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                  Abstract  

Organic pollutants present in water near industrial areas are a major problem for present world. During dye production and textile manufacturing processes, a large quantity of waste water containing dye stuffs with intensive color and toxicity are introduced into the aquatic system. These dyes do not decompose rapidly through natural processes and are resistant to aerobic degradation. It is necessary to find an effective method of waste water treatment in order to remove color from effluents. Photocatalytic degradation of organic pollutants in waste water is the most promising way. In this photocatalytic degradation of organic pollutants in waste water research, designing a stable, efficient, and broad solar spectra absorber material is the core issue. ZnO nanoparticle is the most investigated semiconductor photocatalyst due to its stability and low cost.  However, it has low efficiency as a result of its wide band gap that limits its light absorption in the UV spectrum. In this regard, it was proposed to make a new photo catalytic CuO/ZnO nanostructure with a broader range of light absorption. This research work was focused on the synthesis, characterization and photocatalytic degradation activity of CuO/ZnO nanostructure. A sequential ionic layer adsorption and reaction (SILAR) method were used for directly growing CuO nanoparticle on ZnO that modifies photocatalytic activity of commercial ZnO nanoparticles. The prepared crystal size, optical property and bond stretching was systematically studied using XRD, UV–Vis and IR spectrophotometer respectively. The photo-catalytic degradation activity of the prepared CuO/ZnO nanostructure was evaluated by investigating photocatalytic removal of model methylene blue dye in waste water as a function of different parameters.
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 	                           1. INTRODUCTION
       Chemical film fabrication method involves chemical reaction and the precursors are mostly components undergoing reaction at the substrate surface or in the vicinity of the substrate. Under chemical methods we have the gas phase chemical processes such as conventional chemical vapour deposition (CVD), laser CVD, metal organo-chemical deposition (MOCVD) and plasma enhanced chemical vapour deposition. Liquid phase chemical techniques include electro-deposition, chemical bath deposition, electroless deposition, anodization, spray pyrolysis etc.One of the newest solution methods for the deposition of thin film is successive ionic layer adsorption and reaction (SILAR) method, which is also known as modified version of chemical bath deposition. In spite of its simplicity, SILAR has a number of advantages: (I) it offers extremely easy way to dope film with virtually any element in any proportion by merely adding it in some form of the cationic solution, (ii) unlike closed vapour deposition method, SILAR does not require high quality target and/or substrates nor does it require vacuum at any stage, which is a great advantage if the method will be used for industrial application, (iii) the deposition rate and the thickness of the film can be easily controlled over a wide range by changing the deposition cycles, (iv) operating at room temperature can produce films on less robust materials, (v) unlike high power methods such as radio frequency magnetron sputtering (RFMS), it does not cause local over heating that can be detrimental for materials to be deposited and (vi) there are virtually no restrictions on substrate material, dimensions or its surface profile. Moreover, it is relatively inexpensive, simple and convenient for large area deposition. It can be carried out in glass beakers. The starting materials are commonly avail- able and cheap materials. As it is a chemical method, a large number of varieties of substrates can be coated. Thus, any insoluble surface to which the solution has free access will be a suitable substrate for the deposition.
         The deposition is carried out at or close to room temperature, avoids oxidation or corrosion of metallic substrates. Stoichoimetric deposit is easily obtained. Since the basic building blocks are ions instead of atoms, the preparative parameters are easily controllable and better orientation and improved grain structure can be obtained. In chemical bath deposition (CBD) method, deposition of metal chalcogenide semiconducting thin films occurs due to substrate maintained in contact with dilute chemical bath containing metal and chalcogen ions. The film formation on substrate takes place when ionic product exceeds solubility product. However, this results into precipitate formation in the bulk of solution, which can- not be eliminated. This results in unnecessary formation of precipitation and loss of material. In order to avoid such unnecessary precipitation, a CBD is modified and known as successive ionic layer adsorption and reaction (SILAR) method. In this modification, thin films are obtained by immersing substrate into separately placed cat- ionic and anionic precursors and rinsing between every immersion with ion-exchanged water. The rinsing time in ion exchange water is critical for ionic layer formation. Thus, precipitation formation i.e. wastage of material, is avoided in SILAR method [1].
       Oxide thin ﬁlms can be prepared  by different techniques such as physical or chemical Vapor deposition[2,3],spraypyrolysis[4],sputtering[5,6],electrodeposition[7,8] and sol-gel[9,10] .The latter technique is a simple and cost efficient engineering process well suited for preparing substrate coatings with controlled physical and chemical properties at low temperature. The sol–gel method usually requires surfactant or complex organic agents for preparing stable colloidal suspensions (or sols) of materials which can then be used for thin layers deposition[11,12].Inorganic polycondensation of oxide nanoparticles is a soft-chemistry method which consists of the salts dissociation in aqueous medium with a precipitating agent such as lithium hydroxide. This method usually involves the preparation of an organometallic precursor [13].With optimized conditions, such oxide nanoparticles can then be stabilized in a homogeneous suspension when superﬁcial electrical charges are formed at the surface nanoparticles due to a dispersing   agent with appropriate dipolar forces. We here report on a low-cost and complex agent-free synthesis and sol stabilization of CuO and ZnO nanoparticles obtained at room temperature. CuO and ZnO thin ﬁlms were then prepared by the dip-coating technique and their micro structural and optical properties studied.
       Among metal oxide nanoparticles, zinc oxide has received much more attention because ZnO having wide band gap (3.37eV),  large excitation binding energy (60meV) and higher melting point (2248K) and  has been widely used in many applications such as transparent conductive films, efficient photo catalysts, varistors, gas sensors, ceramics, electrical and optical devices [14-17]. Recently nanostructured ZnO have engrossed nice attention owing to their in depth exploitation in environmental and antibacterial drug activity. The antibacterial agents are used to prevent or kill the growth of bacteria. Zinc oxide nanoparticles are good antibacterial drug agent. The excellent antibacterial drug activity of zinc oxide nanoparticles were probed by several researchers [18-21].
           Although, compared to other photocatalysts,TiO2 has been the most widely investigated Photocatalyst by researchers for air and water purification, ZnO is a promising substitute Primarily due to its similar bad gap (~3.3eV), and quite low toxicity relative to the Benchmark photocatalyst, TiO2. Moreover, further advantages of ZnO as a photocatalyst overTiO2, includes lower cost of production, abundance in nature, chemically-stable crystal structure and potential superior photo activity during visible light irradiation [22, 23, 24] photocatalytic Purification. The issue of ZnO photo stability can be resolved by adjusting the water pH prior to photocatalytic decontamination. The higher photocatalytic efficiency of zinc oxide over titanium is due to higher production efficiency of electrons and prevention of electron-hole recombination, for example in the decomposition of phenol and 2-phenylphenol, [25, 26, and 27]. Due to ZnO showing good number of electron trapping sites at emission close to 500 nm [28] applied a ZnO photocatalyst via a vapor transport grown technique to effectively decompose rhodamine B and 4-hydroxychlorobenzene under sunlight irradiation.
        Zinc oxide (ZnO), a typical n-type semiconductor with a direct band gap of 3.37 eV, is an attractive material that could be suitable for a window layer. Low dimensional nanostructural ZnO shows unique physical and chemical properties. Up to now, great attention has been focused on the investigation of ZnO nanostructures including thin film, nanowires, nanorods, and nanoparticles. Due to the high specific surface area and excellent optical and electrical properties, ZnO nanorods have attracted much attention for their applications in solar cells. Unfortunately, the absorption of ZnO in the visible-light region is very low due to its wide band gap. To extend the absorption of ZnO into the visible region, narrow band gap semiconductors, such as CdS, CdSe, and CuO, have been used to construct heterostructures with 1D ZnO. Among the various metal oxide materials for solar energy application, a promising material is cuprous oxide (CuO), one of the oldest known semiconductors. Copper oxide has unique features such as their low cost, non-toxicity, the abundant availability of copper, a theoretical solar cell efficiency of 18% and relatively simple formation of the oxide layer. CuO is a typical p-type semiconductor with a narrow band gap of 1.2 eV and has promising applications in many fields including catalyst, lithium ion batteries, magnetic storage, semiconductors, gas sensor, and solar-energy conversion. The performance of CuO in these applications can be significantly improved when the particle sizes are controlled to vary within the nanoscale regime [29]. Cuprous oxide is p-type direct band gap II –VI semiconductor with band gap of 2 eV and Cupric oxide has a Monoclinic structure and presents p-type semiconductor behavior with a Indirect band gap of 1.21 – 1.51eV[30].            
        SILAR (successive ionic layer adsorption& reaction) method is inexpensive, simple and convenient for large area and adsorption. The substrates such as insulators, semiconductors, metals and temperature sensitive substrates (like polyesters) can be used since deposition is carried out at or near to room temperature. As low temperature process, it also avoids oxidation and corrosion of the substrates. The prime requisite for obtaining good quality thin film is the optimization of preparative provisos via concentration of the precursors, nature of complexing agent, PH of the precursor solutions and adsorption, reaction and rinsing time durations etc. The term adsorption can be defined as the interfacial layer between two phases of a system that is the collection of the substance on the surface of another substance is known as adsorption which is the fundamental building blocks of the SILAR method. Adsorption may be expected when two heterogeneous phases are brought into contact with each other. Hence gas-solid, liquid-solid and gas-liquid are the three possible adsorption systems. In SILAR method, we are concerned with adsorption in liquid-solid system [31]. 
[bookmark: _Toc497279777]        In spite of its simplicity, SILAR has a number of advantages:-
· It offers extremely easy way to dope film with virtually any element in any proportion by merely adding it in some form of the cationic solution, 
