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showed that the photocatalytic activity of zinc oxide obtained by the sol-gel method was higher than other methods [1] . Even researchers who studied the photocatalytic activity of zinc oxide in different shapes like spherical, prism-shaped and multidimensional forms showed that the spherical form exhibit than more active [2] .
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• Criminology, Biosensor, Food packaging, Offset inks etc. Other However, due to large band-gap, diamagnetic behavior of ZnO nanoparticles tends to doping with another material. A number of methods have been intended for the fabrication of undoped and doped ZnO nanoparticles able with controllable shape, size, and structure to improve on properties of nanomaterial, it is not surprising that the methods for the preparation of zinc oxide nanoparticles are numerous, encompassing areas such as microwave assisted synthesis [3] , auto-combustion method [4] , ball-milling method [START_REF] Suwanboon | Synthesis, characterization and optical properties of Zn 1-xTixO nanoparticles prepared via a high-energy ball milling technique[END_REF] , coprecipitation method [START_REF] Wang | Highly Photocatalytic ZnO / In 2 O 3 Heteronanostructures Synthesized by a Coprecipitation Method[END_REF] , sol-gel process [START_REF] Liu | The structure and magnetic properties of Cu-doped ZnO prepared by sol-gel method[END_REF] , hydro-thermal route [START_REF] Rajeswari Yogamalar | Tuning the aspect ratio of hydrothermally grown ZnO by choice of precursor[END_REF] , and surfactant free non-aqueous routes [START_REF] Pinna | Surfactant-free nonaqueous synthesis of metal oxide nanostructures[END_REF] corresponding the applications. Depending on the synthesis method and procedure the synthesized zinc oxide nanoparticles have numerous sizes and shapes.

However, the above synthesis methods have pros and cons, respectively. Particularly, to require special condition, tools and apparatus.

The surfactant free organic sol-gel method [START_REF] Pinna | Surfactant-free nonaqueous synthesis of metal oxide nanostructures[END_REF] is very simple, non-required any additional stabilizing agent, and involving only metal oxide precursors and common organic solvents.

In this synthesis benzyl alcohol is a solvent, as well as a reagent and a ligand to react with many metal oxide precursors such as acetylacetonates and acetates, to synthesize the metal oxide [START_REF] Pinna | Magnetite Nanocrystals : Nonaqueous Synthesis , Characterization. Magnetite Nanocrystals : Nonaqueous Synthesis[END_REF][START_REF] Bilecka | One-minute synthesis of crystalline binary and ternary metal oxide nanoparticles[END_REF][START_REF] Djerdj | Nonaqueous Synthesis of Manganese Oxide Nanoparticles, Structural Characterization, and Magnetic Properties[END_REF] and multi-metal oxide nanoparticles [START_REF] Zhang | Nonaqueous sol-gel synthesis of a nanocrystalline InNbO4 visible-light photocatalyst[END_REF][START_REF] Zhang | Generalized nonaqueous sol-gel synthesis of different transition-metal niobate nanocrystals and analysis ofthe growth mechanism[END_REF] . To investigate the photocatalytic of ZnO nanoparticles, Cu is a sufficient doping material among the various metallic dopants and the explanation is due to the Cu has similar electronic structure, chemical and physical properties to Zn. Cu has the capability to replace the atom of Zn easily because the ionic radius of Cu (73pm) and Zn (74pm) are very close. Moreover, Cu has magnetic properties and antibacterial activity, which property is supposed to enhance the photocatalytic and antibacterial activities and change the magnetic behavior of the origin of ZnO nanoparticles. However, the surfactant free organic sol-gel synthesis method is not accessible for the Cu doping, because benzyl alcohol plays the role of reducing agent in metal cations [START_REF] Niederberger | Organic reaction pathways in the nonaqueous synthesis of metal oxide nanoparticles[END_REF][START_REF] Niederberger | Nonaqueous sol-gel routes to metal oxide nanoparticles[END_REF] . In this reason, we are interesting this synthesis method and to solve the problem of Cu doping. Even more, for Cu doping, the theoretical and experimental research results are separated in the literature, and the linking of experimental results with theory is rare. At the same time, for Cu doping, the first-principles calculations more focus on magnetic properties and the calculation of optical properties is less. Thus, synthesis of the undoped and Cu-doped ZnO nanoparticles was started, and doping effectiveness and mechanism attracted our interest.

Research objectives

The main purpose of this research work is (1) to synthesize the undoped and Cu doped zinc oxide nanoparticles by surfactant free organic phase method and (2) to characterize the different characterization techniques and (3) to compare the experimental results to theoretical calculation results. Another purpose of this study was (4) to investigate and compare as synthesized nanoparticles photocatalytic and antibacterial activities.

Consequently, these research work is studied the synthesis, characterization, comparison of experimental and theoretical results and applications from beginning to end completely.

Under this main purpose, the following objectives were implemented: supercell from the density functional theory.



Scientific novelty of the research

The thesis investigate the different shaped zinc oxide nanoparticles synthesized in same solvent and condition by surfactant free organic sol gel method. The synthesized zinc oxide nanoparticles were characterized by a several techniques. The thesis also involves the photocatalytic and antibacterial applications of synthesized zinc oxide nanoparticles. After exploring the features of the synthesized zinc oxide nanoparticles in the case of properties therefore require the doping. The synthesis of copper doped zinc oxide nanoparticles synthesized by surfactant free organic sol gel method is have some difficulties due to the reaction solvent. This synthesis was successfully achieved by comparing and contrasting the review literature to find a solution to solve the issue by modifying the synthesis methodology. Another key aspect of this work is to determine Cu content at laboratory facilities, qualitatively by x-ray diffraction and quantitatively by electron paramagnetic resonance techniques. Indeed, copper being a neighboring element of Zn in the periodic table of the elements; it is rather difficult to evidence its content by x-ray diffraction for instance. We also achieved to gain insight into the correlation between electronic structure and magnetic properties of the copper doped ZnO nanoparticles experimentally using XRD and SQUID magnetometry as well as the first principle method based on the density functional theory. The synthesized undoped and Cu doped ZnO nanoparticles experimental result was validated theoretically by performing density functional theory calculations.

Practical significance of the research

 The content of Cu ions in ZnO nanoparticles can be quantitatively evaluated by EPR spectroscopy.

 The photocatalytic and antibacterial activities of ZnO nanoparticles has improved by doping with Cu.

 The experimental results are confirmed by a density functional theory.

Organization of the dissertation

The thesis includes 3 chapters including with 10 tables, 8 schemes and 44 figures are organized as following:

In chapter 1 showed introduction and background study including research goal, scientific novelty and practical significance of the research.

In chapter 2 states for synthesis of undoped and Cu-doped ZnO nanoparticles, experimental setups, characterization methods, computational details and materials used in experiment will be illustrated.

Following chapter 3 is divided into 2 subchapters. The subchapter 3.1 covers the results and discussions of the undoped spherical and rod shaped ZnO nanoparticles. As well as discussed the photocatalytic and antibacterial experimental results.The subchapter 3.2 covers the result and discussion of Cu-doped ZnO nanoparticles. The same as previous chapter propound the photo catalytic and antibacterial activity.

Background study

Nanotechnology is an emerging to be one of the most important scientific disciplines that physics, chemistry and biology truly overlap with each other. Over the last two decades science and technology have witnessed tremendous improvement in the hope of unveiling the true secrets of the nature in molecular or atomic level.

The field of nanoscience and nanotechnology has obtained special importance in the world research world and applications not just because all measurements are performed and taken on a nanometer scale. Nanoparticles are defined to be in the diameter range 1 -100 nm.

Nanotechnology research is focused on achieving control of particle size, shape, and composition in different ways. However, syntheses of nanoscale materials are considering to divided two approaches: 1) bottom-up and 2) top-down approaches [START_REF] Iqbal | Nanotechnology : The " Top-Down " and " Bottom-Up[END_REF] . The bottom-up method is a method that builds nanomaterials from atomic or molecular precursors. At the same time, the top-down technique is a method that tears down larger building blocks into finer pieces till their constitution is up to the nanoscale level. Nano sized materials are notably different properties and functions from those bulk materials. This advantageous of nanomaterial, help the industry to offering the manufacturers materials with various properties. Many new devices and patentable technology is based on nanomaterials.

Depends on the properties of the nanomaterial could be used for to the emerging application such as solve the most pressing environmental problems. In particular, wastewater, organic pollutants, photocatalysis, bacterial agent etc.

Many scientists and researchers have been focusing on the water treatment so far as growth of human population and civilization causes of the increasing natural water resources and drinking water pollutant. The dyes from different sources introduce a variety of organic pollutants into the natural resources of water. These pollutants generally contain hazardous organic compounds which can cause increase the environmental problems. These dyes remain in the environment for long time without passed treatment [START_REF] Mittal | UV-Visible light induced photocatalytic studies of Cu doped ZnO nanoparticles prepared by co-precipitation method[END_REF] . In past few years, variety of methods such as physical, chemical and biological approaches have been applied

for the water and wastewater treatment [START_REF] Elmi | The use of antibacterial activity of ZnO nanoparticles in the treatment of municipal wastewater[END_REF] in which hundred tons of microorganisms such as coliform contained. A water source becomes contaminated with Escherichia coli (E.

Coli) and food pathogenic Staphylococcus Aureus (S. Aureus) bacteria when animal waste makes its way into the water. Although most strains of E. Coli are harmless and live in the intestines of healthy humans and animals, this strain produces a powerful toxin and can cause severe illness. Thus, to solve these environmental problems, researchers are more focused on nanotechnology and nanomaterial. Metal nanoparticles are investigated to overcome the most frequent significant heavy metals that contaminate the environment including lead, arsenic, cadmium [START_REF] Yadanaparthi | Adsorbents for the removal of arsenic, cadmium, and lead from contaminated waters[END_REF] , mercury, chromium [START_REF] Ramírez-Rodríguez | Preparation of a hybrid membrane from whey protein fibrils and activated carbon to remove mercury and chromium from water[END_REF] , and nickel [START_REF] Panneerselvam | Magnetic nanoparticle (F3O4) impregnated onto tea waste for the removal of nickel(II) from aqueous solution[END_REF] . Metal nanoparticles having high absorption capacity, lower cost, easy separation and regeneration give them advantageous from technological and economical point of view [23] . Metal nanoparticles can be prepared by relatively low-cost preparation methods. Even more, metal oxide nanoparticles like iron oxide and titanium dioxide are efficient, low priced adsorbents for various heavy metals [START_REF] Zhang | Photocatalytic oxidation and removal of arsenite from water using slag-iron oxide-TiO2 adsorbent[END_REF] . Their adsorption capacity is rapidly oxidize the adsorbate ions. Moreover, photocatalysis based titanium dioxide, iron oxide, zinc oxide semiconductor nanomaterials used for to remove the dye pollutant from the wastewater [START_REF] Barnes | Comparison of TiO2 and ZnO nanoparticles for photocatalytic degradation of methylene blue and the correlated inactivation of gram-positive and gram-negative bacteria[END_REF] .

Semiconductor nanomaterials absorbs higher energy than its bandgap energy which leads to the excitation of electrons from the valence band to the conduction band, consequence producing the electrons and holes. That electron and holes are react with the water molecules and to form hydroxyl and superoxide radicals. These hydroxyl and superoxide radicals are powerful oxidizers of dyes which can degrade them into CO2 and H2O [START_REF] Assi | International Journal of Nano Dimension Photo catalytic property of ZnO and Mn-ZnO nanoparticles in removal of Cibacet Turquoise blue G from aquatic solution[END_REF] .

