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Abstract

The copper doped ZnO (CuxZn1-xO, where x = 0, 0.01, 0.02, 0.04, 0.05) nanoflowers were produced by using
co-precipitation process. Hexagonal wurtzite nanocrystalline phase of both pure and Cu-doped samples was
confirmed by X-ray diffraction analysis. Field emission scanning electron microscopy results confirmed the
emergence of fully dispersed nanoflower like morphologies in the Cu-doped ZnO and uniform dispersion of
particles. Band gap energies of the prepared samples were calculated using the Tauc’s plot. All of the gener-
ated samples’ room temperature photoluminescent spectra show two emission peaks, one excitonic peak in the
UV region and another broad defect level peak in the visible area. The yellow and green luminescence charac-
teristics of both pure and doped samples were analysed via the PL spectra in visible light region, making them
appropriate for optoelectronic applications. The antibacterial potential of the produced nanostructures against
the bacterial strains of Enterococcus Faecalis (gram positive) and Pseudomonas Aeruginosa (gram negative)
were assessed. When compared to the pure ZnO nanostructures, the doped samples exhibit enhanced antibac-
terial activity. For the samples with 5 at.% Cu, the greatest zone of inhibition against Pseudomonas Aeruginosa
was noted to be 25 mm. For the samples doped with 5 at.% Cu, the largest zone of inhibition against Enterococ-
cus Faecalis was 21 mm. The findings indicate that the obtained samples have higher antibacterial potential
against gram negative than gram positive bacteria. The prepared doped ZnO nanoflowers were therefore rec-
ommended as excellent green nanophosphors for the production of white LEDs and effective nanoantibiotics
against gram-negative bacteria.
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I. Introduction

The vast band gap energy (3.37 eV), electrical-
thermal stability, high exciton binding energy (60 meV)
and high saturation velocity of ZnO make it a highly re-
searched material in the field of nanoscience and tech-
nology [1,2]. ZnO nanoparticles’ special features are
advantageous in a variety of fields, including electron-
ics, optoelectronics, agriculture, communications and
healthcare. The potential optical and biomedical char-
acteristics of ZnO nanoparticles can be employed in
optoelectronic devices, solar cell appliances, diagnostic
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tools, antimicrobial agent, bio-imaging, drug delivery as
well as in cancer treatment [3].

The remarkable photoluminescence characteristics of
the ZnO nanoparticles (NP) make them suitable for pho-
tocatalysis and optoelectronic applications. The physi-
cal and chemical properties of metal oxide nanoparti-
cles can be improved by doping with several types of
dopants. Different physical, chemical and bactericidal
efficacies have been observed depending on the types
of dopants used, the synthesis methods used, the ex-
perimental settings, etc. The photo luminescent and an-
timicrobial properties of ZnO NP can be enhanced by
dopants, such as transition metals Fe, Cu, Mg and Mn,
among others. Cu has the ability to significantly alter the
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morphological, structural, optical, electrical, magnetic
and biological aspects of ZnO NPs among these transi-
tion elements [4]. Copper is thought to be the source of
green fluorescence in ZnO. It is still unclear what spe-
cific mechanism controls the green fluorescence in ZnO.
However, research suggests that whilst the structureless
green emission comes from oxygen vacancies, the struc-
tured green emission is caused by copper impurities or
other types of donors [5]. Producers of white LEDs
use a variety of green luminous Cu-doped ZnO phos-
phors. However, employing them to make white LEDs
has a number of problems because their synthesis pro-
cess necessitates intricate chemical processes, uses haz-
ardous precursors and results in polydispersed nanopar-
ticles [6].

Because ZnO nanostructures can generate reactive
oxygen species (ROS) such hydroxyl radicals (OH•),
singlet oxygen, or superoxide anion (O2 – ), which can
seriously harm bacterial cells’ internal components in-
cluding proteins and DNA, they have the potential to be
cytotoxic. ZnO NPs have the ability to emit antimicro-
bial ions, primarily Zn2+ ions, and can come into direct
contact with bacteria to kill them [7]. ZnO nanostruc-
tures’ antibacterial efficacy can be changed by increas-
ing ROS generation within the bacterial cell. A very
effective way to increase the ROS generation by the
nanostructures is to incorporate different dopants into
the material. Doping causes lattice imperfections, which
boost ROS production and antimicrobial effects. Previ-
ous studies show that pure ZnO has lower antibacterial
activity than Cu-doped ZnO nanostructures. Copper has
an ionic radius similar to that of zinc and is not haz-
ardous to human cells. Additionally, Cu is a cheap, non-
toxic and naturally plentiful element, making it a viable
doping agent among transition element dopants. There-
fore, the purpose of the current study was to develop
pure and Cu-doped ZnO nanophosphors with improved
structural, optical and antibacterial properties using a
straightforward co-precipitation approach.

