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A B S T R A C T

The co-precipitation method was used to prepare CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-
Co3O4 nanocomposite. The structural, morphological, and optical properties of the prepared
samples were studied using X-ray diffraction (XRD), total reflection X-ray fluorescence (TXRF),
transmission electron microscopy (TEM), selected area electron diffraction (SAED), diffuse
reflectance spectroscopy (DRS), and zeta potential. XRD analysis revealed that the crystal
structures of CuO, ZnO, and Co3O4 nanoparticles are monoclinic, hexagonal, and cubic, with
average crystallite sizes of 30.8 nm, 31.8 nm, and 32.8 nm, respectively. For CuO-ZnO-Co3O4
nanocomposites, the corresponding sizes were 24.9 nm, 13.6 nm, and 16.1 nm. The optical
bandgaps of CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposites were 1.5 eV,
3.14 eV, 1.2 eV, and 1.3 eV, respectively. In this study, the antibacterial activity of CuO-ZnO-
Co3O4 nanocomposite against Gram-negative bacteria (E. coli, Klebsiella, pseudomonas, and Sal-
monella) and Gram-positive bacteria (Staphylococcus aureus) was investigated and compared with
the antibiotic Azithromycin. In addition, the effect of the nanocomposite on fungi was studied and
compared with the antifungal Mystatin.

1. Introduction

Mixed metal oxide (MMO) nanocomposites are made by combining several metal oxides with nanometer-sized particles. Due to
their newly discovered and significantly enhanced physicochemical and biological properties as a result of their size reduction, metal
oxide nanoparticles and other nanomaterials have garnered a great deal of scientific attention recently [1]. It has some properties,
including thermal, optical, electrical, photocatalytic, and structural characteristics. Nanometer-scale mixing of more than one oxide
results in the formation of nanoparticles, whose properties depend on the relative concentrations of the individual oxide components in
the mixture. Applications for the nanocomposites could include fuel cells, battery components, photovoltaic devices, UV detectors, gas
sensors, and solar cells. Increases in carrier lifetime, charge transfer capacity, charge separation efficiency, magnetic property at room
temperature, and biomedical applications may be caused by metal-oxygen and metal-metal interfaces in mixed metal oxides [2–5].

* Corresponding author. Physics Department, Faculty of Science, Sana’a University, Sana’a, Yemen.
** Corresponding author.

E-mail addresses: Shd.Aziz@su.edu.ye (S.N. Aziz), abduhabdulwahab@yahoo.com (A.M. Abdulwahab).

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

https://doi.org/10.1016/j.heliyon.2024.e37802
Received 19 March 2024; Received in revised form 9 September 2024; Accepted 10 September 2024

Heliyon 10 (2024) e37802 

Available online 11 September 2024 
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license 
( http://creativecommons.org/licenses/by-nc/4.0/ ). 

mailto:Shd.Aziz@su.edu.ye
mailto:abduhabdulwahab@yahoo.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e37802
https://doi.org/10.1016/j.heliyon.2024.e37802
https://doi.org/10.1016/j.heliyon.2024.e37802
http://creativecommons.org/licenses/by-nc/4.0/


MMO nanocomposites were prepared using common methods such as Sol- Gel [6], mechanical grinding [7], hydrothermal technique
[8], Microwave-assisted [9], solid-state reaction [10], and co-precipitation method [11]. The co-precipitation method is used due to its
simplicity, affordability, efficacy, room temperature growth, fast, and low cost [12].

It has been demonstrated that CuO nanoparticle cause bacterial cell membrane disruption, which results in cell death. Reactive
oxygen species (ROS) and copper ions are released, resulting in oxidative stress and damage to cellular components. Furthermore, CuO
nanoparticle have shown a strong antifungal effect. According to studies, they are beneficial in biological and agricultural applications
because they prevent the growth of fungi such as Fusarium Oxysporum and Botrytis cinerea [13,14].

It has been discovered that ZnO nanoparticle work well against a variety of bacterial strains, including gram-positive and gram-
negative bacteria. Their process includes breaking down bacterial cell membranes and producing ROS. In addition, ZnO nano-
particle work well against Aspergillus Niger and Candida albicans. They prevent spore germination and harm fungal cells structurally
[15–18].