· Unlike closed vapor deposition method, SILAR does not require high quality target and/or substrates nor does it require vacuum at any stage, which is a great advantage if the method will be used for industrial application, 
· The deposition rate and the thickness of the film can be easily controlled over a wide range by changing the deposition cycles, 
· Operating at room temperature can produce films on less robust materials,
· Unlike high power methods such as radio frequency magnetron sputtering (RFMS), it does not cause local over heating that can be detrimental for materials to be deposited and 
· There are virtually no restrictions on substrate material, dimensions or its surface profile. Moreover, it is relatively inexpensive, simple and convenient for large area deposition.
The critical operations for the deposition of thin films by SILAR methods are:-
· Adsorption of the cations, 
· Rinsing with deionized water, 
· Reaction of pre-adsorbed cations with newly adsorbed anions and
· Again rinsing with deionized water.
     Semiconductor photo catalysis has been used to mineralize the organics via a series of intermediates into inorganic substances such as water and CO2 in the presence of light.  To date, many semiconductors have been found to be good photo catalysts to decompose various organics. Among  various semiconducting materials, much attention has been given to ZnO because of its high photo catalytic activity, resistance to photo corrosion, chemical and biological inertness, commercial availability ,and inexpensiveness and its ability to break down organic pollutants  and even achieve complete neutralization.  Photo catalytic and hydrophilic properties of ZnO make it close to an ideal catalyst due to its high reactivity, reduced toxicity, chemical stability and lower costs. However, the photo induced charge carrier in simple bare semiconductor particles like ZnO has very short life time owing to the high recombination rate the photo generated efficiency. On the other hand, zinc oxide has a large band gap (about 3.37ev) and only a small fraction of solar light can be absorbed. These hinder the wide scale engineering applications of pure titanium dioxide.
       TiO2 and ZnO are considered as two of the most common semiconductor photocatalysts for their good stability, low cost and non toxicity. One of their common merits is the easiness to synthesized TiO2 and ZnO with small sizes, which satisfy the requirement high specific surface area of a photocatalyst. Therefore, in order to improve the photo catalytic activity of ZnO, it is important to prevent the photoelectron/hole recombination until a designed chemical reaction takes place on the surface of semiconductor particles as well as to extend the light absorbing property of ZnO.   Zinc oxide belongs to II–VI compound semiconductor materials. It has wurtzite crystal structure. The optical band gap is ~ 3⋅3 eV. It has high optical transmittance (> 80%) in the visible range of radiation. It is thermally as well as chemically stable over large fluctuations. Its special features like transparency and conductivity dragged it in variety of applications such as energy window, liquid crystal display, solar cells, gas sensors, ultrasonic oscillators, transducers etc
         Some previous researchers have found at that coupling of two semiconductors can improve the photo excited charge separation and enhance the photocatalytic activity. On the other hand, CuO is a p-type semiconductor with direct band gap of 1.2ev and has a noticeable light absorption capability in the visible light region [32].Accordingly, it is expected to prepared with the highly efficient photo excited charge separation, the enhanced photocatalytic efficiency and the remarkable visible –light photo response by coupling TiO2 with CuO, which has been reported in the few previous studies.
       In this  study  CuO was  used  to  extend  ZnO  absorption  spectra  to  visible  region  and  to  reduce charge carrier recombination rate. It is expected that low band gap p-type CuO is suitable to extend absorption of ZnO to visible spectrum of solar light.  Due  to  the  formation  of  a  favorable  p–n  junction  at  the  CuO/ZnO interface, the photo-generated electrons in CuO will readily move towards the ZnO, resulting in efficient charge carrier separation. Because of the high generation rate of charge carriers, and low recombination rate. The photo-generated electron and holes in the CuO will effectively diffuse to  the  ZnO  surface  and  oxidize  pollutants  in  to  carbon  dioxide  and  water.  The  enhanced photocatalytic  activities  of  coupled  CuO/ZnO  nanoparticle  could  be  closely  related  to  the following  three  aspects:  (1)  the  extension  of  excitation  wavelength,(2)  the  decrease  of  charge carrier recombination, and (3) the promotion of surface redox reactions.  In this study a new low energy and short time consuming successive ionic layer adsorption and reaction (SILAR) synthesis method was used to gain high crystalline CuO. In this study methylene blue as organic dye, zinc [II] oxide as substrate, copper nitrate trihydrate as cationic precursor, and sodium hydroxide as anionic precursor, the CuO –ZnO nanoparticles were synthesized by SILAR method. The process developed a new method for preparing CuO/ZnO nanocomposite with the visible –light photo catalytic activity under mild condition.
	                     2. Statement of the Problem
[bookmark: _Toc497279781][bookmark: _Toc497279782]            Many methods have been reported for the synthesis of semiconductor nanoparticles both in gas phase methods, such as chemical vapor deposition (CVD)[33],atmospheric pressure plasma annealing [34],thermal decomposition [35]and liquid phase methods, such as electrochemical deposition[36], sol-gel[37], hydrothermal deposition[38]. In comparison to gas-phase methods, liquid-phase methods have an advantage of providing thin films of large area at low cost but have a disadvantage in terms of difficulty in the control of a precise film structure. One of the good liquid-phase methods for preparation of nanoparticles in polymer matrix is successive ionic layer adsorption and reaction (SILAR) method. Deposition of thin films from aqueous solutions by SILAR method is a very promising method because of the simplicity and low cost. The advantages of the SILAR process compared to gas phase methods are that good quality thin films can be grown at room temperature and normal pressure. Due to the fact that the growth in the SILAR method occurs at room temperature, temperature sensitive polymers also can be used as substrate material. Compared with other solution phase methods the advantages of SILAR are: simple control of thickness by the number of deposition cycles and the easy control of the whole growth process since cation and anion precursors are separated. Due to these several advantages SILAR method is used in this study.
         Copper(II) oxide and titanium dioxide are promising  semiconducting materials in the conversion of the solar energy .However, if each of them is considered separately ,it is impossible to fulfill all the desired requirement of the semiconductor to be used because the band gap of CuO(1.74ev) and ZnO (3.3ev) do lie close to solar spectrum maximum. In this respect, new solar energy materials are needed to consider which of them satisfy the technical properties. It is found that by formation of composite film by combination of two semiconductors we get better results in photoconductivity.  Hazardous organic compounds are one of the major causes of the environmental pollution, particularly water resource. Photo catalysis has proven to be a promising technology for degradation of these compounds; being ZnO the most commonly used photo catalyst because it is nontoxic, photo-stable, cheap and very efficient under ultraviolet radiation. Whereas most studies focus on the modification and performance of zinc oxide, the use CuO-ZnO composites have been scarcely explored for the photocatalyic degradation of toxic pollutants. In this regard, it has been show that the mixture CuO and ZnO can have synergistic effect for the photo degradation of organic pollutants [39]. In order to utilize to utilize the solar energy efficiently, several approaches for ZnO modification   have  been proposed  in the past decade, such as the noble metal deposition, metal ions doping ,non metal ions developing ,semi conductor coupling is an important strategy to realize the visible light photo catalytic activity of ZnO .In recent years ,the hetrostructures semiconducters,the photo-induced electrons and holes can separated more easily and effectively due to  difference of energy levels of the two semiconducters,thus promote the quantitative efficiency of ZnO.
         In the heterostructures  formed  b/n  two semiconductor ,the Photo-induced   electrons and holes can be separated  more  easily  and effectively  due to the difference of energy levels of the semiconductors ,thus promote the quantitative efficiency of ZnO. In recent years, the P-type CuO with the bond gap of 175ev has been reported as good candidate for visible light Photo catalysis and exhibit huge potential for solar light utilization [40]. The coupling of CuO with ZnO has attracted great attention in recent years. Reported the architecture of CuO –ZnO core shall hero junction prepared by facile soft chemical method using CuO and butyl zincate /Zn (OBu) 2 as the raw materials, which exhibited high photocatalytic activity and stability for 4-nitrophenol degradation under stimulated light. The deposition of CuO nanopraticles on ZnO surface by SILAR method is not reported yet. In this work, we studied the synthesis of CuO nanoparticles on ZnO substrate and investigate the photocatalytic activity of CuO/ ZnO nanoparticle towards degradation of methylene blue dye which is a common organic dye.
       3. Objectives of the Study  
                      3.1. General Objective  
     The general objective of this study is to Synthesize, Characterize and examines photocatalytic degradation activity of CuO/ZnO nanopartices on ZnO substrate.
                          3.2. Specific Objectives of the Study
          The specific objectives of the study are:-  
· To prepare the CuO/ZnO nanoparticles using successive ionic layer adsorption and reaction method.
· To characterize CuO/ZnO nanocomposites using XRD, UV-visible and IR spectrometer.
· [bookmark: _Toc497279789]To compare photocatalytic activity of CuO/ZnO nanostructure with commercial ZnO under different conditions,
· [bookmark: _Toc497279790]To investigate the photocatalytic degradation performance of CuO/ZnO nanoparticles under visible light irradiation.
                        4. Significance of the Study
        The quality and photocatalytic activity of nanomaterials is dependent on synthesis method used. The results of the study would produce an information on the materials property, quality and photocatalytic activity for SILAR grown CuO on ZnO.  In addition, CuO nanoparticle deposition on ZnO surface improves the absorption band of ZnO to the visible region thereby improving the photocatalytic activity for wastewater treatment. Moreover, there is scarcity of studies on CuO/ZnO nanoparticle for photocatalytic dye degradation purpose and this study is/was significant in filling the gaps. Depending on the photocatalytic degradation efficiency and stability of SILAR synthesized CuO/ZnO; people may develop real sample waste water treatment for dye removal for its practical application. In addition, this study helps to use solar energy for environmental protection by degrading organic pollutants through CuO/ZnO nanocomposites photocatalytic activity.                                                                                                                                                                          