Because of its low cost, non-toxicity, low tempera-
ture requirement and high productivity, co-precipitation
method was chosen for this study among the numer-
ous types of ZnO nanoparticle synthesis techniques.
To study the optical properties of the material, UV-Vis
and photoluminescent spectra of the generated samples
were measured. Additionally, the antibacterial efficacy
of synthesized materials against gram positive and gram
negative bacteria using the agar well diffusion method
was analysed.

II. Experimental

Nanosized pure and Cu-doped ZnO powders
(CuxZn1-xO, where x = 0, 0.01, 0.02, 0.04, 0.05) were
synthesized using co-precipitation technique (Fig. 1).
Sigma Aldrich 0.5 M zinc acetate dehydrate solution
(purity >99%) and aqueous solution containing 1 M
NaOH (purity >99%) were combined and stirred
continuously to create pure ZnO nanostructures and pH

Figure 1. Illustration of synthesize process of Cu-doped ZnO
nanoparticles

was maintained at 11. Doping was carried out by com-
bining various concentrations of zinc acetate dehydrate
solution with copper acetate dehydrate solution (Sigma
Aldrich, purity >99%). Cu-doped ZnO nanoparticles
were precipitated by gradually adding 1 M NaOH to
this mixture and pH was kept at 11. The ensuing pale
blue suspension was aged for a further reaction to occur
and filtered the next day. To remove by-products, the
precipitate was washed in distilled water and ethanol
and then calcined at 200 °C for 2 h. The calcined sam-
ples were ground using an agate mortar, before being
submitted to several characterisation experiments.

XRD patterns were collected by X-ray diffrac-
tometer (X’Pert3 Powder) with CuKα radiation, (λ
= 0.15406 nm). The surface morphology of the Cu-
doped ZnO nanostructures was investigated by FESEM
(MAIA3 XMH) with Schottky emitter resolution of
0.7 nm at 15 kV. The room temperature absorption spec-
tra of the pure and Cu-doped ZnO nanopowders were
captured in the region 200–650 nm using Lambda 650,
Perkin Elmer UV-Vis spectrometer. Photoluminescence
spectra (PL) of the undoped and doped ZnO nanostruc-
tures stimulated at 340 nm were obtained using a Horiba
Fluorolog 3 Fluorescence Spectrometer with TCSPC.

III. Results and discussion

3.1. X-Ray diffraction analysis

XRD patterns of the pure and Cu-doped ZnO
nanoparticles are shown in Fig. 2. The pure ZnO has
extremely firm and intense peaks, which show that the
sample is well-crystalline. Peak intensities were rapidly
decreased as Cu was added. The existence of defects or
disorders caused by the copper ions in the hexagonal
wurtzite ZnO structure was the cause of the peaks’ re-
duced intensity [8]. The ICDD card number (36-1451)
was found to coincide exactly with the (100), (002),
(101), (102), (110), (103), (200), (112) and (201) peaks
for the pure and doped samples.

A shift in peak positions towards higher angles and
broadening of diffraction peaks with an increase in dop-
ing concentration was observed (Fig. 2b). This was due
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Figure 2. XRD patterns of Cu-doped ZnO nanoparticles (a) and enlarged 2θ region showing peak shifting (b)

Table 1. Lattice constants, cell volume and space group of prepared samples

Doping concentration Lattice constants Cell volume
Space group

[at.%] a [Å] b [Å] c [Å] [Å3]
0 3.2533 3.2533 5.2073 47.73 P63mc

1 3.2495 3.2495 5.2069 47.62 P63mc

2 3.2495 3.2495 5.2069 47.62 P63mc

4 3.2495 3.2495 5.2069 47.62 P63mc

5 3.2490 3.2490 5.2070 47.60 P63mc

Table 2. Average crystallite size from Scherer equation DS and W-H plot DWH, microstrain and dislocation density δ of
prepared samples

Doping concentration [at.%] DS [nm] DWH [nm] Microstrain δ [nm−2]

0 29.5 60.9 0.00157 3702.72
1 17.7 37.8 0.00289 1429.60
2 16.6 36.1 0.00295 1303.93
4 16.1 32.5 0.00291 1054.30
5 14.3 25.6 0.00272 656.90

to the different ionic radii of Zn and Cu ions. Introduc-
tion of Cu into the Zn lattice caused a compressive strain
within the structure, which shifted the peak locations of
the X-ray diffractograms towards higher diffraction an-
gles. All of these differences resulted from the increased
lattice defects and micro strain of the sample with dop-
ing [9]. The complete substitution of Cu ions into the
Zn lattice was therefore confirmed by the peak shift and
peak width broadening.

The lattice parameters, cell volume and space group
of the pure and doped materials were retrieved with the
QualX software and displayed in Table 1. The lattice pa-
rameters of the doped samples obeying the Vegard’s law
also somewhat decreased as a result of the difference in

the ionic radii of Zn and Cu. For the doped samples,
there was also a modest decrease in the cell volume.