By causing oxidative stress and rupturing bacterial cell membranes, Co3O4 nanoparticle have proven effective against a variety of
bacterial strains (RSC Publishing) (Frontiers). This results in cell death. Along with though studies on Co3O4 nanoparticle are not as
comprehensive as those on CuO and ZnO, research suggests that they can prevent the growth of fungi. They have demonstrated efficacy
in combating pathogens such as Fusarium Oxysporum, underscoring their potential for use in biological applications [19,20].

Gram-positive and Gram-negative bacterial strains are regarded as a significant public health issue as infectious diseases become
more prevalent globally. Especially with the emergence of antibiotic-resistant strains of bacteria [21]. Recently, antimicrobial resis-
tance has increased globally, particularly for Candida infections. Most of the antifungal drugs used for treating candidiasis became
resistant to most Candida species.

In this way, nanomaterials are used as antibacterial agents due to their surface, size, and structure properties. Metal oxide
nanoparticles such as CuO, ZnO, and Co3O4 are excellent antibacterial agents that can be used to treat many infections caused by
bacteria like Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Streptococcus pyrogens [22–26]. When three metal oxides
are combined in a ternary system, new and improved characteristics can be produced, like stronger thermal stability, better electrical
conductivity, and increased catalytic activity [27]. Previous studies have demonstrated the antibacterial properties of ternary metal
oxide nanocomposites. Dias et al. have evaluated the antibacterial and antifungal activity of CuO-MgO-ZnO and CuO-Co3O4-CeO2
trioxides synthesized via precipitation [28]. Kannan et al. have described the photocatalytic and antimicrobial properties of micro-
wave synthesized CdO-CuO-ZnO nanocomposite [29]. Antibacterial activity of the CuO-NiO-ZnOmixed metal oxide has been reported
by Alam et al. [30].

As far as our knowledge is concerned, the papers on these nanocomposites are scarce and their applications have not received
enough studies, so the reason for the choice and coupling of these metals. The structural, morphological, and optical properties of CuO,
ZnO, and Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite were investigated. Also, antibacterial and antifungal activity were
evaluated and compared between five different bacterial species and candida as a useful application of the prepared nanoparticles and
nanocomposite.

Fig. 1. Representation of the synthesis processes of CuO, ZnO,Co3O4 nanoparticals and CuO-ZnO- Co3O4 nanocomposite.
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2. Experimental details

2.1. Materials

Copper nitrate trihydrate (Cu(NO3)2.3H2O) (98 %) (HIMEDIA), Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) (99 %) (HIMEDIA),
Cobalt nitrate hexahydrate (Co (NO3)2.6H2O) (98 %) (HIMEDIA), Sodium hydroxid NaOH (98 %) (HIMEDIA), and Distilled Water
(DW) were used in this work.

2.2. Preparation of CuO, ZnO, and Co3O4 nanoparticles

0.03M of (Cu(NO3)2.3H2O) was dissolved in 100 mL of distilled water under constant stirring for 10 min. 0.1 M NaOH is added
dropwise to the solution to adjust its pH value to 7, and it is stirred for 1h at ambient temperature to obtain the solution. The final
solutions are kept in an airtight container overnight. The obtained precipitate is washed with distilled water several times, dried at
100 ◦C for 1 h, then ground using a mortar and a pestle to get a fine powder. Finally, the powder is annealed at 500 ◦C for 2 h to obtain
the nanoparticles. These steps were repeated for other tow oxides (ZnO and Co3O4) with (Zn(NO3)2.6H2O) and (Co(NO3)2.6H2O) as
starting materials (see Fig. 1).

2.3. Synthesis of CuO-ZnO-Co3O4 nanocomposite

To prepare (CuO-ZnO-Co3O4) nanocomposite, 0.03M of copper nitrate, zinc nitrate, and cobalt nitrate with molar ratios (1:1:1)
were dissolved in 300 mL of distilled water under constant stirring for 10 min. The nanocomposite was then prepared using the same
procedure as for the synthesis of CuO, ZnO, and Co3O4