                                              CHAPTER TWO                     
[bookmark: _GoBack]                            2.   RELATED LITERATUE REVIEW
                           2.1. Photocatalysts and photocatalysis process
   Photocatalysis is the enhancement of a chemical reaction using a catalyst under light Irradiation. Generally, the catalysts participate in and accelerate the reaction but remain unaltered at the end of the reaction. The catalyst uses the characteristics of semiconductors in a photochemical reaction to decompose organic pollutants [41]. The semiconductor possesses a band gap which separates the electron-packed valence band (VB) from the empty conduction band (CB) (Fig. 1). When a photon’s energy (h𝜐) is greater than the band gap energy, it excites an electron from the valence band to the conduction band, thereby, producing an electron (e-) and a positive hole (h+), in the CB and VB, respectively. The electron (e-) and hole (h+) both migrate to the catalyst surface to recombine or facilitate a reduction-oxidation reaction with compounds absorbed on the catalyst. A powerful hydroxyl radicals (OH.), is produced from the combination Of H2O and/or H2O2 with the positive whole (h+) that oxidize the organic compounds in the Photocatalytic system. Simultaneously, oxygen atoms absorbed on the photocatalyst are reduced by the electrons in the conduction band [42, 43]. As illustrated in Fig. 3, during the photocatalytic process, superoxide radical (O2-), and other reactive groups are produced, resulting from reactions with moisture oxygen (O2).  Although ZnO and TiO2 have similar band gaps and low production cost, more recently, ZnO has been investigated by a large body of researchers due to its higher photo activity (by a factor of 2-3) in visible light irradiation  for the decontamination of water [44, 45]. Furthermore, due to ZnO’s higher efficiency in the production of hydroxyl radicals (OH) and reduced recombination of photoinduced electron-hole pairs, it has been considered to be more photoactive [46-52]. Generally, the surface areas as well as the number of defects on the surface of the catalyst are significant for effective photochemical reaction. Although nanoparticles offer a larger surface area, they are limited in their use in a water suspension because of the difficulty and high cost of separation and recovery.
[image: ]
    Figure1.  Schematic of the principle of photocatalysis (reproduced with permission from [56] © 2010 Elsevier). 
        Photocatalysis process is the most promising way for environmental health protection because of its ability to oxidize organic pollutants into benign products.  Photocatalysis  utilizes semiconductor  photocatalysts  to  carry  out  a  photo-induced  oxidation  process  to  break  down organic  contaminants  and  inactivate  bacteria  and  viruses. The word “photocatalysis” is derived from the Greek language and composed of two parts: The prefix photo means light and catalysis which is the process where a substance involves in altering the rate of a chemical transformation of the reactants without being altered at the end.  It is the amalgamation of photochemistry and catalysis. The major advantages of this technology are: (I) it offers a good substitute for the energy-intensive conventional  treatment  methods  with  the  capacity  for  using  renewable  and  pollution  free  solar energy. (ii) Unlike conventional treatment methods, which transfer pollutants from one medium to another, photocatalysis leads to the formation of harmless products, such as CO2 and H2O. (iii) This process can be used to destroy a variety of hazardous compounds in different waste water streams. (iv)  it  can  be  applied  to  aqueous  and  gaseous  phase  treatments,  as  well  as  sol id  (soil)  phase treatments to some extent. (v) The reaction conditions for photocatalysis are mild, the reaction time is modest, and a lesser chemical input is required.  (vi)Secondary waste generation is minimal. (vii)the  option  for  recovery  can  also  be  explored  for  metals,  which  are  converted  to  their  less toxic/nontoxic metallic states. Generally photocatalysis has proved to be of real interest as efficient tool for degrading both aquatic and atmospheric organic contaminants.  
                      
