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Abstract  
We have focused on the green synthesis of copper oxide 

nanoparticles (CuONPs) and zinc oxide nanoparticles 

(ZnONPs) and CuO coated with ZnO nanocomposite 

(CuO/ZnO) by using leaf extract of Cimpobogan 

citrates (CC) as reducing and stabilizing agent. Copper 

sulfate pentahydrate (CuSO4.5H2O) and zinc acetate 

dihydrate (Zn(CH3COO)2.2H2O) are the forerunners in 

the hydrothermal synthesis. The prepared ZnONPs, 

CuONPs and CuO/ZnO nanocomposite were 

characterized using various instrument techniques 

such as Fourier Transform-Infrared spectroscopy (FT-

IR), UV-visible spectroscopy (UV-Vis), X-ray 

diffraction pattern (XRD), Scanning electron 

microscope (SEM), Energy dispersive X-ray analysis 

(EDAX) and High Resolution-Transmission Electron 

microscope (HR-TEM). The results showed that the 

average size of CuO/ZnO nanocomposite was 20-50 

nm. The Tauc plot of CuO/ZnO nanocomposite shows 

low band gap (1.56ev). Under visible light 

illumination, methylene blue (MB) was degraded 

photocatalytically using ZnONPs, CuONPs and 

CuO/ZnO nanocomposite which was then examined 

using UV-visible spectroscopy.  

 

In comparison to ZnONPs (65%) and CuONPs (80%), 

CuO/ZnO nanocomposite showed superior 

photocatalytic activity for the breakdown of MB with a 

high percentage degradation efficiency (85%).  The 

photocatalytic degradation rate constant was 

evaluated by using a pseudo-first order kinetic 

equation. Additionally, the agar disc diffusion method 

was used to examine the antibacterial activity against 

two bacterial strains (Escherichia coli and 

Staphylococcus aureus) and a sizable zone of inhibition 

against the bacterial strains was found. 
 

Keywords: Cimbopogan citratus (CC), CuO/ZnO 

nanocomposite, Photocatalytic degradation, Visible light 
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Introduction 
The goal of the current nanotechnology is to create 

nanoparticles using environment friendly methods with 

unique properties22,25,27 that can be employed in a variety of 

industries. Metal oxide nanocomposites are increasingly 

being used for water pollution treatment, fuel cells, sensors, 

antibacterials and UV protection due to their sustainable 

development characteristics, lack of secondary pollution and 

high photocatalytic degradation efficiency16,47,51. Recently, 

metal oxide nanocomposites such as CuO-ZnO7, CeO2-

MnOx
20, ZnO-MgO48, MgO-CuO17, TiO2-WO3

8, Dy2O3-

CuO24, CeO2-ZnO13 and Co3O4-ZnO12,38 which act as 

semiconductors, have been synthesized. Since they exhibit 

tunable band gap, they can be exploited as photocatalyst for 

degaradation of dyes. 

 

Zinc oxide (ZnO), an n-type semiconductor, has some 

appealing green features such as cheap cost, great stability, 

non toxicity, favorable excitation, binding energy and simple 

preparation32. Additionally, copper oxide (CuO), a common 

p-type semiconductor with a low band gap energy, is also 

antibacterial, anti-inflammatory and has excellent chemical 

stability39. ZnO has been coupled with low-bandgap p-type 

semiconductors to demonstrate a number of properties 

including (i) the creation of narrow bandgap that improves 

visible light harvesting34. (ii) the development of a p-n 

heterojunction, which reduces the rate of e-/h+ 

recombination49 and (iii) enhanced reusability without 

sacrificing substantial performance35. To obtain these 

features, CuO/ZnOnano structured materials must be 

developed. 

 

For the fabrication of CuO/ZnO nanocomposite, synthetic 

approaches such as wet impregnation, sol-gel method, 

chemical vapour deposition, microwave irradiation, co-

precipitation and mechanical alloying methods2 were 

employed which are not cost-effective and detrimental to the 

environment. As a result, researchers have devised an 

alternative strategy for the synthesis of CuO/ZnO 

nanocomposite using green technologies which are favored 

as they are more environmentally friendly, cost-effective and 

can be easily scaled up with increased stability and 

morphology3. CuO/ZnO nanocomposite made using 

environmentally friendly methods has a distinctive shape 

and has effective particle size reduction which increases the 

production of reactive oxygen species (ROS) in 

photocatalysis and antibacterial activity. 

