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Abstract 

The nanoparticles are playing a vital role in antimicrobials. Chemically synthesized Cobalt 

doped Zinc oxide nanopowders were synthesized using a simple soft chemical route. The present 

study includes the characterization like XRD, PL & SEM. The XRD studies reveal that the Co 

doped nanopowders exhibit hexagonal wurtzite structure of ZnO and the crystallite size of Co 

doped ZnO is according to varied with the percentage of doping. Antibacterial activity of Co 

doped ZnOnanopowders is investigated against bacillus subtilis bacteria and the variation in the 

diameter of the inhibition zone as a function of the Co doping concentration in the precursor 

solution. 
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1. Introduction 

 The inorganic oxides widely used for antibacterial activities at present include Zinc oxide 

(ZnO), Titanium oxide (TiO2), Magnesium oxide (MgO), Calcium Oxide (CaO) and Aluminum 

oxide (Al2O3). As these inorganic oxides are the key elements for antibacterial coatings, in this 

proposed study, we have selected ZnO, which is one of the most effective oxides for killing 

different pathogenic and nonpathogenic bacteria 

 Zinc oxide is an inorganic compound with the formulaZnO. It usually appears as a white 

powder, nearly insoluble in water [1]. The powder is widely used as an additive into numerous 

materials and products including plastics, ceramics, glass, cement, rubber, lubricants, paints, 

ointments, adhesives, sealants, pigments, foods, batteries, ferrites, fire retardants, first aid tapes, 

etc. ZnO is present in the Earth's crust as the mineral zincite; however, most ZnO used 

commercially is produced synthetically [2]. 

 In materials science, ZnO is a wide-band gap semiconductor of the II-VI semiconductor 

group.  The native doping of the semiconductor is n-type [3]. This semiconductor has several 

favorable properties: good transparency, high electron mobility, wide band gap, strong room 

temperature luminescence, etc.Those properties are already used in emerging applications for 

transparent electrodes in liquid crystal displays and in energy-saving or heat-protecting windows, 

and electronic applications of ZnO as transistors and light-emitting diodes. 

 

2. Materials and methods 

 

2.1. Synthesis of ZnO:Conanopowders 

 In the present work, undoped and Co doped ZnOnanopowders were produced using Soft 

chemical route. To study the effect of XRD, PL and FTIR studies of Co:ZnOnanopowders and 

their characteristics are to be tuned by suitably changing the process parameters. 

 

 Highly purified zinc acetate dehydrate [Zn(CH3COO)2.2H2O] (Merck) is dissolved in 

doubly de-ionized water to get an aqueous solution (0.2 M) which is used as the host precursor 

and Cobalt  [Co(NO3)3.9H2O] (Merck) is used as the dopant precursor for Co ( 3 at. %).Required 
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amount of NaOH (30%) solution is added drop wise with the precursor solution till the pH value 

reached 8. This mixture taken in a beaker was heated to 85 ˚C and magnetically stirred for 2 h. 

After completion of the stirring process, the resultant solution is kept undisturbed for 1 h to get 

the required precipitate. Then the precipitate is filter and washed several times thoroughly with a 

mixture of ethanol and water kept in the ratio of 1:3. The product was dried in air at a room 

temperature and then it was calcinated at 550 ˚C for 3 h to get the final product. 

 

2.2 Characterizations of ZnOnanopowders 

       The structure studies were carried out using X-ray diffractometer (XRD) (PANalytical-PW 

340/60 X’ pert PRO) [4]. The surface morphology was studied using Field Effect Scanning 

Electron Microscope (FESEM, Hitachi SU8000) and Transition Electron Microscopy (TEM, 

Hitachi H-7100) [5]. The elemental analyses were made using energy dispersive X-ray analysis 

(EDAX) (Model: JEOL-JSM 6390 with attachment INCA-Penta FETX3 OXFORD).  

Photoluminescence (PL) spectra were observed using spectro-flurometer (Jobin Y Von _ 

FLUROLOG-FL3-11) with xenon lamp (450 W) as the excitation source of wavelength 325 nm. 

 

3.1. Structural studies 
The structural studies and elemental identification of Co:ZnOnanopowders are carried out 

using  X-ray diffraction technique. The XRD pattern obtained for the nanopowder synthesis 

from the Co doping level of 3 at.% is shown in the Fig. 3.1. The X- ray diffraction pattern 

revealed that the nanopowder exhibits hexagonal wurtzite structure with(100), (002), (101), 

(102), (110), (200), (112) and (201) planes as the diffraction line associated with the (101) plane 

is predominant over all the other planes in all the samples irrespective of the Co doping level. No 

other diffraction peaks are observed which shows that the synthesized powders have single 

phase of ZnO.  

 

The following are the formula used for calculating a crystallite size is calculated from Debye 

scherrer formula. 

 

                              D=0.9λ/βcosθ 

Where 

             0.9→Scherrer constant 

 

λ→ TheX-ray wavelength (1.5462A0 ) 

θ→ Maximum of the Bragg diffraction peak (in radians) 

β→ Peaks full width at half maximum (FWHW) 

The crystallite size calculated using the Scherrer’s formula is 19  to 60  nm.  

