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Abstract: The pure and Co doped ZnO nanoparticles were synthesized by chemical precipitation method at room temperature. 
The pure and Co doped ZnO nanoparticles have been characterized by X-ray powder diffraction (XRD), Scanning Electron 
Microscopy (SEM), ultraviolet visible and photoluminescence (PL) spectroscopy, Fourier transform infrared spectroscopy 
(FTIR). The XRD influence of on crystallite size.  The effect of Zn doping with shifting of the bands were observed by UV–Vis 
spectroscopy and also their optical band gap were determined. The emission spectra and energy band diagram of the pure and 
Co doped samples were derived from PL spectroscopy. The structural bond vibrations of pure and Co doped ZnO nanoparticles 
were analyzed by FTIR spectroscopy.  
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I. INTRODUCTION 
Zinc oxide having interesting physical and chemical properties, together with its cost-effective manufacturing process and 
abundance in nature, is a promising material for different applications, which has been intensively studied in past decades. The 
interest in ZnO is fueled and motivated by its excellent properties such as wide direct band gap (Eg ~3.36 eV at 300 K), high exciton 
binding energy (60 meV), good piezoelectric characteristics, chemical stability, and biocompatibility which make it a good 
candidate for diverse application including light-emitting diodes, laser diodes, solar cells, optoelectronic switches, surface acoustic 
wave devices, hydrogen-storage devices, transparent electrodes, transparent thin-film transistors and sensors [1-4]. 
These properties makes ZnO attractive in places where high hygiene it´s necessary [5]. Therefore, several methods were used to 
prepare ZnO nanoparticles such as: radio frequency (RF) sputtering process [6], CVD methods [7], pulsed laser deposition [8], spray 
pyrolisis [9], atomic layer deposition [10], chemical bath deposition [11] or electrodeposition [12]. In sol–gel technique, needs 
expensive precursors such as alkoxide or organometallic compounds. Forced hydrolysis and hydrothermal synthesis require higher 
temperatures, pressures and longer reaction time. Microemulsion technique is an important method to preparing large sized 
monodispersed  ZnO  nanocrystallites. Among all of these methods, the precipitation technique is an easy way to synthesis the 
nanoparticles, because of its simple procedure, cheap precursors and easy scalable.  
In the present work, pure and Co-doped ZnO nanoparticles were synthesized using precipitation method. The crystalline phase and 
structure of pure and Co doped ZnO nanoparticles are identified using XRD. The morphology and size of the samples were 
characterized using Scanning Electron Microscopy (SEM). The optical properties of the nanoparticles were analyzed using, UV–
Visible, photoluminescence spectroscopy.  
 

II. EXPERIMENTAL SECTION 
A. Materials 
Zinc Oxide (Zn (NO3)2. 6H2O), sodium hydroxide (NaOH), obtained from Nice chemical company. Pvt. Ltd., All the glass wares 
used in this experimental work were acid washed. The chemical reagents used were analytical reagent grade without further 
purification. Ultrapure water was used for all dilution and sample preparation. All the chemicals are above 99% purity 

B. Methods 
In an air atmosphere, Co doped ZnO nanoparticles were synthesized using deionized water. In this experiment, 2.5 g (0.2 M) of ZnO 
in 50 ml aqueous and Co with different concentrations (0.01–0.03 M. %) were poured into the solution. At room temperature, the 
mixture was stirred magnetically until a homogeneous solution was obtained. Then, l g of 25 ml NaOH was added drop by drop to 
the above mixture. Precipitate appeared after NaOH injection. The obtained transparent dispersions are purified by dialysis against 
de-ionized water and ethanol for several times to remove impurities and the products were dried in a hot air oven at 130 ᵒC. The pure 
ZnO nanoparticles were also synthesized using the same procedure without using doping agent. 
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C. Characterization Techniques 
The optical absorption spectra of the samples were recorded by UV-1650 PC SHIMADZU spectrometer. Using X pert PRO 
diffractometer with a Cu Ka radiation (Ka = 1.5406 Å) the X-ray diffraction (XRD) patterns of the powdered samples were 
recorded. During the recording of the diffractogram, a narrow slit of 0.1 mm was used with a scanning speed of 0.02/s. The size and 
morphology of the nanoparticles were analyzed using Scanning Electron Microscopy (SEM; JEOL-JSM-5610 LV). Fluorescence 
measurements were performed on a RF-5301 PC spectrophotometer. The functional groups were determined by a SHIMADZU-
8400 Fourier-transform infrared spectrometer in which the IR spectra were recorded in transition mode by diluting the milled 
powders in KBr and the wavelength between 4000 and 400 cm-1 was used to assess the presence of functional groups in pure and 
Co-doped ZnO.  

