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Abstract

In this study, an extract from bamboo leaves was used to prepare ZnO NPs, CuO NPs, and
ZnO/CuO NPs in a safe, efficient, and eco-friendly manner to reduce the toxicity of
nanomaterials and their use in medical applications. XRD analysis confirmed the crystalline
nature of the synthesized nanoparticles. The average crystalline size was 22 nm for ZnO, 13.8
nm for CuO, and 14.7 nm for the CuO-ZnO composite. ZnO nanoparticles were hexagonal,
while CuO nanoparticles were monoclinic. FESEM demonstrated that the produced
nanoparticles were formed in various configurations, combining spherical flower shapes with
nanorods with sizes ranging from 30 to 60 nm, which promotes the creation of images and
nanoparticles. EDX analysis verified that all samples contained the elements that were
present (O, Zn, and Cu). UV-Vis was used to calculate the ZnO, CuO, and ZnO/CuO energy
gaps are 4.2 eV, 3.08 eV, and (3.26, 3.72 ) eV, respectively. Additionally, the investigation
found that the extract from bamboo leaves included functional groups that serve as agents
that reduce and cap. Furthermore, ZnO NPs, CuO NPs, and ZnO/CuO nanocomposites
showed great stability at 76.8, 57.2, and 71.6, respectively, according to zeta potential. The
study revealed that the material demonstrates greater antibacterial activity against Gram-
negative bacteria compared to Gram-positive ones.
Keywords: Bamboo leaf extract, Biomedical application, ZnO/CuO nanocomposite, Green
synthesis, Nanoflower.

1.Introduction

Nanotechnology encompasses scientific and engineering disciplines that focus on
phenomena at the nanoscale. It involves the creation, characterization, production, and use of
materials and systems with unique properties. The concept was first introduced in 1959 by
Richard Feynman, a physicist who proposed the idea of building materials and devices on
atomic and molecular scales through a pioneering presentation (1). Nanotechnology has
revolutionized the fields of health care and materials, and its main innovation is
nanoparticles, which are one-dimensional in the range of (1-100) nanometers (2). The
biological approach to the preparation of nanoparticles has gained great importance for its
safety and environmental friendliness, and its dependence on natural covering and reducing
agents, and producing diverse and stable nanoparticles in mild conditions without emitting
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toxic by-products (3). Among the biological pathways, extracts are widely used to prepare
nanoparticles and avoid harmful chemicals and their associated toxic effects (4).

The study of nanomaterials has grown exponentially due to their distinctive properties, such
as hardness, chemical stability, electrical conductivity, catalytic efficiency, and anti-microbial
activity. They are widely used in medicine and biology to address challenges such as
environmental pollution and disease spread. Nanoparticles play a vital role in creating a
sustainable ecosystem, as nanotechnology has recently contributed to drug development,
disease control, and improved global health (5). Metal oxide nanoparticles play a significant
role in nanotechnology, as they are widely used in various industries and act as disinfectants,
catalysts, and antibacterial agents, where their interaction with microbes varies depending on
their size, which affects their antimicrobial efficacy (6, 7). Inorganic ones are distinctive and
attractive due to their chemical stability, safety, and strong antibacterial activity (8).

They have been found in various fields such as sensors, photocatalysis, drug delivery,
cosmetics, and UV protection, also as bactericidals (9). ZnO is an 11-VI n-type material with
a significant exciton binding energy (60 meV), optical transparency, and an Eg of 3.3 eV at
ambient temperature (1). When compared to other widely used wide-band-gap materials, the
properties of ZnO with a straight band gap and high exciton binding energy are significantly
better. Intriguing features include its high chemical stability, eco-friendliness, affordability,
availability, and non-toxicity in reducing environments (11).0On the other hand, copper oxide
(CuO) nanoparticles are semiconductors with a narrow energy gap of approximately 1.2 eV,
chemically stable and environmentally friendly, are the basis for many high-temperature
superconductors, and have the potential to reduce inflammation and bacterial activity (12).
ZnO/CuO are among the most common particles because they have outstanding physical,
chemical, and mechanical properties such as large surface area, low melting point, structural
stability, and high surface energy (13). There are many research studies to prepare ZnO (14)
and CuO (15) as well as ZnO/CuO composites (16). The biological method and technology
have several advantages over physical and chemical processes. Bamboo leaves were chosen
due to their high phytochemical content (17). This study aims to prepare ZnO NPs, CuO NPs,
and ZnO/CuO NPs in an environmentally friendly way using bamboo leaf extract. The
research also aims to evaluate the efficiency of these nanoparticles as effective and
innovative compounds in environmental and medical applications, with a focus on
sustainable alternatives for the preparation of nanomaterials.

