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Abstract 
In the present work Pure and Cobalt (Co) doped Zinc Oxide (ZnO) Nanoparticles were synthesized 
by Sol-gel method. The effect of Co doping on structural and optical properties of Nanoparticles 
were investigated using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and Fourier 
Transform Infrared (FTIR) spectroscopic characterization techniques. The XRD spectrum revealed 
the formation of Wurtzite structure of ZnO. The structural properties of nanoparticles including 
particle size and lattice strain were calculated from XRD data. SEM shows the morphology of Na-
noparticles. The presence of functional groups was analyzed from FTIR spectra. The properties of 
Cobalt doped zinc oxide nanoparticles prepared through simple cost effective, Sol-gel method can 
be used in optoelectronics and thermally stable devices. 
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1. Introduction 
In the recent years, researchers have been looking intensively at the use of nanomaterials due to their outstand-
ing chemical and physical properties compared to bulk materials. Nanoparticles can contribute to stronger, ligh-
ter, cleaner and smarter surfaces and systems [1]. Today nano-structured materials have already been used in the 
manufacture of scratch proof eyeglasses, crack-resistant paints and anti-graffiti coatings for walls, transparent 
sunscreens, stain-repellent fabrics, self-cleaning windows and ceramic coatings for solar cells [2].  
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The development of innovative materials is the essential part of research [3]. Zinc oxide is an inorganic com-
pound which has its own importance due to wide range of applications e.g., gas sensor, chemical sensor, bio- 
sensor, cosmetics, storage, optical and electrical devices, window materials for displays, solar cells, and drug- 
delivery [4]. ZnO is an attractive material for short-wavelength optoelectronic applications owing to its wide 
band gap 3.37 eV, large bond strength, and large exciton binding energy (60 meV) at room temperature and the 
missing absorbance of visible light makes this material one of the best transition metal oxide nanoparicles so far 
[5]. By using ZnO nanoparticles, it is possible to tune the optical and electrical properties in a wide range [6]. As 
a wide band gap material, ZnO is used in solid state blue to ultraviolet (UV) opto-electronics, including laser 
developments [7]. In addition, due to its non-centrosymmetric crystallographic phase, ZnO shows the piezoelec-
tric property, which is highly useful for the fabrication of devices such as electromagnetic coupled sensors and 
actuators [8].  

The structural, morphological and optical properties of ZnO nanoparticles are investigated regarding doping 
[9]. The intensity behind doping is to modify the properties of nanoparticles. Further, to enhance the magnetiza-
tion and their utilization in DMS and spintronics, doping of transition metal ions such as Ni, Co, Mn, and Ni are 
carried out by the researchers [10]. A number of studies have reported on Co doped ZnO nanoparticles [11]. Ta-
laat 2013 synthesized Co doped ZnO nanoparticles with an average size of 5 - 11 nm using Sol gel method. H. J. 
Sugahara in his studies reported an increase in photo luminescence properties by Co doping. Shalendra Kumar 
reported room temperature ferromagnetism of Co doped ZnO. Talaat M. reported the increase in the band gap by 
Co doping. From theoretical and experimental point of view the transition metal ions doped-ZnO nanoparticles 
still continue to be an open topic [12]. 

In this work we report an investigation on structural and optical properties of ZnO particles doped with Cobalt 
ions [13]. The advantages of using sol-gel processing instead of high temperature processing methods are: low 
synthesis temperature, high purity, novel materials, and low capital costs [14]. The effect of cobalt incorporation 
on structural and optical properties was investigated using X-ray diffraction (XRD), Scanning electron micro-
scopy (SEM) and Fourier transform infrared spectroscopy (FTIR) techniques [15]. 

2. Experimental Procedure 
2.1. Chemicals Required  
Zinc Acetate (ZnCl2), Potassium Hydroxide (KOH), Cobalt Acetate (Co (C2H3O2)2) and Ethanol (C2H6O) were 
purchased and used without any purification. The chemicals used are of analytical grade purity. 

2.2. Apparatus Required  
Magnetic stirrer (REMI, 1, MLH), Glass jars, Centrifuge Mission (REMI), Micro oven (VSE 230 A/C) and High 
Precision Balance (INFRA). 