2.4. Characterizations

The structural characteristics of the prepared CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite were examined
using XRD (XD-2 X-ray diffractometer using CuKα (λ = 1.54 Å) at 36 kV and 20 mA, China). The concentrations of each element in the
samples were measured using a TXRF (xrf, s8 tiger, German) in the Yemeni Geological Survey and Minerals Resources Board. The
nanoparticle size was determined using a TEM (JEM-2100, Japan). The size of the TEM images was evaluated using ImageJ software.
In the Egypt National Research Centre (DRS), Model JASCO (V-750, Japan) was used to measure the transformation of the reflectance
spectra. For zeta potential and particle size, 1 mg of each sample was dispersed in 1 mL of deionized water, then sonicated for 30 min
and diluted 10X with deionized water. By utilizing a particle size analyzer called Dynamic Light Scattering (DLS) (Zetasizer Nano ZN,
Malvern Panalytical Ltd., United Kingdom) at a fixed angle of 173◦ at 25 ◦C, the prepared particles were examined for their particle size
and size distribution in terms of the average volume diameters and polydispersity index. Each sample was examined three times. The
zeta potential was calculated using the same tools.

2.5. Antibacterial and antifungal activity

2.5.1. Preparation of standardized suspension
A few colonies of similar morphology from each bacteria isolate were transferred, utilizing a sterile loop,to a tube containing 5ml of

sterile 0.85 % physiological saline. The addition of sterile saline or other colonies to the tube was applied until the turbidity was
adjusted to match 0.5 McFarland standard tubes using adequate light [31].

The antibacterial effectiveness of the CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite were evaluated against
five bacterial pathogens using the agar-well diffusion method. Bacterial colonies were cultured in nutrient broth at 37 ◦C for 24 h with
gram-positive (Staphylococcus) and gram-negative (E. coli, Klebsiella, Pseudomonas, and Salmonella) organisms. 15 mL of Mueller-
Hinton agar was added to Petri dishes and allowed to set up. Five different concentrations of each nanocomposite (1, 2, 4, 8, and
16) in addition to azithromycin were added as a control immediately to the plates [32]. The plates were then heated at 37 ◦C for 24 h of
incubation. After incubation, the degree of sensitivity was determined by measuring the easily visible and clear zone of inhibition of
growth produced by the diffusion of the antimicrobial agent from the wells into the surrounding medium. The diameter of the in-
hibition zone for each antimicrobial agent was measured and interpreted according to Poirel [33].

The only pure colony of yeast was selected using a sterile swab dipped in sterile tween 80. After being vortexed, this was suspended
in 3–4mL of sterile normal saline. A 0.5McFarland standard was set for the suspension’s turbidity. In a similar manner, the pure colony
was swabbed to prepare the inoculum for mold. This suspension was then vortexed in 3–4 mL of sterile normal saline. A 0.5 McFarland
standard was set for the suspension turbidity [34].

Candida was utilized to assess the antifungal activity of CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite. Petri
dishes were filled with 15 mL of Sabouraud agar, which was then allowed to set. Five samples of antifungal nanocomposites (Mystatin)
were then immediately added to the plates. Following that, it was left out at room temperature for 24–48 h. The size of the inhibition
zone was then measured.
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3. Results and discussion

3.1. X-ray diffraction (XRD)

The XRD patterns of CuO- ZnO- Co3O4 nanocomposite along with pure CuO, ZnO, and Co3O4 nanoparticles are presented in Fig. 2.
The XRD pattern of CuO- ZnO- Co3O4 nanocomposite is in good agreement with standard JCPDS cards no:00-048-1548 (CuO) [35],
JCPDS cards no:00-001-1136 (ZnO) [36], and JCPDS cards no: 00-042-1467 (Co3O4) [37], confirming the existence of three phases in
the single matrix. The observed diffraction patterns of nanocomposite demonstrated that CuO has a monoclinic structure, ZnO has a
hexagonal structure, and Co3O4 has a cubic structure. Peak positions and corresponding Miller indices for the nanoparticles and
nanocomposite are listed in Table 1. There was no impurity peak noticed in the XRD pattern, confirming the successful growth of pure
CuO- ZnO- Co3O4 nanocomposite.

The intensity of CuO and ZnO peaks are higher than that of Co3O4 in the CuO-ZnO-Co3O4 nanocomposite pattern (Fig. 2). This is

Fig. 2. XRD patterns of CuO, ZnO, Co3O4 nanoparticals and CuO–ZnO-Co3O4 nanocomposite.

