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 Abstract: This study employs the green synthesis approach of the film chitosan-polyvinyl 
alcohol-curcumin-capped ZnO-CuO nanoparticles (Chi-PVA-cur-capped ZnO-CuO NPs). 
To create a multifunctional material, the biological and bimetallic agents work in concert 
to create the new chi-PVA-cur-capped ZnO-CuO NPs film. Curcuma longa ethanol 
extract was utilized to create cur-capped ZnO–CuO NPs. The casting approach was used 
to create this film. FTIR, XRD, SEM-EDS, and the agar diffusion method were used to 
examine the films for antibacterial activity. Cur-capped ZnO-CuO NPs had a particle 
size of 485.24 ± 5.66 nm. The swelling degree, moisture content, and thickness were all 
raised in all three films, but the water-soluble matter was decreased. FTIR results verified 
the existence of some functional groups: O–H, N–H, C–H, C=O, amide I, Zn–O, and Cu–
O groups. The XRD analysis verified that all the films were amorphous. All that is present 
in the film is C, O, Cu, and Zn, and it has a rough form area in the SEM image. The film 
of type C showed a zone of inhibition in Escherichia coli at 20.69 ± 1.15 mm. These results 
imply that all-film has a great deal of promise as a strong antibacterial packaging material. 
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■ INTRODUCTION 

Nanotechnology is one of the emerging 
multidisciplinary subjects that is attracting a lot of 
attention and making a substantial contribution to the 
area [1]. Utilizing nanoparticles (NPs), materials with one 
or more dimensions smaller than 100 nm, like metal NPs, 
is the focus of the extremely interdisciplinary domain of 
nanotechnology. Both top-down and bottom-up 
approaches can be used to synthesize nanoparticles [2]. 
Metal NPs production can be carried out via physical, 
chemical, or biological techniques to speed up the process 
[3]. 

Turmeric ethanol extract advantages for metal oxide 
NPs biosynthesis include its eco-friendly nature, cost-
effectiveness, and the presence of curcumin, which acts as 
both a reducing and capping agent to stabilize and 
functionalize nanoparticles. Curcumin extract can be used 
to biosynthesize ZnO, CuO NPs, and their combinations 

[4-6]. The aforementioned research indicates that 
curcumin extract has the capacity to operate as a 
stabilizing and reducing agent. As a stabilizing agent, 
curcumin's electrons reduce the metal from Mx+ to M0, 
and as a reducing agent, they prevent the generated NPs 
from aggregating arbitrarily [7]. Because combining two 
different metals into a single, nanostructured entity—
such as core-shell or alloy—creates functionalities that 
surpass the sum of their individual components, 
bimetallic oxide NPs are selected for their superior, 
synergistic antibacterial effects [8-10]. 

Chitosan is being investigated extensively as a 
material in drug delivery systems [11-12], antioxidant 
activity [13], and antimicrobial activity [14-15]. It is 
claimed to have high biodegradability, high 
biocompatibility, and improved stability [16]. 
Additionally, chitosan has chemical functional groups 
(amino and hydroxyl groups), which make it a worthy 
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choice for use as a linker with curcumin, as reported by 
Ismail et al. [17] and used as an antibacterial. Another 
study conducted by Jagaiah et al. [18] showed that chitosan 
can be combined with metal oxide nanoparticles and can 
be applied in various fields. A study also conducted by 
Fatoni et al. [19] showed that chitosan can be combined 
with ZnO-CuO NPs and can be applied as an antibacterial 
film. The weakness of this film is that it is easily brittle. 

Hydroxyl and amino groups allow for structural 
changes in chitosan through electrostatic interactions. 
Therefore, to increase the elasticity of chitosan, 
crosslinking with synthetic polymers that are 
biodegradable and biocompatible and have superior 
mechanical qualities, like polyvinyl alcohol (PVA), may 
be done [20]. According to Gutha et al. [21], PVA is a 
well-known substance that is highly soluble in water, non-
toxic, biocompatible, hydrophilic, harmless, and non-
carcinogenic. Research on the modification or 
customization of the desired qualities is made possible by 
the method of mixing chitosan with other polymers (like 
PVA). Blending the two polymers to create a new material 
with enhanced properties through the mechanism of 
intermolecular hydrogen bonds is one way to get over the 
drawbacks of using biopolymers (chitosan) and synthetic 
polymers (PVA) separately [18,21]. An appealing 
technique that has been widely employed to give chitosan 
new, desirable properties is the modification of chitosan 
through blending with PVA. This is mostly because of its 
ease of use, efficacy for real-world applications, and 
accessibility of a large variety of natural and synthetic 
polymers for blending [22]. 