III. RESULTS AND DISCUSSION 
A. Optical Properties 

1) UV–Visible Spectroscopy: The optical properties of pure and Co (0.01–0.03 M. %) doped nanoparticles are examined through 
UV–visible spectra. From Fig. 1, the all samples have sharp absorption edges in the UV region. The observed absorption edge 
decreases from 236 to 239 nm with incorporation of ZnO atoms while Co doping results in absorption peak tending toward 
larger wavelengths. This peak is highly blue shifted compared to the peak value of pure (239 nm). 

The band gap values were calculated from absorption data using the following equation 1.  

Eg=                                                              (1) 

Where Eg is the optical band gap, and λ is the wavelength corresponding to the relevant absorbance/transmission [13].  
The estimated energy gap for the pure ZnO is 5.18 eV, it is increased to 5.25 eV for increasingCo doping level up to 0.01M. %. 
Further, decrease in the band gap is observed when concentration level increases from 0.02 to 0.03 M.%. The existing blue shift in 
the band gap is due to the substitution of Co ions into the ZnO lattice. In the case of Co doping, the results reveal that the dopant 
incorporation leads to decrease of band gap to 5.18 eV. These results are consistent with the reports of others. Since 3d orbital of Co 
atom is much shallower than 3d orbital of Zn, when a Co atom substitutes Zn in ZnO crystalline lattice, two effects are predictable: 
(1) strong coupling occurs between d orbital of Co atom and p orbital of O atom, which narrows the direct band gap and (2) Co 3d 
orbital creates impurity bands above the ZnO valance band [14]. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.1. UV-Visible absorption spectrum of pure and Co doped ZnO nanoparticles 

B. X-Ray Diffraction Study  
Among these doped particles, 0.01 M.% of Co doped ZnO Nanoparticles are having less UV-visible absorption and less crystallite 
size conformed XRD spectra then pure and other concentrations of 0.02 and 0.03 M.% doped ZnO nanoparticles. 
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Fig. 2 shows the XRD patterns for ZnO nanoparticles Co doped at 0.01 mol %. As observed, both samples had similar XRD patterns 
with high crystallinity, corresponding to the ZnO wurtzite hexagonal structure (space group C6mc), according to JCPDS Card No. 
36-1451.  

 
 

Fig.2. X-ray diffraction patterns of pure and Co-doped ZnO nanoparticles 

The calculated crystal sizes, calculated from the Scherrer’s formula taking into account the line broadening of the diffracted peak 
due to the effect of crystal size, are 6.2 nm for the 0.01 mol % samples. No other new phases are observed and intensity while 
decreased FWHM which confirms the improved crystalline.  
The particle sizes were estimated from peak width analysis and using Scherrer equation [15]. 

DXRD =                                                                                        (2) 

Where D is the crystallite size, β is the full width half maximum (FWHM), where K is a shape factor (K=0.9 in this work), λ is the 
wavelength of incident X-rays (λ = 0.15406 nm). 