 

One of the most important resources for human survival is 

fresh water. Dye-infused wastewater has a significant 
negative impact on both the environment and human health. 

It typically goes off from the industries that produce plastics, 

textiles, papers and leather31. Some of the methods that have 
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been developed for dye removal include precipitation, ion 

exchange, adsorption, photodegradation and 

biodegradation1. Photodegradation of dyes can be used for 

treatment of waste water tainted with dyes.  

 

Methylene blue (MB) is one of the dyes that is most 

frequently used in the textile industry. These colors must be 

broken down first to prevent pollution of the water. This 

mechanism involves charge transfer and separation which 

can be facilitated by heterostruture21,30. Hierarchical metal 

oxide nanoparticles such as CuO/ZnO can be employed as 

an extremely effective photocatalyst for MB 

degradation15,18,50.  

 

Here, we present a general, ecofriendly Cimpobogan citrates 

(lemon grass) leaf extract that was employed to synthesise 

CuO/ZnO nanocomposite in a way that was environmentally 

friendly for capping, stabilizing and reducing agent. The leaf 

of Cimpobogan citrates has phytochemical components of 

flavonoids, carbohydrates, tannins, alkaloids, steroids and 

phytosteroids all existing in leaves26. The photocatalytic 

activity of Cimpobogan citrates produced nanocomposite 

was utilized to assess the photodegradation efficiency of 

methylene blue (MB) dye. The importance of photocatalysts 

lies on the fact that they can be used with minimal 

supervision. Since they are heterogenous catalysts, they can 

be removed from water by simple filtration techniques. The 

reduction of bandgap due to the formation of 

nanocomposites makes them operable in the presence of 

sunlight.  

 

The nanocomposites expose a maximum surface area which 

can be utilized for the effective adsorption of molecules for 

photocatalysis. Additionally, the antibacterial activity of two 

bacterial strains, Escherichia coli and Staphylococcus 

aureus, was tested using the agar disc diffusion method. The 

antibacterial activity of the nanocomposites can also be 

beneficial in decontamination of microorganisms in water. 

These properties of nanocomposites make an effective 

argument for their use. Prepared nanocomposites were 

characterized using UV-Vis, FT-IR, XRD, SEM with EDAX 

and HR-TEM. 

 

Material and Methods 
Chemicals and Reagents: Cimpobogan citrates (leaves) 

were obtained near Sri Paramakalyani College, 

Alwarkurichi, Tamil Nadu, India.  Analytical grade copper 

sulfate pentahydrate (CuSO4.5H2O, 99 %), zinc acetate 

dihydrate [Zn(CH3COO)2.2H2O, 99%], methylene blue 

(C16H18ClN3S) and ethanol were purchased from Sigma 

Aldrich, Bangalore, India. Throughout the experiment, 

deionized water (DW) was used for washing and solution 

preparation. 

 

Extract Preparation: The Cimpobogan citrates plant's 

leaves were gathered and cleaned in distilled water, allowed 

to dry by air and then processed into a powder using a 

grinder. After that, in a 500 ml beaker, containing 5 g of CC 

powder and 150 ml of DW were combined and the mixture 

was allowed to react under magnetic stirring for 10 min. The 

extract was filtered after cooling and kept at 4 °C for use in 

upcoming investigations. The schematic diagram is shown 

in scheme 1. 
 

 
Scheme 1: Schematic diagram of extract from 

Cimpobogan citrates plant 
 

Preparation of ZnONPs: 4 g of zinc (II) acetate was 

dissolved in 70 ml of distilled water and add 30 ml CC 

extract solution. At room temperature, the mixture was 

stirred for 30 minutes. The solution was put into a 100 mL 

teflon-coated autoclave and heated to 180 °C for six hours in 

a Muffle furnace. Then dark solution was centrifuged for 10 

minutes at 6000 rpm to obtain ZnONPs and it was washed 

several times using H2O and C2H5OH mixture and then it 

was dried at 60 °C for 12 hrs. 

