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Abstract  

In this paper, undoped ZnO and 5 mol% of Ag, 5 mol% of Co individually doped and co-doped (Ag, Co) ZnO nanopowders 

were synthesized by chemical co-precipitation method and their structural, morphological, optical properties and 

antibacterial activity were studied.  Crystal structure and grain size were characterized by X-ray diffractometer and reveals 

that all synthesized ZnO samples were hexagonal structure and the sizes of ZnO nanoparticles were 23 nm, 20 nm, 17 nm, 

and 25 nm for undoped ZnO, 5 mol% of Co doped, 5 mol% of Ag doped and co-doped (Ag, Co) ZnO nanoparticles 

respectively. Field emission scanning electron microscopy (FESEM) and Transmission electron microscope (TEM) 

characterizations were used to determine the morphology and size of the ZnO nanoparticles. TEM results were in good 

agreement with the X-rd results. Energy dispersive analysis of X-rays spectroscopy (EDAX) spectrum indicates that the 

successful dopants of Ag, Co peaks in the ZnO lattice and which indicates the purity of the samples. Optical properties of the 

ZnO samples were characterized by UV-Vis Diffuse Reflectance spectrophotometer. The antibacterial activity test was 

carried out via well diffusion method, and antibacterial activity of the prepared samples of undoped, Co doped, Ag doped 

and co-doped (Ag, Co) ZnO nanoparticles were reported, against pathogenic organisms like Pseudomonas, Klebshiella, 

Aspergillus and Candida. The co-doped (Ag, Co) ZnO nanoparticles show twice as potent in killing as against those 

pathogenic organisms compared to undoped ZnO and was also more effective than the single element Ag doped, Co doped 

ZnO nanoparticles. The present study indicates that single element doped and co-doped ZnO nanoparticles could potentially 

be antibacterial reagents to treat diseases caused by bacteria and fungi.  
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Introduction 

In the recent years, a number of investigations have focused on 
transitional metals doped II-VI compound semiconductor ZnO, 
because of its direct band gap of 3.37 eV at room temperature 
with a large excitation binding energy of 60 meV. It has been 
attracted high intense research efforts for its unique properties 
and variety of applications such as optoelectronics, transparent 
electronics, UV-light emitters, piezoelectric devices, chemical 
sensors, and spintronics1-6. Further, nanoparticles play a wide 
range of applications in biology, food industries and 
pharmaceuticals like anti-inflammatory, anti-hypersensitive and 
anti-microbial functions. This type of characters performed 
because nanoparticles composed of chemical components which 
allow interacting closely with cell membranes. Doped  ZnO 
shows maximum effect against pathogenic organisms as 
compared to ZnO, there by using nanoparticles as an 
antimicrobial agent and was one of the most useful techniques 
to control pharmacy chemical waste and cost effect. ZnO was 
also an environmentally friendly material, high chemical 
stability and low toxicity, and which was widely used as an 
active ingredient for dermatological applications in creams, 
lotions and ointments on an account of its antibacterial 

properties7-12. The microstructure, morphology and size of Ag 
doped ZnO and Co doped ZnO nanoparticles prepared by 
various methods such as sol-gel, co-precipitation, hydrothermal, 
thermal hydrolysis, dc thermal plasma method  etc.13- 19. Among 
the various methods, the chemical co-precipitation is the best 
low cost method used for the preparation of large quantity of 
pure and co-doped ZnO nanoparticles. Recently, our research 
group synthesized zinc oxide nanoparticles by chemical co-
precipitation technique at low cost with a high yield rate20.  
 