Based on the bibliometric data the number of huge publications and the cross-referenced areas based on ZnO nanostructures. Among metal oxide nanomaterial, Zinc oxide has been a subject of interest for scientists due to their particular physical and chemical properties [START_REF] Roco | Nanotechnology research directions for societal needs in 2020: Summary of international study[END_REF] , for instance high electron mobility, high thermal, mechanical and chemical stability at room temperature [START_REF] Raha | ZnO nanostructured materials and their potential applications: progress, challenges and perspectives[END_REF] . ZnO is definitely one of the most interesting oxides for industrial applications used for instance as an additive in rubbers, plastics, glass, cement, paints, adhesives, sealants, pigments, food, batteries, ceramics, fire retardants just to name a few.

ZnO based structures have been studied in long term and proven to exhibit biodegradability both in the bulk phase and in the form of nanoparticles phases [START_REF] Kumar | Biodegradable Hybrid Nanocomposite of Chitosan/Gelatin and Green Synthesized Zinc Oxide Nanoparticles for Food Packaging[END_REF] .

Figure 1.2 Zinc oxide different structures [START_REF] Özgür | A comprehensive review of ZnO materials and devices[END_REF] It is also used extensively in sensors to monitor or to trap for instance the presence of H2S [START_REF] Novochinskii | Low-temperature H2S removal from steam-containing gas mixtures with ZnO for fuel cell application. 1. ZnO particles and extrudates[END_REF] . Given the fact that it is also a transparent semiconductor with a wide band gap of 3.37eV, ZnO is utilized in transparent electrodes and liquid crystal displays, energy-saving or heat-protecting windows.ZnO exhibits three different crystals structures named by rocksalt, zinc blende, and wurtzite. In of ZnO hexagonal wurtzite structure [START_REF] Kumar | Zinc oxide nanostructures for NO 2 gas-sensor applications: A review[END_REF] .

The most common polar surface is the basal plane. The oppositely charged ions produce positively charged Zn-0001 and negatively charged O-0001 polar surfaces, resulting in a normal dipole moment and spontaneous polarization along the c-axis as well as a divergence in surface energy. To maintain a stable structure, the polar surfaces generally have facets or exhibit massive surface reconstructions, but ZnO ± 0001 are exception, which are atomically flat, stable and without reconstruction.

Many properties of the material depend also on its polarity, for example, growth, etching, defect generation and plasticity, spontaneous polarization, and piezoelectricity. In wurtzite ZnO, besides the primary polar plane (0001) and associated direction 0001, which are the most commonly used surface and direction for growth, many other secondary planes and directions exist in the crystal structure. It is an excellent n-type semiconductor with an larger energy band gap (3.37 eV) and high exciton binding energy (60meV) at room temperature which makes excitons in ZnO stable up to 350 K [START_REF] Sajjad | Structural and optical properties of pure and copper doped zinc oxide nanoparticles[END_REF] . Moreover, it is cheap and environmentally friendly as compared to other metal oxide nanoparticles. Due to these

properties, it has found potential applications in fields, such as optical [START_REF] Kumar | Synthesis, characterization and optical properties of zinc oxide nanoparticles[END_REF] , gas sensors [START_REF] Wang | ZnO nanorod gas sensor for ethanol detection[END_REF] ,

solar cells [START_REF] Pauporté | Impedance spectroscopy study of N719-sensitized ZnO-based solar cells[END_REF] , varistors [START_REF] Manoharan | High performance multi-layer varistor (MLV) from doped ZnO nanopowders by water based tape casting: Rheology, sintering, microstructure and properties[END_REF] , light emitting devices [START_REF] Jha | Violet-blue LEDs based on p-GaN/n-ZnO nanorods and their stability[END_REF] , photocatalyst [START_REF] Lorenz | ZnO is a CO2-selective steam reforming catalyst[END_REF] , antibacterial activity agent [START_REF] Snega | Enhancement in the electrical and antibacterial properties of sprayed ZnO films by simultaneous doping of Mg and F[END_REF] , cancer treatment [START_REF] Zhang | A strategy for ZnO nanorod mediated multi-mode cancer treatment[END_REF] , ceramics [START_REF] Sáaedi | Optical and electrical properties of p-type Li-doped ZnO nanowires[END_REF] , and magnetic [START_REF] Xu | Magnetic properties of ZnO nanopowders[END_REF] .

Atomic structure and physical properties are shown in ZnO has zero dimension (0D), one dimension (1D), two dimension (2D), and three dimension (3D) structures. Nano sphere pertain in zero dimension, nano rod, nano tube, nano wire pertain in one dimension, nano film pertain in two dimension and three dimension examples are nano flower and nano flakes [START_REF] Kolodziejczak-Radzimska | Zinc oxide-from synthesis to application: A review[END_REF] . Table 1.3 shows some methods for synthesizing zinc oxide nanoparticles. [START_REF] Mohan | Hydrothermal synthesis and characterization of Zinc Oxide nanoparticles of various shapes under different reaction conditions[END_REF] Co-precipitation Nano sphere Biosensing, antibacterial Naik et al., [START_REF] Naik | Co-precipitation synthesis of cobalt doped ZnO nanoparticles: Characterization and their applications for biosensing and antibacterial studies[END_REF] Microwave-assisted Nanoflakes Gas, humidity sensing Yalcin et al., [START_REF] Yalcin | Microwave-assisted synthesis of ZnO nanoflakes: Structural, optical and dielectric characterization[END_REF] Sol-gel Nano sphere Antimicrobial agents Perveen et al., [48] Chemical vapor deposition Conical shaped Sensing of dopamine, cysteine Kulkarni et al., [49] The sol-gel method is a wet chemical method widely used in materials science and ceramics in recent years, based on the hydrolysis and condensation of products in colloidal solutions (sol). A chemical reaction to remove the solvent forms a network of metal oxides (gels). Colloidal gel is obtained by a basic catalytic method and polymeric gel is obtained by acid catalysis. The hydrolysis and condensation reaction rate is important parameters of this method and greatly affect the properties of the synthesized nanoparticles. Surfactantfree non-aqueous (and/or non-hydrolytic) sol-gel routes constitute one of the most versatile and powerful synthesis methodologies for nanocrystalline metal oxides with high compositional homogeneity and purity. The synthesis protocols are particularly simple; it was involving only metal oxide precursors and common organic solvents such as aldehyde, ketone and alcohols. In the addition this synthesis method is environment friendly and green chemistry due to non-aqueous synthesis. Instead, we chose the organic sol-gel method and carried out the synthesis. This method has been studied since the mid-19th century. Researchers have been using organic sol-gel method to synthesize the various metal oxides in gel, thin film and nanoparticles [START_REF] Pinna | Surfactant-free nonaqueous synthesis of metal oxide nanostructures[END_REF] . The obtained nanoparticles were uniform and had a controlled variety of sizes and shapes. This reaction is specialty by the use of only organic solvents to form directly sols except forming gels. The advantage of sol-gel synthesis with anhydrous organic solvents is that the organic components in the reaction system are both solvents and ligands. The nanoparticles size is also depend on the solvent concentration, pH, and temperature [START_REF] Laurent | Erratum: Magnetic iron oxide nanoparticles: Synthesis, stabilization, vectorization, physicochemical characterizations, and biological applications[END_REF] . Synthesizing with organic solvents without the use of water, especially benzyl alcohol, has a number of advantages, such as a clean surface of the final product, good crystallization, and uniformity of metal oxide nanoparticles [START_REF] Clavel | Solvent Dependent Shape and Magnetic Properties of Doped ZnO Nanostructures[END_REF] .

Zinc oxide has good photocatalytic activity by absorbing visible light, and its particle size tend to increase surface ratio, improves its ability to absorb or reduces contamination due to changes in shape and size. Photocatalytic activity studies have been conducted and developed since 1991. When zinc oxide absorbs the photon energy of light, electrons move from the ground state to the excited state, forming a pair of positively charged electron holes in the valence band. This positively charged hole is the main oxidizer of photocatalytic activity. Electrons and holes created by photon energy have been studied to reduce all types of pollution, including organic and inorganic and microbiological contaminants [START_REF] Baruah | Nanostructured Zinc Oxide for Water Treatment[END_REF][START_REF] Qi | Review on the improvement of the photocatalytic and antibacterial activities of ZnO[END_REF] . Zinc oxide is thought as a low cost material and alternative photocatalyst to TiO2 for degradation of organics in aqueous solutions [START_REF] Shen | Photocatalytic degradation for methylene blue using zinc oxide prepared by codeposition and sol[END_REF] . There have been some reports showing that ZnO nanoparticles declares higher photocatalytic activity than TiO2, Gnanaprakasam et al., photocatalytic activity comparison between ZnO and TiO2 nanoparticles showed for both coralene red and acid red dyes ZnO found to be better than TiO2 [START_REF] Gnanaprakasam | Ecotoxicology and Environmental Safety Characterization of TiO 2 and ZnO nanoparticles and their applications in photocatalytic degradation of azodyes[END_REF] .

Dopant is the impurities which are introduced into the nanostructures such as ZnO to improve the photocatalytic activity. Dopant help in photocatalytic reactions in the following manners: (1) by changing the energy bandgap of photocatalyst to prevent recombination of charge carriers [START_REF] Sathishkumar | CoFe 2 O 4 / TiO 2 nanocatalysts for the photocatalytic degradation of Reactive Red 120 in aqueous solutions in the presence and absence of electron acceptors[END_REF] , (2) introducing new impurity (dopant) energy levels,

(3) generating oxygen-deficient sites [START_REF] Shyichuk | Dopant-related electron trap states in Lu 2 O 3 : Ta[END_REF] , and (4) creating more active sites for the pollutant molecules [START_REF] Wu | Preparation of nitrogen and fluorine co-doped mesoporous TiO 2 microsphere and photodegradation of acid orange 7 under visible light[END_REF] . The dopant energy levels help to separating the charge carriers for elongate, by trapping photo-induced electrons and holes. This also helps in modifying the band gaps of semiconductor material. Additional energy levels driven to narrowing the bandgap and oxygen vacancies promotes the adsorption of photons under visible region to enhance the rate of photocatalytic reactions [START_REF] Rodr | MTBE visible-light photocatalytic decomposition over Au / TiO 2 and Au / TiO 2 -Al 2 O 3 solgel prepared catalysts[END_REF] . There are 2 types of doping position to introduce host matrix. First, when dopant is replaced the host matrix atom, it is substitutional doping.