 
Preparation of CuONPs: CuONPs was obtained by using 

4 g copper (II) sulphate (CuSO4. 5H2O) dissolved in water 

(70 ml) and 30 ml of CC extract and then stirred for 30 min. 

to create a homogeneous solution. It was put into a 100 ml 

Teflon autoclave and heated to 180 °C for six hours. A dark 

brown precipitate was obtained which was collected by 

centrifuge method and the impurity was removed by using 

H2O and C2H5OH mixture. The precipitate was dried at 80o 

C for 12hrs to get CuONPs powder.  

 

Synthesis of CuO/ZnO Nanocomposite: ZnO/CuO 

nanocomposite was synthesised environmentally friendly 

using Cimpobogan citrates leaf extract and the hydrothermal 

technique. In this procedure, a solution with a volume ratio 

of 40 ml of the extract and 40 ml of DW was dissolved with 

3 g of copper (II) sulphate and 1 g of zinc (II) acetate.  For 

an hour, the aforementioned components were mixed 

thoroughly. The mixes were then transferred to a teflon-lined 

autoclave and heated to 180°C for three hours. 

Centrifugation at 6000 rpm for 10 minutes separated the 

resulting light brown precipitate from the reaction 

suspension. It was then continuously washed with H2O and 

C2H5OH and dried in for six hours at 80 °C. The schematic 

diagram synthesis of ZnO/CuO nanocomposite is shown in 

scheme 2. 
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Scheme 2: Schematic illustration of preparation  

of CuO/ZnO nanocomposite by using  

hydrothermal method 

 
Instrumentation and experimental methods: For all the 

nanocomposites, FT-IR spectra (Nicolet IS5R FTIR, KBR 

windows with AR Diamond crystal plate, Make: 

Thermofisher) were taken in order to identify the functional 

groups. With water being used as a reference, the absorption 

spectra were captured using a UV-Visible 

spectrophotometer (Hitachi UH-5300 spectrophotometer 

Double beam). Crystalinity and phase purity of X-ray 

diffractometers (Bruker Eco D8 Advance) were 

investigated. The nanoparticles' shape and elemental 

composition were examined using SEM and EDAX (vega 3 

Tescan). Using HR-TEM (Jeol, JEM 2100), the NPs' 

morphology was evaluated. 

 

The photo catalytic degradation study: ZnONPs, CuONPs 

and CuO/ZnO nanocomposite were prepared and tested in a 

cylindrical quartz tube photoreactor. A 365 nm visible light 

lamp (250 W Xenon lamp with 400 mWcm−2 intensity) was 

used for irradiation. 100 ml of methylene blue (MB) dye was 

mixed with 100 mg of photocatalyst made of ZnONPs, 

CuONPs and CuO/ZnO nanocomposite at a concentration of 

10 ppm (parts per million) and a visible light bulb was placed 

within a quartz glass tube.  

 

The experiment was carried out at room temperature under 

visible light illumination after the solution was stirred for 30 

min in the dark to achieve MB absorption-desorption 

equilibrium on the surface of ZnONPs, CuONPs and 

CuO/ZnO nanocomposite photocatalysts. For a maximum of 

15 minute intervals, 10 ml of the MB degrading solution was 

collected and filtered using a 0.45 M syringe filter to remove 

the photocatalysts. The percentage degradation efficiency of 

MB was estimated using the following equation while the 

degradation reaction was being constantly monitored by a 

UV-visible spectrometer at 663 nm29. 

  

D (%) = C0-Ct/C0 x 100                             (1) 

 

where C0 and Ct represent the MB dye solution's initial and 

final concentrations over time respectively. 

 

Anti-bacterial evaluation: The experiment's tools were 
placed in an autoclave for 20 minutes at 121 °C.  Escherichia 

coli (E.coli) and Staphylococcus aureus (S.aureus) strains 

were grown in 50 ml of NB and incubated at 37 °C overnight 

before being used. The antibacterial activity of synthesised 

ZnONPS, CuONPs and ZnO/CuO nanocomposite was 

examined using the disc diffusion method. This method 

involved pouring 120 ml of bacterial culture onto sterile 

Petri plates and spreading it around with a spreader after 20 

ml of sterilised Mueller Hinton agar was added.  

