
J. Water Environ. Nanotechnol., 7(2): 143-154 Spring 2022

RESEARCH ARTICLE

Synthesis of Co and Cu codoped ZnO nanoparticles by citrate gel 
combustion method: Photocatalytic and antimicrobial activity
M. Sheik Muhideen Badhusha1,  B. Kavitha2, M. Rajarajan3*, P. Tharmaraj4**, A. Suganthi4 

1 Department of Chemistry, Sadakathullah Appa College, Tirunelveli, India
2 P.G. and Research Department of Chemistry, C.P.A. College, Bodinayakanur, India
3 Directorate of Distance Education, Madurai Kamaraj University,  Madurai- 625 021, India
4 P.G. and Research Department of Chemistry, Thaiyaharajar College, Madurai, India

Received: 2022-02-10                       Accepted: 2022-04-10                         Published: 2022-05-01  

ABSTRACT
ZnO, single-doped (Co-ZnO, Cu-ZnO), and co-doped ZnO ((Co, Cu)/ZnO) were effectively synthesized 

by the citrate gel combustion technique. The samples were characterized by UV-visible diffuse reflectance 
spectroscopy (UV-vis-DRS), Fourier transforms infrared spectroscopy (FT-IR), X-ray powder diffraction 
(XRD), Scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX) and photolumi-
nescence spectroscopy (PL). The average particle size was 30.33 nm as calculated from XRD patterns for 
(Co, Cu)/ZnO. UV-Vis absorption spectrum indicates that the co-doped ZnO exhibits increased visible light 
absorption compared to the undoped one.  The photoluminescence spectroscopy shows that the separa-
tion efficiency of photo-induced electrons and hole is enhanced by the co-doping strategy. (Co, Cu)/ZnO 
nanoparticles demonstrated a strong visible light response and high photocatalytic activity for Rhodamine 
B (RhB) degradation under irradiation by visible light (400-500 nm). The visible-light photocatalytic activity 
of the prepared  (Co, Cu)/ZnO may come about because of the incorporation of Co, Cu atoms in ZnO, pho-
to-induced electron-hole pairs and extended the spectral response to the visible region. The antibacterial 
and antifungal activities of ZnO, Co-ZnO, Cu-ZnO, and (Co, Cu)/ZnO were studied respectively with Staphy-
lococcus aureus (Gram-positive), Escherichia coli (Gram-negative) ( bacterial strain) and  Aspergillus flavus, 
Candida albicans (fungal strain). The (Co, Cu)/ZnO enhanced the antimicrobial activity.
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INTRODUCTION
Industrial wastewater contains organic 

pollutants and disease-causing microbial pathogens. 
Rhodamine  B  is one of the famous dyes that is 
involved extensively as a dye laser substance and 
in the textiles industry owing to its high stability. 
Thereby, the removal of this harmful dye is viewed 
as one of the important challenges in recent years 
by utilizing a simple and low costs process [1– 4]. 
Many conventional chemical,  electrochemical and 

biological treatment methods were limited because 
of low degradation efficiency,  consumption of 
chemicals, and generation of the second pollution.  
The photocatalytic processes on semiconducting 
materials have been extensively used in the fields 
of environmental applications such as water 
disinfection, hazardous waste remediation, and 
water purification [5]. Especially, photocatalytic 
degradation of organic pollutants under visible 
irradiation continues to expand research interests 
[6-8]. As for the most popular photocatalysts, TiO2 
and ZnO, their photocatalytic activities entirely 

http://creativecommons.org/licenses/by/4.0/.
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depend on ultraviolet irradiation due to the wide 
band gap of about (3.37 eV), which results in low 
efficiency in utilizing solar energy [9].  Although 
modified ZnO by doping diverse metals [10] and 
nonmetals [11, 12] may show improved sensitivity 
toward the visible light region through the 
narrowing of the band gap energy.  The transition 
metal ion doping could reduce the energy for band 
gap excitation and the recombination rate of photo-
generated electron-hole pairs,  thus improving 
photocatalytic efficiency under visible light.  