2.3. Procedure for Synthesis of Pure and Cobalt Doped ZnO Nanoparticles 
To synthesize Pure ZnO Nanoparticles, Aqueous Ethanol solution of 0.5 M Zinc Acetate was kept under con-
stant stiring using magnetic stirrer to dissolve completely Zinc Acetate for one hour and 0.5 M aqueous ethanol 
solution of Potassium Hydroxide 0.5 M was also prepared in the same way with stirring of one hour. After com-
plete dissolution of Zinc acetate, aqueous ethanol solution of potassium hydroxide was added under high speed 
constant stirring drop by drop (slowly for 45 min) touching the walls of the vessel. The reaction was allowed to 
continue for 2 hours after the completion of reaction the solution sealed and settled over night. Further the su-
pernatant solution separated carefully. The remaining solution centrifuged and precipitate removed. Thus, preci-
pitated ZnO NPs cleaned three times with demonized water and ethanol to remove the byproducts which were 
bound with the nanoparticles. The solution then dried in an oven at about 60˚C. After drying Zn(OH)2 is com-
pletely converted to into ZnO [16]. 

For the synthesis of Co-doped ZnO nanopowder 0.5 M concentration of cobalt acetate was added into the zinc 
solution before potassium hydroxide KOH solution and the same process repeated to obtain the Co doped ZnO 
nanoparticles. The samples were further characterized to analyze the effect of cobalt doping on properties nano-
paricles. 
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3. Characterization 
3.1. X-Ray Diffraction (XRD) 
X-ray diffraction is now a common technique for the study of crystal structures and atomic spacing. The patterns 
for the ZnO nanoparticles were recorded using an X-ray diffractometer (PANLYTICAL) using secondary mo-
nochromatic CuKα radiation of wavelength λ = 0.1541 nm at 40 Kv/50 mA in the scan range 2θ = 20˚ to 90˚. 
Samples were supported on a glass slide. 

3.2. Scanning Electron Microscopy (SEM) 
Morphology of the samples was investigated using scanning electron microscope (SEM with EDXA, Sirion) 
which also has been used for compositional analysis of the prepared ZnO nanoparticles. A drop of nanoparticles 
dissolved in methanol was placed on a copper grid. 

3.3. Fourier Transform Infrared (FTIR) Spectroscopy 
The optical characterization of nanopowder is performed using Fourier Transform Infrared spectroscopy (FT- 
IR). The presence of certain functional groups in a molecule can be obtained from FTIR spectra. 

4. Results and Discussions 
4.1. X-Ray Diffraction (XRD) 
Figure 1 and Figure 2 represents XRD pattern of pure and Co doped ZnO Nanopowders. A definite line broa-
dening of the XRD peaks indicate the synthesized material consists of particles in nanoscale range. The Diffrac-
tion analysis provides detailed information on the structural properties like peak intensity, peak position and full 
width half maximum (FWHM) data. XRD pattern of Pure ZnO nanoparticles consist of diffraction peaks for 2θ 
= 31.92˚, 34.54˚, 36.398˚, 47.59˚, 56.59˚ and 68.87˚ respectively. XRD pattern of Co doped ZnO Nanoparticles 
consists of diffraction peaks for 2θ = 18.44˚, 19.15˚, 23.73˚, 23.723˚, 24.07˚, 25.19˚, 27.09˚, 28.7˚, 29.52˚, 
32.526˚, 33.04˚, 33.945˚, 34.62˚, 38.45˚, 41.31˚, 41.942˚, 43.76˚, 47.76˚, 48.49˚, 49.78˚, 58.34˚, 68.00˚ and 
69.47˚ respectively. The peaks clearly indexed the formation of Hexagonal wurtzite structure from JCPDS 
powder diffraction card file [17]. 

The crystallite size D is calculated using Scherer’s formula 
 

 
Figure 1. XRD spectrum of pure ZnO nanoparticles. 
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Figure 2. XRD spectrum of cobalt doped ZnO nanoparticles. 

 

cosD kλ β θ=  

The Lattice strain induced in particles calculated using formula  

1 4Tanhkε β θ=  

where D is the Average crystalline size, λ represents wavelength of incident beam (1.5406 Å), β is the FWHM 
(Full Width Half Maxima) of the diffraction peak corresponding to <101>, k is the shape factor (it was set to 0.9 
in our work), Ɛ is the lattice strain induced in nanoparticles and θ represents scattering angle of reflection. 