 

ZnONPs, CuONPs and ZnO/CuO nanocomposite were 

placed onto a 6 mm sterile disc. The loaded disc was 

positioned on the surface of the medium and the extract was 

given five minutes to diffuse before the plates underwent a 

24-hour incubation period at 37 °C. Escherichia coli (E.coli) 

and Staphylococcus aureus (S.aureus) bacteria were mixed 

with the solvents as a control5,37. A clear ruler was used to 

measure the inhibitory zones that had formed around the disc 

at the conclusion of the incubation period in millimeters. 

 

Results and Discussion  
UV-visible characterization: Figure 1A (a-d) shows the 

UV-visible spectra of CC Extract, ZnONPs, CuONPs and 

CuO/ZnO nanocomposite. Peaks at 230 nm, 273 nm and 320 

nm appeared in the CC extract due to the presence of the 

phenolic compounds as shown in fig. 1A (a)10. A broad peak 

at 328 nm was obtained which was used to compare with the 

electronic transition of the Zn-O bond in ZnONPs as shown 

in fig. 1A (b). A broad peak at 253 nm and small intensity of 

the peak at 320 nm consistent with the Cu-O bond in 

CuONPs and π-π* transition of benzoyl in the extract are 

shown in fig. 1A (c)46. CuO/ZnO nanocomposite showed 

that a broad peak with low intensity at 334 nm was 

effectively coated on ZnONPs9,14,23.  

 

Figure 1B (a-c) shows the Tauc plot of ZnONPs, CuONPs 

and CuO/ZnO nanocomposite where the CuO/ZnO 

nanocomposite (1.56 eV) has a less band gap energy than the 

ZnONPs (1.69 eV) and CuONPs (1.42 eV). The low band 

gap energy of the CuO/ZnO nanocomposite resulted into the 

excellent photocatalytic degradation activity under visible 

light irradiation45. 

 

FT-IR characterization: The FT-IR spectra of CC extract, 

ZnONPs, CuONPs and CuO/ZnO nanocomposite is shown 

in fig. 2 (a-d). Figure 2(a) shows the multiple peaks at 3472 

cm-1 (O-H stretching vibration), 3020 and 2934 cm-1 (C-H 

stretching vibration), 1738 cm-1 (C=O stretching vibration), 

1418 cm-1 (-C-C- stretching vibration), 1132 cm-1 (C-O 

stretching vibration) and 763 cm-1 (-C-C stretching 

vibration) and their peaks were determined the various 

functional groups in CC Ext40. Mostly lower intensity new 

peaks were recorded at 2031 cm-1 and 946 cm-1 and 668      

cm-1 and were ascribed to the C=C bond stretching, C-H 

bond bending vibration and Zn-O bond stretching vibration 

as shown in fig. 2(b)36.  

 

The peaks are slightly shifted to higher wave numbers at 

3058 and 2958 cm-1 (C-H bond in CH3 and CH2 groups), 

2182 cm-1 (C=C stretching vibration), 1054 cm-1 (-C-H 

bending) and 668 cm-1 (Cu-O stretching vibration) and other 
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O-H bonds and C=O bond increase the intensity of the peaks 

and their peaks were promised in to the formation of 

CuONPs as shown in fig. 2(c)42. Figure 2(d) displays several 

less intensity peaks and one peak at a higher wave number 

at 691 cm-1 (Zn-O-Cu bond stretching vibration) compared 

with figure 2(a) CC Ext. which witnessed the ZnONPs 

coated on CuONPs in ZnO/CuO nanocomposite6,44. 

 

 
Figure 1 (A and B): (A) UV-visible absorption spectra 

of (a) CC extract, (b) ZnONPs, (c) CuONPs and  

(d) CuO/ZnO nanocompsoite and (B) Tau’s Plot of  

(a) ZnONPs, (b) CuONPs and (c) CuO/ZnO 

nanocomposite. 