Sankara reddy et al. reported that silver and 
cobalt co-doped ZnO nanoparticles display 
excellent antibacterial activity than the Ag-doped, 
Co-doped, and undoped ZnO nanoparticles [13]. 
Vignesh et al examined al studied the visible 
light-assisted photocatalytic performance of  Ni 
and  Th co-doped  ZnO nanoparticles for the 
degradation of methylene blue dye. Ni–Th–ZnO 
possesses excellent photocatalytic activity for the 
degradation of  MB  when compared to that of  Ni–
ZnO,  Th–ZnO,  ZnO, and  TiO2 [14]. . Lakshmi 
Narayana et al investigated the photocatalytic 
degradation of basic green dye by pure and Fe, 
Co-doped TiO2 under daylight illumination [15]. 
The previous research reported that two dopants 
had a more synergistic effect than a single one for 
enhancing the absorption in the visible-light region 
and improving the photocatalytic activity of ZnO 
[16 - 18]. Doping is the way of adding controlled 
impurities to a semiconductor material which 
causes significant changes in its physical, chemical, 
and biological properties. Metals have been used to 
create doped ZnO semiconductors. . Most of the 
studies describe the photoluminescence, optical and 
magnetic properties of the ZnO semiconductors 
[19- 21]. Among these different metallic doping 
elements, Co and Cu are important because, they 
are prominent luminescence activators, which can 
alter the luminescence of ZnO crystal by making 
localized impurity levels. Likewise, it can change 
the microstructure and the optical properties of 
ZnO [22].

The synthesis technique alters the material’s 
surface shape, resulting in a change in photocatalytic 
activity. Sol-gel synthesis, hydrothermal synthesis, 
electrochemical, chemical vapor deposition, co-
precipitation, magnetron sputtering, and citrate gel 
combustion are some of the methods used to make 
ZnO-based nanostructured materials. For the 
manufacture of nanocrystalline ZnO powders, low-
temperature combustion methods have proven to 

be particularly beneficial. These chemical synthesis 
processes have several advantages, including 
superior stoichiometric control and the ability 
to produce ultra-fine particles with a narrow size 
distribution in a short amount of time. To the best 
of our knowledge, the production of (Co, Cu)/ZnO 
nanoparticles based photocatalyst by citrate gel 
combustion has not been reported in the literature.

The present examination focuses on a novel 
citrate-gel combustion strategy to synthesize single 
doping, such as Co-ZnO, Cu-ZnO, and codoped 
(Co, Cu)/ZnO nanoparticles. The microstructure 
and morphology of samples were characterized 
by UV-Vis-DRS, FT-IR, XRD, PL, SEM, and EDX. 
The photocatalytic activities of the degradation of 
Rhodamine-B (Rh-B) under visible light irradiation 
were assessed and the antimicrobial activity against 
pathogenic bacteria and fungi was studied.

EXPERIMENTAL
Materials

Rhodamine B, zinc sulfate, copper sulfate 
pentahydrate (CuSO4.5H2O), cobaltous sulfate 
monohydrate (CoSO4.9H2O), citric acid (C6H8O7), 
and ethanol (Merck) were utilized of analytical 
grade. Double distilled water was utilized in all 
photocatalytic experiments.

Synthesis of ZnO, Co-ZnO, Cu-ZnO, and (Co, Cu)/
ZnO nanoparticles

ZnO, Co-ZnO, Cu-ZnO and (Co, Cu)/ZnO 
nanostructures were prepared by citrate gel route. 
A stoichiometric amount of zinc sulfate along 
with citric acid (C6H8O7) was dissolved in 100 
ml of ethanol, for Co and Cu dopants 5 mol% of 
cobaltous sulfate and copper sulfate have been 
added drop-wise individually and combinedly to 
the above solution under continuous stirring for 5 
h to make a sol which was then placed in an oven 
for 12 h at 95 oC to form a gel. The gel was then 
sintered at 673 K for 3 h and was ground to produce 
fine powder [23, 24].

Characterization
The UV-vis-DRS spectral measurements were 

performed with a JASCO V-550 double beam 
spectrophotometer with a PMT detector. . The 
FTIR spectra of the samples have been recorded 
utilizing Perkin Elmer IR spectrophotometer with 
KBr plates over the range 4000 – 400 cm-1. The 
crystal structure of the samples has been examined 
utilizing XPERT PRO X-Ray diffractometer with 
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Cu K α radiation of wavelength 1.541 Ao and 
scanning angle 2θ  extending from 10o to 80o. The 
average crystallite size is determined by applying 
the Debye-Scherrer formula:
 0.89  

cos
D λ

β θ
=                   (1)

Where D is the average crystallite size, β is 
the full-width half maximum (FWHM) of the 2θ 
peak, K is the shape of the factor of the particles (it 
equals 0.89), θ and λ are the incident of angle and 
wavelength of the X-rays, respectively.  Scanning 
electron microscopy (SEM) observations were 
performed using a JSM 6701F-6701 instrument 
in both secondary and backscattered electron 
modes. The elemental analysis was studied by 
energy-dispersive X-ray spectroscopy (EDS) 
attached to the SEM. The photoluminescence 
spectra were recorded using a spectrofluorometer 
(JASCO-FP-6200) at room temperature. The 
photoluminescence spectroscopy was used to 
measure the emission characteristics of doped and 
undoped ZnO nanoparticles. 