Here we report that a simple chemical co- precipitation method 
for synthesizing undoped and single element of Ag doped, Co 
doped and co-doped ZnO nanoparticles. The influences of Ag, 
Co doping on the microstructure, morphology of the ZnO 
nanocrystallites have also been investigated in detail. Moreover, 
these nanoparticles were used in against Pseudomonas, 
Klebshiella, Aspergillus and candida. Pseudomonas and 
Klebshiella causes pneumonia, recently Klebshiella causes drug 
resistant pneumonia, Aspergillus was a food poisoning pathogen 
and candida causes skin allergic diseases. Nowadays metal 
oxide used as a food preservative agent instead of organic 
compounds. Zinc used as an ingredient for the purpose of 
enrichment, and co-doped Zinc oxide inhibits major food 
pathogenic organisms. 
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Material and Methods  

A simple chemical co-precipitation method can make use of 
preparing Pure ZnO nanocrystals by using zinc acetate 
dehydrate (Zn (CH3COO)2 2H2O) and potassium hydroxide 
(KOH) as precursors and for cobalt and silver doping, cobalt 
acetate (Co (C2H3O2)2) and silver nitrate (AgNO3) have been 
used. Undoped ZnO, Zn0.95Co0.05O, Zn0.95Ag0.05O and Zn0.90 

Ag0.05Co0.05O nanostructures were prepared at room temperature 
by the following procedure. Initially 0.2 M solution was 
prepared by using zinc acetate and KOH. For the Ag and Co 
dopants, 5 mol% of silver nitrate and cobalt acetate have been 
added drop-wise individually and combinedly to the above 
solution under continuous stirring for 10 hrs. After the 
precipitate was filtered out separately and repeatedly washed 
with double distilled water to remove unnecessary impurities 
formed during the preparation process. Co and Ag doped ZnO 
nanopowders were obtained after drying at 70 oC for 10 hrs. 
Then the final products were ground and annealed at 500 oC in 
the furnace for 1 hr. The prepared undoped, single element 
doped and co-doped ZnO samples  were dissolved in double 
distilled water (5 mg/ml) by using sterile tubes  and mixed  the 
samples with the help of cyclomixture to prepare well mixed 
nanoparticles solution.  
 

The structural properties including structure and crystallite-size 
of the samples were determined by Seifert 3003 TT X-ray 
diffractometer (XRD) using CuKα radiation by applying voltage 
and current of 40 kV and 30 mA, respectively. The 
nanoparticles size and structure confirmations were done by 
Transmission Electron Microscopy (TEM) and high resolution 
transmission electron microscope (HRTEM) using JEOL JSM 
2100. Morphology of the nano powders was studied by Field 
Emission Scanning Electron Microscopy (FESEM), (ZEISS 
ULTRA 55, Model: Gemini). Concentration of dopants in ZnO 
was estimated by energy dispersive X-ray spectroscopy (EDS) 
attached with scanning electron microscope (SEM) (Model: 
CARL-ZEISS EVOMA 15). Spectrophotometer (Model: 
JASCO V- 670) was employed to record the UV- visible optical 
spectra of the samples. Pathogenic bacteria and fungi 
(Pseudomonas, Klebshiella, Aspergillus, and Candida) were 
used for antibacterial activity testing via well diffusion method.  
 

Results and Discussion 

Structural Analysis: Typical XRD patterns of undoped ZnO 
and Zn0.95Co0.05O, Zn0.95Ag0.05O, Zn0.90Co0.05Ag0.05O powders 
are shown in figure-1. The diffraction peaks of all samples are 
quite matching with the hexagonal wurtzite ZnO data [JCPDS. 
No: 36-1451]. There are no characteristic peaks of impurity 
phases regardless of the dopant concentrations, confirming the 
high purity of the synthesized powders. Thus the wurtzite 
structure is not modified by the addition of Ag, Co into ZnO 
host material. After annealing the samples at 500 0C for 1 hr, the 
crystallite sizes of the synthesized powders are estimated from 