Table 1
The Peak positions and corresponding Miller indices for CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite.

CuO ZnO Co3O4 CuO-ZnO-Co3O4

CuO ZnO Co3O4

2θ (hkl) 2θ (hkl) 2θ (hkl) 2θ (hkl) 2θ (hkl) 2θ (hkl)
32.26 (110) 32.1 (100) 31.04 (220) – – 32.3 (100) 31.46 (220)
35.88 (11 1) 34.8 (200) 36.6 (311) 35.99 (11 1) 34.6 (002) – –
38.44 (111) 36.7 (101) 38.42 (222) 38.76 (111) 36.8 (101) 39.26 (222)
45.98 (11 2) 48 (102) 44.72 (400) – – 47.9 (102) 44.99 (400)
49.2 (20 2) 57.1 (110) 59.479 (511) 49.22 (20 2) 56.9 (110) 59.59 (511)
53.44 (020) 63.4 (103) 64.94 (440) – – 63.3 (103) 65.26 (440)
58.74 (202) 66.2 (200) – – – – 67.04 (200) – –
61.66 (11 3) 68.6 (112) – – 61.8 (11 3) – – – –
66.17 (31-1) 69.7 (201) – – – – – – – –
66.4 (310) 73.2 (400) – – – – – – – –
68.62 (220) – – – – 68.66 (220) – – – –
73.06 (221) – – – – – – – – – –
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due to the relatively lower CuO contents, as confirmed by elemental analysis. Additionally, a slight deviation of peak positions in the
nanocomposite may be because of interaction between CuO, ZnO, and Co3O4 phases.

The average crystallite sizes of CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite were calculated using Debye-
Scherrer’s formula Eq. (1) [38,39].

D =(0.9 λ)/(β CoS θ) (1)

Where λ is the wavelength of X-ray used, β is the full-width at half maximum intensity (FWHM) (in radian), θ is the diffraction angle.
The lattice constant “a, b,c” determine for all prepare nanocomposite from high intense diffraction peak of (hkl) plane using the
following Bragg’s equation for cubic structure Eq. (2) [40]

1
d2

=

[
h2 + k2 + l2

a2

]

(2)

Hexagonal structure Eq.3 [41].

1
d2

=
4
3

[
h2 + hk+ k2

a2

]

+
l2

c2
(3)

And monoclinic structure Eq. (4) [42]

1
d2

=
1

sin2 β

[
h2

a2
+
k2 sin2 β

b2
+
l2

c2
−
2hlcosβ
ac

]

(4)

The micro-strain was determined by using Eq. (4), [42]. The calculated values of D and ε are summarized in Table 2.
There is a slight increase in the lattice parameters of CuO and ZnO in the nanocomposite, while that of Co3O4 decreased compared

with nanoparticles. The crystallite sizes of individual CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite are shown
in Table 2. The decrease in the crystallite sizes of ZnO and Co3O4 in the nanocomposite infers that CuO is the dominant phase in the
nanocomposite, The result was accepted by Ishfaq et al. [43]. The decrease in crystalline size is often associated with a higher density
of defects and dislocations within the crystal lattice. These defects contribute to microstrain by disrupting the regular atomic
arrangement. The micro-strain (ε) of CuO and ZnO in the nanocomposite increased when compared to their values as nanoparticles.
Due to the crystallite size decreased in the nanocomposite, the antibacterial and photocatalytic activity increased. This result has very
good agreement with previous work [4,44].

3.2. Elemental analysis

Table 3 shows the results of the elemental composition and oxide composition of CuO-ZnO- Co3O4 nanocomposite carried out by
TXRF. The results clearly indicated the existence of Cu, Zn, Co and O as elements and CuO, ZnO, Co3O4 as oxides.

3.3. TEM analysis of CuO-ZnO-Co3O4

The size and shape of the synthesized nanoparticles and nanocomposite were characterized utilizing TEM (Fig. 3a) shows TEM
images of CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite. As can be seen, CuO, ZnO, Co3O4 nanoparticles and

Table 2
The values of D and ε for CuO, ZnO, Co3O4 nanoparticles and CuO- ZnO-Co3O4 nanocomposite determined by XRD analysis.

