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ABSTRACT 
Undoped and Zn doped nickel oxide [NiO] nanoparticles has been synthesized in the presence of air 

environment by chemical precipitation method .The prepared nanopowders were characterized by various 

analytical techniques such as x-ray diffraction, UV-Vis spectrometer, high resolution scanning electron microscope 

(HR-SEM) and vibrating sample magnetometer (VSM). The average crystalline size of the nanopowder is 8.35 nm 

and 6.56 nm, which are having a face centered cubic structure. The energy gap has been calculated by Tauc’s 

relation and it is to be 3.52 eV and 3.78 eV for the undoped and Zn doped NiO nanoparticles, respectively. The 

HRSEM image depicts that all particles are uniform in size and they are in severe agglomeration. Magnetic analysis 

shows that both NiO and Zn doped NiO nanoparticles are ferromagnetic. 
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1. INTRODUCTION  

   Nanostructured metal oxide materials receiving much focuses in the recent years due to their excellent 

optical and magnetic properties. Particularly, NiO is an attractive semitransparent and p-type semiconducting 

material with wide band gap energy of 3.6 eV to 4 eV.  It is an environment friendly material for wide range of 

applications such as smart windows, gas sensors, nano scale optoelectronic devices, anti-ferromagnetic material, 

chemical sensors, dye synthesized solar cells, drug delivery system and magnetic resonance imaging system. The 

transition metal doped magnetic material performs on important role of materials development. The fundamental 

physical properties of magnetic nanoparticles are comparatively superior to its bulk form when the size of the 

particle is below its critical size and the magnetic nanoparticles act as a single domain. Recently, NiO nanoparticles 

have been extensively studied for its outstanding optical and magnetic properties. Bulk NiO shows anti 

ferromagnetic property below its Neel temperature 523K.The anti-ferro magnetic properties of NiO are modified 

by decreasing the particles size and the NiO becomes a superparamagnetic material as the particle size approaches 

to 10 nm. Owing to above said reasons, we are interested in synthesizing and studying the structural, optical and 

magnetic properties of Zn doped NiO nanoparticles. Literature survey shows that only very few reports are 

available on Zn doped NiO nanoparticles. Therefore, we believe that this article will be helpful for the researchers 

working in NiO nanostructures. The basic property of nanoparticles i.e., their crystal structure, particle size, 

distribution and morphology is nearly related to the preparation techniques. Various synthesis methods have been 

developed to prepare nanoparticles.  

For example, sol-gel method, solvothermal method, electrochemical routes, hydrothermal reaction and 

chemical precipitation method are the most common method of preparing the nanoparticles. Here, we have chosen, 

the chemical precipitation method for the present study. Compared to other method this is very simplest method, 

low cost, easy to prepare the nano particles with low temperatures, easy to procedure the particle and to control the 

particle size. The synthesized samples were characterized by X-ray diffraction (XRD), UV –visible spectrometer, 

High resolution scanning electron microscope (HR-SEM) and Vibrating sample magnetometer (VSM). From 

structural analysis, we found that the particle size is varying from 8.35 nm to 6.56 nm. HRSEM study shows that 

the particles are highly agglomerated. The UV –Visible spectrum shows the absorption peak at 388 nm, and energy 

gap was calculated by Tauc’s relation. It was found that energy gap increasing when decreasing the particle size. 

2. EXPERIMENTAL    

                   The undoped and Zn doped NiO were prepared by chemical precipitation method by room temperature. 

High purity of nickel acetate, zinc acetate and NaOH were used as precursors. Polyethylene glycol is used as a 

solvent. Nickel  acetate  and  sodium hydroxide were weighted and dissolved water and the processes was 

accompanied by magnetic stirring for few hours .The final product  was washed several times with deionized  water  

and ethanol in order to remove any possible ionic compounds. It was dried with air atmosphere and sunlight 

.Similarly, Zn doped NiO nanoparticles were also prepared by the same procedure using zinc acetate as the dopant. 

High purity samples were obtained from the above synthesized method. 