                           2.2. Basic concepts of SILAR Method
      Chemical deposition methods are widely used for deposition of materials  in the thin film forms because they are non polluting ,simple, economical, and suitable .In addition to these advantages ,usually chemical deposited thin films either amorphous or poorly crystallined .Therefore ,annealing is needed to increase the crystallinity of the films .SILAR is also a known modified chemical deposition method ,first reported in 1985 . The name SILAR  was described to this method in the same year and discussed in subsequent papers that deal with ZnS ,CdZnS ,and CdS thin films .In SILAR method ,deposition of thin films takes place from aqueous precursor solutions .Cationic and anionic precursor solutions are placed in different vessels and the substrate is immersed into the precursor solutions and rinsed  with double distilled water after immersion .This rinsing process enables excess absorbed ions to wash away from the substrate surface and avoids homogeneous precipitation in the solutions . Thin film  deposition can be achieved  by repeating these cycles .Moreover ,anionic and cationic precursors in different vessels after good control over the deposition parameters such as concentration and PH of the solutions ,adsorption, and reaction  rinsing time durations .The thickness of the film is controlled by the number of deposition cycles .SILAR is a relatively simple ,quick ,and economical method and it does not require sophisticated instruments . As a low temperature process, SILAR enables formation of thin films on plastic and other flexible substrates, which can potentially lead to lightweight, flexible, and foldable photovoltaic devices [53].
       The deposition of Cu2S thin film by SILAR method, analytical anhydrous cupric sulfate (CuSO4), sodium sulfide monohydrate (Na2S.H2O) and aqueous solution of ammonia were used wit out further purification. Aqueous solutions of 0.1M CuSO4 (PH-10) were used as cationic precursor and 0.05M Na2S (PH-12) as anionic precursor .To adjust the PH value of CuSO4 solution, aqueous solution of ammonia was slowly added on constant stirring. A Commercial microscope glass slide was cleaned ultrasonically for 15 min in acetone, water: ethanol (1:1) solution, and double distilled water consecutively and dried under a nitrogen flow prior to film deposition .For solutions and deionized water 50ml capacity glass beakers were used [55]. .
        The deposition was of CuxS thin film, each SILAR cycle involved the following steps.
· Immersion of the substrate in cationic precursor solution for 20s in which copper ions adsorbed on the surface of substrate.
· Immersion of the substrate in deionized water for 40s to remove excess and unabsorbed copper ions on the substrate surface.
· Immersion of the substrate anionic precursor solution for 20s in which OH_ ions are reacted with the adsorbed copper ions on the substrate surface.
· Immersion of the substrate in deionized water for 40s again to wash away unreacted and loosely bounded ions.
                                2.3. Materials Grown by SILAR 
      Oxide and chalcogenide films are the primary materials that have been produced by the SILAR technique. A few metal film and film of other materials have also been produced.  Oxide Films Two basic methods have been used to grow metal oxide thin film by the SILAR technique. The more common of these methods consists of the adsorption of metal hydroxide ions on the substrate surface followed by thermal treatment to convert hydroxide to an oxide. Another way to produce metal oxide films is to use hydrogen peroxide as the anion precursor and then to convert the formed metal peroxide film to an oxide film [55]. 
                             2.4. Copper (II) Oxide:                                                                                                                
        Copper  oxide  (CuO)  nanoparticles  are  under attention because of their unique thermal and mechanical  properties  as  well  as  excellent optical  and  electrical  performances.  CuO nanoparticles exhibit a narrow band gap of about 1.2–1.9 eV. Particularly, their electrical properties  can  be  affected by  their  quantum size  leading  to  generation  of  p-type semiconductor[57]
          Relatively simple, quick, economical and suitable for large area deposition of any configuration, successive layer adsorption and reaction /SILAR/ method was reported in mid_1980s .It does not require sophisticated instruments, the substrate. The SILAR method is based on immersion of substrate into different cationic and anionic precursor solutions and rinsing before every immersion with highly purified deionized water to remove loosely bounded species .Thus, simple SILAR deposition cycle consists of adsorption of cations, rinsing with deionized water, adsorption and reaction of anions and again rinsing with water .The time durations for adsorption, reaction and rinsing can be experimentally calculated. The growth of the film can be controlled at an accuracy of one SILAR deposition cycle. The SILAR method has been applied for the deposition of compounds, ZnS, CdS, CdZnS, PbS ZnO, Sb2S3 etc. thin films on various substrates [55].
                             2.5. Synthesis of Copper (II) Oxide
                 The calculated amount of CuCl2.H2O (9.7g, 56.9 mmol) and KOH (8 g, 142.9 mmol) were taken in benzene and hexane mixture and it was stirred and refluxed for 2h.The compound was separated out by filtration and filtrate was washed with methanol till the filtrate reaches to pH 7, then it was Oven dried .On calcinations at 300oc, 350oc and 400oc different samples of the black powder were obtained according to calculated yield [54]. 
                           CuCl2 + 2KOH                            CuO + 2KCL + H2O
              The Cu2O modified TiO2 (Cu2O/TiO2) photocatalysts were prepared  a facile ethanol reduction .In a typical procedure, a catalysts with certain amount of Cu(NO3)2.3H2O was added  into 80ml of ethanol suspension containing  2g of TiO2. Then the mixture was stirred for 2hrs at room temperature .Subsequently, ethanol was evaporated in a drying oven for 600c for 6hrs and the final sample was obtained by calcining the solid product at 350c0 for 2 hrs in air. The Cu2O/TiO2 photo catalyst in different molar fraction (mol% of Cu2O nanocrystals were acquired through repeating the above experiment by changing the theoretical content of Cu (NO3)2.3H2O in quality and the composites were recorded as x-Cu2O/TiO2 (x = 0.5, 1.5, 2.5, 4.0, 5.5 and 7.0, respectively) [56].
                   2.6. Synthesis methods of CuO on ZnO nanoparticle 
       To synthesize zinc oxide several methods, including solid state reaction, atmospheric pressure plasma annealing , hydrothermal , pulsed laser deposition , Chemical solution deposition ,  radio-frequency  sputtering  technique ,  chemical  co-precipitation,  flux method ,  and  sol-gel  techniques  With high  temperature  after  treatment ,  electrochemical and by simple dip coating method on  florin tin oxide (FTO)  coated glass substrate followed by post annealing have been used.  These methods are energy intensive and the produced thin film is predominantly micron in size. In this study a new low-energy and short time consuming successive ionic layer adsorption and reaction (SILAR) synthesis method was used to obtain high crystalline CuO. SILAR employs a similar self-limiting sequential layer-by-layer growth mechanism. It is one of the simplest solution methods,  which  is  based  on  the  sequential  reactions  at  the  substrate–solution  interface  for  the deposition  of  thin  films.  In  this  method  the  substrate  is  immersed  separately  to  a  dilute cation/anion  precursor  solution  and  rinsed  between  every  immersion  with  flowing  high-purity water. Both adsorptions of the film components and rinsing control the process. In  spite  of  its  simplicity,  SILAR  has  a  number  of  advantages  such  as:  (i)  it  is  ideal  for  making uniform, compact and crystalline nanoparticles,  (ii)  it offers extremely easy way to dope film with virtually any element in any proportion by merely adding it in some form of the cationic solution, (iii)  the deposition rate and the thickness of the film can be easily controlled over a wide range by changing the deposition cycles, (v) operating at room temperature can produce films on less robust materials,  (vi)  unlike high power methods such as radio frequency magnetron sputtering (RFMS), it does not cause local over heating that can be detrimental for materials to be deposited and  there are virtually no restrictions on substrate material and dimensions or its surface profile. Moreover, it is relatively inexpensive, simple and convenient for large area deposition. The critical operations for the deposition of thin films by SILAR methods are: (I) adsorption of the cations,  (ii)  rinsing  with  deionized  water,  (iii)  reaction  of  pre-adsorbed  cations  with  newly adsorbed anions and (iv) again rinsing with deionized water[58].                           
                          2.7. Photocatalytic Degradation Activities
             The most important field in photo catalytic  focuses probable on metal oxide semiconductor for degradation of organic pollutants in water at ambient  conditions, with the use of inexpensive and clean solar light and atmospheric dioxygen as the energy source  and oxidant,  respectively. The main advantage of this method is that a lot of organic pollutants can be mineralized completely in to CO2 /H2O and inorganic ions. Among the various metallic oxide semiconductors, TiO2 is the most widely studied photocatalytic, own to its unique photocatalytic efficiency, low cost nontoxicity, and high stability. The primary event occurring in the UV-illuminatedTiO2 is absorption of the near (wavelength <385nm) by TiO2, and generation of electron (e-) hole (h+) pairs. The charge carriers can migrate rapidly to the catalyst surface, where ultimately trapped and posited to undergo reduction-oxidation chemistry with suitable substrates .consequently, the degradation of the organic pollutants occurs. the band gap TiO2 semiconductors is relatively large (3.2ev), and can be excited only by high energy Uv radiation with the wavelength 385nm.this practically rules out n the effective use of sun light as energy source to utilize more efficiently the solar energy, great efforts have been made to extended the useful response of this titanium oxide-based material to the visible region, the method of coupling is essential. The simple and interesting approach to extend the catalyze absorption towards visible region is the photosensitization by an appropriate dye. Most organic dyes are relatively stable under visible light radiation in the absence of CuO-TiO2 and they also cannot be decomposed in the CuO-TiO2 dispersions in the drake. In the absence of CuO-TiO2, UV-Visible light induced electron transfer can make the dyes undergo significant degradation. Under such condition, the dyes not only are decolored, but also mineralized, to some extent, to CO2 and inorganic minerals [59].
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       Figure.2: Mechanism of photocatalytic degradation of organic pollutants using TiO2
The relevant reactions at TiO2semiconductor surface causing the degradation of dyes can be expressed as follows:
TiO2 + hv (UV) → TiO2 (e−CB+ h+VB)………………………. (1)
TiO2 (h+VB) + H2O → TiO2 + H+ + OH• …………………….. (2)
TiO2 (h+VB) + OH− → TiO2 + OH•………………………….. (3)
TiO2 (e−CB) + O2 → TiO2 + O2−•…………………………… (4)
O2−• + H+ → HO2 • …………………………………………. (5)
Dye + OH• → degradation products ………………………… (6)
Dye + h+VB→ oxidation products …………………………  (7)
Dye + e−CB→ reduction products………………………….  (8), where hv is photon energy required to excite the semiconductor electron from the valence band (VB) region to conduction band (CB) region. The photocatalytic activity of the CuO /TiO2 materials will be determined based on the degradation of an aqueous solution of organic pollutants (mordant dyes) under irradiation by a solar light simulator lamp. Many of the organic dyes along with their products have a carcinogenic effect on human beings. Consequently, it is a matter of great concern to treat these dyes before discharging them. Among these organic dyes methylene blue (MB), have been extensively  used  in  textiles  and  printing  industry  which  has  some  serious  harmful  effects  on humans and animals. MB if ingested stimulates the gastro-intestinal tract and leads to nausea, vomiting and diarrhea. Because of potential toxicity of MB  on humans, animals and aquatic life  and  its  visibility  in  surface  waters,  degradation  of  it  have  been  a  matter  of  considerable interest. The catalyst degradation efficiency will be calculated using the following equation[60]:

Where  and C are the initial and the changed concentrations of organic pollutants respectively.
The concentrations of mordant dye will be measured by UV-Vis absorption study. The kinetics of photocatalytic dye degradation reaction will be investigated. 
                        2.7.1. Photocatalytic degradation of MO
       The photocatalytic activities of the as-prepared samples were carried out by the degradation of MO solution under visible light irradiation. Here, C0 and C is the absorbance of the characteristic absorption peak (464 nm) of MO solution before and after irradiation. The pure ZnO nanorods exhibit a weak ability for the degradation of MO. The poor degradation ability of the pure nanorods can be ascribed to the fact that the visible light cannot provide energy to excite electrons from the valance band to the conduction band. All the Cu2O modified ZnO nanorods have strong degradation ability of MO than the pure ZnO nanorods [61]. With increasing Cu2O electro deposition time, the degradation abilities of the Cu2O-modified ZnO nanorods enhanced. The reason is that Cu2O has higher degradation ability than ZnO. Meanwhile, the amount of Cu2O particles on the ZnO nanorods increases when increasing the Cu2O electro deposition time. Furthermore, the Cu2O-modifiedZnO nanorods have a large specific surface area than pure ZnO nanorods. It is worth mentioning that the MO concentration can be reduced to around 15% in 100 min with Cu2O deposition electro time of 10 min. As a result, the photocatalytic activity of the Cu2O-modified ZnO nanorods depends on the Cu2O electro-deposition time.
                            2.8. Sample characterization
                           2.8.1. UV-Visible spectroscopy
             The absorption spectra of Cu2O, ZnO, and Cu2O-ZnO prepared were given in Figure 3. Figure 3 showed that all the samples had a strong absorption at the wavelength range from 230 to 380nm. In addition, it can be also observed from Figure 3 that the absorption spectroscopy of the Cu2O-ZnO sample was red- shifted  compared to that of ZnO, and the Cu2O-ZnO sample had obvious absorption in the visible region (>400nm). The absorption wavelength of the Cu2O-ZnO nanocomposites was extended to a visible region due to absorption of visible light by Cu2O.  Figure 3 shows the optical absorption spectra for theCu2O-modified ZnO nanorods with different Cu2O deposition times from 0 to 10 min. An absorption edge at 390 nm for the ZnO nanorods was observed, as shown in Figure 3. The absorption edges of the Cu2O-modified ZnO nanorods show an obvious red shift compared with pure ZnO nanorods and exhibit a broad absorption band in the UV region, which originates from the combinational effect of the narrow band gap of Cu2O(approximately 2.17 eV) and wide band gap of ZnO (approximately 3.37 eV) [62]. The absorbance in the visible light range increases with the increase of the deposition time of Cu2O. The introduction of Cu2O particles in ZnO nanorods extends the absorption edge to the visible light range, which is very important in making full use of sunlight. The optical band gaps of ZnO and Cu2O can be determined based on the equation: (αhν) 2=A (hν−Eg).The energy band gap (Eg) is measured by linear extrapolation to the (ahv) 2 versus hv. Due to variation in deposition time, the value of absorption spectra changed. For Cu2O-modified ZnO nanorods, when the Cu2O deposition time increases from 1 to 10 min, the corresponding band gaps of Cu2O particles are 2.43, 2.38, and 2.30 eV, respectively. In addition, the band gaps of ZnO nanorods shift from 3.22 to 2.75 eV.                     
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                 Figure 3.UV-vis absorption spectra of samples     
                                  2.8.2. FT-IR characterization
      The samples were further examined by IR analysis (4a). As  seen  in  Fig.4a,  the IR spectrum  indicated  the  existence  of surface  hydroxyls  and  coordinated  Span80  molecules  on Cu (OH)2 micro leaves. The  broad  band  at  3000−3700  cm−1 is deconvolved  to  make  clear  the  existence  of  Span80  in  the products  and  two  peaks  centered  at  3394.6  and  3571.4  cm−1 appeared, which  can  be  assigned  to  the  stretching mode  of  hydroxyl  of  pure  Span80  (Fig.4b).  The  bands  at 3488.2  and  1631.1  cm−1correspond  to  the  stretching  and bending  modes  of  the  hydroxyls  of  adsorbed  water.  The band  at  1077.6  cm−1corresponds  to  the C−O  stretching  vibration  coordinating  to  metal  cations ,  which  shifts  about  10 cm−1to  lower  wave numbers  compared  to  the  IR  spectrum  of pure  Span80,  suggesting  the  formation  of  hydrogen  bonds between  Span80  and  the  inorganic  components.  The band at 424.2 cm−1can be assigned to Cu−O stretching mode and may prove that Cu (OH) 2 is formed [63].
.   [image: ]
                  Figure 4.FTIR spectra for Cu (OH) 2 sample
             The FT-IR spectra of the ZnO powders which were acquired were in the range of 4000 to 400 cm−1. All of the spectra exhibit a strong absorption peak at 3508cm−1 for stretching vibration of non- chemical bond association OH groups and at 1637 cm−1 for H-O-H bending vibrations. The peaks at 2390 cm−1 are attributed to the presence of carbon dioxide.  The absorption picks around 1392 cm-1 is assigned to the bending vibration of C-H stretching. The peaks at 514 to 442 cm−1 are for Zn-O [64].
          The presence and the interaction of chemical functional groups in the synthesized zinc oxide nanoparticles were analyzed using FT-IR spectrophotometer (Perkin Elmer) at the resolution of 4 cm-1 in the range of 4000 - 400 cm-1.  In  the  FT-IR  spectrum  of  ZnO (Figure.5), the broad band between 3200-3600 cm-1 centered at 3402.43 cm-1 corresponds to the stretching vibration of chemical bond (OH)  existing  between  the  absorbable  water molecule and oxygen of zinc oxide. The peak at  1627  cm-1  corresponds  to  O-H  bending vibration and the peak at 2924.09 cm-1 shows the  C-H  stretching  and  the  peak  at  2376.30 cm-1  represents  the  stretching  vibration  of CO2.  The  absorption  peak  at  1504  cm−1 indicates  the  presence  of  stretching  vibration due to C=O group. The band at 470.63 cm-1 was associated to the stretching vibration of synthesized ZnO nanoparticles (65).  
[image: ]
                      Figure5. The FTIR pattern of zinc oxide nanoparticles
        A broad peak observed at 3400 cm-1 has been attributed to–OH group of H2O, which indicates the existence of water adsorbed on the surface of nanocrystalline powder. A broad band has been observed at around 490 cm-1 for the pure ZnO corresponding to the formation of Zn–O bond. The broad band in the coupled Cu-ZnO at 694 cm-1 is assigned to the characteristic stretching mode of Cu-O, while other absorption bands found around 1036, 1423, and 1570 cm-1 are mainly due C=C, C-H and C=O stretching. The peaks at 2924, 2914 cm -1 asymmetry is assigned to CH2 vibrations of Ethylene glycol adsorbed on the ZnO surface [66].
                                            