The average crystalline size calculated from full width half maximum of high intense peak <101> is found to 
be 10.34 nm for pure ZnO nanoparticles and 23.58 nm for Co doped ZnO Particles and corresponding lattice 
strain in the nanoparticles is found to be 0.0221 in the case of undoped ZnO and 0.0071 in the case of doped 
ZnO Nanoparticles. From spectrum it was clear that significant increase in the crystalline size is observed by 
doping with cobalt. This show snanoparticles possess good crystallinity. The reduction in the lattice strain ex-
plains the grain can grew much easier due to the incorporation of Co dopant. 

4.2. Scanning Electron Microscopy (SEM) 
SEM has opened doors in fields ranging from chemistry to engineering, allowing scientists to access new, useful 
information about microscopic processes with macroscopic implications. Figure 3 and Figure 4 represent SEM 
micrographs of Pure and Cobalt doped ZnO Nanoparticles observed at different magnifications. From micro-
graphs, it is clear that the cauliflower like ZnO comprising of nanoclusters observed on the surface of the ZnO 
Nanoparticles and almost spherical shape morphology in doped ZnO. The morphological observation of SEM 
results indicates particles with less aggregation can be obtained from this method [18]. 

4.3. Fourier Transform Infrared Spectroscopy (FTIR) 
Infrared spectroscopy is an important technique in organic chemistry. FTIR is one of the most widely used tools 
for the detection of functional groups in pure compounds and mixtures for compound comparison Formation of 
pure and doped ZnO. Thespectra was recorded in the range 1000 - 3500 cm−1 as shown in Figure 5 and Figure 
6. From spectra one can observe the shift in the vibration frequencies of ZnO Nanoparticles corresponding to 
3443.46 cm−1, 1632.66 cm−1, 1362.17 cm−1 due to the incorporation of Cobalt ions in to the ZnO Wurtzite struc-
ture. The spectrum shows broad absorption peak between 3600 - 3200 Cm−1 due to the O-H stretching vibration 
of Water molecule. The absorption peak around 1632 cm−1 corresponds to C-H stretching vibration and  
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Figure3. SEM Micrographs Pure ZnO Nanoparticles. 

 

 
Figure 4. SEM Micrographs Co Doped ZnO Nanoparticles. 

 
around 1300 cm−1 corresponds to C-O symmetric stretching vibration. From spectra the main absorption be-
tween 600 cm−1 - 1000 cm−1 corresponding to the stretching mode of Zn-O in pure ZnO and characteristic ab-
sorption band due to the influence of Co is observed between 600 - 1000−1 in the spectra of doped ZnO Nano-
particles. These results further confirm the formation of Wurtzite structure in nanoparticles synthesized at room 
temperature. 

5. Conclusion 
In the present study Pure and Cobalt doped ZnO nanoparticles were synthesized via Sol Gel route and further 
analyzed through X-ray diffraction, scanning electron microscopy, Fourier transform infrared spectroscopyto 
analyzing the influence of Co doping on structural and optical properties of ZnO Nanoparticles. The XRD 
spectrum demonstrates that nanoparticles have the hexagonal wurtzite structure. The crystalline sizes of 10.34 
nm and 23.58 nm are obtained from pure and Co doped ZnO. SEM images showed the formation of Cauli 
flower like ZnO composed of nanoclusters in the case of pure ZnO and almost spherical images due to the 
influence of Co doping. The vibration frequencies in the FTIR spectra further confirm the formation of wurtzite  
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Figure 5. FTIR Spectrum of Pure ZnO Nanoparticles. 

 

 
Figure6. FTIR Spectrum of Co Doped ZnO Nanoparticles. 
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structure in ZnO. Thus, the current doping method can be considered as another effective technique to modulate 
the properties of ZnO nanoparticles. The Co doped ZnO Nanoparticles synthesized by simple cost. Solgel route 
can be considered as an effective method to modify the properties of ZnO nanoparticles. The particles can be 
further utililized in the optoelcetonics and thermally stable devices. 
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