Scheerer’s equation D =  , and the  values are of about 

23 nm, 20 nm, 17 nm, and 25 nm for ZnO, Zn0.95Co0.05O, 
Zn0.95Ag0.05O and Zn0.90Co0.05Ag0.05O nanopowders respectively. 
But there is no appreciable change of lattice constants because 
of the ionic radius of cobalt (Co2+ = 0.745 Å) and silver (Ag+ = 
0.115 Å) dopants and are almost same as that of Zn site in ZnO 
(i.e. Zn2+ = 0.74Å). In our studies, Pure ZnO shows highest 
diffracted intensity than the single element 5 mol% of Ag, 5 
mol% of  Co doped ZnO nanostructures, but less than the co-
doped (Ag, Co) ZnO nanoparticles. The diffracted intensity 
increases by increasing the size of ZnO nanoparticles due to the 
substitution of co-dopants silver and cobalt. In earlier, the 
diffracted intensity decreased by increase of dopants 
concentrations of Ag, Co in ZnO, as reported in literature21, 22. 
The diffraction pattern of Ag doped ZnO does not display 
metallic ‘Ag’ at 38.20 (111) (or) 44.40 (200) (JCPDS: 03-092) 
and this is because of the low percentage of Ag+ doping (5 mol 
%). Since the doped and co-doped ZnO samples has been 
obtained by co-precipitation method and Ag2O decomposes to 
Ag at 400 0C, silver is unlikely to exist as Ag2O and also there is 
no intense peak appear around at 440 for the doped sample. This 
indicates that ‘Co’ is well doped in the ZnO lattice, and  related 
impurity phases such as metallic cobalt, cobalt oxides and 
compounds could not be detected in the doped ZnO samples. 
This reveals that the Co ions substitute of Zn ions in the ZnO 
lattice.      
 
Pure ZnO and co-doped (Ag, Co) ZnO have wurtzite structure 
and are further supported by FT- IR spectra as shown in figure-
2. Undoped ZnO, Co doped, Ag doped and co-doped ZnO have 
the similar spectra and the corresponding broadening peaks at 
3440 cm-1 is due to OH  Stretching vibrations (from KOH, used 
as a precursor), the band at 2926 cm-1 attributed to C-H 
stretching vibrations; the band arising from the absorption of 
atmospheric CO2 on the metallic cations at 2340 cm-1 ; the band 
at 1625 cm-1 represents to C = O stretching vibrations; the band 
at 1404 cm-1 indicates ZnO peak and the band observed at 955 
cm-1 is attributed to C-H bend 23, 24. No peaks shifting in FT-IR 
spectra are observed, which are in good agreement with the 
results from the XRD. 
 
Morphology and elemental studies: The morphology of the 
samples was investigated by field emission scanning electron 
microscope (FESEM) as shown in the figure-3. Undoped ZnO 
nanoparticles appears like spherical in shape of size ~1 µm and 
5 mol% of Co doped and 5 mol% of Ag doped ZnO 
nanoparticles forms cauliflower shape and co-doped (Ag, Co) 
ZnO nanoparticles also appears like agglomerated cauliflower 
shape. All these nanoparticles present in the size range of 100-
200 nm. Figure-4 (a) and (b) depicts the energy dispersive 
spectra (EDS) of undoped ZnO and co-doped (Ag, Co) ZnO 
nanocrystallites. EDS spectra of undoped ZnO having only two 
elements, Zn and O indicate the purity of the ZnO sample and 
that an additional Co, Ag elements exists in ZnO: Ag: Co 
nanocrystals. Table-1 gives the ratio of Zn: Ag: Co: O elemental 
composition. The relative error of accuracy is less than ± 3%. 
The atomic percentages of the elements are obtained from the 
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spectra and the doping of cobalt and silver is confirmed. From 
quantitative analysis, the dopants and atomic concentration in 

ZnO (atom %), could be found and the Co and Ag contents in 
the ZnO samples based on the doping levels of 5 mol%. 
 

 
Figure-1 

XRD pattern of: (a) Pure ZnO (b) 5 mol% Co doped (c) 5 mol % Ag doped, (d) co-doped (Ag, Co) ZnO nanoparticles 
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Figure-2 

FT -IR Spectra of (a) Undoped ZnO (b) Co doped ZnO (c) Ag doped ZnO (d) co-doped ZnO nanoparticles 
 

  

  
Figure-3 

FESEM images of: (a) Undoped ZnO, (b) 5 mol% of Co, (c) 5 mol% of Ag (d) co-doped (Ag, Co) ZnO nanoparticles 
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Figure-4 

