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  Abstract 
In this paper, Zinc oxide nanoparticles are synthesized by simple wet chemical precipitation method. Zinc nitrate and sodium 

hydroxide are used as the starting materials.Zinc oxide nanoparticles are formed at a very low temperature of the order of  80
0
C. 

Nickel doped zinc oxide nanoparticles are synthesized in two steps. In first step precipitate is obtained by reduction of mixture of 

zinc nitrate, ferric nitrate and starch by sodium hydroxide solution while in second step the given precipitate is thermally 

decomposed at high temperature of the order of 400
0
C. The crystallinity of the synthesized nanoparticles is then confirmed by X 

ray diffraction spectroscopy (XRD).The elemental composition of the powder is detected by Energy Dispersive X ray spectroscopy 

(EDAX). The morphology of the powder is investigated by Scanning Electron Microscopy (SEM). Magnetic characterization of 

nickel doped zinc oxide nanoparticles is done by Squid Magnetometer. Low temperature magnetization behavior revealed 

ferromagnetic behavior of sample. 
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1. INTRODUCTION 

Zinc Oxide (ZnO) is a unique material with a direct band 

gap (3.37eV) and large exciton binding energy of 60 MeV. 

Because of its exceptional optical and electrical properties, 

zinc oxide has been extensively used in many technological 

applications such as thin film transistors [1], gas sensors [2], 

transparent conductor [3], Bio medical [4] and piezoelectric 

application [5].Various methods have been employed by 

researchers for synthesis of ZnO nano structured materials 

like nonionic polymer assisted thermolysis [6], conventional 

solid state reaction [7], sol-gel method [8], electron beam 

deposition [9], an electro chemical route [10], chemical co-

precipitation method [11] etc. Among these methods, 

chemical co-precipitation method is the best one, because it 

is simple, less expensive and has high yield rate. 

 

 II–VI semiconductor materials at nanometer scale plays key 

role in various applications due to their great potential. ZnO 

is an important II–VI semiconductor having room-

temperature (RT) ferromagnetism (FM) when doped with 

transition metals (TM) [12,13,14,15]. This makes ZnO one 

of the most promising materials for potential applications in 

spintronics and as diluted magnetic semiconductor (DMS) 

material. The aim of this study is the enhancement of 

magnetic properties of the ZnO nanoparticles by doping. 

The main challenge for this kind of materials is to attain 

their magnetic characterization  at room temperature in 

order to be useful for technological applications. In the 

present study, the room temperature ferromagnetic nano 

particles are synthesized by chemical co-precipitation 

method. Structural, morphological and magnetic properties 

of the synthesized samples are investigated.  

 

2. EXPERIMENTAL  

Zinc oxide nanoparticles are synthesized by precipitation 

method [11]. For the synthesis of nickel doped zinc oxide 

nanoparticles,14.87 gm of zinc nitrate and 0.1 gm of starch 

is dissolved in 100 ml of distilled water. This solution is 

heated till the temperature reaches 60
0
C. Add 1 M of sodium 

hydroxide solution to above solution drop by drop with 

continuous stirring by magnetic stirring. Prepare another 

solution of 2.908 gm of nickel nitrate and 0.1gm of starch in 

100ml of distilled water. Add this solution to above solution 

and stir for two hours using magnetic stirrer. Keep the 

solution overnight. Precipitate is formed. Oven dry the 

precipitate at 100
0
C. Powder is formed. Keep this powder in 

Muffel furnace for 6hrs at 400
0
C. Nickel doped zinc oxide 

nanoparticles are formed. 

