formation of 

CdONPs. UV-vis spectra show that CdONPs exhibit a blue shift  in comparison with 

that of the bulk Cd element due to the occurrence of the quantum confinement 

phenomenon resulting from the effect of the pulsed laser[141] as shown in the Figure 

(3-23).    
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Figure (3-23): The absorption spectrum of CdONPs. 

 

          Figure (3-24) and (3-25) illustrates obtaining a new absorption peak at 274.5 

nm and 277.3 nm for each mix 1 and mix 2, respectively. The new peak has a red 

shift compared to GNS and a blue shift compared to TeO2NPs and CdONPs due to 

quantum confinement phenomenon resulting from the effect of the pulsed laser. This 

new peaks indicates the formation of TeO2NPs /CdONPs /GNS (Mix 1) and 

TeO2NPs /CdONPs /GNS (Mix 2) nanocomposite respectively.                               
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Figure (3-24): The absorption spectrum of Mix 1. 
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Figure (3-25): The absorption spectrum of Mix 2. 
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      Table (3-2) shows that the energy gap for all samples increased due to the small 

size of the nanoparticles compared to the bulk materials due to the occurrence of 

quantum confinement.  

 

 

 Table (3-2): The energy gaps for all samples 

Energy 

Gap(eV) 

Absorption Intensity 

(a.u.) 

Absorption 

Peaks(nm) 
Samples 

1.40 0.564 292 TeO2NPs 

1.54 0.457 285 CdONPs 

2.20 0.245 274.5 Mix1 

3.25 0.465 277.3 Mix2 

 

 

       

        The  energy gap for  TeO2NPs,  CdONPs, mix1 and  mix2 was calculated  using  

the tauc plot and its values were 1.4 , 1.54, 2.2  and 3.25 eV respectively, as shown 

in Figure (3-26). 
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Figure (3-26, a-d): The Energy band gab of (a- TeO2NPs, b-CdONPs, c-mix1 , 

d-mix2). 
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3-6 Calculation of the adsorption efficiency of the prepared materials:  

          The prepared graphene using pulsed laser has a high efficiency in adsorption 

of methyl blue dye compared with other prepared nanomaterials as in Figure (3-27), 

where the value of the adsorption efficiency can be calculated by using equation:  

Removal efficiency % = 
𝐴°−𝐴 ᵗ

𝐴°
 × 100            ….. ….. (3 – 1)  

A0 :intensity of pure MB at t=0 

At  :intensity of MB + GNS at time (t)  

 And its reached to 65.3% and 68.7% for t = 5 s and t = 15 s, respectively. 

 

 

Figure (3-27) : UV – Vis spectrum of pure MB Dye and GNS+MB mixture to remove 

methyl blue (MB). 
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 Figure (3-28) illustrates the calculation of the adsorption efficiency of all 

materials prepared by pulsed laser. In general, it is noted that the longer the time, the 

greater the absorbance intensity excepted GNS+MB+5 and GNS+MB+15 s. This 

result indicates that it is not possible to use TeO2NPs, CdONPs, Mix1 and Mix 2 to 

remove methyl blue (MB) but this can be used in the manufacture of the solar cell 

because it enhances the absorption in the visible range.  
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 , Mix12+MB mixture, CdO, TeONSG, MB Dye Vis spectrum of pure –28): UV -(3 Figure

and Mix2 to remove methyl blue (MB) excepted GNS+MB+5 and GNS+MB+15 s . 
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3.7 Effect of nanoparticles on bacteria 

Four types of bacteria were used to evaluate the effect of the five types of 

nanoparticles. The bacteria used were staphylococcus aureus, pseudomonas 

aeruginosa, Escherichia coli, and enterococcus faecalis. As shown in the table, GNS 

and Mix1 NPs affects the growth of S. aureus, while Te and Mix2 affect the growth 

of E.coli, P.aerugenosa and E.faecalis did not affect by any type of these 

nanoparticles.  

         Antibacterial activity of Tellurium is well known for decades. It has been 

shown that it cause ROS generation , damage the metabolic enzymes, induce 

glutathione depletion and lipid peroxidation. Te is known to affect gram negative 

bacteria more than gram positive bacteria due to their Te susceptibility. E.coli 

showed more sensitivity than P.aerugenosa because the later have a known high 

antimicrobial resistance level[142]. The  current works result agrees with Cailing et 

 S. aureusnor  P.aerugenosabut not  E.coliNPs affect 2Oal results in that Te

bacteria[143].                                                                                                                  

Table (3-3): Bacterial growth inhibition zones diameters (mm) caused by the 

nanoparticles 

Bacteria 

               Nanoparticle types 

Inhibition zone diameter (mm) 

CdONPs TeO2 GNS Mix1 Mix2 

S. aureus - - 22 20 - 

P.aerugenosa - - - - - 

E.coli - 22 - - 18 

E.faecalis  - - - - - 
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Figure (3-29): Well diffusion method for determination of nanoparticle cytotoxicity on 

bacterial strains. NP effect is measured by measuring the inhibition zone diameter 

 

         CdONPs have no effect against all bacterial strains used. This may be related 

to the particle size and/or concentration used. Studies on CdO NPs with smaller size 

(30 nm) showed strong antibacterial effect against gram negative and positive 

bacteria [144]. Nanoforms also affect their activity, thus, CdONPs micelles have 

potential antibacterial activity particularly, at concentrations above 1% of total liquid 

culture media[145].  
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The effects of Mix1 and Mix2 are not fully understood since the two composites 

contain more than one cytotoxic element. It is believed that part of the cytotoxicity 

arises from released Cd, which is a toxic metal ion. Cd ions interfere with DNA 

repair, substitute the physiologic Zn, and induce reactive oxygen species 

(ROS)[146].  