2. Materials and Methods

2.1. Plant collection and extract preparation

The leaves were cleaned three times with water and then again with deionised water (DI) to
remove dust. Then dried for 3 weeks in the shade at room temperature, 10 g of leaf powder
was mixed with 100 mL of DI and heated to 35°C for 1 hour, then the temperature was
increased to 80°C for 1 hour. The filtered solution was then stored away from light to be
used.

2.2. Preparation of ZnO NPs and CuO NPs

To synthesize ZnO NPs, 2.8756 g of zinc sulfate hydrate ( ZnSO47H,0) was accurately
weighed and dissolved in 50 mL of DI. The solution was then stirred for 30 minutes at 35°C
with a stirring speed of 1100 rpm, and 15 ml of bamboo extract was added dropwise to the
solution while stirring continued. The temperature was gradually increased to 60°C. The
solution's color changed to a yellowish-white. After approximately 30 min, a sodium
hydroxide solution was carefully added dropwise until the pH of the solution reached 12. The
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solution's appearance transitioned from slightly cloudy transparent white to a milky white
color. The solution was left overnight, then the precipitate was produced using centrifugation.
The precipitate was washed three times with (DI) and ethanol, then dried in an oven at 80°C
for 2 hours. The dried product was subjected to calcination at 550°C for one hour. To
synthesize CuO NPs, use the same steps that were used to prepare ZnO NPs, a form of copper
sulfate pentahydrate (CuSQO,4.5H,0).

2.3. Preparation of ZnO/CuO nanocomposite

Zinc sulfate hydrate (2.8756 g) and copper sulfate pentahydrate (2.49 g) were separately
dissolved in 50 mL of DI and were stirred for 30 min at a temperature of 35°C with a stirring
speed of 1100 rpm. Copper sulfate 2.49 g was dissolved in 50 mL of DI. The solution was
stirred at 35°C for 30 min with a stirring speed of 1100 rpm (blue color). The first solution
was mixed with the second solution. The bamboo leaf extract (30 ml) was added after 10 min
in the form of drops, and the solution became greenish-blue in color. Sodium hydroxide was
added after 30 min in drops until the pH reached 11.7, and the color of the solution turned
light green. The solution was overnight and then centrifuged to collect the precipitate. The
precipitate was washed three times with (DI) and ethanol and then dried in an oven at 80°C
for two hours. Finally, the dried product was calcined at 550°C for one hour.

3. Results and Discussion
3.1. X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) analysis of ZnO NPs is displayed in Figure 1. Sharp peaks in the
figure show that ZnO is extremely polycrystalline. And the dominant peaks at 2 theta are
31.7, 34.3, 36.1, 47.4, 56.5, 62.8, 66.3, 67.8, and 68.9, which have a hexagonal structure and
belong to the crystalline planes ((100) (002) (101) (102),(110) (103) (200) (112) (201)),
respectively. The results are in good agreement with the JCPDS 01-079-0207 data
(18).Figure 1 also shows the XRD of CuO NPs polycrystalline, and the peaks at 2 theta are
324, 354, 36.3, 48.7, 53.5, 58.2, 61.49, 67.26, 67.9, 72.1, and 74.97. The corresponding
diffraction angles are indicated by the Miller indices (110), (002), (111), (-202), (020), (202),
(-113), (-311), (113), (311), (004), respectively. Accordingly, the strongest diffraction angles
were 2 theta 35.4 and 37.4. The peaks in the diffraction pattern of CuO NPs were aligned
with the standard data from card 00-005-0661. JCPDS. This demonstrates the evolution of
the monoclinic crystal structure (19).
Moreover, the figure does not show any impurities, indicating that the material was formed in
excellent purity. As a result, the CuO/ZnO nanocomposite's diffraction peaks show a notable
and suitable integration of both metal oxide nanoparticles. Additionally, as Figure 1
illustrates, ZnO-corresponding peak intensities in the ZnO/CuO diffraction pattern were
found to be greater than CuO nanoparticle (NP) intensities. This finding points to a higher
percentage of ZnO NPs with a bimetallic structure and higher crystallinity (20). The average
crystalline size was determined using the Debye-Scherrer Equation 1 (21).
D (nm) = 0.9 A/ Bcosh, @
Where A is the wavelength with CuKa radiation sources (A = 0.15417 nm), 6 is the Bragg
diffraction angle, and f indicates the diffraction peaks' full width at half maximum (FWHM)
as calculated from XRD patterns. The average crystal sizes of ZnO NPs, CuO NPs, and
ZnO/CuO nanocomposites were determined to be 22 nm, 13.8 nm, and 14.7 nm, respectively
as shown in Table 1.
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Figure 1. XRD of ZnO NPs, CuO NPs,and ZnO/CuO NCs.