The average crystalline size of all pure and doped
samples was determined from the XRD patterns using
the Scherer formula and Williamson Hall (W-H) plot. In
the Scherer formula D = K · λ/β · cos θ, D is the crystal-
lite size, K is the Scherer constant, λ is the X-rays wave-
length, β is the full width at half maximum (FWHM),
and θ is the Bragg’s angle. Table 2 lists the crystal-
lite size results for samples of the pure and Cu-doped
ZnO NPs. It has been discovered that when the doping
concentration increases, the average crystallite size de-
creases. Impurities will cause distortion of the host ma-
terial’s crystal lattice, which will slow down the nucle-
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ation and growth rates. This feature is explained by the
Zener pinning theory, which shows how grain bound-
aries move across the grain’s edges. This idea states that
the edges of the crystallite impose an imminent force on
the moving boundaries and these moving borders may
become stuck if Cu ions replace Zn atoms. Because the
obstructing power is greater than the Eg primary driv-
ing force for grain growth, crystallite growth is therefore
prevented. Due to the doping of Cu in ZnO, there may
be some charge imbalance and crystal defects around
the dopants. Therefore, the presence of Cu altered the
ZnO crystal lattice and caused the crystallite size to de-
crease as doping concentration increased. This reduc-

tion in crystallite size suggests promising applications in
gas sensor, spintronic and optoelectronic devices [10].

There is a significant discrepancy between the aver-
age crystallite size values determined using the Scherer
equation and W-H plot. The crystallite size determined
from the W-H plot was found to range from 60.8 to
25.6 nm, whereas according to the Scherer equation it
was between 14.3 and 29.5 nm. The discrepancies in
how the particle dispersion was averaged led to this vari-
ation [11].

The dislocation density has a significant impact on
the physical characteristics of materials, such as grain
size and hardness. According to the literature review

Figure 3. SEM images of CuxZn1-xO NPs, where x is: a) 0, b) 0.01, c) 0.02, d) 0.04 and e) 0.05, as well as f) enlarged image of
Cu0.05Zn0.95O NPs with g) brush like structure on petals
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[12], the material’s hardness is inversely proportional
to its grain size. With increasing the incorporation of
Cu into the ZnO lattice, a little drop in the dislocation
density has been observed since doping increases the
microstrain of the material. Table 2 lists the microstrain
and dislocation density of the samples as determined by
the W-H plot.

3.2. FESEM analysis

The surface morphology of the CuxZn1-xO NPs was
investigated by FESEM (Fig. 3) which showed the
emergence of fully dispersed nanoflower like morpholo-
gies for the samples doped with 0, 1 and 2 at.% Cu
with a diameter of 200–500 nm. The produced flower
like structures composed of petals having numerous
nanobrushes with diameters of 40–50 nm and length
from 100–140 nm. The diameter of petals increases to
1–1.5µm with the increase in doping concentration to
4 and 5 at.% Cu. Nanoflowers can be used for a wide
range of biological applications, including catalysis,
bioremediation etc. due to their extremely high surface
area to volume ratio.

3.3. Optical analysis

UV-visible spectra analysis

The room temperature absorption spectra of the pure
and Cu-doped ZnO nanopowders are shown in Fig.
4. The image makes it obvious that all of the sam-
ples exhibit noticeable absorption in the range of 255
to 404 nm. Band gap energies of the prepared sam-
ples were calculated using the Tauc’s relation (αhν) ∼

Figure 4. Absorption spectra as well as the Tauc’s plots of
pure and Cu-doped ZnO nanoparticles

(hν−Eg)1/2, where hν is the incident photon energy and
α is the optical absorption coefficient near the funda-
mental absorption edge. The measured values of band
gap and absorption edges of the samples are reported in
Table 3. Doping has been found to widen the bandgap
of ZnO nanostructures. According to the Tauc’s graphic,
the band gap of the pure ZnO is 3.11 eV, whereas the
band gap of the sample doped with 1 at.% Cu is 3.26 eV,
which are both lower than that of the bulk ZnO. The
deviation of band gap in the pure and doped nanostruc-
tures from that of the bulk was due to the nanoflower
like structures and defects that occurred during synthe-
sis [13,14]. The widening of the bandgap in the doped
samples was a result of the quantum confinement effect.
The Burstein-Moss effect provides a clear explanation
for the band gap widening associated with doping. This
effect states that Cu generates free carriers that cause
the Fermi level to shift towards the conduction band,
resulting in a widening of the band gap. Low energy
transitions are therefore not feasible. The decrease in
particle size with increased Cu doping is another fac-
tor contributing to the bandgap widening [15]. How-
ever, it is discovered that the band gaps of the 2, 4
and 5 at.% Cu-doped samples were smaller when com-
pared with the 1 at.% doped sample. The bandgap en-
ergy of the 5 at.% Cu-doped sample is determined to be
3.20 eV. The nanoflower morphology and the develop-
ment of shallow levels inside the band gap caused it to
shrink. The overall band narrows as a result of changes
in the electron exchange interactions between the band
electrons and the sp-d exchange interactions of the band
electrons to localised d-electrons of Cu ions, which re-
sult in a negative correction in the conduction band and
a positive correction in the valence band. These shallow
levels inside the band gap provided by the doping are
one of key components to enhance the photocatalytic
activity. Also contributing to the narrowing of the band
gap are many-body effects on the conduction and va-
lence bands, i.e. there may be a chance to fuse an im-
purity band with a conduction band, which results in a
narrowing of the band gap [16]. The band gap narrowing
originates from the chemical reaction of the host ZnO
crystal and it is due to the difference in electronegativity
between Zn and Cu.

