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Abstract— Cobalt doped zinc oxide was prepared by sol gel method using 0.7M Zinc acetate and 0.3M cobalt nitrate as that 
precursors. I had investigated the properties of cobalt doped Zinc oxide (ZnO) nano particles. The Raman spectrum was studied in 
range 100-2500 cm-1 using 518 nm laser and the structural characteristics of the prepared nano particles were studied by X-Ray 
Diffraction measurements. 
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1. INTRODUCTION 

In the past years, ZnO has been an interesting topic of research among scientific community because of its various new 
applications, such as in UV electronics, optoelectronics, spintronics, sensor applications and nanotechnology. Many reviews on 
optical [1] and electrical properties [2] like absorption spectra, N-type conductivity and electroluminescence decay parameter 
had been done. Using excitonic emission of ZnO the study of excitonic molecule in semiconductors has been done [3]. The ZnO 
phonon energies is the result of Raman effect study done by Damen and Porto [4].  

ZnO is the formula for the inorganic compound Zinc oxide. It is an II-VI compound semiconductor and its ionicity lies at the 
borderline between the ionic and covalent semiconductors. The ZnO Crystal Structures are Wurtzite, Rocksalt and Zinc Blende. 
Under common conditions, the thermodynamically stable phase is that of wurtzite symmetry.  The structure of Wurtzite has a 
hexagonal unit cell containing two lattice parameters a and c with the ratio of c∕a =√(8/3)=1.633. There are two interpenetrating 
hexagonal close packed (hcp) sub-lattices in its structure, each of which comprises of same type of atom displaced with respect 
to each other along the threefold c-axis by the amount of u=3/8=0.375 in fractional coordinates. The length of bond parallel to 
the c-axis divided by the c lattice parameter is known as internal parameter [5]. 

 The doping with Co has been productive way of attaining p-type conductivity in ZnO. In ZnO doped with Co nano particles, 
the impurity of Co2+leads to enhanced magnetization values because Co2+ in the 1/2filled 3d shell has five spins, which 
otherwise gives a utmost dipole moment value of 3 μB/Co ion [6]. 

Adding of magnetic ions (Co) in these oxides also leads spatial disorder because of their random substitution in the parent 
lattice. Based on the degree of random disorder, to a certain level it leads to lattice distortions in the parent environment, 
thereby disturbing the electronic configuration and influencing the interaction within the localized spins. The extent of this 
distortion is based on the mismatch of the size of dopant and electronic structure. The ionic radius of Co2+=0.58 Å compared to 
the host atoms ionic radius of Zn2+=0.6 Å. One of the direct outcome of lattice distortion is the alteration of the lattice vibration 
modes which can be studied with Raman spectroscopy.[7] 

2. EXPERIMENTAL METHOD 

The ZnO doped with Co nano particles were prepared with sol-gel method. Two solutions were prepared 
individually for the synthesis of cobalt doped zinc oxide nano particles, 0.7M Zinc acetate (CH3COO)2Zn.2H2O) in 
distilled water and 0.3M cobalt nitrate (Co(NO3)2.6H20) in distilled water. The both of zinc acetate and cobalt 
acetate solutions were mixed under continuous stirring for half an hour with the help of magnetic stirrer. Afterward, 
20 ml ethanol and 5 ml diethanolamine was mixed for the initiation of hydrolysis. Sol initially was milky but after 
stirring for 5 hours at 80o C, it turns less milky. Convert the residue after stirring to petri dish and heat for about 10 
minutes. Then put the sample in oven at 200o C for 12 hours. Take the sample out of oven and make it into 
powdered form. Then finally annealing of the sample is done using furnace at 500o C for 12 hours. The cobalt doped 
zinc oxide nano particles are prepared. 

 

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 6, June 2019 190

ISSN NO: 0972-1347

http://ijics.com



3. RESULTS 

3.1. X-Ray Diffraction 

The structural characteristics of the prepared nano particles were studied by X-Ray Diffraction measurements in the 2Ɵ range 
20o-80o by using Cu-Kα radiations (λ=1.54060 Ao) 

 

Figure 1. XRD graph of Co doped ZnO nano particles 

Diffraction spectra showed peaks at (100), (002), (101), (102), (110), (103) and (201) have close similarity to wurtzite structure 

ZnO for 2Ɵ values of 31.87o, 34.55o, 36.38o, 47.67o, 56.73o, 62.96o and 68.05o  resp, matching JCPDS card no. 80-0075. The 

other diffraction peaks are at (511) and (440) thatare similar to that of cubic ZnCoO at 2Ɵ values of 59.20o, 65.29o, respectively, 

matching JCPDS card no.81-2296. 

Crystallite size of ZnO doped with Co nano particles was evaluated using Scherrer formula. 

T  =  
 Ɵ

 

Where, T – Represents crystallite size 

β is the broadening of diffraction line at the half of its maximum intensity in radians and is 0.52089 

Ɵ is the angle of diffraction and is 18.19572 

k is constant having value 0.9 

Thus, the size of nano particles calculated is T= 19.21 nm 
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3.2. Raman Spectroscopy 

The Raman spectrum of cobalt doped zinc oxide in range 100-2500 cm-1 using 518 nm laser is shown below. 

 

Figure 2. Raman spectra of Co doped ZnO nano particles 

A huge number of eminent bands located at 184, 472, 513, 609, 686, 1108 cm-1 represent the well-known E2L, E2H, E1L. The 

mode near about 472 cm-1 can be earmark to the high frequency branch of E2H mode, which includes the oxygen motion and is a 

property of wurtzite structures. Near about 513 cm−1 there is exceptional vibration which can be given to the local vibration 

mode interconnected to Co with the donor defects. 

4. CONCLUSION 

Zn0.7Co0.3O nano particles were effectively prepared with help of sol gel method. The XRD analysis lead to identification of 

hexagonal (wurtzite) structure and established that Co2+ ions were incorporated into the lattice site of Zn2+ ions in the ZnO. The 

vibrational bands come in Raman studies show the presence of cobalt in the prepared sample of zinc oxide. 
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