Table 1. Determination of the crystalline size and structural parameters of ZnO NPs, CuO NPs and ZnO/CuO
NCs.

Sample M'”i;:(rl])dlces 20 (degree) FWHM (degree) Crysta(lr:::]e) size D
Zn0O (100) 31.68785 0.38165 21.62
Zn0O (002) 34.35026 0.34461 24.12
ZnO (101) 36.17216 0.41204 20.27
ZnO (102) 47.48544 0.51929 16.70
Averag«::- crystalline 92 nm
size D
CuO (002) 35.42644 0.52066 16.01
CuO (112) 38.64201 0.7157 11.75
Averagg crystalline 13.8 nm
size D
ZnO/Cu0O (100) 31.87707 0.49969 16.52
ZnO/Cu0O (002) 34.55483 0.45057 18.45
ZnO/Cu0O (101) 36.25319 0.98287 8.50
ZnO/Cu0O (200) 38.86241 0.54359 15.49
Averag«_a crystalline 14.7 nm
size D

3.2. Field emission scanning electron microscopy, (FE-SEM)

Field emission scanning electron microscopy, (FE-SEM) was used to detect the surface
morphology of ZnO NPs, CuO NPs, and ZnO/CuQO NCs, as seen in Figures 2 (a and b), ZnO
NPs in two shapes. For example, it exhibits a cluster of semi-spherical granules arranged in a
flower shape, as well as particles that appear in nanorods with an average diameter of 52 nm.
This result is in agreement with the research (22). In the case of CuO NPs, Figure 2 (b and
c), as seen in image (b), the particles have a semi-spherical shape and are grouped in clusters
with an average diameter of 58 nm. In addition, the synthesized CuO NPs aggregated due to
their high surface energy,tension, area, contact, viscous plant extract, and metal oxide
nanoparticle attraction and oxidation (23). Therefore, CuO NPs attach with a high affinity to
form asymmetric clusters that are rough and nearly spherical. As a result of physical
interaction, ZnO/CuO NCs appear to be clustered together in irregular clusters of different
sizes and shapes with an average diameter of 50 nm , indicating a significant interaction
between the two compounds, as shown in Figures 2 (e and f) (24).
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Figure 2. FE-SEM image of (A, B) ZnO NPs, (C, D) CuO NPs, (E, F) ZnO/CuO NCs.

3.3. Energy Dispersive X-ray (EDX) Analysis

The characterization of Energy Dispersive X-ray Spectroscopy (EDX) results is shown in
Figure 3, which shows that the samples are very pure and that there is very little evidence of
contamination from other substances during synthesis or handling. These contaminants may
be impurities from equipment, feedstocks, or solvents. Theoretically, the expected equivalent
mass percentage of ZnO (Zn 54.4%, O 44.2%) (24), while CuO (Cu 45.2%, O 53.88%) (25,
26), or ZnO/CuO (Cu 16.26%, Zn 39.16%, and O 44.58%).