                                      
                                        CHAPTER THREE        
[bookmark: _Toc515029046]                                  3. EXPERIMENTAL DETAILS
                                     3.1. Chemicals and reagents
[bookmark: _Toc497279796][bookmark: _Toc499092985][bookmark: _Toc511494294][bookmark: _Toc511638181][bookmark: _Toc513796283][bookmark: _Toc514181680][bookmark: _Toc514359826][bookmark: _Toc515029047][bookmark: _Toc497279797][bookmark: _Toc499092986][bookmark: _Toc511494295][bookmark: _Toc511638182][bookmark: _Toc497279798][bookmark: _Toc499092987][bookmark: _Toc511494296][bookmark: _Toc511638183][bookmark: _Toc499092990][bookmark: _Toc511494298][bookmark: _Toc511638185][bookmark: _Toc497279800][bookmark: _Toc499092989][bookmark: _Toc511494297][bookmark: _Toc511638184][bookmark: _Toc511494300][bookmark: _Toc511638187][bookmark: _Toc511494301][bookmark: _Toc511638188] All of the chemicals used in this study were purchased from available chemical vendors with analytical grade. ([Cu (NO3)2.3H2O]>95%) was used as aqueous cation precursor solution for Cu+ and, ([NaOH]> 93%) was used as anion precursor solution, ([ZnO]> 99%) was used as substrate, [methylene blue, C16H18ClN3S]>1%), was used as a dye and distilled water was used for rinsing and solution preparation and ethanol as a solvent to dissolve CuO/ZnO nanoparticles.
[bookmark: _Toc492014208][bookmark: _Toc492013144][bookmark: _Toc515029048]                                 3.2. Apparatus and instruments
[bookmark: _Toc497279805][bookmark: _Toc499092993][bookmark: _Toc511494303][bookmark: _Toc511638190]       Centrifuge for filtration purpose, furnaces for annealing, thermometer to adjust temperature,PH meter to adjust the PH of the solution,distiller,electronic balance, magnetic stirrer, hot plate, mortar FTIR spectrometer, UV/visible spectrometer, water bath, different size volumetric flasks, micropipettes, beakers and other necessary apparatus were used for accomplishment of this work.
                              3.3. Synthesis of CuO/ZnO Nanoparticles   
        For deposition purpose 4.69g of copper (II) nitrate tri-hydrate (Cu (NO3)2.3H2O),2g of sodium hydroxide (NaOH) for cationic and anionic precursor respectively and 2g of ZnO for the substrate were weighed.  In this experiment all the chemicals used are of analytical grade and used without further purification. The following steps were followed for the synthesis procedure. Firstly, the test tubes were rinsed in deionizer water. Commercial ZnO was used to grow CuO nanoparticles. 4.69 g of Cu (NO3)2.3H2O in 250 ml distill water was prepared and used as cationic precursor solution. 2g of NaOH in 250 ml distill water was prepared and used as anionic precursor solution. Initially 30 ml of 0.1M Cu (NO3)2.3H2O precursor solution was added in to 50 ml beaker and 2 g of ZnO was added. It was stirred by magnetic stirrer for 5 min which leads adsorption of Cu2+ ions on ZnO surface and was centrifuged for separation. Then it was rinsed with distilled water to remove loosely bound species of Cu2+ species and centrifuged, 30 ml of anionic precursor NaOH solution was added into 50ml beaker  .It was stirred by magnetic stirrer and with heating at (55-65) °C for 5 min resulting the formation of Cu(OH)2 on ZnO surface and centrifuged .Then it was rinsed with distill water to remove loosely bound species of Cu(OH)2 species and centrifuged, this is called one SILAR cycle, it was repeated up to  eight SILAR cycle leads the formation of Cu(OH)2/ ZnO . The produced Cu (OH) 2/ZnO was filtered with centrifuge. The formation of Cu (OH) 2/ZnO was confirmed easily by observing color changes from white ZnO to blue greenish color.
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(a)                (b)	              (c)
 Figure6.The prepared Cu(OH)2/ZnO composites before drying(a),dried Cu(OH)2/ZnO(7) at room temperature for 24 hours (b) and CuO/ZnO/(7) at 4500c(c).	                                                                                                                                                                                                                                                                       
     The Cu (OH) 2 /ZnO was continue to grow from the initial seed crystals during subsequent cycles. Then Cu (OH) 2/ZnO was dried for 24 hours at room temperature and it was grained for homogenizing. Then the powder was placed in an electric furnace at different temperatures (200, 250, 300,350,400 and 450) °C for 1.30 hour and was removed from the furnace to be cooled down at room temperature for further characterization. The expected chemical reaction that occurs during the experiment would be:
                    Cu (NO3)2.3H2O   +    NaOH (aq)                        Cu (OH) 2(s)   + Na+(aq)  + NO3-(aq)
                     2Cu (OH) 2(s)/ZnO(s) + heat                       2CuO(s)/ZnO(s) +H2O (l)
[bookmark: _Toc514359830][bookmark: _Toc515029051][bookmark: _Toc514359831][bookmark: _Toc515029052][bookmark: _Toc513796289][bookmark: _Toc514181685][bookmark: _Toc492014211][bookmark: _Toc492013147]                      3.4. Characterization of CuO/ZnO nanoparticles
          The  prepared  nanoparticles  was  characterized  by  X-ray  diffraction  (XRD)  studies  using  X-ray diffractometer (Bruker, D-8 Advance) with the Cu Kα radiation of wavelength λ=1.5406 Å, on the instrument operating at a voltage of 40 kV and a current of 30 mA )  radiation over a 2𝜃 collection range of 10–80° to obtain crystalline phase information. The vibration frequency of CuO/ZnO nanostructure was analyzed using Fourier transform infrared spectroscopy (FTIR) in 400-4000 cm−1region by weighing 0.02gram of synthesized Cu(OH)2/ZnO powder, commercial ZnO standard and CuO/ZnO(7) annealed at 4500c. FTIR measurement was performed with pressed pellets made using potassium bromide (KBr) powder as diluents. The optical properties were studied through absorbance measurements by UV/visible spectrophotometer by recording the spectra over the 200–800 nm range.
[bookmark: _Toc515029053]                     3.5. Measurements of photocatalytic activities
     The photocatalytic activities of synthesized CuO/ZnO photocatalyst were evaluated through time dependent photo-degradation of methylene blue solution as a methylene blue pollutant under 100 W lamps for 60 min. In a typical photocatalytic activity measurement, 0.05 g of CuO/ZnO nanoparticles was dispersed in 100 ml of methylene blue solution (50ppm) under magnetic stirring. Before light irradiation, the suspensions were magnetically stirred in dark for 40 min for adsorption of methylene blue over the photocatalyst surface. Then, the photoreaction vessel was exposed to 100 W lamps under ambient conditions and was stirred. With10 min intervals, 10 ml of the suspension was collected and centrifuged for 5 min to remove the remnant photocatalyst. UV/visible spectrometer recording the spectra over 200–800 nm range was used for the determination of methylene blue concentration to follow its kinetics of disappearance of methylene blue concentration.