3. RESULT AND DISCUSSION  

3.1. X-ray Diffraction Analysis: Figure 1(a). Shows the XRD patterns of undoped NiO. The strong and sharp 

emission peaks at 2θ = 33.19º, 37.40º, 51.80º and 62.74º corresponding to (111), (222), (200), and (220) crystal 

planes, respectively. It indicates the cubic structure of the prepared samples, which similar to that of the previous 

work. Fig 1.(b) shows an additional peak at 2θ = 56.73º corresponding to (110) plane of the hexagonal Zn crystalline 
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plane (JCPDS CARD 36-1451). The existence of new peak confirms the presence of Zn in the NiO sample. Further 

it confirmed that the Zn is doped in NiO structure without disturbing the parent structure of the NiO.  The average 

crystallite size can be calculated by Scherrer’s formula  

                                                                    D = 0.9𝜆

𝛽𝐶𝑂𝑆𝛳
 

 Where  D  is the mean grain size, λ is the X-ray wavelength (for  CuKα  radiation, λ = 1.54  nm),  θ  is the  

diffraction angle  and  β  is  the  full  width  at  half  maximum  of  the diffraction peak at 2θ. The particle size of 

prepared NiO and Zn doped NiO is 8.35 nm and 6.56 nm, respectively. XRD analysis also confirmed that the 

particle size of NiO is reduced by Zn doping.  

3.2. UV –Visible Analysis: The UV-visible absorption spectrum of synthesized powders is shown in Figure 2.The 

strong absorption has been detected at 388 nm, which corresponds the violet emission. The optical band gap (Eg) 

of the powders has been determined from the following Tauc’s equation. (αhν) 2  =  A(hν – E g ) 

                Where A is a constant, and hν is the photon energy, α is the absorption coefficient respectively can be 

calculated from the absorption spectra. The calculated energy gap value for undoped NiO is 3.52 eV and Zn doped 

NiO nanoparticles is 3.78 eV. Here increasing the band gap energy the particle is decreasing. Energy gap value is 

less than that of bulk NiO. This confirms the quantum confinement effect. 

3.3 Morphology Analysis: The morphology of the NiO and Zn doped NiO nanopowders was examined by high 

resolution scanning electron microscopy and is shown in Fig 4. From fig 4(a) is clearly observed that the particles 

are uniform in size and the size of the particle is ~ 8.35 nm, and the image further shows that the particles are 

agglomeration. Fig 4(b) illustrates that the surface of Zn doped NiO particles are appears less homogeneous due to 

smaller particles than the undoped material.  

3.4. Magnetic properties: Figure.5.shows the magnetic hysteresis curve record at room temperature for undoped 

and Zn doped NiO nanoparticles. The observed magnetic saturation (Ms), retentivity (Mr) and coercive field of the 

undoped  NiO samples  were found to be 10.883 х10-3 emu, 317.81х10-6 G  and 400.75  Oe , respectively and for 

Zn doped NiO sample they are found to be 14.488х10-3
 emu, 405.08х10-6 G and 402.84 Oe,  respectively.  The 

VSM analysis infers that the Zn dopant increases all the three parameters of saturation magnetization, co-ercivity 

and retentivity, therefore, we conclude that inclusion of Zn dopant increases the magnetic property of the NiO 

nanoparticles. 

                   
       Figure.1.XRD spectra of  (a) Undoped NiO     Fig.2.UV – Vis absorption of   (a) Undoped  NiO 

                     (b) Zn doped NiO nanoparticles                      (b) Zn doped NiO nanoparticles  

 

                      
                               Fig.3.Energy gap  of  (a) undoped NiO  (b) Zn doped NiO nanoparaticles 
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Fig.4.HRSEM images of ( a) Undoped NiO  ( b) Zn doped NiO nanoparticles 

 

     

 

 

 

 

 

 

 

                          Fig .5 (a)  Undoped  NiO nanoparticles          Fig. 5(b)  Zn doped NiO nanoparticles 

4. CONCLUSION 

               In conclusion, NiO and Zn doped NiO nanoparticles were successfully synthesized by chemical 

precipitation method at room temperature. The results reveals that NiO and Zn doped NiO nanoparticles have FCC 

structure and the average particle size is decreases when the Zn concentration increases. HRSEM analysis 

confirmed the particles are in nanometer size with severe agglomeration. Magnetic measurements of the prepared 

samples confirms that NiO/NiZnO are ferromagnetic at room temperature. There, based on the data presented here, 

we conclude that the NiO and NiZnO nanoparticles are suitable for the construction of violet emission opto-

electronic devices and is useful for the magnetic storage devices. 
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