Figure 3.EDX of (A) ZnO NPs, (B) CuO NPs, (C) ZnO/CuO NCs.
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3.4. Ultraviolet-visible (UV-Vis) analysis

UV-Vis spectroscopy was done in the range of wavelengths from 300 to 800 nm to study the
optical properties of ZnO NPs, CuO NPs, and ZnO/CuO nanocomposites prepared by the
green method. From Figure 4, the sample of ZnO NPs showed an absorbance edge at the
wavelength of 300 nm, CuO NP and ZnO/CuO NCs show surface Plasmon resonance at 366
nm and 368.1 nm. This results from the interaction between incident light and free electrons
in the conduction band of the nanomaterials. The location and width of the plasmon peaks
depend on the size, shape, and properties of the nanowaves (27). The energy gap (Eg) was
determined by graphing the correlation between photon energy (hv) and (ahv) ? utilising the
Tauc method.

ohn=A(hn-Eg) (2)
The findings indicated that the energy gap for ZnO particles was approximately 4.2 eV, while
for CuO, it was 3.08 eV ,The UV-Vis examination of the ZnO/CuO nanocomposite revealed
two distinct absorption edges, indicating the different energy gaps of ZnO and CuO. The
determined energy gaps were around 3.27 eV and 3.72 eV, respectively, indicating the
influence of both ZnO and CuO phases on the optical characteristics of the composite. This
outcome suggests that the nanocomposite partially preserves the optical characteristics of
each constituent component. The existence of two energy gaps signifies the development of a
heterojunction-like structure, which provides the composite with an expanded absorption
bandwidth and improves its efficacy in photocatalytic applications and antibacterial
characteristics. The prediction of the increase and change of the Eg with decreasing particle
size compared to macroscopically sized semiconductors is attributed to the phenomenon of
guantum confinement (28). The optical properties of nanocrystalline materials change when
the size of the crystals changes (29). As we can see, the addition of CuO NPs decreases Eg;
therefore, the ZnO NPs energy gap is larger than that of the ZnO/CuO composite.
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Figure 4. (A) UV-Vis specctrum and (B) Tauc plot for ZnO NPs, CuO NPs, and ZnO/CuO NCs.

3.5. FTIR Analysis

FTIR spectra of ZnO and CuO and ZnO/CuO in varying proportions in the 4000 to 500 range
in Figure 5. FTIR was performed to identify potential biomolecules in bamboo leaf extract
that are responsible for the capping, reduction, and stabilization of ZnO NPs, CuO NPs, and
CuO/ZnO NPs(30). Figure 5 shows an FTIR band located at 3441, which corresponds to O-
H. It was thought that the band seen at 1643 and 1624 was caused by the C=0 stretching
mode in the amine | group, which is common in protein (1552), corresponding to the N-O
asymmetric stretch of nitro compounds. The bands at 1151 cm™ are linked to C-O, while
those at 1033 cm™ and 871.75 cm™ are related to bending of aromatic C—H. The peaks at
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594.42 and 536 cm™ indicate vibrations of CuO, which confirms the creation of CuO NPs.
(31). The peaks at 549 and 621 cm™ are corresponding to ZnO stretching and deformation as
shown in Table 2, respectively (32).

W

Transitiance (%)

T T T T : I : T * : .I .
4000 3500 3000 2500 2000 1500 1000 500
Wave number ( cm™)

Figure 5. FTIR of synthesized ZnO NPs, CuO NPs, and ZnO/CuO NCs.

Table 2. FTIR measurements for ZnO NPs, CuO NPs, and ZnO/CuO NCs.

Band type ZnO NPs CuO NPs ZnO/CuO NCs
C=0 1684 1614 1651
N-O 1526 1501 1516
Cc-0 1108 1151 1137
C-H 864 849 859
O-H 3410 3410 3425
ZnO 427 413
CuO 581 528, 504

3.6. Zeta potential

A zeta potential test assessed the surface charge and stability of nanomaterial particles made
biologically using bamboo leaf extract. The results showed that the average zeta potential,
value for ZnO NPs was +76, for CuO NPs was -57, and for the ZnO/CuO composite was
+71, as illustrated in the Figure 6. This demonstrates the particles' exceptional stability (33).
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Figure 6. Zeta potential of (A) ZnO NPs, (B) CuO NPs, (C) ZnO/CuO NCs.
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Because the strong charge inhibits agglomeration due to electrostatic repulsion, high positive
and negative zeta values imply superior particle stability, while the system is less stable and
there is a greater chance of particle agglomeration if the zeta value is close to zero.