 

 
Figure 2(a-d): FT-IR spectra of (a) CC Extract,  

(b) ZnONPs, (c) CuONPs and  

(d) CuO/ZnO nanocomposite 

XRD characterization: X-ray diffraction (XRD) method is 

used to identify the crystalinity of nanomaterials. X-ray 

diffraction patterns of CC extract, ZnONPs, CuONPs and 

CuO/ZnO nanocomposite are shown in fig. 3 (a-d). The 

peaks of 2θ at 22.10° (100), 30.09° (002) and 41.79° (101) 

were fitted to the (JCPDS#-03-0289) and (JCPDS#22-1069) 

which indicated the formation of a crystal plane and 

amorphous nature of CC extract powder as depicted in fig. 

3(a)33. Figure 3(b) shows the diffraction peak of ZnONPs at 

31.49° (100), 34.45° (002), 36.19° (101), 47.27° (102), 

56.48° (110), 59.15° (103), 62.73° (200), 67.4° (112) and 

68.98° (201) corresponding to a hexagonal phase of ZnO 

(JCPDS#00-0360-1451) while peaks at 33.36o (110), 35.38° 

(002), 38.52° (111), 48.67° (-202), 52.43° (020), 57.75° 

(202), 61.48° (-113), 66.18° (311), 67.89° (113), 71.81° (-

311) and 75.20° (222) were marked as monoclinic of 

CuONPs (JCPDS#00-048-1548) as shown in fig. 3(c).  

 

The CuO/ZnO nanocomposite diffraction patterns were 

related to the peak of ZnO NPs at 2θ values of 33.20o, 34.53o, 

36.29o, 49.41o, 47.58o, 55.84o, 59.30o, 62.4o and 69.09o 

respectively and the remaining peaks at 2θ of 35.73o, 42.05o, 

50.08o, 54.24o, 56.64o, 58.60o, 60.93o, 66.69o, 71.25o and 

73.38o matched to CuONPs4,43. Figure 3 (d) shows high-

intensity peaks due to Zn-O-Cu bond formation with the 

crystal of CuO/ZnO nanocomposite. The average size of 

ZnONPs, CuONPs and CuO/ZnO nanocomposite were 

calculated by using Debye Scherrer’s equation.  

 

D = Kλ/β cos θ                                                                    (2) 

 

where D is the diameter of nanoparticles, K (0.9) is the 

constant, λ is the wavelength of X-ray, β is the FWHM at 

maximum intensity peak at θ is the Bragg angle19,41. The 

average sizes of ZnONPs-Ext and CuONPs-Ext crystallite 

sizes are 20 nm and 25 nm respectively. 

 

 
Figure 3(a-d): XRD diffraction patterns of  

(a) CC extract, (b) ZnONPs, (c) CuONPs  

and (d) CuO/ZnO nanocomposite. 
 

Scanning Electron Microscope (SEM) characterization: 

Figure 4(A-D) shows the surface morphology of ZnONPs. 

An aggregate with sphere like structures at 10 µM is shown 

https://doi.org/10.25303/281rjce27037


Research Journal of Chemistry and Environment_____________________________________Vol. 28 (1) January (2024) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/281rjce27037        31 

in fig. 4 (A). Figure 4(B) shows compact particles obtained 

at high magnification 5 µM. Sphere like structures was 

clearly captured at the highest magnification 2 µM as shown 

in fig. 4(C). Energy dispersive x-ray analysis (EDAX) 

confirmed the existence of C, Zn and O in ZnONPs as shown 

in fig. 4 (D).  

 

Figures 5(A-C) reveal the surface morphology of CuONPs 

at various magnification 10 µM, 5 µM and 2 µM. The 

aggregated particles appeared at 10 µM as illustrated in fig. 

5 (A). Figure 5(B) explored that white particles were 

observed at 5 µM.  

 

The brightness of the particles was visualized at high 

magnification 2 µM as shown in Fig.5(C). EDAX shows that 

the elements of C, Cu and O were stabilized in CuONPs as 

shown in fig. 5 (D). The various images of CuO/ZnO 

nanocomposite recorded at 10 µM, 5µM, 2µM and 1 µM are 

shown in fig. 6(A-D). Different shapes of ZnONPs coated 

with CuONPs are shown in fig. 6A at low magnification 10 

µM. Mixture of various forms of ZnONPs with white 

particles of CuO NPs was taken at 5 µM as shown in fig. 