Second, when dopant is inserted in host matrix in own position, it is interstitial doping. For interstitial doping, the dopant radius should be exhibit a smaller than lattice space of semiconductor. Also consider the optimization of dopant concentration should also be taking. The performance of the ZnO nanostructure can be improved by doping with different elements which is depends on type of desired application. This is consequently the dopant influenced on the band gap, optical property and electrical conductivity. There have been several reports focused on the effort to adjust the properties of ZnO by doping with transition metal such as Al, Co, Ni, and Cu has been used due to their properties and resulting enhancement even depend on synthesis method and dopant type. Al doped ZnO nano crystals synthesized by microwave assisted method for enhancing the thermoelectric properties. After doping decreases nano crystal size and variegate the electronic structure of ZnO, resulting electrical conductivity increased [START_REF] Jood | Al-doped zinc oxide nanocomposites with enhanced thermoelectric properties[END_REF] . Transition metals such as Ag, Pd, Pt, Au and Fe were more effective in metal doping. However, doping with substances such as N, F, S, and P improved the photoabsorption of ZnO due to changes in the valence band, but doping with metals was more photocatalytic [START_REF] Rani | Review on the photocatalytic degradation of dyes and antibacterial activities of pure and doped-ZnO[END_REF] .

Due to the large band gap of this material, strategies to improve photodegradation efficiency of ZnO nanoparticles doping with transition metal or noble metal ions may produce crystal defects and influence the optical properties of ZnO and that doped metal ions can reduces the electron-hole pair recombination which were induced during the light illumination and enhancing the charge separation between electrons and holes [START_REF] Mittal | UV-Visible light induced photocatalytic studies of Cu doped ZnO nanoparticles prepared by co-precipitation method[END_REF] .

Comparison between undoped ZnO and Se doped ZnO photocatalyst on Trypan Blue. The Se doped ZnO showed higher photocatalytic activity [START_REF] Dutta | Anomalous antibacterial activity and dye degradation by selenium doped ZnO nanoparticles[END_REF] . Fe doped ZnO nanoparticles prepared by chemical route and 1.0 M% Fe doped ZnO shows highest activity among all other dopant concentration on Methylene Blue [START_REF] Kumar | Photocatalytic, optical and magnetic properties of Fe-doped ZnO nanoparticles prepared by chemical route[END_REF] . Also some alkali metal doped such as enhanced photocatalytic removal efficiency of ZnO doping with Al and Na by sol gel method, applied on Methyl Orange was previously observed. Decreasing particle size increased dopant concentration and showed 10 at% of Al doped ZnO nanoparticles degradation rate efficiency reaches the maximum of 96%. Nevertheless 15 at% of Na doped ZnO had lower degradation efficiency than undoped ZnO [START_REF] Xiaoliang | Study of the photocatalytic activity of Na and Al-doped ZnO powders[END_REF] . In some cases, the doping by transition metal does not show significantly influence to photocatalytic activity.

10 M% Li doped ZnO catalyst removal efficiency has lower than other modified ZnO on photocatalytic degradation in phenol [START_REF] Benhebal | Photodegradation of phenol and benzoic acid by sol-gel-synthesized alkali metaldoped ZnO[END_REF] . In so much as, some dopant does not significantly influence the photocatalytic activity. Among promising dopant, Cu is known as preferable dopant due to its advanced attributes such as low toxicity and source abundance.

Chandekar et al., synthesized 1-5 wt% Cu doped ZnO nanoparticles and it is found that photocatalytic activity exhibited 3.5 times higher than neat ZnO nanoparticles [START_REF] Chandekar | Visible light sensitive Cu doped ZnO: Facile synthesis, characterization and high photocatalytic response[END_REF] .

Different content (5-20mg) of Cu doped ZnO nanorods synthesized in low temperature and were used s efficient photocatalysis for the methyl orange and methylene blue. The photo degradation efficiency was found to be 57.5% and 60% for methyl orange and methylene blue, respectively. However, the 20 mg Cu doped ZnO has demonstrated slow the degradation rate which can be assigned to greater charge recombination rate of the sample when compared to other doping concentration [START_REF] Shah | Facile synthesis of copper doped ZnO nanorods for the efficient photo degradation of methylene blue and methyl orange[END_REF] . Some researchers focus on the theoretical calculation of doped ZnO nanoparticles to gain an explanation of experimental results and an understanding of the research study. Qi et al., studied ZnO nanoparticles doped with different transition metal ions such as Mn, Fe, Co, Ni, and Cu were synthesized by solvothermal route with mean diameter 200-500 nm. Cu-doped ZnO shows the highest photocatalytic activity which enhanced mechanism is proposed DFT calculation [START_REF] Qi | Transition metal doped ZnO nanoparticles with enhanced photocatalytic and antibacterial performances: Experimental and DFT studies[END_REF] . Cu ions act as effective trapping site and it is inhibits the photogenerated carrier recombination.

Furthermore, antibacterial activities of Cu-doped ZnO nanoparticles is more distinct than that of pure ZnO [START_REF] Qi | Transition metal doped ZnO nanoparticles with enhanced photocatalytic and antibacterial performances: Experimental and DFT studies[END_REF] . Ma et al., investigated comparing experimental and theoretical differences of Cu-doped ZnO nanoparticles for photoelectronic performance. His results showed higher doping amount worsens the system stability [START_REF] Ma | Cu-doped ZnO electronic structure and optical properties studied by first-principles calculations and experiments[END_REF] . Another work is even supported these results, Agarwal et al., optical and magnetic properties show strong correlation with Cu concentration. both properties are suppressed at higher Cu concentration [START_REF] Agarwal | Enhanced room temperature ferromagnetism and green photoluminescence in Cu doped ZnO thin film synthesised by neutral beam sputtering[END_REF] .

Cu inserted in the ZnO host matrix. Cu is indeed very similar to Zn and seems to be one of the best choices for doping ZnO. Its band gap (3.37eV) can indeed be tuned by Cu + and/or Cu 2+ substitution [START_REF] Phoohinkong | Synthesis and characterization of copper zinc oxide nanoparticles obtained via metathesis process[END_REF] . Doping with Cu not only enhances photocatalytic properties of ZnO nanoparticles by lowering its band gap [START_REF] Sajjad | Structural and optical properties of pure and copper doped zinc oxide nanoparticles[END_REF] but also affect on the magnetic properties of the nanoparticles by combining electronic charge with spin [START_REF] Zhu | Oxygen vacancy induced ferromagnetism in Cu-doped ZnO[END_REF] . The origin of ferromagnetism (FM) of Cu doped ZnO is unclear. A mechanism such as a double exchange or superexchange interaction has been proposed. Ali et.al [START_REF] Ali | Origin of ferromagnetism in Cu-doped ZnO[END_REF] indicated that the carriers are highly localized at intrinsic defect sites in Cu-doped ZnO. They concluded that the Rudermann-Kittel-Kausya-Yosida (RKKY) model for ferromagnetism is not the origin of ferromagnetism in Cu doped ZnO. But, Nayek et al. [START_REF] Nayek | Ferromagnetic property of copper doped ZnO: A first-principles study[END_REF] were shown that origin of magnetic ordering for ferromagnetism in Cu doped ZnO follows via the indirect exchange mechanism of RKKY model. Wang at al., experimentally shown that the Cu ions can enhance the long-range ferromagnetic ordering at an ultralow concentration via the indirect double exchange mechanism, but antiferromagnetic "Cu + -Vo-Cu 2+ " coupling may also be generated, as super-exchange mechanism, even at a very low Cu-doping concentration [START_REF] Wang | Effects of copper dopants on the magnetic property of lightly cu-doped zno nanocrystals[END_REF] .

Cu-doped ZnO nanoparticles showed an extra antibacterial activity and larger diameter of the inhibition zone on the bacterial colony growth than undoped ZnO nanoparticles when tested against both gram-positive and gram-negative bacterial strains [START_REF] Yugandhar | Bioinspired green synthesis of copper oxide nanoparticles from Syzygium alternifolium (Wt.) Walp: characterization and evaluation of its synergistic antimicrobial and anticancer activity[END_REF][START_REF] Vignesh | PT SC[END_REF] .

Characterization techniques 1.2.1 X-ray Diffractometer

X-ray diffraction analysis (XRD) is a rapid, common analytical technique study of more in-depth information about atomic and molecular structure of a crystal. X-ray diffraction is available for very wide range of sample types such as minerals, polymers, nano materials, inorganic compound and identifies the unknown materials. XRD analysis is based on constructive interference of monochromatic X-rays and a crystalline sample. In 1912, Max von Laue discovered that crystalline substances act as three-dimensional diffraction gratings for X-ray wavelengths similar to the spacing of planes in a crystal lattice. The Xrays are generated by a cathode ray tube, filtered to produce monochromatic radiation, collimated to concentrate, and directed toward the sample. The interaction of the incident rays with the sample produces constructively in a few specific directions, determined by which attracted to the negative charged electrons from higher energy shells. When the higher energy shells filled with holes of lower energy shell, energy difference of this transition can be released in the form of an X-ray. This emitted X-rays number and energy can be measured by an energy dispersive spectrometer. As the energies of the X-rays are characteristic and it depends on the atomic number, which is a unique property of every element.

Figure 1.6 General mechanism of emitting X-ray [START_REF] Nanakoudis | EDX analysis. EDX Analysis[END_REF] 1.

Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FT-IR) is a powerful instrumental technique which is used to identify the functional groups of organic and inorganic materials by 

SQUID magnetometer

All materials can be divided by their magnetic properties. This magnetic property is due to the magnetic interactions of the atomic components and the crystalline structure of the material. Diamagnetic, paramagnetic and ferromagnetic are the main types.

Antiferromagnetic and ferromagnetic properties are concerned to be subclasses of ferromagnetism. Figure 1.10 shows the different possible directions of the magnetic moment [START_REF] Miller | Organic-and molecule-based magnets[END_REF] . A SQUID magnetometer is a technique which is used to precisely measure Lambert-Berry's law, the optical density of a solution of a substance to be absorbed is directly proportional to the concentration of the substance in solution (g/L) and the thickness 𝑙 (cm).

𝐴 = 𝜀𝑙𝑐 (2) 
Where Aabsorbance ɛ (epsilon)molar absorption coefficient (M -1 cm -1 ) l -Optical path length (cm) c -Concentration of the analyte (M) Figure 1.11 Electromagnetic spectrum [START_REF] Geng | Advances in Visible Light Communication Technologies and Applications[END_REF] Figure 1.12 Agilent Cary 

General Methods

X-ray Diffraction Analysis

X-ray diffractometer (Empyrean Panalytical) measurement was carried at room temperature using accelerating voltage and current as 40kV and 30 mA, respectively. For the measurement samples prepared as finely ground powders. Place into a sample holder and smear uniformly by glass slide, assuring a flat upper surface. Set up the necessary parameters in data collector software.

Transmission Electron Microscopy

Transmission electron microscopy equipped with EDX (SAED and HRTEM) was used JEOL JEM-2100 (Japan) microscopy operating at 200kV. Samples were prepared by ultrasonically powder dispersion in ethanol and placing one drop of this suspension on a carbon-coated copper and nickel grid to promote random orientation of crystallites. Also scanning transmission electron microscopy (STEM) is introduced to Cu doped ZnO nanoparticles in random area.

Fourier Transform Infrared Spectroscopy

The FT-IR spectrum was recorded on Vertex 70V, Bruker FT-IR spectrometer with single reflection diamond ATR accessory, at wavelength ranging 4000-300cm -1 . Powder samples were placed under diamond ATR accessory window and spectrum recorded directly.

Electron paramagnetic resonance spectroscopy

EPR measurement was performed at about 9.4 GHz frequency with a X-band Bruker EMX spectrometer equipped with continuous nitrogen flow cryostat. The spectrometer is operated at modulation frequency of 100 kHz and microwave power of 20 mW. The samples were sealed directly into glass tubes (with mass of approximately (10 mg) and measured both in wide range of sweep field (∼ 5000 Gs) and a central resonance field. The EPR spectroscopic measurements with stabilized radicals were revealed with reference sample of CuSO4×5H2O.