3.7. Antibacterial activity

Antibacterial activity of green-synthesised CuO NPs, ZnO NPs, and ZnO/CuO CPs. The
main objective of this study was to find out how well CuO NPs, ZnO NPs, and ZnO/CuO
CPs work as antibacterial agents against Gram-positive and Gram-negative bacteria. Using
the diffusion technique, it was selected as a test sample, ZnO, CuO, and ZnO/CuO
nanoparticle suspensions were prepared by dissolving 1 g of each species in 10 mL of
deionized water to obtain an original concentration of 100 mg/mL.

Different concentrations of each sample (25, 50, and 100 mg/ml) were prepared using the
dilution equation (C,xV; = C,xV;), where appropriate amounts of the original solution were
mixed with deionized water and the Figure 7 shows that the material shows more
antibacterial activity against Gram-negative bacteria than Gram-positive bacteria, contrary to
other research, including the study by (5). There is a thick layer of peptidoglycan on Gram-
positive bacteria that many antibiotics can easily access (34). Gram-negative bacteria, on the
other hand, have a much thinner peptidoglycan layer, surrounded by an outer membrane
containing a lipopolysaccharide that many drugs cannot penetrate (35). These differences in
permeability result from characteristics of the cell wall structure that determine the
susceptibility of microorganisms to infection. As a result, antibiotics may find it more
difficult to enter the cell, and the image also showed that the zone of inhibition expands as
the concentration of nanomaterials increases.
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Figure 7. Antibacterial activity of (a,b) ZnO NPs (b)CuO NPs (c) ZnO/CuO NCs

Copper nanoparticles showed the widest zone of inhibition against E. coli at 25 millimetres.
Nanoparticles adhere to bacteria, preventing them from functioning properly and damaging
their outer layers that contain DNA, proteins and lipids (36). The synthesised materials were
found to have excellent inhibition efficacy. This improved performance was attributed to the
high content of phenolic compounds and flavonoids in bamboo leaf extract, which act as

176



IHIPAS. 2025, 38(4)

effective reducing and stabilising agents during the synthesis process, contributing to the
production of stable and highly bioactive particles. The unique shape of the particles (e.g.,
floral and rod shapes) as shown in FESEM analysis may enhance the surface interaction with
bacterial cell membranes, thereby increasing their antibacterial efficacy. These results
indicate that bamboo leaf extract is a promising and environmentally friendly option in the
fabrication of multifunctional nanomaterials for medical applications. Table 3 lists the

inhibition values measured in millimetres.
Table 3. Antibacterial activity of the green synthesized ZnO NPs, CuO NPs and ZnO/CuO NCs against Gram-
negative bacteria (S.aureus, E coli).

Samples Conc. (in mg/mL) S. aureus (a, ¢, €) E. coli (b, d, f)
100% 16 22
Z:Snglﬁs 50% 14 18
25% 12 14
100% 17 25
ccu;)nszs 50% 14 18
25% 12 14
100% 17 16
ZnOé(;:;) fNCS 50% 15 12
25% 13 9

4. Conclusion

In conclusion, this study demonstrates the successful green synthesis of ZnO, CuO, and
ZnO/CuO nanocomposites using bamboo leaf extract as a natural reducing and stabilizing
agent. The FTIR, UV-Vis, XRD, and FESEM analyses confirmed the formation of crystalline
nanostructures with unique morphologies and distinct optical properties. Among the
synthesized materials, CuO NPs exhibited the strongest antibacterial activity, particularly
against Gram-negative E. coli, which may be attributed to its simpler cell wall structure.
Importantly, the use of bamboo leaf extract proved to be not only environmentally friendly
but also more effective than other plant-based extracts reported in literature, such as neem
and aloe vera, highlighting its novelty and potential as a green synthesis agent. These
findings open avenues for the application of such nanomaterials in biomedical fields,
especially in the development of antibacterial agents or coatings. Future studies should
explore in vivo evaluations, long-term stability, and the mechanisms of antibacterial action to
advance clinical applications.
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