6(B). Figure 6(C) shows white particles coated with ZnO 

NPs exposed at 2 µM. White particles of CuONPs with rod 

and hexagonal shape of ZnO NPs were clearly obtained at 

high 1 µM as shown in fig. 6 (D). EDAX of Cu, Zn and O 

was presented in CuO/ZnO nanocomposite as shown in fig. 

6 (E). 

 

Transmission Electron Microscope: Transmission 

electron microscope was used to evaluate the material's size 

and shape.  The TEM images of CuO/ZnO nanocomposite 

agglomerated spherical particles were observed at 50nm and 

20 nm as shown in fig. 7 (A and B). The maximum spherical 

shape of particles was recorded at high magnification (10 

nm) as shown in fig. 7(C). At the highest magnification of 5 

nm, the spherical shape of particles was clearly displayed as 

shown in fig. 7 (D). The SAED pattern has also confirmed 

the crystallinity of CuO/ZnO nanocomposite as shown in fig. 

7 (E). 

 

Photocatalytic degradation application: The 

photocatalytic degradation of MB was determined using 

different photocatalysts such as ZnONPs, CuONPs and 

CuO/ZnO nanocomposite with visible light illumination at 

different time intervals as shown in fig. 8 (A-C). The 

photocatalyst of ZnONPs, CuONPs and CuO/ZnO 

nanocomposite first absorbed the MB dye solution under 

dark condition. ZnONPs were demonstrated that the 

photocatalyst for the degradation of MB under visible light 

irradiation from 0 to 60 min and its peak intensity was not 

completely degraded as shown in figure 8(A). CuONPs 

almost efficiently decompose MB dye under visible light 

with different time range intervals from 0 to 60 min as shown 

in fig. 8(B). The superior photocatalytic degradation of MB 

was performed by CuO/ZnO nanocomposite under visible 

light irradiation from 0 to 60 min as shown in fig. 8(C).  

 

 
Figure 4(A-D):  SEM image of ZnONPs (A) 10 µM, (B) 5 µM and (C) 2 µM and  

(D) EDAX elemental analysis of zinc (Zn), oxygen (O) and carbon (C) 
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Figure 5(A-D): SEM image of CuONPs (A) 10 µM, (B) 5 µM and (C) 2 µM and  

(D) EDAX elemental analysis of copper (Cu), oxygen (O) and carbon (C). 

 

 
Figure 6(A-E): SEM image of CuO/ZnO NPs (A) 10 µM, (B) 5 µM and (C) 2 µM and  

(D) 1 µM (E) EDAX   elemental analysis of zinc (Zn), copper (Cu) oxygen (O) and carbon (C) 
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Figure 7(A-E): TEM images of the CuO/ZnO nanocomposite (A) 50 nm, (B) 20 nm, (C) 10 nm and  

(D) 5 nm (E) SAED pattern of CuO/ZnO nancomposite 

 

Among them CuO/ZnO nanocomposite showed higher 

percentage degradation of MB than CuONPs and ZnONPs 

as shown in fig. 9A (a-c). Percentage degradation was 

calculated by using equation (1). CuO/ZnO nanocomposite 

demonstrated a higher photocatalytic activity due to 

CuONPs strongly coated on ZnONPs with lower band gap 

energy. The decompose kinetics rate constant of MB dye 

with various photocatalysts of ZnONPs, CuONPs and 

CuO/ZnO nanocomposite was evaluated by using the first –

order rate equation28. 

 

ln(Ct/C0) = -kt                         (3) 

 

where C0 and Ct are the initial and final concentrations at 0 

min and time t respectively, Kinetic rate constant (K, min-1) 

was calculated from the slope of the plot ln(Ct/C0) vs time t 

as shown in fig. 9B (a-c). The larger rate constant of 

CuO/ZnO NCs (K= 0.0265 min-1) is shown in fig. 9B (a-c). 