SQUID magnetometry

The measurement was conducted using a SQUID S700X instrument from the Tokyo Institute of Technology. The temperature was cooled to 300 -5K and vice versa to 5 -300 K. The measurement results were processed using ORIGIN 8 software.

Ultra violet visible spectroscopy

Ultra violet visible spectroscopy absorption measurement was performed Agilent Cary 60

UV-Vis spectrometer and solar simulator (LS0106) with 150 W Xe light source under room temperature. UV-Vis wavelength set up ranging from 200 nm to 800 nm at fast scan mode.

Calculation method

We have carried out the spin polarized density functional calculations based on the plane wave (PW) and projector augmented wave (PAW) methods [START_REF] Blöchl | Projector augmented-wave method[END_REF] using the generalized gradient approximation (GGA) by Perdew, Burke and Ernzerhof (PBE) [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF] , as implemented in the QUANTUM ESPRESSO package [START_REF] Giannozzi | QUANTUM ESPRESSO: A modular and opensource software project for quantum simulations of materials[END_REF][START_REF] Giannozzi | Advanced capabilities for materials modelling with Quantum ESPRESSO[END_REF][START_REF] Giannozzi | Quantum ESPRESSO toward the exascale[END_REF] within the framework of DFT [START_REF] Hohenberg | Inhomogeneous electron gas[END_REF][START_REF] Kohn | Self-Consistent equations including exchange and correlation effects*[END_REF] . The following electronic states are treated as valence: Cu(3d 10 4s 1 ), Zn(3d 10 4s 2 ) and O(2s 2 2p 4 ) for atoms. The interactions between the ions and valence electrons were expressed as the pseudopotential created by Dal Corso [START_REF] Dal Corso | Pseudopotentials periodic table: From H to Pu[END_REF] . The wave functions and charge densities are expressed as plane waves up to a kinetic energy cutoff of 60 and 300 Ry, respectively. We have done calculations on the hexagonal wurtzite ZnO unit cell and ZnO (3×3×2) supercell including the 36 Zn and 36 O atoms. The summation of charge densities for hexagonal ZnO unit cell and ZnO supercell is done using the special k-points generated by the 8×8×6 and 4×4×4 Monkhorst-Pack meshes, respectively [START_REF] Hu | Boosting electrochemical water splitting: via ternary NiMoCo hybrid nanowire arrays[END_REF] . We were used the tetrahedral method [START_REF] Bloch | Improved tetrahedron[END_REF] when to evaluate the electronic density of state (DOS). For the selfconsistent field (SCF) iterations, the total energy convergence is 10 -5 eV. The occupation numbers of electrons are expressed Gaussian distribution function with an electronic temperature of kT = 0.02 Ry. To express the strong correlated effect of electrons in the Cu(3d) and Zn(3d) states, we have chosen to be U = 3.5 and 8.5 eV respectively, using the simplified rotational-invariant formulation based on the linear response method [START_REF] Cococcioni | Linear response approach to the calculation of the effective interaction parameters in the LDA+U method[END_REF][START_REF] Tsogbadrakh | Hole doping effect on ferromagnetism in Mn-doped ZnO nanowires[END_REF] . The numerical error in the magnetic energy gain was 3 meV. The ionic positions are relaxed at the fixed lattice parameters until the residual forces are less than 0.05eV/Å.

Experimental Procedures

Synthesis of spherical shaped ZnO nanoparticles

Spherical shaped ZnO nanoparticles were synthesized by a surfactant free organic phase method [START_REF] Clavel | Solvent Dependent Shape and Magnetic Properties of Doped ZnO Nanostructures[END_REF] . The reaction reagents 1g (5.45 mmol) of zinc acetate and 9 mL (83.22 mmol) of benzyl alcohol were put Teflon cup (inner volume 23 mL). The cup was slipped into a steel autoclave. The furnace temperature was set up at 210°C. Reaction time was 24 hours.

Cool down in room temperature. For the separation of reaction products from excess benzyl alcohol and benzyl acetate by using centrifuge at 20°С, 15000 rpm for 15 minutes.

The precipitation washed several times in ultra-sonication by ethanol and dried at 60°С

overnight. The reaction yield was 0.34g (77.01%), and white powder was obtained.

Synthesis of rod shaped ZnO nanoparticles

Rod shaped ZnO nanoparticles were synthesized by a surfactant free organic phase method [START_REF] Clavel | Solvent Dependent Shape and Magnetic Properties of Doped ZnO Nanostructures[END_REF] . The reaction materials 1g (3.79 mmol) of zinc acetylacetonate and 9 mL (83.22 mmol) of pure benzyl alcohol were put Teflon cup (inner volume 23 mL). The cup was slipped into a steel autoclave. Set up the furnace temperature 210°C. Reaction time was 24 hours.

Cool down in room temperature. For the separation of reaction products from excess benzyl alcohol and benzyl acetylacetonate by using centrifuge at 20°С, 15000 rpm for 15 minutes. The precipitation washed by ethanol in several times, each time was use ultrasonication and dried at 60°С overnight. The reaction yield was 0.263g (85.6%), and white powder was obtained.

Synthesis of Cu doped ZnO nanoparticles

X equivalents (x=1, 3, 5, 7 mol%) of copper acetate was added to the reaction mixture of zinc acetate and benzyl alcohol. The spherical shaped Cu doped ZnO nanoparticles were synthesized by a modified surfactant free organic phase method. 1g (5.45 mmol) of zinc acetate and X equivalent copper acetate were dissolved in 9 mL (83.22 mmol) pure BA.

The reaction mixture was put Teflon cup (inner volume 23 mL). The cup was slipped into a steel autoclave. Set up the furnace temperature 210°C. Reaction time was 24 hours. The resulting suspension was separated from solution by centrifugation and the precipitates were washed with ethanol several times and then dried at 60˚C. Centrifuge was set up speed of 15000 rpm, 15min. After the synthesis gray powder was obtained.

The general experiment and cleaning of undoped spherical and rod shaped ZnO and spherical shaped Cu doped ZnO nanoparticles procedure is shown in the schematic drawing in down below.

Scheme 2.1 General experiment procedure of undoped spherical, rod shaped ZnO and Cudoped ZnO nanoparticles synthesis

2.3.4

The photo catalytic experiment 20 mL of 6.5 μM Methylene Blue (MB) solution was used as a contamination test with a 150 W Xe light source. First, the initial absorbance of the dye was measured, and then 10 mg of undoped and Cu doped ZnO nanoparticle was added to the dye solution. Then, the reaction mixture was continuously stirred for 30 minutes in the dark to measure the absorption-desorption balance of the catalyst (synthesized nanoparticles) and MB solution.

After the irradiation period, the nanoparticle was precipitated by centrifugation and 1.5 mL of the dye solution was placed in a cuvette to measure the dye absorption spectrum. This method was used for each spectrum. For dye photodegradation, the reaction mixture vessel 

Undoped spherical and rod shaped ZnO nanoparticles

Different shaped undoped soherical and rod ZnO nanoparticles were synthesized through by a surfactant free organic sol gel method [START_REF] Clavel | Solvent Dependent Shape and Magnetic Properties of Doped ZnO Nanostructures[END_REF] . The synthesis procedure of spherical shaped ZnO nanoparticles that metal precursors zinc acetate react with benzyl alcohol (Scheme 3.1) and form 3D metal oxide network via inorganic polymerization including hydrolysis and condensation reactions. The formation of zinc oxide reaction between precursor zinc acetate and benzyl alcohol which is following ester elimination mechanism showed in Scheme 3.2. First step is hydroxylation, the precursor zinc acetate fully dissolved in benzyl alcohol and the acetate groups are replaced by hydroxide groups forming to zinc hydroxide and benzyl acetate. Second step is condensation reactions between two zinc hydroxide groups with the formation of water [16][51] . In this reaction, benzyl alcohol acts as solvent and reactant. The synthesis procedure of rod shaped ZnO nanoparticles that metal precursors zinc acetylacetonate react with benzyl alcohol (Scheme 3.3) and form 3D metal oxide network via inorganic polymerization including hydrolysis and condensation reactions. The formation of zinc oxide reaction between precursor zinc acetylacetonate and benzyl alcohol which is following ester elimination mechanism showed in Scheme 3.4. First step is hydroxylation, the precursor zinc acetylacetonate fully dissolved in benzyl alcohol and the acetylacetonate groups are replaced by hydroxide groups forming to zinc hydroxide and benzyl acetylacetonate. Second step is condensation reactions between two zinc hydroxide groups with the formation of water [16][51] . In this reaction, benzyl alcohol acts as solvent and reactant. 110), ( 103), ( 112) and (201), respectively. No reflection of other phases was detected, which indicated the high purity of the synthesized samples which were also described in previous literature [START_REF] Brayner | ZnO nanoparticles: Synthesis, characterization, and ecotoxicological studies[END_REF] . But in the case of rod shaped ZnO nanoparticles, peaks for planes (100) and (101) became much broadened while peak at (002) has similar as in spherical ZnO nanoparticles. These differences in XRD patterns of spherical and rod-shaped ZnO nanoparticles could be the basis of cost and time-effective method to recognize different shape of ZnO nanoparticles. with our result [START_REF] Wu | Sulfur dioxide adsorption on ZnO nanoparticles and nanorods[END_REF] . are from the grid [START_REF] Yu | An ordered cubic Im3m mesoporous Cr-TiO2 visible light photocatalyst[END_REF] . TEM instrument main tube inner side has coated by chromium.

Samples were prepared by ultrasonically powder dispersion in ethanol and placing one drop of this suspension on a carbon-coated copper grid to promote random orientation of crystallites. Spectrum clearly proves the presence of the zinc and oxygen in the samples with characteristic X-rays energies Zn correspond to Kα=8.630, Lα=1.012 and O correspond to Kα=0.525. The characteristic X-rays have different energy for each element, and the intensity will be proportional to the elemental concentration. Broad and strong absorption band ranging generated from 405 cm -1 is assigned to the formation of Zn-O stretch, which is confirmed with previous literature [START_REF] Arshad | Effect of Co substitution on the structural and optical properties of ZnO nanoparticles synthesized by sol-gel route[END_REF] . generating hydroxyl radicals (˙OH) and superoxide radical anions (O2˙-). Thus, holes and other radicals to decompose efficiently dyes [START_REF] Adeleke | Review on zinc oxide nanoparticles: Antibacterial activity and toxicity mechanism[END_REF] . 
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where Ao is the initial absorbance of the reaction system, A is the absorbance at time t and k is the rate constant of the degradation.

Antibacterial activity of ZnO nanoparticles

Antibacterial activity test of synthesized spherical and rod shaped ZnO nanoparticles were conducted on gram-positive E. Coli and gram-negative S. Aureus bacteria. that direct contact area between the bacterial cell and nanoparticles where cell membrane damaged or disorganized could be more significant factor [104] . So that, the superior antibacterial activity of rod shaped ZnO nanoparticles could be interpreted by its geometrical shape. When it is adsorbed onto the cell surface, it would cover more area than spherical nanoparticles causing more cellular wall damage that leads to the cell death. This conclusion is also supported by previous works [104][105] . The antibacterial activity results revealed that rod shaped ZnO nanoparticles had much more efficiency than that of spherical shaped ZnO nanoparticles. Difference in direct contact area of spherical and rod shaped ZnO nanoparticles on the bacterial cell surface could be the reason why rod shaped nanoparticles showed more efficient antibacterial activity.