Procedure for evaluation of photocatalytic activity
300 mL of RhB solution with an initial 

concentration of 5 µM was taken in a cylindrical 
glass vessel. It was encompassed by a circulating 
water jacket to cool the lamp. Air was persistently 
bubbled into the aliquot using an air pump to 
provide a constant source of dissolved oxygen. 
At that point, the photocatalyst was added to the 

vessel. Before illumination, the aqueous suspension 
was continuously stirred for 30 min in dark to reach 
adsorption-desorption equilibrium [25]  [23]. 
The mixture was subjected to visible irradiation 
and the source of visible light was 300 W Xe-arc 
lamps with a UV-cut-off filter. During irradiation, 
5 mL of aliquot samples were withdrawn from the 
reaction mixture at a regular time interval of 30 
min. The sampled suspensions were centrifuged at 
4000 rpm for 20 min to remove the catalyst and the 
residual RhB concentration was analyzed by UV-
vis spectrophotometer at 554 nm. The degradation 
efficiency (%) was calculated as follows:

Degradation efficiency (% ) = 
C0 100

0
C

C
−

×   (2)

Where C0 is the initial concentration of RhB 
and C is the concentration of RhB after a certain 
irradiation time. Chemical oxygen demand (COD) 
experiments were performed by the dichromate 
oxidation method, after the completion of 
photodegradation. 

Antimicrobial experimentation
The Antimicrobial activity of synthesized 

nanoparticles was examined against Staphylococcus 
aureus (Gram-positive), Escherichia coli (Gram-
negative), Aspergillus flavus, and Candida albicans 
(Antifungal activity). The antimicrobial assays were 
performed by well diffusion method in Muller 
Hinton Agar plate at a concentration of 10 mg/ml. 
The results of the in-vitro antimicrobial activities 

  Fig. 1. UV- DRS spectrum of Co and Cu codoped ZnO nanoparticles
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were recorded as the average diameter of the 
inhibition zone in mm which is given in Table. 3.

RESULTS AND DISCUSSION
Characterization
UV-vis-DRS

The UV-vis-DRS of ZnO, Co-ZnO, Cu-ZnO, 
and (Co, Cu)/ZnO nanostructures are shown in 
Fig. 1. The absorption edges of doped (Co, Cu)/
ZnO are red-shifted when compared to that of 
ZnO. The optical band gaps are determined using 
the Tauc equation [26] [24]: 

5 
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           Where α, C, hυ, and Eg
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Where α, C, hυ, and Eg
bulk are absorption 

coefficients, constant, photon energy, and band 
gap respectively. Tauc plots of ZnO, Co-ZnO, Cu-
ZnO, and (Co, Cu)/ZnO nanostructures are given 
in Fig. 2. The optical band gaps are found to be 
3.0 eV, 2.9 eV, 3.28 eV, and 2.64 eV for ZnO, Cu-
ZnO, Co-ZnO, and (Co, Cu)/ZnO nanostructures 
respectively. Compared with the samples ZnO, Co-
ZnO, Cu-ZnO and (Co, Cu)/ZnO the band gap 
energy of (Co, Cu)/ZnO decreased moderately. The 
result indicates that the (Co, Cu) doping on ZnO 

leads to the band gap narrowing and responds to 
the visible light degradation of Rhodamine B.

XRD
The XRD patterns of ZnO, Co-ZnO, Cu-ZnO, 

and (Co, Cu)/ZnO nanostructures are shown in Fig. 
3. The pronounced diffraction peaks in the XRD 
pattern clearly show the crystalline nature with 
sharp peaks corresponding to (100), (002), (101), 
(102), (110), (103), (200), (112) and (201) planes.  
It is discovered that all the significant diffraction 
peaks can be perfectly indexed with standard 
(phase: hexagonal; lattice: primitive; JCPDS 36-
1451). In conclusion, co-doping does not modify 
the crystallographic structure of ZnO [27] [25].  
The crystallite sizes were determined as 38.71 nm, 
44.02 nm, 39.38 nm, and 30.33 nm for ZnO, Co-
ZnO,   Cu-ZnO, and (Co, Cu)/ZnO nanoparticles 
respectively. Since Co and Cu doping can suppress 
its crystal growth. It has been reported that ZnO 
doped with transition metals such as Co and Cu 
possesses a smaller particle size. The decrease in 
crystal size is due to the doping of Co and Cu [28] 
[26].