The pure ZnO exhibits an absorption edge at
403.8 nm. The absorption edges of the Cu-doped materi-
als exhibited a blue shift as a result of an increase in lat-
tice distortion. The absorption edge of the sample doped
with 1 at.% Cu is at 387.0 nm. The growing band gap
and quantum confinement effect were both confirmed

Table 3. The band gap and absorption edge of pure and doped samples

Doping concentration [at.%] Band gap energy [eV] Absorption edge [nm]
0 3.11 403.8
1 3.26 387.0
2 3.24 392.6
4 3.22 400.0
5 3.20 401.3
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by this blue shift in the absorption edges. As the doping
concentration increases, it was discovered that the ab-
sorption edges of other doped samples (2, 4 and 5 at.%)
were moving towards higher wavelengths in compari-
son to the 1 at.% doped sample. The red shift revealed
the presence of surface oxides of Zn and Cu. This red
shift indicates the inclusion of Cu ions into the Zn lat-
tice and is a sign of a decrease in bandgap energy. The
main causes of the red shift of doped samples include
electron-phonon interaction, lattice flaws and the local-
ization of charge carriers caused by point defects [17].
The second order perturbation theory can theoretically
be used to explain the red shift in the band gap [18,19].
The red shift of the band gap supports the uniform re-
placement of Zn ions by Cu ions, according to the per-
turbation theory. It was also observed that the absorp-
tion intensity abruptly decreases while the absorbance
increases gradually when the dopant concentration is in-
creased. Additionally, a rise in visible range absorption
was seen for the materials that were doped with 2, 4 and
5 at.% Cu. The increase in visible light absorption was
caused by the photo-induced transition between the va-
lence, conduction, and impurity states.

Photoluminescence spectral analysis

Photoluminescence (PL) spectra of all samples dis-
played two emission peaks, a broad peak in the visible
range and one excitonic peak in the ultra violet range
(340–670 nm). The visible band can be formed by flaws
such as impurities, zinc interstitials, oxygen vacancies,
etc. but the excitonic band can emerge from the donor
acceptor pair transition due to radiative recombination
of neutral donor with neutral acceptor. When the pure
ZnO was examined, a prominent excitonic peak cen-
tred at 386 nm was seen. This peak is associated with
near band emission (NBE), which is the recombination
of free excitons following an exciton-exciton collision
process. The NBE peaks of all doped samples were ob-
served to move towards shorter wavelengths with the
peak of 1 at.% Cu-doped sample cantered at 380 nm.
The incorporation of Cu atoms into the ZnO lattice is
confirmed by the blue shift of the excitonic peaks, which
indicates the quantum confinement effect. The incorpo-
ration of Cu atoms into the ZnO lattice is confirmed by
the blue shift of the excitonic peaks, which indicates the
quantum confinement effect and lead to an expansion
of the optical band gap. It can be seen (Fig. 5) that the
excitonic peaks of the 2, 4 and 5 at.% Cu-doped sam-
ples exhibit a minor shift towards a higher wavelengths
in comparison to the 1 at.% doped ZnO and are centred
at 381 nm as the doping concentration increases. This
red shift was the result of a band gap narrowing effect
which would lead to increased defect levels between
the valance and conduction bands of ZnO [20]. The
nanoflower morphology and the incorporation of cop-
per impurity were thought to be the reasons for the band
gap narrowing effect. For the previously mentioned UV-
Vis absorption spectra, the comparable blue shift and
red shift were observed.

Figure 5. PL spectra of pure and Cu-doped ZnO
nanoparticles

For each sample, a prominent broad defect level peak
has been seen in the visible range. The pure ZnO emits
light at a wavelength of roughly 573 nm, which corre-
sponds to a yellow luminescence that is typically at-
tributed to deep levels brought on by ionised oxygen va-
cancies. The visible bands of all doped sample exhibit
a blue shift and the centre of the 1 at.% Cu-doped sam-
ple is located at 530 nm (2.34 eV), which corresponds
to the green luminescence (GL). Cu ion acts as a shal-
low donor in pure ZnO nanostructures, as shown by the
blue shift to the PL peak. According to Raji et al. [20],
the GL band was produced by the radiative recombina-
tion of Cu+ acceptor level holes and donor level elec-
trons that are positioned below the conduction band. As
a result, it is possible to conclude that the GL band at
530 nm in the current investigation resulted from the
transition between a shallow donor level and a Cu+ ac-
ceptor state located above the valance band.