Spherical shaped Cu doped ZnO nanoparticles

Undoped spherical and rod shaped ZnO nanoparticles were doped with Cu ions, unfortunately rod shaped nanoparticles are loss the morphology and changing the crystal structure when doping. For this reason spherical shaped ZnO nanoparticles were used for further studies. The solvothermal synthesis of the ZnO nanoparticles is well documented [106,107] with different types of precursors and reaction conditions. However, when doped with copper precursor, the reaction mechanism is complicated. Copper doped ZnO nanoparticles were synthesized using nonhydrolytic organic phase method previously reported [START_REF] Pinna | Surfactant-free nonaqueous synthesis of metal oxide nanostructures[END_REF] but with a modification.

The structural and morphological properties of the nanoparticles were studied using XRD.

The Figure 3.14 shows the XRD patterns used to characterize the crystal phases and crystallinity of synthesized spherical shaped undoped and 1- undoped ZnO nanoparticles. This impurity phase was formed from the side reduction reaction of copper acetate with benzyl alcohol, which is well known reducing agent for some metals. [START_REF] Niederberger | Organic reaction pathways in the nonaqueous synthesis of metal oxide nanoparticles[END_REF] On the other hand, it also highlighted low solubility of copper in ZnO.

The impurity elemental copper was completely removed by washing the as-synthesized nanoparticles with 10% ammonia solution to generate copper ammonia complex. After space of time white precipitate obtained, washed with ethanol several times and dried 60˚C.

As shown in Figure 3.15 disappearance of the peaks corresponding to the copper phase at 43.35° and 50.49° for the Cu-doped ZnO nanoparticles confirmed that we have successfully removed the secondary phase. These washed samples were used for further studies. For determining the lattice parameter of interplaner distance d (h, k, l) calculated from Xray diffraction using by Bragg's law (eq.5).

𝑛𝜆 = 2𝑑𝑆𝑖𝑛𝜗

Standard formula for Hexagonal crystal system (eq.6) [109] , which can be using obtain the lattice constant a and c from the X-ray measurement.

1 𝑑 2 = 4 3 ( ℎ 2 +ℎ𝑘+𝑘 2 𝑎 2 ) + 𝑙 2 𝑐 2 (6) 
Lattice parameters for pure ZnO a=0.3254 nm c=0.5211 nm which going to a=0.3271 nm c=0.5238 nm for 5 mol% Cu doping. For previous literature [START_REF] Ma | Cu-doped ZnO electronic structure and optical properties studied by first-principles calculations and experiments[END_REF] show that Cu favors an increase of the lattice parameters going from a=0.3249 nm and c = 0.5206 nm for pure ZnO to a=0.3272 nm c=0.5284 nm for x=0.0417. In the host matrix the substitution of Cu 2+ ions instead of Zn 2+ ions lead to lattice constant and the interplaner distance increased. For low Cu doping concentration (1-5 mol%) the unit cell might be expanded due to predominance of interstitial Cu which also lead to decrease of band gap energy. But for the highest Cu doping concentration (7 mol%) in our work, the unit cell shrinks due to Cu atoms beginning to lie substitutionally Zn atoms [110] . The Figure 3.17 showed TEM images of as synthesized pure ZnO and Zn1-xCuxO nanoparticles with diffraction pattern. TEM result reported after doping with Cu 2+ ion particle shape and size were not changed; uniform spherical particles gave same diffractions which were same as XRD result. The [100], [002] and [101] atomic planes calculated from the particles diffractions pattern by measuring the each circle diameter which is consistent with the most intense peaks in XRD result. These results are consistent with the measurements made by X-ray diffraction. Nanoparticles size was around 60-70 nm. These findings are similar size and shape with previous ones. 3.32 to 3.28 eV after doping with 5 mol% Cu. But at 7 mol%, the number of substitutional Cu atoms began to dominate over the interstitials and caused the band gap energy increase back slightly. The catalyst photocatalytic activities is totally depends on their morphology and crystal structure [111] . As well as catalyst active sites could be increase the capability of separating electron hole pair during photo catalytic reaction [112] . The band gap changes is explained by the interactions between sp and d orbitals of host matrix (ZnO) and dopant (Cu), respectively, lead to conduction band and valence band narrowing is observed [113] .

On the other hand, explained by the electronegativity of Cu is 1.9 which is higher than Zn (1.6), to cause a chemical affect in the ZnO crystal which results in decrease in band gap. Excluding the small signal from a reference sample with g-factor at 2.0023, the typical EPR spectrum of ZnO nanoparticles is composed by three contributions associated to characteristic spectral parameters, namely the Landé factor (g) which is indicative of the nature of the involved paramagnetic species.

The line at a g-factor 1.989 is associated to surface defects related to charged oxygen vacancies. Such defects were reported in nanostructured ZnO with high specific surface [114] .

The second EPR signal with the g-factor at 1.96 was frequently reported in ZnO structure.

Its origin consists in intrinsic defects such as oxygen vacancies and interstitial zinc with the features of shallow donors [115] . As also reported in former work on copper doped metal oxides, the incorporation and stabilization of Cu 2+ ions in the host lattice acts on the electronic active defects notably the oxygen vacancies [116] . For doped samples, the real content of Cu 2+ ions incorporated in the lattice can be estimated from EPR signal. Indeed, by using a reference sample as copper sulfate pentahydrate CuSO4×5H2O, the copper ion Cu 2+ with an electronic spin s=1 3.4. Cu 2+ concentrations were found to vary from 2.09×10 16 up to 16.29×10 [START_REF] Niederberger | Nonaqueous sol-gel routes to metal oxide nanoparticles[END_REF] spins per gram with an increase in doping from 1-7 mol%. The correlation is clearly shown between the doping concentration and the content of paramagnetic Cu 2+ ions inferred from their unpaired spin concentrations. This result confirms the incorporation of the Cu 2+ and their good dispersion within the ZnO lattice [116] . From the evolution of the EPR signals at g=1.96 related to oxygen vacancies or interstitial Zn, we may notice the drastic reduction of the concentration of such bulk defects. The effect is less important for the surface defect which shows limited reduction of the integrated intensity with increased concentrations of Cu 2+ doping. As stated also from the anisotropy of the g-tensor of Cu 2+ , such behaviour suggests the preferential incorporation of the doping ions in the crystalline sites preferentially within the bulk instead to be located at the nanoparticle surfaces. Magnetizations versus field curves for the different Cu concentration of the synthesized nanoparticles are shown in Figure 3.24 a. The undoped ZnO nanoparticles clearly show the diamagnetic behaviour of a linear curve with a negative slope at room temperature, as does bulk ZnO, in good agreement with previous reports [117] . For Cu doped ZnO nanopartices, diamagnetic background due to the undoped ZnO nanoparticles were subtracted to clarify the magnetic contribution of doped copper. As shown in Figure 3. For all concentrations studied in this work, the optimal doping concentration for the maximum degradation of MB was 5 mol%. The rate of MB degradation process was determined from the absorption spectra by using zero-order, first-order and second-order reaction kinetics. Our degradation spectrum is more suitable in first-order reaction kinetics and the data summarized in Table 3.5. In the range of 1-5 mol% doping concentration, interstitial Cu atoms may decrease the band gap energy leading to enhancement of photocatalytic activity of ZnO nanoparticles.

𝑁(𝑠𝑝𝑖𝑛

The substitutional Cu atoms may play a main role in recombination of electrons and holes due to shortening of distance between neighbors.

So, we conclude that these factors might be the reasons which lead to decrease of photocatalytic activity at 7 mol% doping. 

Antibacterial activity of Cu doped ZnO nanoparticles

The antibacterial activity of undoped and Cu-doped ZnO nanoparticles was tested with two kinds of pathogenic bacteria, including gram-positive and gram-negative types. As shown in Figure 3 where cell membrane damaged or disorganized could be more significant factor [104] .

Accordingly, the bacterial killing capacity is increases with increase doping concentration and in this case 7 mol% Cu-doped ZnO nanoparticles showed the maximum prevent, because of Cu doped ZnO nanoparticles release more ROS. Also nanoparticles have the ability to adhere with the cell wall of the both gram-negative and gram-positive bacteria, thereby causing its destruction and leading the cell death. All of samples dilution concentration was 10 -7 g/ml. 

The results of Ab initio calculation

We first predicted the lattice parameters, formation energy and band gap of undoped (pure) bulk ZnO crystal in both the projector augmented wave (PAW) and plane wave (PW) methods. We have shown the main results of undoped and 1-7 mol% Cu-doped ZnO crystals on Table 3.7. Our predicted lattice parameter a and ratio of c/a are found to be 3.287 Å (3.291 Å) and 1.611 (1.600) by the PAW (PW) method, respectively. These results agree with the experimental values (See Table 3.3) of crystal structure, in which the error of the lattice parameter a are 1.01% and 1.14%, by the PAW and PW methods, respectively. The formation energies are found to be -7.0551 and -7.0595 eV/atom, by the PAW and PW methods, respectively. For the PAW method, we have shown the total and projected density of states (DOS) of PAW method in Figure 3.29(A). The DOS of the PW method is similar to that of the PAW method. The band gap of undoped bulk ZnO crystal is found to be 1.72 and 1.74 eV using the PAW and PW methods, respectively. These values are smaller than our experimental values of 3.32 eV. However, this value agrees with the other theoretical predicted values of bulk ZnO crystal [START_REF] Tsogbadrakh | Hole doping effect on ferromagnetism in Mn-doped ZnO nanowires[END_REF]118] . When we consider the Cu doping into bulk ZnO, we tested both the interstitial and substitutional Cu doping cases in both the PAW and PW methods. For the interstitial Cu doping case, our results are shown still the non-magnetic (NM), and the substitutional Cu doping changes the magnetic states of our system. When we consider the substitutional Cu doped ZnO crystals, we calculated the three different configurations of two Cu ions (5.88 at. %), which are short, medium and long distances of 2.99 (3.00), 5.73

(5.67) and 7.67 (7.78) Å, by the PAW (PW) method, respectively. We have predicted the formation energy of three different configurations of two Cu ions, and the most stable configuration is found to be short distance of two Cu ions in both the PAW and PW methods. Our results are shown to be FM state at the short (2.99 Å) and medium (5.73 Å) distances of two Cu ions, and spin glass (SG) state is at the long (7.67 Å) distance of two Cu ions by the PAW method. But the FM state is favorable at all the distances of two Cu ions by the PW method. We have shown the main results on Table 3.7. For the PAW method, we have shown the total and orbital projected DOS on Figure 3.29(B) and (C). These results show that the Cu(3d) orbital is strongly hybridized with the O(2p) state due to the Cu-O covalent bonding. For the short distance of two Cu ions, the band gaps of majority and minority states are found to be 2.18 and 2.08 eV, respectively (See Figure 3.29(B)). As the Fermi level shifts to the valence band maximum (VBM) side, the two holes on the Cu ions create on the localized two defect levels via double exchange mechanism, with magnetic energy gain ΔE = 0.608 meV/cell due to the presence of unpaired electrons [START_REF] Tsogbadrakh | Hole doping effect on ferromagnetism in Mn-doped ZnO nanowires[END_REF] . For the medium distance of two Cu ions, the FM state is favorable, with magnetic energy gain ΔE = 2.532 meV/cell, and the localized two defect levels are overlapped on the minority state (See Figure 3.29(C)). The band gaps of majority and minority states are found to be 2.22 and 2.12 eV, respectively. For the short and medium distances of two Cu ions, the total magnetizations are found to be 2.00 and 1.99 µB/cell, respectively. We have shown the magnetic moments of magnetic ions on Table 3.7. For the long distance of two Cu ions, the SG state is favorable, with the magnetic energy gain ΔE = -1.213 meV/cell, due to the asymmetry of hybridization for O(2p) and Cu(3d) states. The band gaps of majority and minority states are found to be 2.10 and 2.12 eV, respectively (See 

CONCLUSION

The following conclusion can be drawn from the experimental, theoretical results and discussion.