FT-IR
Fig. 4 shows the FT-IR spectra of the ZnO, Co-

ZnO, Cu-ZnO, and (Co, Cu)/ZnO nanoparticles 

 Fig. 2. Tauc plot of ZnO,Co-ZnO, Cu-ZnO and (d) CoCu-ZnO nanoparticles
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Fig. 3.  XRD patterns of ZnO, Cu-ZnO, Co-ZnO and (Co, Cu)/ZnO
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Fig. 4. FTIR spectrum of ZnO, Cu-ZnO, Co-ZnO and (Co, Cu)/ZnO
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respectively. In Fig. 4, an intense band at 3491 
cm–1 proposes the presence of non-dissociated OH 
groups of citric acid (CA). The peak around 2918 
cm−1 is due to CH2 stretching, peak at 1653 cm–1 
may be assigned to the symmetric stretching of OH 
from the COOH group, displaying the binding of a 
citric acid radical to the ZnO surface. The 1755 cm−1 
peak of CA, is attributable to the C = O vibration 
from the COOH group of CA. This peak shifts 
to an intense band at about 1653 cm−1 for ZnO - 
CA, displaying the binding of a CA radical to the 
surface of ZnO nanoparticles by chemisorptions of 
carboxylate (citrate) ions [29]. Carboxylate groups 
of CA form complexes with Zn atoms on the surface 
of ZnO representing a partial single bond character 
to the C = O bond. The next band at 1389 cm–1 
can be allocated to the asymmetric stretching of 
CO from the COOH group. The broad absorption 
peaks at 3460 cm-1 for ZnO nanoparticles are 
attributed to polymeric O-H stretching vibration 
of H2O in Zn-O lattice [30] [27] which is shifted 
to 3500 cm-1 for doped ZnO nanoparticles. The 
appearance of a sharp band at 449 cm−1 represents 
the stretching mode of Zn-O [31]  which is shifted 

to a higher frequency as 452 cm-1 for doped ZnO 
nanoparticles. 

PL spectra
photoluminescence (PL) studies are 

also a powerful method for exploring the 
impact of doping on the optical properties of 
semiconductor nanostructures with direct band 
gaps because doping nanostructures are expected 
to have different optical properties compared 
to undoped nanostructures. As demonstrated 
in Fig. 5, photoluminescence (PL) studies were 
conducted to investigate its emission properties. 
The photoluminescence of synthesized materials 
revealed three emission bands: one blue band at 
385 nm, a possible green band at 520 nm, and a 
red band at roughly 790 nm. The PL of the samples 
in our case differs significantly from that of ZnO 
crystals, which typically display UV emission at 
385 nm due to radiative recombination between 
electrons in the conduction band and holes in 
the valence band and the holes in the valence 
band. The green band at 520 nm and the red 
band at 790 nm could be linked to a transition 

  

 

 

 

 

 

 

 

 

 

Fig. 5. PL spectra of ZnO, Cu-ZnO, Co-ZnO and (Co, Cu)/ZnO nanoparticles at (a) 385nm; (b) 520 nm; (c) 790 nm
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between oxygen vacancy and interstitial oxygen. 
The recombination of photo-induced charge 
carriers produces the photoluminescence (PL) 
spectra of semiconductors. The PL spectra can be 
used to analyze electron/hole pair transport and 
recombination. [32] . 

Therefore, a decrease in PL intensity reduces 
the recombination rate of photo-induced electron-
hole pairs. The PL intensity decreases sharply in 
the following order: ZnO < Co-ZnO < Cu-ZnO 
< (Co,Cu)/ZnO. PL intensity of the UV emission 
peak decreases because the crystallization of 
the samples is poorer and poorer. A dominant 
ultraviolet (UV) emission and a weak visible 
emission can be detected for all the samples, which 
can be identified as the excitonic emission and 
defect-related emission, respectively. However, 
as the surface-related defects were depressed, the 
visible emissions of the ZnO nanoparticles doped 
with Co and Cu are higher than that of ZnO. 