 

The lattice constants ‘a’ and ‘c’ and the volume of the unit cell (V) are calculated using the 

formulae  
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The Table 3.1 clearly shows that the crystallite size (D) decreases in 3 at. % of Co doping level 

which may be due to the more Co ions occupy the interstitial positions resulting a decrease in the 

crystallite in to the system[6]. 

 

3.2. Photoluminescence (PL) studies  

Most of the interesting properties of ZnOare associated with the surface defects. The 

decrease of surface defects can be controlled by doping with different elements that can complete 

for the metallic and non-metallic sites. While the metallic doping enhances the emission and the 

electronic properties, the non-metallic defects levels may be enhanced by nonmetallic doping [7]. 

Hence, the intensity of PL may be controlled by the addition of metallic and non-metallic 

dopants. The photoluminescence (PL) spectra obtained for Co: ZnO are shown in Fig 3.2(a &b) 

under the excitation at 325 nm.Most of the interesting properties of ZnOare associated with the 

surface defects. The decrease of surface defects can be controlled by doping with different 

elements that can complete for the metallic and non-metallic sites [8]. While the metallic doping 

enhances the emission and the electronic properties, the non-metallic defects levels may be 

enhanced by nonmetallic doping. 
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Hence, the intensity of PL may be controlled by the addition of metallic and non-metallic 

dopants. The photoluminescence (PL) spectra obtained for Co: ZnO are shown in Fig 3.2(a &b) 

under the excitation at 325 nm. Room temperature PL spectra show four main emission peaks 

associated with UV emission peak at 386 nm (3.23 eV), a strong blue emission at 426 nm (2.92 

eV), a weak blue-green emission at 468 nm (2.65 eV) and a weak green emission peak at 504 nm 

(2.32 eV) and some other weak peaks are observed. These emissions correspond to near band 

edge emission (NBE), zinc interstitials (Zni), hydroxyl radicalsand oxygen vacancies (VO), 

respectively [9].  The presence of excess surface defects leads to thestronger blue emission (468 

nm) corresponding to the formation of hydroxyl radicals are also responsible for the inhibition of 

bacterial growth whichwill be discussed in the next section [10]. 

 

3.3. Surface morphological studies 

 
 

The undoped and Co doped (3 at. %) ZnOnanopowders are shown in Fig. 3.3. All the 

samples tend to form an agglomerated spherical structure, whereas ZnOshows a flower like 

structure decorated with small balls [11]. These changes in the dimensions of the grains affect 

the aspect ratio remarkably which indicates that Co doping influences the structure of the grains 

substantially [12]. The size of the grains obtained from the SEM images is decreases when 

doping levels increases. 

 

3.4. Antibacterial activity 

 
 

Antibacterial activity Co doped ZnO nanopowders is investigated againstBacillus Subtilis 

bacteria and the variation in the diameter of the inhibition zone as a function of the Co doping in 

the precursor solution is shown in Fig 3.4  and they result are tabulated(Table 3.2). The results 

reveal that the antibacterial efficiency of the ZnO is remarkably high in the case of Co :ZnO.The 

antibacterial activity is enhanced with the addition of Co [13]. According to the mechanism 
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related to the antibacterial activity of ZnO material, it is reported that, the released Zn2+ ions 

from ZnO lattice,  on coming in contact with bacterial cells, can produce reactive oxygen species 

(ROS) such as hydroxyl radicals, superoxides and H2O2 . The directly H2O2 penetrate the cell 

membrane and kill the bacteria, whereas, the negatively charged hydroxylradicals and 

superoxides cannot penetrate into the cell membrane and remain in direct contact with the outer 

surface of bacteria causing severe damage to proteins, lipids and DNA [14]. Hence, in the 

present work, the enhancement in the antibacterial activity with the addition of Co may be due to 

the increase in the liberation of Zn2+ from the nanopowder which plays a major role in the above 

said mechanism of antibacterial activity [15]. 

 

Table 3.2: Antibacterial activity of undoped &3 at % of Co doped ZnOnanopowders 

Bacterial  

Pathogen 

Doping Level of  

Co (at. %) 

Zone of inhibition  

diameter in mm 

  

 

Bacillus Subtilis 

 

      10 + 0 

      10 + 3 

12 

          12 

22 

 

4. Conclusion 

Co doped ZnO nanopowders were prepared using a simple soft chemical method with 

undoped and Co doped 3 at.%. The synthesized nanopowders show a very good structural, 

optical and antibacterial activity. The structural studies showed that the nanopowders have 

hexagonal wurtzite structure with (101) plane as preferential orientation. The calculated 

crystallite size is found to be 35 nm. From the PL studies, it is seen that the 425cm-1 attributed to 

zinc vacancy/ interstitial.  

ZnO nanoparticles shows a diamagnetic behavior whereas Co: ZnO nanopowders shows 

a ferromagnetic behavior. Co (3 at.%) doped ZnO nanopowders have better antibacterial activity 

than  ZnO. From the above studies, it can be concluded that Co doped ZnO nanopowders 

prepared using a simple soft chemical technique may be used as promising material in 

biomedical applications. 
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