Sample a (A0) b (A0) c (A0) D(nm) ε

Metal oxides CuO 4.6 3.4 5.1 30.76 0.004058
ZnO 3.2 – 5.1 31.79 0.0039747
Co3O4 8.1 – – 32.8 0.00644328

CuO-ZnO-Co3O4

Mixed metal oxides
CuO 4.7 3.4 5.1 30.23 0.004073
ZnO 3.23 – 5.2 26.66 0.00474
Co3O4 8.01 – – 26.73 0.003579

Table 3
TXRF analysis of CdO-CuO-Co3O4 nanocomposite.

Compound Wt% Elemental Wt%

CuO 46.83 % Cu 37.52 %
ZnO 30.92 % Zn 24.67 %
Co3O4 21.87 % Co 16.83 %
– – O 20.60 %
P, S, Ca, Fe, Si, etc 0.38 % P, S, Ca, Fe, Si, etc 0.38 %
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CuO-ZnO-Co3O4 nanocomposite have spherical shapes. The image-J program was used to calculate their particle sizes, and the his-
togram graph was plotted in (Fig. 3b). The particle sizes of CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite are
70.7 nm, 51.8 nm, 33.4 nm, and 18.1 nm respectively. As is clear from (Fig. 3) the circular fringes in SAED patterns indicate the
polycrystalline nature of the samples, and the diffraction rings matched with the XRD d-spacing of CuO, ZnO, Co3O4 nanoparticles and

Fig. 3. a. TEM image of CuO,ZnO,Co3O4 nanoparticals and CuO-ZnO-Co3O4 nanocomposite. fig. 03, bparticle size distribution of CuO,ZnO,Co3O4
nanoparticals and CuO-ZnO-Co3O4 nanocomposite. fig. 03,c.SAED crystal ring patterns obtained for the CuO,ZnO,Co3O4 nanoparticals and CuO-
ZnO-Co3O4 nanocomposite.
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CuO-ZnO-Co3O4 nanocomposite. The TEM results are in good agreement with the XRD results, which showed a decrease in the
crystalline size of nanocomposite compared to nanoparticles.

3.4. Zeta potential and size distribution

It is essential to characterize the behavior of NPs in an aqueous state before their biological studies. The dynamic light scattering
(DLS) technique is a widely used and effective method for determining the size of particles in a colloidal solution. The size of NPs is an
important characteristic for the use of nanoparticles in several fields, particularly the biomedical field. Zeta potential determination is
an important technique to estimate the surface charge of nanoparticles, which is helpful in the determination of the colloidal stability
of NPs [30].

Nanoparticles that possess zeta potentials of more than +20 mV or less than − 20 mV are considered stable colloidal suspension
systems that prevents nanoparticles aggregation. On the other hand, nanoparticles with zeta potential values that fall between − 30mV
and +30 mV indicate poor colloidal stability and are likely to undergo flocculation, agglomeration, or aggregation [45–47]. The
stability behavior of synthesized CuO, ZnO,Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite have been examined using zeta
potential and size distribution. As shown in Table 4 and Fig. 4.

The CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite had a mean size distribution with diameters between 500
and 980 nm. Our analysis showed that the average particle size reported by DLS was higher than the one obtained by TEM. The
disparity seen between TEM and DLS aligns with many additional investigations that documented the synthesis of diverse NPs [48].
The difference in size between the nanoparticles as measured by DLS and TEM is due to the swelling of CuO, ZnO, Co3O4 nanoparticles,

Fig. 3. (continued).

Table 4
Zeta Potential and Particle size for the CuO,ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite.

Samples Zeta Potential (mV) Size Distribution (nm)

CuO − 21.7 933
ZnO 2.78 634
Co3O4 12 516
CuO-ZnO-Co3O4 14.9 978
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and CuO-ZnO-Co3O4 in an aqueous medium. The zeta potentials of the CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 nano-
composite were determined to be − 21.7, 2.78, 12, and 14.9 mV respectively. The CuO nanoparticles are more stable than Co3O4
nanoparticles and CuO-ZnO-Co3O4 nanocomposite, while ZnO has poor stability. This result agrees with Ola N Hussen [49].