EDAX Spectrum of: (a) Pure ZnO (b) co-doped ZnO nanoparticles. (ZnO: Ag: Co) 
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Transmission electron microscopy images of the undoped ZnO 
and Zn0.90Co0.05Ag0.05O samples are depicted in figure-5 (a) and 
(b) respectively. From the TEM images, the pure and co-doped 
ZnO nanoparticles are nearly in equal size of 20 nm. The 
evaluated particles size from the X-rd pattern, which were in 
good agreement with the TEM (20 nm) results. In figure 5 (c), 
the corresponding selected area electron diffraction (SAED) 
pattern indicates the crystallinity and preferential orientation of 

the  ZnO: Co: Ag samples pattern without any additional 
diffraction spots of  Ag and Co clusters, and which is in good 
agreement with the wurtzite structure of the XRD results and the 
standard data card JCPDS: 36-1451. HRTEM lattice images are 
presented in Figure-5 (d), which shows a nice crystallinity and 
clear lattice fringes of a single nanocrystal. The fringe spacing is 
about 2.47 Å, corresponding to the (101) crystal planes of ZnO. 

 
Table-1 

Compositional analysis of ZnO and ZnO: Ag: Co nanostructures 

Dopants concentration (at %) Experimental results (at %) 

 Zn Co Ag O 

0 49.63 --- --- 50.37 
5 47.04 2.01 --- 50.95 
5 46.83 --- 1.85 51.32 
5 46.27 1.87 1.76 50.10 

 

                       

     
 

Figure-5 

TEM micrographs of (a) pure ZnO (b) Zn0.90Co0.05Ag0.05O nanoparticles (c) SAED pattern of Zn0.90Co0.05Ag0.05O   

nanoparticles (d) HRTEM lattice image of single ZnO nanoparticle 
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Optical Studies: UV-Visible diffuse reflectance spectroscopy 
(UV/DRS) was used to study the optical properties of ZnO, 
Zn0.95Co0.05O, Zn0.95Ag0.05O and Zn0.90Co0.05Ag0.05O 
nanoparticles and measured at room temperature in the 
wavelength range of 200 – 800 nm as shown in Figure-6. For 
undoped ZnO nanoparticles, the band edge absorption is 
appeared at 3.20 eV (370 nm). In the visible region, the undoped 
ZnO nanoparticles showed high reflectance about 80 %. The 
reflectance decreases in 5 mol% of Ag doped, 5 mol% of Co 
doped and co-doped (Ag, Co) ZnO samples. Three additional 
absorption bands are observed at 565 nm, 612 nm and 658 nm 
in the spectra of Co doped and co-doped ZnO samples when 
compared with the spectra of undoped ZnO and Ag doped ZnO 
samples. Further, Co doped ZnO powders shows high intensity 
bands than the co-doped ZnO samples. All these three 
absorption bands are attributed to the 4A2(F) → 2E (G), 4A2(F) 
→ 4T1 (P), and  4A2(F) → 2A1 (G) transitions involving 3d levels 
in Co2+ ions in ZnO, and which are mainly due to the sp-d 
exchange interactions between the band electrons and the 
localized d electrons of the dopant25.  Kubelka-Munk treatment 
has been applied to the DRS spectra of all ZnO samples and 
estimates the band gap energy of those samples. Band gap 
energies of the pure, Co doped, Ag doped and co-doped ZnO 
nanoparticles are determined from the Kubelka – Munk plots 
(Figure-7), and the band gap energy values are 3.20 eV, 2.74 
eV, 3.17 eV and 3.01 eV for ZnO, ZnO: Co, ZnO: Ag and ZnO: 
Ag: Co samples respectively. Band gap energy values of ZnO 
were decreased by the doping of transitional elements like 
cobalt and silver, as reported in the literature22, 26.  
 