 

3. RESULTS AND DISCUSSIONS 

3.1 X Ray Diffraction Spectroscopy 

The X-ray diffraction (XRD) patterns of the powdered 

samples were recorded using an Xpert PRO diffractometer 

with CuKα radiation at room temperature. The crystallite 

size was estimated using the Scherrer equation from the full 

width at half maximum of the major XRD peak. 
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Fig 1 and 2: X ray diffraction patterns of Zinc oxide and 

nickel doped zinc oxide nanoparticles 

The crystalline structure was analyzed by X-ray diffraction 

(XRD) using CuKα radiation (1.5405 Å) diffractometer 

operating at 40 kV, 30 mA for angles between 2θ=10
0
 and 

80° in 0.02° steps. The sharp and intense peaks indicate that 

the samples are highly crystalline. The XRD peaks for 

(100), (002), (101), (102), (110), (103) and (112) planes 

indicates the formation of phase pure wurtzite structure of 

ZnO.  

 

Lattice constants ‘a’ and ‘c’ are calculated from the XRD 

data and shown in Table 1. It shows good agreement with 

the standard value (a=b=3.249Å, c=5.206Å) [JCPDS-36-

1451]. 

 

No additional peaks corresponding to the secondary phases 

of nickel oxide were obtained. We can conclude that the 

wurtzite structure of ZnO is not changed by the Ni 

substitution and that Ni
2+

 occupies the Zn
2+

 site into the 

crystal lattice.Table 1 shows that the lattice constants of 

Zn1-xNixO (x =0.055) are slightly smaller than those of 

pure ZnO, because of the difference between the ionic 

radius of the elements [r(Zn
2+

) = 0.60Ǻ and r(Ni
2+

) = 

0.55Ǻ]. 

 

3.2 Energy Dispersive X ray Spectroscopy 

The energy dispersive X-ray analysis of Pure Zinc oxide 

nanoparticles and Nickel doped Zinc Oxide nanoparticles 

are shown in the Figs 3 and 4. It is evident from the X-ray 

patterns that all the dopants are found in the respective 

spectrum. In addition to that interestingly it is observed 

there are no foreign materials present in the spectrum. It is 

an added confirmation for the purity of the samples. 

Quantitative analysis of all the samples is put down in the 

tables 2.. Also in the table it is seen that no impurities are 

found out. 

 

Table -1: Lattice parameters of Pure ZnO and Nickel doped 

ZnO nanoparticles 

Lattice constant Pure Zinc Oxide Nickel doped 

zinc oxide 

a(A
0
) 3.250 3.248 

c(A
0
) 5.209 5.208 

 

 

 
Fig 3 and 4: EDAX spectrum of Pure and Nickel doped 

ZnO nanoparticles 

 

Table 2: Elemental Compositionof doped and undoped 

Zinc oxide nanoparticles 

Spectrum Zn O Ni 

ZnO 67.96 31.84 ------ 

Nickel doped ZnO 36.57 60.88 2.56 

 

3.3 Scanning Electron Microscopy 

SEM images shows that the zinc oxide nanoparticles have 

flower like structures while nickel doped zinc oxide 

nanoparticles are spherical in nature.The zinc oxide flower 

like structures have 20 nm diameter and 200 nm length 

while the synthesized nickel doped ZnO NPs are having 50 

nm size.These sizes match with that of calculated by Debye 

Scherrer formula. 
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Fig 5 and 6: SEM images of Pure ZnO and Nickel doped 

ZnO NPs 

3.4 Ferromagnetism In Nickel Doped Zinc Oxide 

Nanoparticles 

 

 
Fig 7: BH loop of nickel doped ZnO Nps 

The magnetic characterization is done on Squid 

magnetometer. The BH loop study shows that the sample 

shows ferromagnetic behaviour. The saturation 

magnetization is found to be of the order of 0.37 emu/gm. 

3. CONCLUSIONS 

The ferromagnetism is observed due to the presence of 

defect related mechanism such as oxygen vacancies.The 

Nickel doping induces ferromagnetic behaviour in the Zinc 

oxide nanoparticles. The Ni doped ZnO nanoparticles of the 

present work having low magnetization could form the 

diluted magnetic semiconductors for spintronic applications. 
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