1. The highly crystalized undoped spherical and rod shaped ZnO nanoparticles with uniform shape and sizes were successfully synthesized by surfactant free organic phase method. The band gap energies were determined 3.32-3.40 eV.

2. As synthesized spherical and rod shaped ZnO nanoparticles were degraded methylene blue in 110 minutes and 130 minutes, respectively. The spherical shaped ZnO nanoparticles have shown better photocatalytic activity than rod shaped ZnO nanoparticles. Reaction rate constant was 2.99x10 -2 min -1 and 1.98x10 -2 min -1 for spherical and rod shaped ZnO nanoparticles, respectively. Antibacterial activity of rod shaped ZnO nanoparticles were inhibited the growth of E. Coli 99.75% and for S. Aureus 100% while spherical shaped ZnO nanoparticles were showed less growth inhibition for E. Coli 93.54% and for S. Aureus 78%, respectively. Both ZnO nanoparticles could be used as potential candidate for photocatalysis and antibacterial agents.

3. The highly crystalized and matched well with hexagonal wurtzite structured Cu doped ZnO nanoparticles with a dopant concentration varying from 1-7 mol% were successfully synthesized by surfactant free organic phase method. With the increase in the dopant concentration, the diffraction peaks shift to lower angles in comparison to undoped ZnO nanoparticles which define those dopants ions were incorporated in to the lattice. Copper doping was confirmed by HR-STEM and results were indicated Cu was evenly distributed within the particles. Magnetic results were showed magnetically-disordered or spin glass state for the Cu doped ZnO nanoparticles. The lowest band gap energy was found 3.28 eV for 5 mol% Cu doped ZnO nanoparticles.

The presence of the doped Cu in the ZnO nanoparticles was confirmed quantitatively by EPR and Cu concentrations were found to vary from 2.09×10 16 up to 16.29×10 [START_REF] Niederberger | Nonaqueous sol-gel routes to metal oxide nanoparticles[END_REF] ions per gram with an increase in doping from 1-7 mol%.

4. After doping with Cu ions ZnO nanoparticles were found to exhibit excellent photocatalytic and antibacterial characteristics than undoped ZnO nanoparticles. The photocatalytic overall performance was clearly enhanced as dopant Cu concentration increases from 1 to 5 mol%. At the 7 mol%, due to band gap energy increased back slightly due to the number of substitutional Cu atoms that began to dominate over the interstitials. The antibacterial activity of Cu-doped ZnO nanoparticles were observed to be enhance as increasing doping concentration in the range of 1-7 mol%. Zn1-xCuxO nanoparticles were inhibited 91.3-98.9% of E.coli and 67.2-97.4% of S.aureus colonies, respectively.

5. An experimental result was validated theoretically by performing DFT calculations.

Our predicted value of lattice parameters were agreed with our experimental values of crystal structure, in which the errors of the lattice parameter a are 1.14% and 1.01% by the PW and PAW methods, respectively. Our results of magnetism are shown that the hole-mediated ferromagnetism of Cu-doped ZnO is created by the double exchange mechanism, as created localized empty holes on the localized t2g state of Cu ions due to the bound magnetic polarons. These results agree with our experimental results.
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Résumé :

Les nanoparticules de ZnO sphériques et en forme de bâtonnet non dopées et les nanoparticules d'oxyde de zinc dopées au cuivre de forme sphérique (Zn1-xCuxO) ont été synthétisées par une méthode de phase organique non hydrolytique sans tensioactif dans laquelle l'acétate de zinc, l'acétylacétonate de zinc et l'acétate de cuivre ont été sélectionnés comme précurseurs avec différentes concentrations de cuivre (x = 1,3,5 et 7% en moles). Les propriétés structurelles, magnétiques et photocatalytiques ont été étudiées à l'aide de méthodes XRD, TEM, SQUID, EPR, spectroscopie UV-vis et principes premiers dans le cadre de la théorie fonctionnelle de la densité (DFT). L'analyse XRD a démontré que les nanoparticules obtenues étaient des particules cristallines dont toutes les réflexions correspondaient à la structure hexagonale de la wurtzite. Les 

Title : SYNTHESIS, CHARACTERIZATION AND EFFECT OF DOPING ON THE PHOTOCATALYTIC AND ANTIBACTERIAL ACTIVITIES OF ZINC OXIDE

Keywords : synthesis, zinc oxide nanoparticle, organic sol gel method, photocatalytic activity, antibacterial activity, copper doping Abstract : The undoped spherical and rod shaped ZnO nanoparticles and spherical shaped copper doped zinc oxide nanoparticles (Zn1-xCuxO) were synthesized through surfactant free non-hydrolytic organic phase method in which zinc acetate, zinc acetylacetonate and copper acetate were selected as precursors with different concentration of copper (x = 1,3,5 and 7 mol%). The structural, magnetic, and photocatalytic properties were studied by using XRD, TEM, SQUID magnetometry, EPR, UV-vis spectroscopy, and first-principles methods within the framework of density functional theory (DFT). The XRD analysis demonstrated the obtained nanoparticles were crystalline particles with all reflections matching to hexagonal wurtzite structure. EDX and EPR studies indicated the incoprpotation of doped Cu2+ ions in the host ZnO lattice. TEM images revealed that ZnO nanoparticles from synthesis in which zinc acetate involved as precursor had a shape of sphere while zinc acetylacetonate resulted in rod-shaped nanoparticles. Copper doped for sphere ZnO nanoparticles, size were around 60 nm. For the quantitative analysis, we were investigated EPR techniques to calculate exact amount of copper ion, which was located in zinc-oxide matrix. The photocatalytic activity test performed on Methylene Blue dye (MB), 5 mol% Cu doped ZnO nanoparticles were showed high degradation efficiency. Antibacterial activity tested on Gram-Negative E. Coli and Gram-Positive S. Aureus by dilution method. Antibacterial activity experiments show rod-shaped ZnO nanoparticles almost completely (99.75%) inhibited the growth of Escherichia Coli while only around 6.5% survived after treatment of spherical ZnO nanoparticles under same conditions. After the doping significant antibacterial inhibition founded from 7 mol% Cu doped ZnO nanoparticles for 98.9% in E. Coli, 97.4% in S. Aureus, respectively.
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 329 Figure 3.29 (Colour online) The total and orbital projected DOS (in unit of state/eV/atom) of (A) undoped, (B) short, (C) medium and (D) long distances of two Cu ions for Cudoped bulk ZnO crystal by the PAW method. The vertical dashed line is the Fermi level.

Figure 3 . 30 (

 330 Figure 3.30 (Colour online) The spin densities ( Δρ↑↓ = ρ↑ -ρ↓ ) of (A) Short, (B) Medium and (C) Long distances of two Cu ions for Cu doped bulk ZnO crystal. Here the grey, red and orange balls are Zn, O and Cu atoms, respectively. The isosurface with isovalue of 0.001 is yellow colour (created by the XCrySDen software) ..............................................
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 11 Figure 1.1 Applications of ZnO Researchers studying the photocatalytic activity of zinc oxide depending on the synthesizing methods such as sol-gel, precipitation, and thermal decomposition, results



  To synthesize the spherical and rod shaped ZnO nanoparticles and characterize the crystal structure, morphology and optical properties. To investigate and compare the photocatalytic and antibacterial activities of spherical and rod shaped ZnO nanoparticles. To synthesize the Cu doped ZnO nanoparticles with dopant concentration varying from 1-7 mol% (Zn1-xCuxO) and characterize the crystal structure, morphology, magnetic and optical properties. To investigate and compare the photocatalytic antibacterial activities of 1-7 mol% Cu doped ZnO nanoparticles. To approve experimental results with density functional theory. For theoretical framework studied on the hexagonal wurtzite ZnO unit cell and ZnO (3×3×2)

Figure 1 .

 1 2 showed different ZnO crystal structures mentioned above. Rocksalt or Rochelle salt structure may obtain relatively high pressure while zinc blende structure can be stabilized only by growth on cubic substrates. Under ambient condition, wurtzite structure is stable phase. In Figure 1.3 showed hexagonal wurtzite structure of ZnO which is most stable phase (space group C6v 4 = Ρ63mc) in ambient condition with lattice parameters a = 3.25 Å and c = 5.12 Å. Its structure can simply be described, each oxygen O 2-is surrounded by four zinc Zn 2+ at the corner of a tetrahedron. The entire unit cell of ZnO is neutral, the distribution of the cations and anions could take specific configuration as determined by crystallography, so that some surfaces can be terminated entirely with cations or anions, resulting in positively or negatively charged surfaces. It is called polar surfaces. The wurtzite ZnO has four common surfaces, which are the polar Zn 0001 and O 0001 terminated faces and the non-polar 112 0 and 101 0 faces.

Figure 1 . 3

 13 Figure 1.3 Unit cell (a) and crystal atomic plane (b) of ZnO hexagonal wurtzite structure[START_REF] Kumar | Zinc oxide nanostructures for NO 2 gas-sensor applications: A review[END_REF] .

  Bragg's Law, equation 1. This law relates the wavelength of electromagnetic radiation to the diffraction angle and the lattice spacing in a crystalline sample. nλ = 2d sin θ (1) In a typical XRD analysis generated a characteristic x-ray diffraction pattern which is unique "fingerprint" of the crystals present in the sample. When properly interpreted, by comparison with standard reference patterns and measurements, this fingerprint allows identification of the crystalline form.

Figure 1 . 4

 14 Figure 1.4 Empyrean multi-purpose Panalytical X-ray diffractometers

Figure 1 .

 1 Figure 1.5 JEOL JEM 2100 Transmission electron microscopy

  measuring the absorption and emission spectrum. The infrared absorption bands identify molecular components and structures. FTIR spectrometers (Fourier Transform Infrared Spectrometer) are widely used in organic synthesis, polymer science, petrochemical engineering, pharmaceutical industry and food analysis. The FTIR method collects an interferogram of a sample signal and then it performs a Fourier transform (a mathematical algorithm) on the interferogram to obtain the infrared spectrum as convert the raw data into the actual spectrum. Infrared spectrum is molecular vibrational spectrum.