The defect level peaks of the higher doped sam-
ples (2, 4 and 5 at.%) exhibit green luminescence and
are centred at 546 nm (2.27 eV), 553 nm (2.24 eV) and
555 nm (2.23 eV), respectively. The nanoflower like
morphology and the increase in copper impurity lev-
els brought on by the increased doping concentration
might be what caused the red shift that was noticed. Ac-
cording to Sajjad et al. [21], the oxygen vacancies and
inherent defects are what cause the green band to ex-
ist near 550 nm. Syed et al. [22], assert that the recom-
bination of photoexcited holes and electrons in singly
occupied oxygen vacancy is the cause of the GL band
at 546 nm. According to Irimpan et al. [23], anion va-
cancies caused by copper doping increase ZnO defect
levels. They claimed that the transition from the defect
level to the copper-induced t2 level is what causes the
amplification of green luminescence in doped materi-
als. According to the earlier findings, the change from
deep donor levels to the d9 state of the Cu2+ acceptor
was what caused the green emissions at 553 and 555 nm
in the current work. Since they were not seen for pure
ZnO, the green luminescence bands of all doped sam-
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Figure 6. Schematic model of defect levels corresponding to
the green emission in Cu-doped ZnO

ples demonstrate that Cu impurity is incorporated into
the ZnO lattice. Figure 6 depicts the schematic model
of defect levels corresponding to the green emission in
Cu-doped ZnO.

Due to the actual decrease in the rate at which pho-
togenerated carriers recombine, it is discovered that all
samples up to a doping concentration of 4 at.% lower
excitonic and visible band intensities. Copper has the
capacity to capture ZnO electrons, improving the sepa-
ration of electron and hole pairs. Additionally, the ad-
dition of Cu results in a reduction in surface flaws like
Zn and O vacancies, which lowers the rate of recom-
bination. Because Cu atoms on the surface deflect the
excitation light, the visible PL intensity fell as the dop-
ing concentration increased. This compound functions
better as a photocatalytic material since the presence of
Cu impurities also caused a non-radiative recombina-
tion process that reduces the PL emission. Since there
was too much Cu ions acting as recombination centres,
the fluorescence intensity of the sample that with 5 at.%
Cu rises. The primary deep donor for the visible lumi-
nescence in ZnO is the oxygen vacancy. Higher Cu con-
tent results in improved electronic transitions from the
Cu shallow-donor level to the O-vacancy deep-acceptor
level, which increases the visible photoluminescence in-
tensity [24].

These results suggested that it is possible to cre-
ate nanoflower-like structures and either reduce or in-
crease the intensity of green luminescence by choos-
ing the right quantity of copper impurity. It has also
been demonstrated that the co-precipitation approach
can readily adjust the oxygen vacancies in ZnO nanos-
tructures, i.e. the quantity of oxygen vacancies in ZnO
can be controlled by this method, and the addition of di-
valent impurities like copper boosted the luminous ca-
pabilities of ZnO. Due to their superb photolumines-
cence capabilities, the Cu-doped ZnO nanoflowers with
green luminescence can be very helpful in the creation
of white LEDs. Thus, outstanding green photolumines-
cence of the Cu-doped ZnO nanophosphors is obtained

and the 5 at.% Cu-doped sample synthesised using co-
precipitation can be used for the production of white
LEDs.

Antibacterial activities

The antibacterial properties of the produced pure and
Cu-doped ZnO NPs were assessed using agar well diffu-
sion method. Three different concentrations of the sam-
ples (250, 500 and 1000µg) were tested for their an-
tibacterial ability against Enterococcus Faecalis (gram
positive bacteria) and Pseudomonas Aeruginosa (gram
negative).

The culture media was made by dissolving 33.8 g
of Muller Hinton Agar Medium (MHI Agar Media) in
1000 ml of distilled water. The dissolved medium was
autoclaved for 15 min at 121 °C and 103 kPa of pres-
sure. This mixture was thoroughly combined before be-
ing put (25–30 ml per plate) onto melted 100 mm Petri
plates. 13 g of nutrient medium (HI Media) were dis-
solved in 1000 ml of distilled water to make 1 l of nu-
trient broth, which was then heated to completely dis-
solve the medium. The medium was distributed and ster-
ilised by autoclaving at 103 kPa of pressure (121 °C)
for 15 min. 10 mg/ml of streptomycin was employed
as the standard antibacterial agent. The germs Ente-

rococcus Faecalis and Pseudomonas Aeruginosa were
planted in Petri plates containing 20 ml Muller Hinton
Agar Medium. The growth of the culture was adjusted
according to McFarland Standard 0.5%.

Holes of about 10 mm were made using a well cut-
ter and various sample concentrations, such as 250, 500
and 1000µg, were placed within. After that, the plates
were incubated for 24 h at 37 °C. Antibacterial activity
of the samples were evaluated (NCCLS, 1993) by mea-
suring the diameter of the inhibition zone that formed
around the well. The positive control was streptomycin.
Figures 7 and 8 depict the zones of inhibition of pure
and Cu-doped ZnO nanostructures. Table 4 provides the
measured values for the inhibition zone.