Because they create a biocompatible, biodegradable, 
and mechanically improved composite, chitosan and 
PVA are employed combined as flexible supporting 
materials, especially in biomedical, packaging, and 
environmental applications. PVA offers superior film-
forming, mechanical strength, and flexibility, whereas 
chitosan delivers natural bioactivity (antibacterial) [23-
24]. The main weakness of blending chitosan and PVA for 
antibacterial properties is that the resulting blend may 
have weak intrinsic antibacterial activity on its own, often 
requiring additional components like metal oxide 
nanoparticles [25]. 

The addition of TiO2 NPs to a mixture of chitosan 
and PVA can be used for wound healing [26]. A study by 
Kishore et al. [27] showed that chitosan and PVA can be 
used as supporting materials in the process of making 
chitosan-PVA-ZnO-Cu NPs films, and the film is used 
as an antibacterial and photocatalytic dye degradation. 
Enhancing chitosan as an antibacterial agent involves 
modifications like incorporating other components, 
such as metal NPs. These enhancements can increase its 
positive charge density, improve solubility, and create 
synergistic effects, leading to a wider antibacterial 
spectrum and stronger efficacy against bacteria. To 
overcome the above, the concentration of metal oxide 
NPs was reduced, and the concentration of chitosan was 
increased, so it is necessary to modify the results of 
previous research conducted by Fatoni et al. [19]. 

The previous research [28-29] stated that a 
combination of curcumin, chitosan, and PVA can be 
used as an antibacterial and wound healing agent. As 
explained by Khezri et al. [30], there are hydrogen bonds 
(intermolecular) formed between the chemical 
structures of curcumin and chitosan. Due to its dual 
function as a stabilizing (capping) and reducing agent, 
curcumin capping is essential in green synthesis since it 
produces stable, biocompatible NPs without the use of 
hazardous chemicals [7,31]. 

To improve the antibacterial activity of a chitosan-
PVA nanomaterial against Escherichia coli by adding 
cur-capped ZnO-CuO NPs, we combined chitosan with 
PVA and added cur-capped ZnO-CuO NPs to the 
chitosan-PVA. The initial biosynthesis of the 
nanomaterial curcumin-capped ZnO-CuO involved 
combining an ethanolic solution of curcumin, copper 
sulfate, and zinc acetate. Blending a chitosan-PVA 
solution using intermolecular hydrogen bonds and 
hydrophobic side chain aggregation, then adding the 
cur-capped ZnO-CuO NPs to the chitosan-PVA mixture. 

■ EXPERIMENTAL SECTION 

Materials 

These consist of glacial acetic acid, zinc acetate 
pentahydrate, copper sulfate pentahydrate, sodium 
hydroxide, PVA, ethanol, and nutritious agar, except 
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chitosan (DD 87%). All materials were purchased from 
Merck. In our lab, we use Escherichia coli ATCC 8739 
microorganisms, including aquadest. Curcuma longa 
from Palembang city. 

Instrumentation 

Physical structure and crystallinity size 
measurement were carried out using X-ray diffraction 
(Shimadzu XRD 6000). Surface morphology analysis was 
carried out using scanning electron microscopy (Axia 
ChemiSEM, Thermo Fisher Scientific). Shimadzu 
Prestige-21 FTIR spectrophotometer for functional group 
analysis. The size and size distribution of particles are 
ascertained using a particle size analyzer (Bettersizer S3 
Plus, Bettersize Instruments). Thermo Scientific's 
Genesys 150 UV-vis spectroscopy is a useful method for 
describing cur-capped ZnO-CuO NPs. 