 

Photocatalytic degradation mechanism of MB with ZnO-

CuO nanocomposite: Figure 10 shows the photocatalytic 

degradation mechanism of MB with CuO/ZnO 

nanocomposite under visible light illumination. This 

nanocomposite photocatalyst is electron (e-) and holes (h+) 

generated in the conduction band (CB) and the valence band 

(VB). The electrons in CB band of CuO (Eg =1.46 eV) were 

pushed to the CB band of ZnO (Eg= 2.04 eV) whereas the 

holes were moved from the VB of ZnO to the VB band of 

CuO. The CB band of electrons in ZnO reacts with reactive 

oxygen species to form superoxide radicals (.O2-) and VB 

band of holes in CuO generates the hydroxide radicals (-OH.) 

after reacting  with H2O.  These radicals are highly reactive 

species and unstable, effectively degrading MB into by 

products like H2O, CO2 and NO3 and SO4
2− etc.11 The 

reaction process is as follow: 

 

CuO-ZnO + hν → ZnO (e-
CB + h+

VB) + CuO (e-
CB + h+

VB) (4) 

ZnO e−(CB) + O2 → •O2
−             (5) 

CuO h+(VB) + OH− → •OH             (6) 

•O2
− + MB → degraded products +H2O +CO2 + Minerals (7) 

•OH + MB → degraded products +H2O +CO2 + Minerals (8) 

h+(VB) + MB → degradation products+H2O +CO2 + 

Minerals                                                                               (9) 

 

Anti-bacterial activity of the samples: CuONPs, ZnONPs 

and CuO/ZnO nanocomposite samples were tested for the 

anti-bacterial activity against Escherichia coli (E.coli) and 

Staphylococcus aureus (S.aureus) bacteria by disc diffusion 

method. The antibacterial activities in presence of 120 

µg/mL of the samples were shown in fig. 11 (A-D).  

 

As noted, The CuONPs and ZnONPs samples displayed less 

anti-bacterial activity against both Escherichia coli (E.coli) 

and Staphylococcus aureus (S.aureus) bacteria (with zone of 

20 mm of CuONPs and 12 mm of ZnONPs for S.aureus and 

12 mm of CuONPs and 30 mm of ZnONPs for E. coli).
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Figure 8 (A-C): Photocatalytic degradation spectra of MB using (A) ZnONPs, (B) CuONPs and  

(C) CuO/ZnO nanocomposite at various time interval 0 to 75 min 

 

 
Figure 9 (A and B): (A) Percentage degradation 

efficiency vs reaction time (min) and (B) Kinetic plot of 

ln(Ct/C0) vs reaction time (min) for MB degradation 

using (a) ZnONPs, (b) CuONPs(b)and (c) CuO/ZnO 

nanocomposite. 

 
Figure 10: The photocatalytic degradation mechanism 

of MB with CuO/ZnO nanocomposite under visible 

light irradiation 
 

However, CuONPs and ZnONPs were prepared by using 

Cimbopogan citratus extract to reduce antibacterial activity. 

Interestingly, CuO/ZnO nanocomposite was exhibited the 

higher anti-bacterial activities against both the zones of 

E.coli for 31 mm and S.aureus for 22 mm bacteria as shown 

in fig. 11 (C and D).  

 

Conclusion 
Green synthesis of CuO/ZnO nanocomposite was effectively 

prepared by using Cimbopogan citrates (CC) with the 
hydrothermal method. It was applied for the photocatalytic 

decompose of MB under visible light illuminate. FT-IR 

spectra confirmed the formation of Zn-O and Cu-O bonds in 
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the CuO/ZnO nanocomposite. Tau’s plot displayed that 

CuO/ZnO nanocomposite has lower band gap energy (Eg = 

1.46 eV). SEM image clearly indicated that the CuO 

particles coated on ZnO. TEM result showed that ZnO/CuO 

nanocomposite was slightly agglomerated in spherical shape 

with size around 20–50 nm.  

 

The effective degradation of MB with CuO/ZnO 

nanocomposite responded better to under visible light 

irradiation at 85 % in 75 min. Furthermore, the ZnO/CuO 

nanocomposite exhibited successful antibacterial action 

adjacent to both gram-positive and gram-negative bacteria. 

Consequently, it is projected that the CC extract ZnO/CuO 

nanocomposite can perform as competent nanomaterials for 

sustainable biological and photocatalytic applications. 

 

 
Figure 11(A-D): Anti-bacterial activities of the 

CuONPs, ZnONPs, CuO/ZnO nanocomposite samples 

against E. coli and S. aureus and (E) Comparison Result 
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