The findings demonstrate that at all of the tested con-
centrations, Cu-doped ZnO NPs suppress the growth of
the tested microorganisms more potently than pure ZnO
samples. It has been discovered that as the concentration
of copper impurity rises, so does the zone of inhibition.
This is brought on by copper’s potent antibacterial prop-
erties and the fact that crystallite size decreases as cop-
per concentration rises. The nanopowder with 5 at.% Cu
exhibits improved antibacterial activity against both En-

terococcus Faecalis (gram positive) and Pseudomonas

Aeruginosa (gram-negative). This increase in antibac-
terial activity is brought about by the full development
of flower-like structures. Alshraiedeh et al. [25] demon-
strated that the shape of nanostructures significantly in-
fluences their microbial resistance. Compared to gram
positive bacteria, gram negative bacteria are reported
to be more susceptible to Cu-doped ZnO nanoflow-
ers. This results from the structural differences between
gram positive and gram-negative bacteria [26]. The vari-
ance in the wall membranes of these bacterial cells can
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Figure 7. Antibacterial analysis of pure and Cu-doped ZnO NPs showing the zone of inhibition of the growth of Pseudomonas
Aeruginosa (S0 - pure ZnO, S1 - 1 at.% Cu, S2 - 2 at.% Cu, S4 - 4 at.% Cu, S5 - 5 at.% Cu)

Figure 8. Antibacterial analysis of pure and Cu-doped ZnO NPs showing the zone of inhibition of the growth of Enterococcus
Faecalis (S0 - pure ZnO, S1 - 1 at.% Cu, S2 - 2 at.% Cu, S4 - 4 at.% Cu, S5 - 5 at.% Cu)
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Table 4. Zone of inhibition of the growth of Pseudomonas Aeruginosa and Enterococcus Faecalis

Bacteria Pseudomonas aeruginosa Enterococcus Faecalis

Concentration [µg] 250 500 1000 250 500 1000
Pure ZnO NIL 12 17 NIL 11 14

Zone of 1 at.% Cu NIL 15 18 NIL 13 16
inhibition 2 at.% Cu 12 16 20 12 15 19

[mm] 4 at.% Cu 13 18 22 13 17 20
5 at.% Cu 15 20 25 16 19 21

be used to explain this. When compared to gram neg-
ative bacteria, the peptidoglycan cell wall surrounding
gram-positive bacteria is many times thicker. Addition-
ally, this cell wall contains several mucopeptides, lipote-
ichoic acids, murein, etc. As a result, it is extremely dif-
ficult to destroy a gram positive bacterial cell by pen-
etrating its cell wall. However, gram negative bacteria
have a huge number of protein porins in their pepti-
doglycan cell walls that assist the nanoflowers diffuse
within the bacterial cell and kill the cell. Different pro-
cesses can be at play in the antibacterial activity of the
pure and Cu-doped ZnO nanoflowers. These nanoflow-
ers can generate a variety of reactive oxygen species
(ROS) in an aqueous media, including hydroxyl radi-
cals (OH•), singlet oxygen, and superoxide anion (O2 – ).
These ROS cause oxidative stress and harm to bacterial
cells. The Cu-doped ZnO-nanoflowers will produce cy-
totoxic Zn2+, Cu, Cu+ and Cu2+ ions upon release. Cell
death may occur as a result of copper ions’ interactions
with DNA molecules and disruption of the helical struc-
ture [27].

According to the obtained results, antibacterial im-
pact grows as sample concentration rises. This is due to
the fact that the nanoflower morphology and a high con-
centration of Cu ions may negatively affect the functions
of bacterial cells, such as glycolysis, transmembrane,
proton translocation, acid tolerance, etc. and cause the
bacteria to develop more slowly. All pure and doped
nanoflowers display better antibacterial activity against
gram negative bacteria in the current experiment than
they do against gram positive bacteria.

IV. Conclusions

The structural, optical, and antibacterial qualities of
pure and Cu-doped ZnO nanoflowers with wurtzite
phase synthesized via co-precipitation method were in-
vestigated. The nanocrystalline nature of the samples
and Cu substitution into the ZnO lattice are both re-
vealed by XRD examination. FESEM research demon-
strates the emergence of nanoflower-like structures with
increased Cu concentration. The bandgap energies of
the synthesized nanoflowers, calculated by the use of the
Tauc’s plot, raised for the doped samples when Cu was
fully incorporated into the zinc lattice and it gradually
decreased for samples that were doped with increasing
concentrations of Cu compared to the 1 at.% doped sam-
ple. High photoluminescent characteristics with green
light emission in the doped nanoflowers make them suit-

able for optoelectronic applications. Due to their supe-
rior and highly intense photoluminescent properties, the
sample with 5 at.% Cu can be used as green luminescent
nanophosphor for the production of white LEDs.

