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ZnO is an important semiconductor due to its unique structural, mechanical and optical 
properties. In this study pure ZnO pallets and Co3O4 doped ZnO pallets with varying molar 
concentration of dopant i.e 2% 4% 6% 8% and 10% were prepared by using hydraulic 
press. X-ray diffraction (XRD), FTIR and Vickers indentation method is used for pallets 
characterization. The XRD analysis revealed that the pure ZnO and doped ZnO pallet 
samples have hexagonal wurtzite structure. Vickers Hardness test showed that pure ZnO 
pallet has maximum hardness as compared to the Co3O4 doped ZnO pallets. FTIR analysis 
used to examine the bonding properties of synthesized Co doped ZnO. Doped materials 
with varying concentration were applied against different gram positive and gram negative 
bacterial strains. A considerable increase in antibacterial activity was observed by 
increasing the concentration of Co3O4 dopant.  
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1. Introduction 
 
In comparison to other metal oxides, Zinc oxide is a good candidate because of its 

optoelectronic uses in diodes, UV lasers, and gas sensors [1–3]. Now a day’s ZnO semiconductors 
are being used in industries at very large scale. It is widely used in many industries such as paints, 
cosmetics, pharmaceuticals, plastic and rubber industry and in the formation of optoelectronic 
devices. At ambient temperature, Zinc oxide semiconductors at room temperature have a direct 
band gap of about 3.2 eV to 3.4 eV [4]. Oxygen vacancies and zinc interstitials are examples of 
intrinsic and extrinsic defects that have a significant impact on ZnO behavior. By releasing trapped 
electrons, oxygen vacancies, which are responsible for ZnO’s n-type characteristic, result in 
increased electrical conductivity. Doping is the most important property of semiconductors by 
which we can change the electronic properties. Doping with materials is such property of 
semiconductors that increase the number of applications. Transition metal oxides show numerous 
properties due to their variable oxidation states. Co3O4 is a vital transition metal oxide because of 
its uses in various field of research and industry include pigments, gas sensor, magnetic materials, 
catalyst, electrochemical systems and high-temperature solar selective absorbers [5-10]. Doping of 
ZnO with transition metals, particularly cobalt has thus been extensively studied in order to modify 
its optical, magnetic, and photocatalytic properties [11, 12]. Recent research has shown that the 
optical, photocatalytic, and mechanical properties of Zno were significantly influenced by the 
position of dopant ions [13, 14]. ZnO nanoparticles have affinity for bacterial cells which is the 
important factor for antibacterial activity. It was mentioned by some researchers that ZnO 
nanoparticles could damage the membrane and kill the bacterial cells [15]. 
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In this work structural and mechanical properties of ZnO doped with Co3O4 were 
investigated at different concentrations. The structural behavior was investigated by X-ray 
diffraction, FTIR analysis, while mechanical study was carried out by using Vickers Indentation. 
Among various materials Co has been reported as one of the most efficient dopant to ZnO. Even 
small amount of Co can greatly impart additional functionalities in ZnO material. It is also 
expected that Co3O4 doping on ZnO may enhance the antibacterial activity of the synthesized 
material. 

 
 
2. Experimentation 
 
2.1. Materials and methods 
ZnO about 99.9999 % pure and pure Co3O4 were used [16] and taken after weighing with 

the help of digital balance. Both ZnO and pure Co3O4 were calcinated at 400 0C for 4 hours in the 
muffle furnace separately. After calcination process ZnO and Co3O4 were grinded separately for 
30-40 minutes until both got fine powder with the help of stone spice grinder. Now both the 
materials were mixed and grinded according to molar concentration of 2% 4% 6% 8% and 10% of 
dopant Co3O4 in the host ZnO with 98% 96% 94% 92% and 90% respectively. 

 
2.2. Pallet formation & sintering 
After doping, pallets of 2% 4% 6% 8% and 10% of dopant Co3O4 [17] in the host ZnO 

were formed with the help of hydraulic press by applying 9000 psi pressure. Each pallet weight 
was about 0.40g and the pallets width is about 2 mm, while compaction time was 50 seconds per 
pallet. Now pallets were sintered in the furnace at 650oC for 7 h.  

 
 
3. Results and discussion 
 
3.1. FTIR analysis 
FTIR spectroscopy is used to evaluate the bonding characteristics of ZnO. The majority of 

FTIR spectra peaks fall below 800 cm-1. The stretching and twisting vibrations of the Zn-O bonds 
are what cause the high intensity peaks at 438, 472, 499, and 519 cm-1 [18-19].  