C. Morphological Studies 
1) Scanning Electron Microscopy (SEM) : The determination of particle size in colloidal solution can be made using dynamic 

light scattering technique.  Particle size distribution with intensity of the optimum concentration for 0.01 M.% of Co doped 
ceria nanoparticles is observed shown in  (Fig.3 a-b).  

 

 
 

Fig.3. SEM of (a) pure and (b) Co-doped ZnO nanoparticles 
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These two images show the crystallites with small agglomeration and form aggregates. As seen in the fig 3a & 3b, the distribution 
of nanoparticles is about 6.2 nm which dictates moderate distribution of the nanoparticles. The observed nanoparticles size is high 
compared to XRD analysis, since particle aggregations in the nanoparticles are due to water absorption. For this reason, size of the 
nanoparticles is again confirmed by SEM results. 

D. PL Spectroscopy 
The PL spectra of Co doped and ZnO nanoparticles with the excitation wavelength of 239 nm are shown in Fig. 3. The emission 
spectra of 0.01M. % of Co doped ceria were recorded under three different excitation wavelength and their corresponding PL 
spectra gives wide emission bands which are 340, 396, 437, 468 and  519nm for 239 nm excitation, 468 and 519 nm emission bands 
for 239 nm excitation and 340 and 396 nm emission bands for 239 nm excitation. The peak appeared around 468 nm belongs to blue 
emission and the peaks at around 437 nm belong to blue–green emission. However the peak appeared around 519 nm belongs to 
green emission. The bands at 340 and 396 nm are defect related emissions. The exact reason for this is still controversial. These two 
bands are believed to be caused by the transition from the level of the ionized oxygen vacancies to the valence band [16]. 

 

 
 

Fig. 4. PL emission spectra of Co doped ZnO nanoparticles. 
 
E. Fourier Transform Infrared Spectroscopy (FTIR) 
The IR study gives the information about phase composition as well as the way oxygen is bound to the metal ions.  The technique is 
used to identify the functional groups present in the synthesized material. Fig. 5 shows the IR transmittance spectra of all the 
samples in the wave number range of 4000-400 cm-1. Broad bands of 3000-3500 cm-1 are assigned to O—H stretching at and 
bending vibrations of H2O. The bands are located between 2896-2354 cm-1 are ascribed to the stretching vibration of CH3COO+ 
groups. The band at 1499 cm-1 corresponds to the stretching vibration of CH2 ethylene group, and those located at 1035 cm-1 to the 
stretching vibrations of CO- from the organic groups (ethyl, isopropyl and acetic acid). The bands located at 867 cm-1 corresponds to 
the stretching vibrations of the C-C groups. Finally, the strong band located at 435 cm-1 corresponds to the Zn—O vibrations [17].  

 

 
Fig.5. FTIR spectroscopy of Co doped ZnO nanoparticles 
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IV. CONCLUSIONS 

A. The optical properties of pure and Co (0.01–0.03 M.%) doped nanoparticles are examined through UV–visible spectra. The 
observed absorption edge decreases from 236 to 239 nm with incorporation of ZnO atoms while Co doping results in absorption 
peak tending toward larger wavelengths. This peak is highly blue shifted compared to the peak value of pure (239 nm) 

B. The line broadening of the diffracted peak due to the effect of crystal size, are 6.2 nm for the 0.01 mol % samples. No other 
new phases are observed and intensity while decreased FWHM which confirms the improved crystalline.  

C. These two images show the crystallites with small agglomeration and form aggregates. The observed nanoparticles size is high 
compared to XRD analysis, since particle aggregations in the nanoparticles are due to water absorption. For this reason, size of 
the nanoparticles is again confirmed by SEM results. 

D. The peak appeared around 468 nm belongs to blue emission and the peaks at around 437 nm belong to blue–green emission. 
E. The bands located at 867 cm-1 corresponds to the stretching vibrations of the C-C groups. Finally, the strong band located at 435 

cm-1 corresponds to the Zn—O vibrations. 
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