Both gram negative (Pseudomonas Aeruginosa) and
gram positive bacteria (Enterococcus Faecalis) were ef-
fectively combated by the pure and Cu-doped samples.
The nanoflowers with 5 at.% Cu dopant have 25 mm
maximal zone of inhibition against Pseudomonas

Aeruginosa at a sample concentration of 1000µg. The
largest zone of inhibition against Enterococcus Faecalis

(21 mm) displayed the samples with 5 at.% Cu. Ac-
cording to antibacterial research, the doped nanoflow-
ers have stronger antibacterial ability against gram neg-
ative bacteria than gram positive bacteria. The overall
findings of this study point to the possibility of using
Cu-doped ZnO nanoflowers as potential antibacterial
agents against gram negative bacteria and outstanding
nanophosphors with green fluorescence.

Acknowledgements: The authors gratefully acknowl-
edge the SAIF and IUIC, M.G University, Kerala, India,
for PL and U-V spectral measurements.

References

1. M.J. Haque, M.M. Bellah, M.R. Hassan, S. Rahman, “Syn-
thesis of ZnO nanoparticles by two different methods &
comparison of their structural, antibacterial, photocatalytic
and optical properties,” Nano Express, 1 [1] (2020) 10007.

2. S. Alamdari, M.S. Ghamsari, C. Lee, W. Han, H.H. Park,
M.J. Tafreshi, H. Afarideh, M.H.M. Ara, “Preparation and
characterization of zinc oxide nanoparticles using leaf ex-
tract of sambucus ebulus”, Appl. Sci. 10 [10] (2020) 3620.

3. N.B. Raj, N.T. PavithraGowda, O.S. Pooja, B. Pu-
rushotham, M.R.A. Kumar, S.K. Sukrutha, C.R. Raviku-
mar, H.P. Nagaswarupa, H.C.A. Murthy, S.B. Boppana,
“Harnessing ZnO nanoparticles for antimicrobial and pho-
tocatalytic activities”, J. Photochem. Photobiol., 6 (2021)
100021.

4. A. Khalid, P. Ahmad, A.I. Alharthi, S. Muhammad, M.U.
Khandaker, M.R.I. Faruque, I.U. Din, M.A. Alotaibi, A.
Khan, “Synergistic effects of Cu-doped ZnO nanoantibi-
otic against Gram-positive bacterial strains”, PLoS One,
16 (2021) e0251082.

5. V.J. Shukla, A. Patel, “Synthesis, optical, and photolumi-
nescence properties of undoped and Cu-doped ZnO thin
films by colloidal solution route”, Mol. Cryst. Liq. Cryst.,
712 [1] (2020) 62–75.

6. A. Vanaja, M. Suresh, J. Jeevanandam, Venkatesh, Sk.
Gousia, D. Pavan, D. Balaji, N. Bhanu Murthy, “Copper-
doped zinc oxide nanoparticles for the fabrication of white

89



H. Neelamkodan et al. / Processing and Application of Ceramics 17 [1] (2023) 81–90

LEDs”, Prot. Met. Phys. Chem. Surfaces, 55 [3] (2019)
481–486.

7. A. Sirelkhatim, S. Mahmud, A. Seeni, N.H. M. Kaus, L.C.
Ann, S.K.M. Bakhori, H. Hasan, D. Mohamad, “Review
on zinc oxide nanoparticles: Antibacterial activity and tox-
icity mechanism”, Nano-Micro Lett., 7 [3] (2015) 219–
242.

8. C. Rojas-Michea, M. Morel, F. Gracia, G. Morell, E. Mos-
quera, “Influence of copper doping on structural, mor-
phological, optical, and vibrational properties of ZnO
nanoparticles synthesized by sol gel method”, Surfaces In-

terfaces, 21 (2020) 100700.
9. M.F. Manzoor, E. Ahmad, M. Ullah, A.M. Rana, A.S. Ma-

lik, M. Farooq, I. Ahmad, M. Hasnain, Z.A. Shah, W.Q.
Khanf, U. Mehtab, “Impact of copper doping on the struc-
tural, electrical and optical properties of auto-combustion
synthesized ZnO nanocomposites”, Acta Phys. Pol. A, 135

[3] (2019) 458–466.
10. S.J. Charde, S.S. Sonawane, A.P. Rathod, S.H. Son-

awane, N.G. Shimpi, V.R. Parate, “Copper-doped zinc ox-
ide nanoparticles: Influence on thermal, thermo mechani-
cal, and tribological properties of polycarbonate”, Polym.

Compos., 39 (2018) E1398– E1406.
11. S. Mustapha, M.M. Ndamitso, A.S. Abdulkareem, J.O. Ti-

jani, D.T. Shuaib, A.K. Mohammed, A. Sumaila, “Com-
parative study of crystallite size using Williamson-Hall
and Debye-Scherrer plots for ZnO nanoparticles”, Adv.