Despite the similar composition of various carbon NPs, they have distinct physical 

and biological properties depending on their structure. Graphite NP is capable of 

inducing apoptosis and cell death or inflammatory responses or could inhibit 

angiogenesis. Different  C-atoms hybridization of carbon forms thus, exhibit distinct 

physical and electrochemical properties. This could explain their differential effects 

exerted on human cells[147]. 

3-8 Effect of nanoparticles on normal and cancer cells: 

In order to explore the cytotoxicity of NPs on eukaryotic cells, normal and 

cancer cells were used. Vero cells is a standard normal cell line used worldwide to 

evaluate the cytotoxicity of drugs, chemicals, and nanoparticles.  LNCap cell line is 

a prostate cancer cells, used in this study to Figure out the effect of these NPs on 

cancer cell. As shown in Figures (3-30) and (3-31), Te and Cd were the most 

effective and cytotoxic NPs on both normal and cancer cells. GNS NP was cytotoxic 

for cancer cells more than normal cells, this feature may indicate that this type of NP 

may have anticancer activity. These results agree with the documented results by 

[148]. 

         TeO2NPs showed strong cytotoxicity against mammalian cells, this effect 

agrees with a previous study by Diana [149], who treated normal and cancer human 

https://pubmed.ncbi.nlm.nih.gov/?term=Lomel%C3%AD-Marroqu%C3%ADn%20D%5BAuthor%5D
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cells with smaller size (10 nm), green synthesized TeO2NPs. They found that 

TeO2NPs strongly inhibited human cells at concentrations between (25-100 µg/ml). 

                

 

Figure (3-30): Effect of nanoparticles on normal cells 

 

Figure (3-31): Effect of nanoparticles on prostate cancer cells 
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Future works: 

1- Synthesis of CdONPs/TeO2NPs/CdS Nanocomposite by hydrothermal 

Technique for  Photovoltaic Applications . 

2- Syntheses and Spectroscopic Study of TeO2NPs / CdONPs / ZnONPs 

nanocomposite for gas sensor application . 

3- Study of structural and optical properties of TeO2NPs / TiO2NPs / graphene  

nanocomposite  for  gas  sensor  application. 

4- Study of linear and nonlinear optical properties of TeO2NPs 

/graphene/polymer  nanocomposite. 

5- Investigate the possible biological applications using different sizes, 

concentrations, and composition of TeO2NPs, CdONPs and GNS, particularly 

their antibacterial and anticancer potential.                                                                                      
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  Conclusions: 

1- The pulsed laser ablation method is an easy, cheap, environmentally 

friendly, and successful method for preparing TeO2NPs, CdONPs, 

GNS, TeO2NPs/CdONPs/GNS (Mix 1), and TeO2NPs/CdONPs/GNS 

(Mix 2). 

2- All materials prepared by the pulsed laser ablation method have a 

crystalline structure, according to  XRD results. 

3- According to XRD results, there is a slight shift in the peaks before 

and after mixing, but there is a clear crystal growth (orientation) of 

some peaks of CdONPs after mixing (Mix 1). This is because the 

bonding process between Te and the Cd element in the compounds 

mix1 and mix2 is an interstitial process, and not a reciprocal process. 

We conclude that the mixing process did not effect on the crytal 

structure of CdO,TeO2 and GNS, but it worked on the growth of peaks 

with in Mix1 and Mix2  . 

4- From the results of UV-visible spectroscopy for both Mix 1 and Mix 

2, it is clear that there were new absorption peaks at 274.5 nm and 

277.3 nm, respectively. The new peak has a red shift compared to 

GNS and a blue shift compared to TeO2NPs and CdONPs due to the 

quantum confinement phenomenon resulting from the pulsed laser.  

 

5- The parameters of the pulsed laser used in this study can convert 

graphite to graphene, as apparent from UV-visible spectroscopy and 

XRD measurements. 

6- The energy gap for all samples is increased due to the small size of the 

nanoparticles compared to the bulk materials due to the occurrence of 
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quantum confinement. When comparing mix1 and mix2 with 

TeO2NPs and CdONPs, we notice that the energy gap is increasing in 

the mixture as a result of the small size of nanoparticles due to the 

phenomenon of quantum confinement resulting from the effect of 

pulsed laser energy. 

7- The method of preparing Mix 1 and Mix 2 samples has a clear role in 

controlling the size of nanoparticles. 

8- The prepared graphene nanosheets (GNS) using pulsed laser have 

high efficiency in adsorption of methyl blue dye (the environmental 

application) compared with other prepared nanomaterials and the 

adsorption efficiency at a time of 15 seconds is higher than that of 5 

seconds. While TeO2NPs, CdONPs, Mix 1, and Mix2 cannot be used 

to remove methyl blue (MB) but this can be used in the manufacture 

of the solar cell because it enhances the absorption in the visible 

range. 

9- The prepared nanoparticles have different and selective antibacterial 

activities that need more attention and more investigation. 

10- TeO2 NPs and CdONPs nanoparticles possess strong cellular toxicity 

for normal and cancer cells, GNS NP was cytotoxic for cancer cells 

more than normal cells 
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