SEM and EDX
The surface morphologies of ZnO, Co-ZnO, 

Cu-ZnO, and (Co, Cu)/ZnO nanostructures are 
characterized by SEM and are shown in Fig. 6 (a), 
(b), (c), and (d). The (Co, Cu) doped ZnO has 
spherical-like morphology, a smaller particle size, 
and also the nanoparticles are slightly agglomerated. 
From Fig 6 (d), it was observed that the average 
crystalline size was found to be 27-35 nm which is 
in good agreement with the XRD results.   

The energy dispersive X-ray spectrum (EDX) is 
used to analyze the (Co, Cu)/ZnO nanostructure 
and the results are tabulated (Table. 1). Co, Cu, 
Zn, and O peaks are formed in the spectrum, 
confirming the formation of (Co, Cu)/ZnO 
nanostructures (Fig. 7).

Photocatalytic activity
Photodegradation of RhB

Photocatalytic tests were done with an 

 

 

 

 

 

 

 

 

 

 

Fig.  6.  SEM image of  (a) ZnO; (b) Cu-ZnO;  (c) Co-ZnO and (d) (Co, Cu)/ZnO
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underlying RhB concentration of 5 µM, catalyst 
concentration of 0.12 g/L, pH 10, and illumination 
time of 180 min.  Fig. 8. (a) demonstrates the 
adjustment in absorption spectra of RhB presented 
to visible light for different irradiation times (0 
min, 30 min, 60 min, 90 min, 120 min, 150 min, 
and 180 min) within the sight of (Co, Cu)/ZnO. The 
absorption maxima at 554 nm decreased gradually 
with an extension of irradiation time. 

The examination of photodegradation and 
COD expulsion level of RhB over ZnO, Co– ZnO, 
Cu– ZnO, and (Co, Cu)/ZnO have appeared in 
Fig. 8. (b). The outcomes uncover that the metal-

doped ZnO indicated higher photocatalytic action 
than that of ZnO. (Co, Cu)/ZnO demonstrated 
momentous photograph reactant movement 
with degradation of 98% and COD evacuation 
of 70.51% for RhB. The expansion in evacuation 
level of COD affirms the mineralization of RhB 
amid photodegradation. In this manner, doping 
of Co and Cu in ZnO fundamentally enhances its 
photocatalytic action by improving the electron–
opening detachment on the photocatalyst surface. 
The photodegradation efficiencies of RhB utilizing 
ZnO, Co– ZnO, Cu– ZnO, and (Co, Cu)/ZnO have 
appeared in Fig. 8. (c). The removal percentage of 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

Sample name Atomic (%) KeV 
ZnO O = 66.60 

Zn = 33.40 
O = 0.52, Zn = 1.01, 8.63, 9.57 

Co-ZnO O = 74.05 
Zn = 24.43 
Co = 1.52 

O = 0.52 Zn = 1.01, 8.63, 9.57 Co = 0.85, 7.47, 8.26 

Cu-ZnO O = 74.05 
Zn = 24.43 
Cu = 1.52 

O = 0.52 Zn = 1.01, 8.63, 9.57 Cu = 0.85, 7.47, 8.26 

(Co, Cu)/ ZnO O = 74.05 
Zn = 22.91 
Co = 1.52 
Cu =1.52 

O = 0.52 Zn = 1.01, 8.63, 9.57 Co = 0.85, 7.47, 8.26 Cu = 2.32, 3.14, 3.37 

Table. 1 EDX elemental analysis of Co-Zno, Cu-ZnO and (Co, Cu)/ ZnO

 

 

 

 

 

 

 

 

 

 

Fig. 7. EDX spectrum of ZnO; Cu–ZnO; Co–ZnO and (Co, Cu)/ZnO
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RhB with different catalysts is presented in Table 2 
[33 – 37].

Mechanism of degradation of Rhodamine B
The impurity band exists in the middle of 

the optical band gap of doped ZnO. In these 
investigations under visible light illumination, 
the electrons can exchange from the valence band 
to their purity band by absorbing photons (λ > 
400 nm), and the electrons in the impurity band 
would then be able to exchange to the high-energy 
express (the conduction band) by engrossing 
different photons (Fig. 9). In this procedure, likely, 
a few electrons exchanging to the conduction band 
come straightforwardly from the impurity band as 

 

 

 

 

 

 

 

opposed to from the valence band. The examples 
of the conduction band electrons (e−) and valence 
band hole (h+) develop after two advances, and they 
can relocate toward the ZnO surface [38]. ZnO 
can be energized by implication through RhB, the 
response with oxygen prompts the development of 
O2

−•. From ensuing responses after the arrangement 
of the superoxide particle, hydroxyl radicals are 
shaped. The arrangement of OH• is essential for the 
debasement of RhB and subsequently required for 
the total corruption of RhB.