Nat. Sci. Nanosci. Nanotechnol., 10 [4] (2019) 045013.
12. U. Megha, G. Varghese, K. Shijina, “Effect of Bi and

Sr doping on morphological and magnetic properties of
LaCo0.6Fe0.4O3 nanosized perovskites”, Bull. Mater. Sci.,
39 [1] (2016) 125–131.

13. K. Davis, R. Yarbrough, M. Froeschle, J. White, H. Rath-
nayake, “Band gap engineered zinc oxide nanostructures:
Via a sol-gel synthesis of solvent driven shape-controlled
crystal growth”, RSC Adv., 9 [26] (2019) 14638–14648.

14. M. Nafees, W. Liaqut, S. Ali, M.A. Shafique, “Synthesis of
ZnO/Al:ZnO nanomaterial: structural and band gap varia-
tion in ZnO nanomaterial by Al doping”, Appl. Nanosci.,
3 [1] (2013) 49–55.

15. A.N. Kadam, T.G. Kim, D.S. Shin, K.M. Garadkar, J. Park,
“Morphological evolution of Cu doped ZnO for enhance-
ment of photocatalytic activity”, J. Alloys Compd., 710

(2017) 102–113.
16. L. Ben Saad, L. Soltane, F. Sediri, “Pure and Cu-doped

ZnO nanoparticles: Hydrothermal synthesis, structural,
and optical properties”, Russ. J. Phys. Chem. A, 93 [13]
(2019) 2782–2788.

17. K. Shijina, G. Varghese, U. Megha, “Surface passivation
effect on structure, UV and visible emission of ZnNiPdO
nanorods”, Mater. Sci. Semicond. Process., 34 (2015) 21–
26.

18. S. Muthukumaran, R. Gopalakrishnan, “Structural, FTIR
and photoluminescence studies of Cu doped ZnO
nanopowders by co-precipitation method”, Opt. Mater., 34

[11] (2012) 1946–1953.
19. R.B. Bylsma, W.M. Becker, J. Kossut, U. Debska, D.

Yoder-Short, “Dependence of energy gap on x and T in
Zn1-xMnxSe: The role of exchange interaction”, Phys. Rev.

B, 33 [12] (1986) 8207–8215.
20. R. Raji, K.G. Gopchandran, “ZnO:Cu nanorods with visi-

ble luminescence: Copper induced defect levels and its lu-
minescence dynamics”, Mater. Res. Express, 4 [2] (2017)
025002.

21. M. Sajjad, I. Ullah, M.I. Khan, J. Khan, M.Y. Khan, M.T.
Qureshi, “Structural and optical properties of pure and
copper doped zinc oxide nanoparticles”, Results Phys., 9

(2018) 1301–1309.
22. S. Syed Zahirullah, J. Joseph Prince, P. Fermi Hilbert In-

baraj, “Structural and optical properties of Cu-doped ZnO
nanorods by silar method”, Mater. Technol., 32 [12] (2017)
755–763.

23. L. Irimpan, V.P.N. Nampoori, P. Radhakrishnan, “En-
hanced luminescence and nonlinear optical properties of
nanocomposites of ZnO-Cu”, J. Mater. Res., 23 [11]
(2008) 2836–2845.

24. M. Fu, Y. Li, S. Wu, P. Lu, J. Liu, F. Dong, “Sol-gel prepa-
ration and enhanced photocatalytic performance of Cu-
doped ZnO nanoparticles”, Appl. Surf. Sci., 258 [4] (2011)
1587–1591.

25. N.H. Alshraiedeh, O.F. Ammar, M.M. Masadeh, K.H. Al-
zoubi, M.G. Al-Fandi, R.J. Oweis, R.H. Alsharedeh, R.A.
Alabed, R.H. Hayajneh, “Comparative study of antibacte-
rial activity of different ZnO nanoparticles, nanoflowers,
and nanoflakes”, Curr. Nanosci., 18 [6] (2022) 758–765.

26. G. Sharmila, C. Muthukumaran, K. Sandiya, S. San-
thiya, R.S. Pradeep, N.M. Kumar, N. Suriyanarayanan, M.
Thirumarimurugan, “Biosynthesis, characterization, and
antibacterial activity of zinc oxide nanoparticles derived
from Bauhinia tomentosa leaf extract,” J. Nanostructure

Chem., 8 [3] (2018) 293–299.
27. M. Carofiglio, M. Laurenti, V. Vighetto, L. Racca, S.

Barui, N. Garino, R. Gerbaldo, F. Laviano, V. Cauda,
“Iron-doped zno nanoparticles as multifunctional nano-
platforms for theranostics”, Nanomaterials, 11 [10] (2021)
2628.

90


	Introduction
	Experimental
	Results and discussion
	X-Ray diffraction analysis
	FESEM analysis
	Optical analysis
	UV-visible spectra analysis
	Photoluminescence spectral analysis
	Antibacterial activities


	Conclusions