Because of the configuration’s high degree of symmetry, ZnO peaks are much simpler. 
Stretching vibrations of ZnO are represented by peaks smaller than 750 cm-1. In Fig: 3.1 (b, c, d, e, 
f) an absorption around 515cm–1to 700cm-1can be seen which might be due to Co-O stretching 
frequency [20-21]. The presence of this peak is a good evidence for the synthesis of doped 
material. This particular peak is missing in Fig: 3.1 (a). The peak at 1437 cm–1 relate to the Co 
adsorption on ZnO surface. Weak absorption band at 1767 cm–1 stands for carbonate. A small peak 
at 1634 cm–1may be due to asymmetric stretch of the zinc carboxylate. These peaks of curves 
pattern according to transmittance [%] are very satisfying. In these results some impurities near the 
surface of ZnO are also identified. It can be observed that main peaks at 3400-3600 cm-1 are 
missing [22]. 
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(a)                                                                                 (b) 

 
(c)                                                                                 (d) 

 
(e)                                                                                     (f) 

 
Fig: 3.1  FTIR Spectra of (a) pure ZnO and (b) 2% Cobalt oxide 98% doped ZnO (c) 4% Cobalt 

oxide 96% doped ZnO (d) 6% Cobalt oxide 94% doped ZnO (e) 8% Cobalt oxide 92% doped ZnO (f) 
10% Cobalt oxide 90% doped ZnO. 

 
 
3.2. Powder X-ray diffraction analysis 
To analyze crystal samples accurately and learn more about the structure of crystalline 

materials, X-Ray Diffraction is used. Zinc oxide crystals with sharp peaks appear in the Fig: 3.2 
(a) and the dopant samples for different concentration of Co3O4 dopant 2% 4% 6% 8% and 10% 
are shown in Fig: 3.2 (b), (c), (d), (e), and (f). X-Ray Diffraction patterns confirm the development 
of the hexagonal wurtzite structure and the purity of phase. XRD peaks in Fig: 3.2 (b-f) are 
indexed to (102), (110), (103), (202), (112), (201), (004) and (202) reflection planes at 2Ɵ values 
32.07º, 35.64º, 38.06º, 47.06º, 56.98º, 62.78º, 66.47º, 68.65º,69.06º,72.76ºand 78.65º respectively. 
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Peaks identified by XRD examination coincide with those on JCPDS Card #36-1451, indicating 
the purity of the hexagonal wurtzite structure. 

 
 

 
 

Fig: 3. 2 XRD Pattern for Pure and Doped Samples. 
 
 
No additional peaks detected in Fig: 3.2, which shows that the bulk of Co ions either occur 

as contamination phases in the cobalt doped specimen, indicating the existence of cobalt in ZnO 
material, or are incorporated in the wurtzite-phase crystal lattice which signifies presence of 
Cobalt in ZnO material. Fig: 3.2 (b-f) demonstrate that the hexagonal wurtzite phase’s crystalline 
behavior is enhanced by the presence of cobalt in ZnO nanoparticles. As dopant element Cobalt 
was increased from 0 % to 10%, peaks were shifted lower angle to higher angles due to decrease in 
ionic radii. 

Using Scherrer’s equation, the average crystallite size (D) is determined from XRD 
examination for different diffraction angles. Crystallite size (D) is measured in nanometer. X-ray 
wavelength (λ) possesses a typical value of about 1.54Å. The shape factor (K) which typically 
have a value between (0.9-0.99) varies according to the crystallites specific shapes.   

 

 
 

Fig: 3. 3 Graph between Average Crystallite size and Doping Concentration. 
 
 
The average crystallite size varies between 55 nm and 84 nm which show increase in 

crystallite size from 2% to 10% doping of Co3O4. 
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3.3. Mechanical properties 
Mechanical properties of Co3O4 doped ZnO have been measured by using Vicker 

Hardness indentation Process. The graph between Vicker Hardness (HV) and doping concentration 
is shown below. In this, measured values of Vicker hardness (HV) are 80, 49,22, 17,14,and 11 at 
the doping concentration 0%, 2%, 4%, 6%, 8%, 10%, of  Co3O4 doped in ZnO respectively. 

 
Table: 1 Doping concentration and Vicker Hardness. 

 
Sr.No Doping concentration Vicker Hardness (HV) 

1 0% 80 
2 2%                  49 
3 4% 22 
4 6% 17 
5 8% 14 
6 10% 11 

 
 
This graph shows that the hardness of Co3O4 doped ZnO pallets decreases as we go from 

0% doping to 10% doping. Pure sample has maximum hardness but by increasing doping level 
from 2-6 % hardness decreases abruptly due to increase in crystallite size. 