Figure 1 . 7

 17 Figure 1.7 Vertex 70V, Brucker FT-IR spectrometer

Figure 1 . 8

 18 Figure1.8 Absorption and EPR spectrum[START_REF] Epr | Principios básicos para la espectroscopia EPR[END_REF] 

  magnetic properties such as magnetization and susceptibility. The basic principle of this instrument is based on two parallel Josephson connection loops. The measuring sample should be placed centrally in the instrument sampling area and the position of the sample should be monitored for every 5-10 K temperature change. This is responsible for balancing the change in length of the sample at different temperatures.

Figure 1 . 1 . 2 . 7

 1127 Figure 1.10 Possible magnetic moment orientations[START_REF] Miller | Organic-and molecule-based magnets[END_REF] 
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 235 Scheme 2.2.

Figure 2 . 1

 21 Figure 2.1 Morphology of bacterial cells of gram-negative E. Coli and gram-positive S.aureus bacteria

Scheme 3 . 1

 31 Scheme 3.1 General reaction of zinc acetate and benzyl alcohol

Scheme 3 . 3

 33 Scheme 3.3 General reaction of zinc acetylcetonate and benzyl alcohol

Figure 3 . 1

 31 Figure 3.1 XRD patterns of spherical and rod shaped ZnO nanoparticles The peak full width at half maximum (FWHM) for the Bragg's diffraction planes corresponding to spherical ZnO nanoparticles are 0.25 (100), 0.26 (002), 0.26 (101) and to rod-shaped ZnO nanoparticles are 0.42 (100), 0.27 (002), 0.42 (101), respectively.Figure3.2 showed comparison between characteristic main peaks of spherical and rod shaped ZnO nanoparticles.

Figure 3 . 2

 32 Figure 3.2 Characteristic main peaks of spherical and rod shaped ZnO nanoparticles

Figure 3 .

 3 Figure 3.3 shows TEM images of synthesized ZnO nanoparticles at the same level of magnification. The results clearly showed spherical and rod-shaped ZnO nanoparticles were synthesized successfully through the surfactant free non-hydrolytic organic phase method. Uniformed spherical ZnO nanoparticles were observed despite some aggregation due to drying process during preparation of TEM samples, and the size was estimated to be around 60 nm in diameter from the images. For rod shaped ZnO nanoparticles 60-70 nm lengths with around 20 nm diameter. From the previous literature ZnO nanoparticles synthesized through wet chemical methods and nanoparticles size and shapes were similar

Figure 3 . 3

 33 Figure 3.3 TEM images of spherical and rod-shaped ZnO nanoparticles Figure 3.4 and 3.5 show the TEM-EDX spectrum of spherical and rod shaped ZnO nanoparticles, respectively. On the figure EDX spectrum shows some peaks which were identified as Zn and O. From the spectra spherical ZnO contain 34.62% Zn atom, 39.69% O atom (74.31%) and rod ZnO contain 36.19% Zn atom, 39.51% O atom (75.7%). The remaining mass (25.69% and 24.3%) is from the Cr of TEM-EDX instrument and C, Cu

Figure 3 .

 3 Figure 3.4 TEM-EDX spectrum of spherical shaped ZnO nanoparticles

Figure 3 . 6 FTFigure 3 . 7 . 3 )Figure 3 . 7 3 . 1 . 1

 3637337311 Figure 3.6 FT-IR spectra of spherical and rod-shaped ZnO nanoparticles

Figure 3 . 8

 38 Figure 3.8 Time dependent absorption spectra of MB without nanoparticles. The inset arrow indicates increasing the irradiation time In Figure 3.9 showed the time dependent absorption spectra of undoped spherical and rod shaped ZnO nanoparticles. The characteristic absorption peaks of MB at 290 nm and 660 nm disappeared after 110 minutes when treated with spherical shaped ZnO nanoparticles and 130 minutes when treated with rod shaped ZnO nanoparticles, indicating total photo degradation of MB molecules in the solution. Catalyst is changing the reaction rate by the light. During the exposure (sufficient energy) electron (e -) hole (h + ) pairs generated on surface of zinc oxide. The dissolved oxygen (O2) molecules react with electrons (e -)

Figure 3 . 9

 39 Figure 3.9 Time dependent absorption spectra of MB with (a) spherical and (b) rod shaped ZnO nanoparticles. The inset arrow indicates increasing irradiation timeReaction rate constant was calculated from the plots (Figure3.10) and found to be 2.99x10 -2 min -1 and 1.98x10 -2 min -1 for spherical and rod shaped ZnO nanoparticles, respectively, which are nearly order of magnitude higher than that of the reaction in which no catalyst added. Results clearly showed that spherical ZnO nanoparticles have more photocatalytic activity than rod shaped ZnO nanoparticles.

Figure 3 .

 3 Figure 3.10 Reaction rate plots of the MB in the absence and presence of spherical and rod shaped ZnO nanoparticles

Figure 3 . 11 showed

 311 viable colonies of E. Coli cultured on the nutrient agar petri dish before and after treated with different shaped ZnO nanoparticles. The growth of E. Coli was almost completely (99.75%) inhibited by rod shaped ZnO nanoparticles after 24 h incubations at 37°C while 93.5% was inhibited by after treatment of spherical ZnO nanoparticles under same conditions.

Figure 3 .

 3 Figure 3.11 Antibacterial activities of undoped spherical and rod shaped ZnO nanoparticles. (A) Positive control of E. Coli, (B) spherical shaped ZnO nanoparticles, (C) rod shaped ZnO nanoparticles against E. Coli, respectively

Figure 3 .Figure 3 .

 33 Figure 3.12 Antibacterial activities of undoped spherical and rod shaped ZnO nanoparticles. (A) Positive control of S. Aureus, (B) spherical shaped ZnO nanoparticles, (C) rod shaped ZnO nanoparticles against S. Aureus, respectively

  , respectively in all Zn1-xCuxO structure Figure 3.14. During the reaction, formation of Cu-doped ZnO nanoparticles occurs simultaneously with reduction reaction of copper precursor with benzyl alcohol. However, irrespective of doping concentration there are additional peaks at 43.35° and 50.49° for the Cudoped ZnO nanoparticles (Figure 3.15), corresponding to 111 and 200 peaks of elemental copper (JCPDS 04-0836) as a secondary phase. As a representative example in Figure 3.15, XRD profiles of 7 mol% Cu-doped ZnO nanoparticles were compared with

Figure 3 .Figure 3 .

 33 Figure 3.14 XRD patterns of spherical shaped undoped ZnO and 1-7 mol% Cu-doped ZnO nanoparticles

Figure 3 .

 3 Figure 3.17 TEM images of spherical shaped undoped ZnO and 1-7 mol% Cu-doped

Figure 3 .

 3 Figure 3.22 UV -Vis absorption spectra of spherical shaped undoped ZnO nanoparticles and 1-7 mol% Cu-doped Zn1-xCuxO nanoparticles

Figure 3 .

 3 Figure 3.23 EPR spectra of spherical shaped undoped and 1-7 mol% Cu-doped Zn1-xCuxO nanoparticles

  /2 give rise to an EPR signal with the double integrated intensity is proportional to the concentration of Cu 2+ . A simple estimation of the content of Cu 2+ ions in one gram of CuSO4×5H2O leads to NCu= 2.4×10 21 spin/g. Therefore, by using a suitable normalization of the EPR signals of the reference sample and the Cu doped ZnO, the content of Cu ions in ZnO samples can be quantitatively evaluated. It is worth noting that the normalization of the EPR spectra is performed taking into account the amplification of the EPR signal, the microwave power and the mass of the used samples. Thus, the comparative double integrated intensity of the EPR signals leads to the Cu contents in ZnO samples as summarized in Table

  24 a, the ZnO nanoparticles doped with Cu exhibit closed hysteresis with unsaturated magnetization at both 300K and 5K, suggesting the absence of ferromagnetic domains. It can be seen from the temperature dependent magnetization, Figure3.24 b, a bifurcation between fieldcooled (FC) and zero-field-cooled (ZFC) and a cusp at ZFC was observed at temperatures below 75K for all the samples. This result together with non-hysteresis magnetization confirms magnetically disordered or spin glass state for the Cu doped ZnO nanoparticle. An increase in the magnetization with increase of Cu doping concentration indicates that Cu 2+ ions enhance the magnetic properties of the Cu doped ZnO nanoparticles. It indeed shows that Cu atoms could strongly affect the magnetic properties of the Cu-doped ZnO nanoparticles.

Figure 3 . 3 . 2 . 1

 3321 Figure 3.24 (a) Field dependent magnetization curves of undoped ZnO and ZnO nanoparticles doped with various concentration of Cu from 1-7 mol% at 5K and 300K. (b) FC and ZFC magnetization curves of undoped ZnO and ZnO nanoparticles doped with various concentration of Cu from 1-7 mol%.

Figure 3 .

 3 Figure 3.25 Time-dependent UV-vis absorption spectra of degradation of MB dye in the presence of spherical shaped (A) 1 mol% Cu-doped, (B) 3 mol% Cu-doped, (C) 5 mol% Cu-doped and (D) 7 mol% Cu-doped ZnO nanoparticles, respectively

Figure 3 .

 3 Figure 3.26 Kinetic study of the degradation of MB in the presence of spherical shaped undoped ZnO and ZnO nanoparticles doped with various concentration of Cu from 1-7 mol%

Scheme 3 .

 3 Scheme 3.3 shows electronic band structure of spherical shaped undoped ZnO and Cu doped ZnO nanoparticles with degradation of dye.

Figure 3 .

 3 Figure 3.28 Antibacterial activities of spherical shaped Cu-doped ZnO nanoparticles. (A) Positive control of S. Aureus, (B) undoped ZnO, (C) 1 mol% Cu-doped ZnO, (D) 3 mol% Cu-doped ZnO, (E) 5 mol% Cu-doped ZnO, (F) 7 mol% Cu-doped ZnO nanoparticles against S.aureus, respectively

Figure 3 . 29 (

 329 Figure 3.29 (Colour online) The total and orbital projected DOS (in unit of state/eV/atom) of (A) undoped, (B) short, (C) medium and (D) long distances of two Cu ions for Cudoped bulk ZnO crystal by the PAW method. The vertical dashed line is the Fermi level.

Figure 3 .

 3 29(C)). The localized empty t2g states are overlapped on the minority state within the band gap, via the double exchange mechanism. We have shown the spin densities of short, medium and long distances of two Cu ions in Figure 3.30(A), (B) and (C), respectively. It is shown that the induced magnetization creates on the O ions around the magnetic two Cu ions. For undoped ZnO, the photocatalytic activity is going from the delocalized O(2p) state below the VBM. We present the isosurface of HOMO level of undoped ZnO on Figure 3.31(A). For the Cu doped ZnO, the photocatalytic activity increases through the hybridized O(2p) and Cu(3d) states below the VBM. We have shown that the main contribution creates on the magnetic two Cu ions and the isosurface of HOMO level of FM states is distributed through O atoms. (See the Figure 3.31(B), (C) and (D)).

Figure 3 . 30 (

 330 Figure 3.30 (Colour online) The spin densities ( Δρ↑↓ = ρ↑ -ρ↓ ) of (A) Short, (B) Medium and (C) Long distances of two Cu ions for Cu doped bulk ZnO crystal. Here the grey, red and orange balls are Zn, O and Cu atoms, respectively. The isosurface with isovalue of 0.001 is yellow colour (created by the XCrySDen software)

Figure 3 . 31 (

 331 Figure 3.31 (Colour online) The isosurfaces of HOMO level of (A) undoped, (B) Short, (C) Medium and (D) Long distances of two Cu ions for Cu doped bulk ZnO crystal. Here the grey, red and orange balls are Zn, O and Cu atoms, respectively. The isosurface with isovalue of 0.001 is yellow color (created by the XCrySDen software)
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Table 1 .