Antibacterial activity: Undoped ZnO, 5 mol % of Co doped 
ZnO, 5 mol% of Ag doped ZnO and co-doped (Ag, Co) ZnO 

nanoparticles were subjected to antibacterial activity for two 
pathogenic bacteria and two pathogenic fungal strains. Well 
diffusion test was carried out on Nutrient agar and Czapek-Dox 
agar plates to observe the antimicrobial activity against 
pathogenic organisms.  For bacteria, 100 ml Nutrient Agar 
Medium (NAM) was prepared by maintaining the value of pH 
6.8 - 7.0.  Nutrient agar medium was poured in the sterile 
petriplates and it was solidified bacterial suspension spreading 
on petriplates. 50 µl of nanoparticles solution was loaded into 
each well. The inhibition zones were appeared, when the plates 
are allowed to incubation for 24 - 48 hours. For fungal cultures 
using Czapek-Dox Media in place of Nutrient agar media, the 
inhibition zones are appeared after the incubation period from 3 
to 5 days. Undoped ZnO shows minimum inhibition effect 
against pathogens, 5 mol% of Co doped ZnO, 5 mol% of Ag 
doped ZnO shows better activity compared to undoped ZnO, 
and Zn0.90 Ag0.05Co0.05O shows maximum range effect against 
pathogenic bacteria and fungi. Table-2 illustrates the results of 
the antimicrobial test performed by undoped ZnO, Co doped 
ZnO, Ag doped ZnO and co-doped (Ag, Co) ZnO nanoparticles. 
So, co-doped (Ag, Co) ZnO enhances the antibacterial activity 
than single element doped and undoped ZnO. Our results 
explain ZnO nanoparticles which act against the water 
contamination, allergic reactions, food poisoning and also act as 
drug resistant pneumonia. Hence, co-doped ZnO nanoparticles 
are used in pharmaceuticals to prepare best anti-drug against 
pneumonia. Antibacterial activity of co-doped ZnO gives the 
better results when compared to the antibacterial activity of 
undoped ZnO, nano ZnO, Ag doped and Co doped ZnO 
nanoparticles as reported in the literature 18, 27-29.        

 
Figure-6 

Diffuse reflectance spectra of the (a) undoped (b) Co doped (c) Ag doped (d) co-doped (Ag, Co) ZnO nanoparticles 
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Figure-7 

Kubelka-Munk plots and band gap energy estimation for the (a) undoped (b) Co doped (c) Ag doped (d) co-doped (Ag, Co) 

ZnO nanoparticles 
 

Table-2 

Antibacterial activities of undoped, doped and co-doped ZnO nanoparticles against pathogenic bacteria and fungal strains 

S.No Type of   

nanoparticles 

Diameter of Inhibition Zone (mm) 

Bacterial Strains Fungal Strains 

Pseudomonas Klebshiella Aspergillus Candida 

1 ZnO 6.0 5.0 5.0 8.0 
2 Zn0.95Co0.05O 7.0 8.0 6.0 9.0 
3 Zn0.95Ag0.05O 9.0 8.0 9.0 8.0 
4 Zn0.90Ag0.05Co0.05O 13.2 14.0 13.0 13.9   
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Conclusion  

Undoped, Co doped, Ag doped and co-doped (Ag, Co) ZnO 
nanoparticles were synthesized by chemical co-precipitation 
method. The prepared ZnO samples have hexagonal structure 
when characterized by XRD and the evaluated average particle 
sizes are 23 nm, 20 nm, 17 nm and 25 nm respectively. TEM 
results of the particles size 20 nm are in good agreement with 
the XRD results. The morphology of the samples was observed 
as spherical and cauliflower shapes by FESEM. Co-dopant 
elements (Ag, Co) in ZnO were clearly confirmed by EDS. The 
zone of inhibition was observed against pathogenic bacteria and 
fungal strains, and suggests that the co-doped (Ag, Co) ZnO 
nanoparticles exhibit excellent antibacterial activity than the Ag 
doped, Co doped and undoped ZnO nanoparticles. Hence, these 
ZnO nanoparticles may be the promising antimicrobial agents.  
Thus, the present study clearly indicates that co-doped ZnO 
nanoparticles were potentially used in food preservation, water 
purification and pharmaceuticals to prepare anti-drug against 
pneumonia. 
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