3.5. Optical bandgap energy

Diffuse reflectance spectroscopy was utilized to study the optical properties of CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4
nanocomposite materials that were synthesized. Fig. 5 shows the sample’s reflectance spectrum as a function of wavelength (a) in the
spectral range 400–700 nm. The results demonstrate the reflectance spectrum. Utilizing the Kubelka-Munk equation, the measured
reflectance was converted to absorbance [50] (see Fig. 6).

F(R)=
(1 − R)2

2R
(6)

Where R is the diffuse reflectance (%) and F(R) is the Kubelka-Munk function corresponding to the absorbance. The modified K-M
equation was used to determine the material’s bandgap energy (Eg) and the type of optical transition between the valence band (VB)
and conduction band (CB) [51]:

(F(R)hυ)=A
(
E − Eg

)n (7)

The exponent factor n is related to the type of the optical transition and has a value of 1/2 for the direct allowed band gap, and the

transition probability can be determined by the A constant. (E = hυ) is the photon energy. Plotting
(
(F(R) h υ)

1
n
)
versus E(eV) and

extrapolating the linear portion of the plot up to (F(R) h υ)1/n = 0) can be used to estimate the Eg of materials [50]. The type of
transition is determined by the best linear fit using various values of n; this kind of representation is called a Tauc model. shows the
Tauc plot obtained for the as-prepared CuO, ZnO, Co3O4 nanoparticles, and CuO-ZnO-Co3O4 nanocomposite. Table 5 shows the

Fig. 4. Zeta Potential Distribution the CuO,ZnO,Co3O4 nanoparticals and CuO-ZnO-Co3O4 nanocomposite.

S.N. Aziz et al. Heliyon 10 (2024) e37802 

8 



obtained band gap Eg values of prepared samples.
The bandgap value of CuO- ZnO- Co3O4 nanocomposite is close to that of CuO and Co3O4 (NPs). The shift in the bandgap energy of

the nanocomposite compared to the individual metal oxides may be caused by new energy states that form at the interfaces of the
several metal oxides. This may cause the bandgap energy and the electrical structure to change. Co3O4 (NP) has two bandgaps at 1.4 eV
and 1.16 eV; the presence of Co(III) centers in Co3O4 gives rise to a sub-band located inside the energy gap. Hence, Eg1 corresponds to
the onset of O(− II) ⟶ Co(III) excitations, while Eg2 is the ‘‘true’’ energy gap corresponding to inter-band transitions (basic optical
band gap energy, or valence to conduction band excitation) [52]. The optical band gap of CuO-ZnO- Co3O4 nanocomposite is lower
than that of nanoparticles. The band gap value of nanocomposite (1.3 eV) falls within the range of a narrow band gap semiconductor.
We can compare the particle size effect with the band gap only for semiconductors that have a size in the quantum dot (QD) [53,54].
Materials with such band gaps can have potential applications in fields such as photovoltaic, photocatalysis and sensors.

3.6. Antibacterial and antifungal activities

The antibacterial activity of the CuO, ZnO, Co3O4, and CuO-ZnO-Co3O4 nanocomposite was evaluated against E. coli, Klebsiella,
pseudomonas, salmonella, and Staphylococcus bacterial strains by a disc different approach and is shown in (Fig. 7). The nanoparticles
and nanocomposite were studied for five different concentrations: 1, 2, 4, 8, and 16 mg; these values were compared with antibacterial
(Azithromycin (30 mg)).

Fig. 8 shows that the bacteria are sensitive to the CuO-ZnO-Co3O4 (16 mg) nanocomposite. The inhibition zones are measured as
follows: 12, 15, 13, 13, and 14 mm, respectively; the weight of (8 mg) was 11, 9, 12, 9, and 12 mm respectively; and the weight of (4
mg) was 7, 9, 7, 8, and 8 mm, respectively. Its sensitivity to the ZnO (16 mg) nanoparticles was 8, 10, 13, 9, and 14 mm, respectively.
The sensitivity of bacteria to azithromycin (30 mg) was 15, 18, 21, 18, and 14 mm, respectively. There is no effect of the Co3O4 and CuO
nanocomposite.