                                        







                                    CHAPTER FOUR
                                4. RESULT AND DISCUSSION
	         4.1. XRD Characterization
       According to the JCPDS card No. 05-0667 and 36-1451, characteristic peaks can be observed at   2 theta values of 31.7◦, 34.4◦, 36.2◦, 56.6◦, 62.9◦, 67.9◦, 69.0◦corresponding to (1 0 0), (0 0 2), (1 0 1), (1 1 0), (1 0 3), (1 1 2), (2 0 1) of zinc oxide, respectively[67].  It is found that the XRD pattern of pure ZnO consists of five diffraction peaks at 32.6◦,35◦, 36.8◦, 47.8◦and 56.5◦, corresponding to the (100), (002), (101), (102)and (110) planes of the hexagonal wurtzite ZnO phase(JCPDS 65-3411), respectively. After the synthesis of the ZnO/CuO nanocomposites, four new diffraction Peaks at 36.4◦, 39.2◦, 48.9◦and 58.7◦are observed, which can be attributed to (¯111), (111), (¯202) and (202) peaks of the monoclinic CuO (JCPDS 5-0661), respectively [68].The existence of diffraction peaks of CuO in the nanocomposites further confirms that the formation of the ZnO/CuO nanoparticles. All diffraction peaks can be indexed a analyses showed a series of diffraction peaks at 2 theta of  32.58,  35.56,  38.78,  48.89,  53.41,  58.70, ,66.21, 67.98 and 75.16 which were assigned to (110), (-111), (111), (“202), (020), (202), (“113) , (-311),  (220)  and  (004)  planes  and  are  in  good agreement with Diffraction Data (ICDD) card no. 05-0661[68] of CuO nanoparticles[69].
   From figure 7 the  XRD results show  the  peaks at 2θ =  31.70,  34.4°,  36.2°, 56.6°,62.9°and 69°  which  are the  diffraction peaks from ZnO. The  characteristic  peaks  which were  obtained  for ZnO are in  good  agreement  with  previous  experimental  findings mentioned in above. The peaks appeared at the angle of 35.56◦, 38.78◦, 48.9◦, 53.41, 58.40c, 61.7 ◦and 75.160C corresponding to the characteristic peaks of CuO phase and this result agreed with the experimental findings of other researcher. This indicates that pure form of CuO was produced by successive ionic layer adsorption and reaction method. The above diffraction peaks appeared all the samples which annealed at 2500c,3000c,3500c,4000c and 4500c but high intense peak appeared at 4500c as shown bellow. 
 The  crystallite  size  (D)  of  CuO/ZnO  nanoparticles  was  calculated  from  the  full-width  at half-maximum from XRD patterns by using Debye Scherer equation [67].
                          [image: ]where, D is the crystallite size, λ is the wavelength of the X-rays = 0.15406 nm for Cu  target Kα radiation, β is the peak width of half-maximum  of an XRD, and θ is the  Bragg diffraction angle. The most intense peak in the XRD patterns was used to calculate the crystalline size. The crystalline size of CuO nanoparticle is 31.1nm.The coexistence of dissimilar crystallites induces strain and plays the role in formation of smaller grains.




Figure7. XRD patterns of CuO/ZnO nanoparticles prepared by SILAR method at 450 °C for
                             4.2. Uv/vis Absorption study
         The optical absorption spectra of synthesized photocatalyst CuO/ZnO nanoparticles were analyzed by using UV/visible spectrometer in the range of 200-800nm.The absorption spectroscopy of the CuO-ZnO sample was red- shifted  compared to that of ZnO, and the CuO-ZnO sample had obvious absorption in the visible region (>400nm). The absorption wavelength of the CuO-ZnO nanoparticles was extended to a visible region due to absorption of visible light by CuO. An absorption edge at 385.78 nm for the ZnO nanoparticles was observed, as shown in Figure 8. The absorption edges of the CuO-modified ZnO nanoparticles show an obvious red shift compared with pure ZnO nanoparticles and exhibit a broad absorption band in the UV region, which originates from the combinational effect of the narrow band gap of CuO (approximately 1.74 eV) and wide band gap of ZnO (approximately 3.3ev).The absorption spectroscopy of the CuO/ZnO nanoparticles was extended to a visible region of light by CuO and the band gap changed from 2.08 to 1.74ev when ZnO was deposited with CuO from 3, 5 and 7 cycles of SILAR.The uv/vis spectrum primarily represents the available change in energy band gap .The uv/vis absorption spectra shows remarkably enhanced visible light absorption property of CuO/ZnO as shown in figure8(b).ZnO exhibit absorption spectra in UV region with the energy band gap of 3.3ev but the synthesized CuO/ZnO nanoparticles which have absorbance in the visible region with energy band gap 1.74eV. The result which was obtained indicates CuO, has favorable optical band gap energy and is suitable for enhancing visible light absorption of ZnO. The band gap energy (Eg) of CuO /ZnO nanoparticles was calculated by Tauc; s equation as follows :( αhv) n =hv-Eg, where α is absorption coefficient= is the frequency or irradiation of light, h=Planck’s constant and n=1/2 or 2 for direct and indirect allowed transitions respectively. The x-intercept of the tangent to the Tauc, s plot (ahv) 2 versus hv gives a good approximation of the band gap energy for this direct band gap material. The optical band gap energy of CuO/ZnO nanoparticles was estimated to be 2.08ev by extrapolating the straight portion of the curve as shown in fig 8(c) by taking ZnO as a blank sample. This indicates that after coupling of ZnO (3.3ev) with CuO which have a band gap of 1.74ev as shown figure8 (b).The energy band gap of CuO decreases as the number of SILAR cycle increases from 3 to 7 and size crystainity increases by decreasing the energy band gap of the composite nanoparticles.




	                  
 Figure 8(a) UV-Vis spectrum,(b) the optical band gap of CuO and (c)Uv-vis spectra for CuO/ZnO(7)
                  4.3. FTIR Spectral analysis Of Samples
                           4.3.1. FTIR Spectral Analysis of ZnO Powder
      The presence and the interaction of chemical functional groups in the commercially purchased zinc oxide nanoparticles were analyzed using FT-IR spectrophotometer in the range of 4000 - 400 cm-1.In  the  FT-IR  spectrum  of  ZnO (Figure.9), the broad band between 3200-3600 cm-1 centered at 3421 cm-1 corresponds to the stretching vibration of chemical bond (OH)  existing  between  the  absorbable  water molecule and oxygen of zinc oxide. The peak at  1628  cm-1  corresponds  to  O-H  bending vibration and the peak at 2927.1 cm-1 shows the  C-H  stretching  and  the  peak  at  2372.76 cm-1  represents  the  stretching  vibration  of CO2.  The absorption peak at 1567.70 cm−1 indicates the presence of stretching vibration due to C=O group. The peaks at 540 to 420 cm−1 are for Zn-O [64, 65].