The plausible reaction pathways are:

ZnO + hv → ZnO (e−
CB + h+

VB)  1
Co2+ + hv → e− + Co3+ 2

Fig. 8. (a) Time-dependent UV–vis spectral changes of RhB (5µM) in the presence of (Co, Cu)/ZnO (0.12 g/L) under visible light 
irradiation; (b) Comparison of photodegradation and COD removal percentage of RhB in the presence  ZnO, Co–ZnO, Cu–ZnO and 
(Co, Cu)/ZnO and (c) Degradation of RhB as a function of irradiation time in the presence of ZnO, Co-ZnO, Cu-ZnO and Co, Cu 

codoped ZnO
[reaction conditions: pH = 10; RhB concentration = 5 µM; catalyst dosage = 0.12 g/L and irradiation time = 180 min]

 
 
 

Catalyst Name Dye % Degradation Reference 
Co3O4 RhB 90 % [30] 
ZnO RhB 95 % [31] 

F-MWCNTs/Co–Ti oxide RhB 93.35% [32] 
C, N-TiO2 RhB 94% [33] 

NiO RhB 80.33% [34] 
(Co, Cu)/ ZnO RhB 98 % Present Study 

 
 
 
 
 
 
 
 
 
 
 
  

Table. 2. Comparison of the degradation efficiency with other catalysts for RhB
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Cu+ + hν → e− + Cu2+ 3

ZnO + RhB∗ → RhB+• + ZnO(e−)   4

ZnO (e−) + O2 → ZnO + O2
−• 5

ZnO(e−) + O2
−• + H+ → HO2

− + ZnO 6

HO2
− + H+ → H2O2  7

H2O2 + e− → OH• + OH−  8

Anti-microbial activity
Fig. 10 shows the maximum inhibitory 

effect of ZnO, Co-ZnO, Cu-ZnO, and (Co, Cu)/
ZnO nanostructures against E. coli and S. areus. 
Table. 3 indicates the increasing antimicrobial 
activity against bacterial and fungal strains by the 
maximum zone of inhibition, Fig. 11 records the 
maximum inhibitory effect of ZnO, Co-ZnO, Cu-
ZnO, and (Co, Cu)/ZnO nanostructures against A. 
flavus and C. albicans. 

CONCLUSION
ZnO, Co-ZnO, Cu-ZnO, and (Co, Cu)/ZnO 

nanoparticles were synthesized by a novel citrate 
gel method. The samples have been characterized 
by UV-Vis DRS, XRD, FTIR, SEM EDAX, and PL 
analysis. The XRD and SEM results reveal that the 
crystal structure and morphology are not affected 
by the doping (Co and Cu) ZnO. The photocatalytic 
activity was examined by the degradation of RhB 
and the activity of photocatalyst in the following 
order: ZnO < Co-ZnO < Cu-ZnO < (Co, Cu)/ZnO. 
The prepared (Co, Cu)/ZnO nanoparticles display 
good absorption of visible light making a redshift. 
The red shift is the consequence of the band gap 
decrease resulting from the impurity band in 
the middle of the optical band gap of ZnO. The 
recombination rate of the photo-induced electron-
hole pairs is decreased because of Co and Cu 
codoping and the efficiency of photodegradation is 
enhanced under visible light irradiation. The zone 
of inhibition was found against pathogenic bacteria 
and fungal strains and it confirms that the co-doped 

 

 
 
 
 
 
 
 
 

Fig. 9. Schematic illustration of the modification of ZnO due to metal doping as impurities

 

 

 

 

 

 

 

 

 

 

Fig. 10. Antibacterial activity of ZnO, Co-ZnO, Cu-ZnO and (Co, Cu)/ ZnO Nps against   Staphylococcus aureus and Escherichia coli
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(Co, Cu)/ ZnO display an excellent antibacterial and 
antifungal activity than the Co-ZnO and Cu-ZnO. 
Hence, Co and Cu co-doped ZnO are identified as 
promising antimicrobial agents. Thus, the present 
study indicates that Co-doped ZnO can potentially 
be used in food preservation, water purification, 
and pharmaceuticals to prepare anti-drug agents. 
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