 

 
 

Fig: 3.4 Doping Concentration Graph VS HV. 
 
 
The Vickers hard test is mostly used for making suitable of welds and metals. The Vickers 

hardness test, 136o pyramidal diamond indenter is used that forms a square indent. The two axes of 
the diamond shaped indentation measured in millimeters are averaged and the hardness is 
determined, based on a calibration for different kilogram loads. Above graph represents the 
decrease in Vickers hardness by increasing the doping contents. It means that the addition of 
doping material can substantially suppress microcracking of ZnO and consequently Vickers 
hardness is decreased. This decrease is probably due to the weakness of the coupling between the 
grains and elimination of pores, which may occur during heat treatments. Since ZnO is a n-type 
semiconductor and Co3O4 is a p-type semiconductor so ZnO doped with Co3O4 material can be 
used in synthesis of gas sensing materials.  
 

3.4. Antibacterial activity of Co3O4 doped ZnO 
It is reported that various metal and metal oxide nanoparticles used as antimicrobial agents 

[23-25]. The agar well diffusion assay method was used to assess the antimicrobial activity of pure 
ZnO nanoparticles and Co3O4 doped Zno materials against two gram positive bacterial strains, 
namely S. Aureus and B. subtilis, and three gram-negative strains, including E. Coli and S. typhi 
method [26]. Results are presented in Table 2. 
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Table: 2 Zone of inhibition of pure ZnO and doped ZnO NPs. 
 

 
Samples 

Diameter of Inhibition zone (mm) 
Gram Positive Gram Negative 

S. aureus B. subtilis S. typhi E. coli 
Pure ZnO 10 ± 0.38 11 ± 1.45 12 ± 1.10 14 ± 2.25 

2 % Co3O4 doping 10 ± 0.70 12 ± 0.25 13 ± 0.41 15 ± 0.51 
4 % Co3O4 doping 14 ± 1.10 13 ± 1.05 15 ± 0.15 17 ± 0.28 
6 % Co3O4 doping 16 ± 0.49 16 ± 1.31 17 ± 1.06 19 ± 1.25 
8 % Co3O4 doping 17 ± 2.10 16 ± 1.04 19 ± 0.41 20 ± 0.25 

10 % Co3O4 doping 17 ± 2.50 17 ± 1.41 20 ± 0.80 22 ± 1.31 
 
 
Pure ZnO and doped ZnO showed good antibacterial activity against selected bacterial 

strains. All synthesized materials found to be effective against bacterial strains but there is a 
continuous increase in zone of inhibition by increasing the dopant concentration from 2-10 %. It is 
obvious that Co3O4 doping increases the effectiveness of ZnO NPs against various pathogens. 
Zone of inhibition of synthesized materials against different pathogens are shown graphically in 
Fig: 3.5.  
 

 
 

Fig: 3. 5 Zone of inhibition of pure ZnO and doped ZnO NPs. 
 
 

Table: 3 MIC values of various samples against different bacterial strains. 
 

 
Samples 

MIC values of various bacterial strains (µg/ml) 
Gram Positive Gram Negative 

S. aureus B. subtilis S. typhi E. coli 
Pure ZnO 30 35 30 25 

2 % Co3O4 doping 28 35 28 20 
4 % Co3O4 doping 25 30 25 15 
6 % Co3O4 doping 20 25 20 15 
8 % Co3O4 doping 15 20 15 12 

10 % Co3O4 doping 15 20 12 10 
 

The MIC values of pure ZnO against different pathogens were found in the range of 25-35 
μg but by adding dopant i.e Co3O4, MIC values decreases regularly from 2-10 % Co3O4 doping. 
MIC values are inversely proportional to the effectiveness of synthesized material against bacterial 
strains so 10 % Co3O4 doping was found to be most effective i.e 10-20 μg.   
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It can be concluded that Co3O4 doping can inhibit bacterial cell growth and multiplication. 
This inhibition in growth may be due to the penetration through cell membrane which finally leads 
to bacterial cell lysis.    

 
 
4. Conclusion 
 
Pallets formed by doping Co3O4 at concentration 0%, 2%, 4%, 6%, 8%, 10%, in ZnO by 

powder metallurgy method found to be non-homogeneous and non-uniform. XRD results showed 
that Co ions incorporated on ZnO ions having hexagonal wurtzite structure. It can be seen that 
crystallite size increases with increasing dopant. The hardness of Co3O4 doped ZnO pallets 
decreases from 0-10 % doping but antibacterial activity increases by adding dopant concentration 
from 0-10 %.  
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