               



                                
                         Figure 9.IR Spectral analysis of ZnO powder
                   4.3.2. FTIR Spectral Analysis of Cu (OH) 2/ZnO Composites
         The samples were examined by FTIR analysis (Fig.10). As seen in Fig.9, the IR spectrum on Cu (OH) 2/ZnO synthesized.  The  broad  band  at  3000−3700  cm−1 is corresponds to make clear  the  existence  of  Cu(OH)2/ZnO  in  the products  and  two  peaks  centered  at  3305.5 and 3578.72  cm−1appeared,which  can  be  assigned  to  the  stretching mode  of  hydroxyl  of  prepared Cu(OH)2/ZnO  (Fig.10).  The  bands  at 3484.65  and  1639.05 cm−1correspond  to  the  stretching  and bending  modes  of  the  hydroxyls  of  adsorbed  water.  The band  at  1072cm-1  cm−1corresponds  to  the C−O  stretching  vibration  coordinating  to  metal  cations.  The band at 426cm-1 to 514cm-1 cm−1 and 426cm-1 can be assigned to Cu−O stretching mode and may prove that Cu (OH) 2 is formed [63].



                             


                    

                   
                     4.3.3. FTIR Spectral Analysis of CuO/ZnO Nanoparticles
         In figure 11 as shown below, a broad peak observed at 3406 cm-1 has been attributed to OH- group of H2O, which indicates the existence of water adsorbed on the surface of nanocrystalline powder. A narrow band has been observed at around 518cm-1 for the CuO/ZnO corresponding to the formation of Cu -Zn–O bond. The broad band in the coupled Cu-ZnO a t 667.34cm-1 is assigned to the characteristic stretching mode of Cu-O, while other absorption bands found around 1465.16cm-1 and 1570 cm-1 are mainly due C-H and C=O stretching,863.30cm-1 shows the coordination of zinc with ligands(molecules),a narrow band at 597.36cm-1 represents Cu-O stretching in CuO/ZnO nanoparticles. Most of bands of spectral peaks were agreed with other researchers work in the review part [66].

                                                         
            Figure11. IR spectral analysis of CuO/ZnO nanoparticles
       4.3.4. FTIR Spectral Analysis of ZnO, CuO and CuO/ZnO nanoparticles
      From figure12 as shown below on Cu (OH) 2/ZnO composites, the two peaks which appeared at 3305.06cm-1 and 3578.72cm-1 shows the presence of hydrated (coordinated) water and the OH- stretching which is bonded to Cu/ZnO respectively, the narrow band observed at 692 cm-1 is assigned to the characteristic stretching mode of Cu-O for Cu(OH)2/ZnO Composite and for  CuO/ZnO nanoparticles, the stretching vibration mode between 1387.40cm-1465.16cm-1 shows metal coordinated compounds due to the presence of moisture like H2O and reactiveness of the substrate. The broad band in the coupled Cu-ZnO at 667.34cm-1 is assigned to the characteristic stretching mode of Cu-O; narrow band has been observed at around 518cm-1 for the CuO/ZnO corresponding to the formation of Cu -Zn–O bond while a narrow band at 598 cm-1 represents Cu-O stretching in CuO nanoparticles. 

                              
     Figure12.IR spectral analysis of ZnO, Cu (OH) 2, CuO/ZnO nanoparticles
             4.4. Photocatalytic Activity of Measurements
         The photo-degradation of methylene blue under stimulated light was studied by measuring the decrease in the absorbance of methylene blue in the presence of synthesized CuO/ZnO photocatalyst. The photocatalytic degradation curves of methylene blue with CuO/ZnO photocatalyst decrease with increase in time of exposure, indicating a decrease in the concentration of methylene blue dye or occurring of methylene blue degradation. This is since the enhanced visible light absorption property of after coupling with CuO as shown in fig.13, which results the degradation of large number of charge carriers. The generation of the large number of charge carriers due to high intensity visible light absorption makes it more efficiency. Many literatures have been concluded that reducing the probability of charge recombination rate is one the most significant factor that determines the photocatalytic efficiency. The catalyst degradation rate was calculated using:   
 ; Where C0 and C are the initial and final concentrations of organic pollutants respectively. The CuO/ZnO nanoparticle show high percent of degradation than ZnO and offers the excellent photocatalytic performance in comparison with commercial ZnO as reported by previous reports which has degradation efficiency [68].The photocatalytic experiments reveals that the coupled CuO/ZnO significantly enhances the photocatalytic activity of ZnO photocatalyst. The high photocatalytic performance of the CuO/ZnO nanoparticle is mainly attributed to the large specific surface area, small crystal size and enhanced visible light absorption capacity due to coupling of CuO on ZnO. The deep blue color of methylene blue decreases (disappears) as the time increases. The disappearance of color of methylene blue was observed with in 60 min, which indicates CuO/ZnO nanoparticle can efficiently degrade methylene blue dye. But in case of methylene blue degradation by ZnO, the disappearance of color would not be clearly seen as compared as degradation of methylene blue by CuO/ZnO nanoparticles. The pure ZnO sample exhibits a weak ability for the degradation of methylene blue. The poor degradation ability of the pure ZnO is due to the fact that the visible light cannot provide energy to excite electrons from the valance band to the conduction band. Thus coupling wide energy band gap of zinc oxide with a narrow band gap cooper (ii) oxide enables to use solar energy effectively.
Figure.13. Photocatalytic degradation profiles of methylene blue with ZnO and with
CuO/ZnO   nanoparticles



Figure.14.Photocatalytic degradation profiles of methylene blue with ZnO (a) and
             CuO/ZnO nanoparticle (b).
4.4.1. Kinetics for photocatalytic light irradiation under CuO under degradation of methylene blue dye
     The kinetics of degradation of methylene blue under visible light irradiation on the photocatalyst surface was studied by plotting ln(CO/C) versus time(t) as shown in fig.13.which fits the pseudo first order reaction kinetics model. And the rate constant of photo-degradation was calculated with the expression given below. 
 ln(C0/C) =Kt,Where k is the rate constant (min),C0 is the initial concentration of methylene blue and C is the concentration of methylene blue at time t. From the graph we can determine the value of rate constant by taking the ratio of ln (C0/C) versus irradiation time. Thus methylene blue degradation rate constant (k) was calculated to be 5.33×10-3min-1. 


Figure.15.linear kinetics simulation curves of methylene blue using CuO/ZnO photocatalyst under light irradiation.

                            












                               
                                      CHAPTER FIVE
                             5. CONCLUSION AND RECOMMENDATION
                     5.1. Conclusion
· The photocatalytic applicability of CuO/ZnO nanoparticles visible light driven photocatalyst for degradation of methylene blue organic dye.
· The improvement of the photocatalytic efficiency for the CuO/ZnO nanoparticle can be attributed to the presence of the CuO
· The experimental results which obtained from uv/vis measurement indicate a red shift in the absorption spectra of ZnO from ultra-violet to visible region due to the coupling of Cu2O on ZnO nanoparticles.
· CuO/ZnO nanoparticles were prepared from Cu (NO3)2.3H2O and NaOH as cationic and anionic precursors respectively by successive ionic layer adsorption and reaction (SILAR) method.
· The results which are obtained through XRD and IR measurements agreed with different experimental results of other researchers. This indicates that CuO/ZnO nanoparticles were synthesized successfully by successive ionic layer adsorption and reaction method.
                                  5.2. Recommendation  
    From the experiment pure form of copper (ii) oxide/ZnO nanocomposite was successfully synthesized through successive ionic layer adsorption and reaction method since the experimental results were obtained by XRD, uv/vis-spectrometer and IR analysis agreed with other experimental results.But other high sensitive devices such as scanning electron microscope (SEM) should be needed to increase its reliability.          
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