The antifungal screening was performed on candida, using Mystatin as a reference (Fig. 9). Fig. 10 shows that the candida are
sensitive to the CuO-ZnO-Co3O4 nanocomposite (1, 2, 4, 8, and16 mg); the inhibition zones are measured as follows: 8, 8,9,12 and 14
mm, respectively. For CuO NPs with (1,2,4,8, and 16 mg) concentrations, the inhibition zones are measured as follows: 0,0,7,14, and
18 mm respectively, and ZnO NPs (1,2,4,8, and 16 mg) concentrations, the inhibition zones are measured as follows: 11,0,0,9, and 10
mm respectively. There is no effect on the Co3O4 NPs. The sensitivity of candida toMystatin (30 mg) was 12 mm. Nanocomposites have
improved nanoparticles in antibacterial and antifungal Activities as confirmed by result of XRD and TEM.

Fig. 5. Diffuse reflectance spectrum (R%) of theCuO,ZnO,Co3O4 nanoparticals and CuO-ZnO-Co3O4 nanocomposite.
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Reactive oxygen species (ROS) photo generation on the surface of metal-oxide nanocomposites has been the subject of numerous
studies [55]. Super oxide anions (O−

2 ) and CuO-ZnO-Co3O4 nanocomposite oxidation produces Cu
2+, Zn2+, and Co2+ ions, which aid

in their diffusion into the biological system or cause oxidative stress and reactive oxygen species (ROS), which alter membrane
permeability, harm proteins, lipids, DNA/RNA, and eventually lead to cytotoxicity in prokaryotic cells [56,57]. The more potent
oxidizing agents (OH) among the ROS are hydroxyl radicals and hydrogen peroxide (H2O2). By directly penetrating the cell membrane
of the bacteria, they damage them by preventing cell growth. Additional mechanisms are also utilized to mediate the antibacterial
activity. Nanocomposite damages the bacterial cell membrane and binds to the mesosome. Due to the cell death caused by these
intracellular functional changes, oxidative stress is introduced [58–60].

The negative-charged cell membranes and the heavymetal ions Cu2+, Zn2+, and Co2+with positive charges attract each other when
they come into contact with the microbe’s cell membranes (Fig. 11). Cu2+, Zn2+, and Co2+ then penetrate the cell membrane and
interact with the thiol groups (-SH) of the proteins that are present on the bactericidal cell surface. The proteins are rendered inactive
by the nanomaterials, and the membrane permeability is reduced, which results in the microbe’s death. Furthermore, the surface area
of nanocomposites has a significant impact on the chemical interaction between them and the cell membrane, and the same thing
happens in fungal cells [61]. We choose the most prevalent bacteria through our own process of selectivity. According to recent studies,
nanocomposite exhibits greater effectiveness. While it comes to treating the most contagious strains, the treatment (Nanocomposite) is
more effective than other nanoparticle because it can cure the infection effectively and efficiently [62].

4. Conclusions

The co-precipitation method was utilized to prepare pure CuO, ZnO, Co3O4 nanoparticles and CuO-ZnO-Co3O4 mixed ternary oxide
nanocomposite. The XRD pattern revealed that nanocomposite has monoclinic CuO, hexagonal ZnO, and cubic Co3O4 structures. The

Fig. 6. The plot of (F(R)hν)2 vs E(eV) for direct band gap.

Table 5
Optical bandgap energy values of prepared sample.

Sample Eg(eV)

CuO 1.5
ZnO 3.14
Co3O4 1.16 &1.4
CuO-ZnO-Co3O4 1.3
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nanocomposite particle size revealed by TEM image is 18.1 nm. SAED results were consistent with the indexing of XRD peaks and
demonstrate the polycrystalline nature of the samples. The results of XRD were also in good agreement with TXRF results. From the
results of the zeta potential, CuO nanoparticles were more stable than Co3O4 nanoparticles and CuO-ZnO-Co3O4 nanocomposite, while
ZnO had poor stability. The optical band gap of nanocomposite was 1.3 eV. The antimicrobial and antifungal properties of nano-
composite are demonstrated against both Gram-positive and Gram-negative bacteria. The results showed that CuO-ZnO-Co3O4
nanocomposite has good antibacterial and antifungal properties. We recommend that metal oxides that we produce be applied to
animals after injecting them with bacteria and fungi. Then notice the side effects and add some physical measurements, such as
photocatalytic.
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