 1 1 Atomic structure of Zn and O

	Symbol	Zn	O
	Periodic table	[Zn] -12	[O] -16
	Electron configuration	[Ar] 3d 10 4s 2	[He] 2s 2 2p 4
	Atomic mass	65.38 u	15.99 u
	Atomic number	30	8

Table 1 .

 1 2 Physical properties of ZnO

	Properties	
	Density	5.6 g/cm 3
	Molar mass	81.40 g/mole
	Melting point	1975ºС
	Boiling point	2360ºС

Table 1 .

 1 3 Synthesis methods of zinc oxide nanoparticles

	Synthesis method	Resulting	application	reference
		nanoparticle		
	Hydrothermal	Nanoflower,	Optic, photocatalysis	Mohan et al.,
		nanorod		

Table 3 .

 3 

		Spherical shaped			Rod shaped	
	Peak	Area	Peak position	Width	Area	Peak position	Width
	100	7197.53	31.71	0.25	6864.65	31.72	0.42
	002	5486.12	34.37	0.26	4967.545	34.39	0.27
	101 12493.45	36.20	0.26	11760.87	36.21	0.42
	Area, peak position and FWHM of characteristic peaks of both ZnO nanoparticles are
	summarized in					

1 Peak parameter comparison between spherical and rod shaped ZnO nanoparticles

Table 3 .

 3 1. XRD peaks are directly proportional with particles sizes. For the spherical ZnO nanoparticles, FWHM of characteristic peaks were found to be almost same.

Table 3

 3 

	.2.
	In order to investigate antibacterial activity of as-synthesized ZnO nanoparticles further,

we conducted TEM experiments on a bacterial sample. TEM images of E. Coli bacteria before and after treated with undoped spherical and rod shaped ZnO nanoparticles are

Table 3 .

 3 2 Viable colony numbers of E. Coli, S. Aureus before and after treated with ZnO nanoparticles.

	Sample	Viable colony numbers E. Coli	Viable colony numbers S. Aureus	Nanoparticles Concentration
	Positive control	790	673	-
	Sphere ZnO nanoparticles	51	148	2×10 -7 g/µl
	Rod ZnO nanoparticles	2	0	2×10 -7 g/µl

  7 mol% Cu doped Zn1-xCuxO nanoparticles. XRD pattern shows all reflection peaks with hexagonal wurtzite structure with space group of P63mc, 186 (a. 3.249 and c. 5.206) in good agreement with standard JCPDS 36-1451. The characteristic diffraction peaks of the samples observed at 2θ values of 31.79°, 34.42°, 36.25°, 47.51°, 56.60°, 62.86°, 67.96° and 69° corresponding to the lattice planes (100), (

Table 3

 3 

	.3 Peak parameter comparison between spherical shaped undoped ZnO and
		1-7 mol% Cu-doped Zn1-xCuxO nanoparticles	
	Sample	2θ	FWHM	d	a=b (Å)	c/a
	ZnO	31.74 34.39	0.2327 0.2277	2.817 2.606	3.254	1.601
	Zn0.99Cu0.01O	31.69 34.35	0.2813 0.2764	2.821 2.609	3.257	1.601
	Zn0.97Cu0.03O	31.58 34.23	0.2826 0.278	2.830 2.617	3.268	1.601
	Zn0.95Cu0.05O	31.56 34.21	0.3102 0.2986	2.832 2.619	3.271	1.601
	Zn0.93Cu0.07O	31.57 34.23	0.2825 0.278	2.831 2.617	3.269	1.601

  Magnetic properties of the Cu-doped ZnO nanoparticles measured by SQUID magnetometer show how the Cu concentration changes the magnetic behaviour.

	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛) =	𝐼 𝑠𝑎𝑚𝑝𝑙𝑒 𝐼 𝐶𝑢𝑆𝑂 4	× (	𝑛 𝐶𝑢𝑆𝑂 4 ×𝑁 𝐴 𝑚 𝑠𝑎𝑚𝑝𝑙𝑒	)	(7)
	Here,					
	𝐼 𝑠𝑎𝑚𝑝𝑙𝑒 -Intensity of the sample				
	𝐼 𝐶𝑢𝑆𝑂 4 -Intensity of CuSO4				
	𝑛 𝐶𝑢𝑆𝑂 4 -Mole of CuSO4				
	𝑁 𝐴 -Avogadro's number				
	𝑚 𝑠𝑎𝑚𝑝𝑙𝑒 -Mass of the sample				
	𝑁 𝑟𝑒𝑓 = 2.4×10 21 spin/g					
	Table 3.4 EPR results of Cu-doped ZnO nanoparticles
	Sample	Intensity	Power Amp. Sample Mass	Spin/g
	Zn0.99Cu0.01O 0.14×10 6					2.09×10 16
	Zn0.97Cu0.03O 0.32×10 6 Zn0.95Cu0.05O 0.48×10 6	200mW 5×10 4	10×10 -3 g	4.78×10 16 7.17×10 16
	Zn0.93Cu0.07O 1.09×10 6					16.29×10 16
	*reference intensity normalized by amplification and power 2.9×10 10

Table 3 .

 3 5 Reaction rate comparisons of spherical shaped undoped ZnO and 1-7 mol% Cu-

		4.5		
			MB	y=0.000989x-0.0126 R 2 =0.887
			ZnO	y=0.0209x-0.1686 R 2 =0.970
		3.6	Zn 0.99 Cu 0.01 O	y=0.0233x-0.2106 R 2 =0.947
			Zn 0.97 Cu 0.03 O	y=0.0285x-0.2041 R 2 =0.963
	-ln(A/A0)	1.8 2.7	Zn 0.95 Cu 0.05 O Zn 0.93 Cu 0.07 O	y=0.0498x-0.375 R 2 =0.829 y=0.0291x-0.219 R 2 =0.960
		0.9		
		0.0		
		0	20	40	60
				Time (min)
		doped ZnO nanoparticles with MB
		Sample	Rate constant (min -1 )
			MB	9.89x10 -4
			ZnO	2.09x10 -2
		Zn0.99Cu0.01O	2.33x10 -2
		Zn0.97Cu0.03O	2.85x10 -2
		Zn0.95Cu0.05O	4.98x10 -2
		Zn0.93Cu0.07O	2.9x10 -2

  .27 and Figure3.28, after the incubation, 91.3% -98.9% of E. Coli colony and 67.2% -97.4% of S. Aureus colony was inhibited by ZnO and Cu-doped ZnO nanoparticles. It clearly shows that both bacteria colonies were inhibited by as-synthesized nanoparticles. Table3.6 shows the viable colony number comparison between E. Coli and S. Aureus after the incubation. The bactericidal growth property is found to be dopant concentration dependent and ZnO nanoparticles with 7 mol% Cu dopants show the maximum inhibition against bacterial growth. With increasing the dopant concentration antibacterial activity was also increased. It is clear that after doping of Cu in ZnO nanoparticles enhances the antibacterial activity of ZnO nanoparticles. Several mechanisms have been developed to explain antibacterial activity of ZnO nanoparticles but it is not obviously recognized, such as release of Zn 2+ ions, reactive oxygen species (ROS)[100] , and electrostatic interactions[105] , Padmavathy et al. have showed release of ROS from the transfer of electrons from VB to CB of ZnO nanoparticles causes oxidative stress by preventing the bacterial growth leading to cell death. Based on the experiments, Heinlaan et al. have concluded that direct contact area between the bacterial cell and nanoparticles

Table 3 .

 3 6 Antibacterial activity of spherical shaped undoped and Cu-doped ZnO nanoparticles

	Sample	Antibacterial activity (%) E.Coli S.Aureus
	ZnO	91.3	67.2
	Zn0.99Cu0.01O	94.8	71.2
	Zn0.97Cu0.03O	95.1	93.4
	Zn0.95Cu0.05O	98.1	94.4
	Zn0.93Cu0.07O	98.9	97.4

Table 3 .

 3 

		Projected Augmented Wave (PAW) method		Plane wave (PW) method	
		Pure		Cu -doped ZnO	Pure	Cu -doped ZnO	
		ZnO	Short	medium	Long	ZnO	short	medium	long
	a (Å)	3.287	3.283	3.274	3.282	3.291	3.283	3.284	3.284
	c/a	1.611	1.614	1.617	1.613	1.600	1.614	1.612	1.614
	dCu-Cu (Å)	-	2.991	5.730	7.671	-	2.996	5.669	7.780
	Ef (eV/atom)	-7.0551 -7.0386 -7.0381 -7.0379	-7.0595	-7.0407	-7.0375 -7.0375
	ΔE, (meV/cell)	-	0.608	2.532	-1.213	-	0.999	0.269	0.351
	spin state	NM	FM	FM	SG	NM	FM	FM	FM
	m(Cu1) (µB/atom)	-	0.608	0.616	0.619	-	0.379	0.653	0.454
	m(Cu2) (µB/atom)	-	0.588	0.618	-0.633	-	0.409	0.306	0.515
	Mtot (µB/cell)	-	2.00	1.99	0.01	-	1.95	1.96	1.96

7 

The predicted lattice parameters (a and c/a), distance (dCu-Cu) between the two Cu ions, formation energy (Ef), magnetic energy gain (ΔE = EAFM/SG -EFM) between the antiferromagnetic (AFM)/spin glass (SG) and ferromagnetic (FM) states, spin state, magnetic moments (m) of magnetic ions and total magnetization (Mtot) for undoped (pure) and Cu doped ZnO using the PAW and PW methods with the GGA + U approach

  études EDX et EPR ont indiqué l'incorporation d'ions Cu2+ dopés dans le réseau ZnO hôte. Les images TEM ont révélé que les nanoparticules de ZnO issues de la synthèse dans laquelle l'acétate de zinc était impliqué comme précurseur avaient une forme de sphère tandis que l'acétylacétonate de zinc donnait des nanoparticules en forme de bâtonnet. Du cuivre dopé pour les nanoparticules sphériques de ZnO, dont la taille était d'environ 60 nm. Pour l'analyse quantitative, nous avons étudié les techniques EPR pour calculer la quantité exacte d'ions cuivre localisés dans la matrice d'oxyde de zinc.Le test d'activité photocatalytique effectué sur le colorant bleu de méthylène (MB), des nanoparticules de ZnO dopées à 5 % en moles de Cu, ont montré une efficacité de dégradation élevée. Activité antibactérienne testée sur E. Coli à Gram négatif et S. Aureus à Gram positif par méthode de dilution. Les expériences d'activité antibactérienne montrent que les nanoparticules de ZnO en forme de bâtonnet ont presque complètement inhibé (99,75 %) la croissance d'Escherichia Coli, tandis qu'environ 6,5 % seulement ont survécu après traitement de nanoparticules sphériques de ZnO dans les mêmes conditions. Après le dopage, une inhibition antibactérienne significative a été fondée à partir de nanoparticules de ZnO dopées à 7 % en moles de Cu pour 98,9 % dans E. Coli et 97,4 % dans S. Aureus, respectivement.