Procedure 

Preparation of C. longa ethanolic extract as medium 
for biosynthesis 

In summary, a freshly grated turmeric (C. longa) 
(25 g) is placed in a maceration bottle with ethanol 96%, 
v/v (250 mL) and allowed to maceration process (48 h). 
After 48 h, the solution was filtered to separate the solid 
substance from the extract solution, creating the first 
macerate. The solution was filtered to yield macerate II 
after the solid material was macerated again for 48 h using 
250 mL of 96% v/v ethanol. Macerates I and II are 
combined for use in the biosynthetic process. 

Phytosynthesis of curcumin-capped zinc oxide-copper 
oxide nanoparticles (cur-capped ZnO-CuO NPs) 

This procedure is based on previous research with a 
few small modifications [32-34]. The solutions of copper 
sulfate (0.1 M, 100 mL) and zinc acetate (0.1 M, 100 mL) 
are mixed with 200 mL of C. longa ethanolic extract in a 
500 mL beaker. Then, for an hour at room temperature, 

the mixture was continuously stirred. NaOH solution 
(0.8 M) was added to the mixture to bring its pH up to 
9. Then, with constant stirring, the entire mixture was 
heated to 80 °C. For one night, the leftover mixture was 
left to precipitate at room temperature. After thoroughly 
cleaning the precipitate (cur-capped ZnO-CuO NPs) 
with distilled water and a 96% v/v ethanol solution, it 
was dried in a vacuum oven set at 80 °C until it became 
charred. In the end, cur-capped ZnO-CuO NPs were 
calcined dry (muffle furnace, 400 °C) for 2 h. 

Fabrication of chitosan-PVA-curcumin-capped zinc 
oxide-copper oxide nanoparticles film (chit-PVA-cur-
capped ZnO-CuO NPs) 

The film was made using the method described in 
our previous study [19] with slight modifications. To make 
a 0.5 g chitosan solution, 15 mL of a 2.5% v/v aqueous 
acetic acid solution was added to a 250 mL glass beaker. 
Following that, the liquid was constantly stirred to 
produce a homogenous solution using a hotplate set at 
25 °C with a stirring rate of 100 rpm. The mixture was 
then continuously stirred for 1 h at 25 °C (100 rpm) 
while 0.05 g of cur-capped ZnO-CuO NPs was added to 
15 mL of the chitosan solution above. Finally, the 
mixture was spun continuously for 30 min at 25 °C 
(100 rpm) while being combined with 10 mL of the 2.5% 
(w/v) PVA solution. The resulting solution was then 
evenly distributed on a petri dish and allowed to dry at 
ambient temperature. The film was completely dry and 
usable after 7 d. As shown in Table 1, the other films 
were made for different comparisons. 

Properties of films (chit-PVA-cur-capped ZnO-CuO 
NPs A, B and C) 
Film thickness. The film thickness was measured at 
three points using a digital clipper. The average value 
was determined after each film was measured three 
times [35-36]. 

Table 1. Materials required for the synthesis of chit-PVA-cur-capped ZnO-CuO NPs films 

No 
Chitosan 

(g) 
Cur-capped ZnO-CuO NPs 

(g) 
Polyvinyl alcohol solution 2.5% w/v 

(mL) Film type 

1 0.5 0.05 10 A 
2 0.5 0.10 10 B 
3 0.5 0.15 10 C 
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Content of moisture (MC). Using Eq. (1), the moisture 
content was determined. Following a 3-hour oven drying 
phase at 105 °C, the film's initial weight (W1), which 
measured 2 cm by 2 cm, was recorded, and its final weight 
(W2) was ascertained [36]. 

1 2

2

W W
MC(%) 100%

W
−

= ×  (1) 

Solubility in water. To determine how much of the 
film's components could be leached by water, the film's 
solubility in water was computed. We used the oven 
drying method (105 °C, 3 h) to determine the W1 of the 
film (2 cm × 2 cm). After cooling, the material was left to 
soak for 24 h at room temperature in 10 mL of distilled 
water. The W2 was noted when the film was taken out and 
dried for 3 h at 105 °C [35-36]. Using Eq. (2), the solubility 
of the film was determined. 

1 2

1

W W
Water Soluble Matter(%) 100%

W
−

= ×  (2) 

Swelling degree (SD). After being divided into 2 × 2 cm2, 
the films were dried in an oven set to 110 °C until they 
reached a constant weight. Following a 24-hour soaking 
in distilled water at room temperature, the dry film 
sections were wiped using paper towels to remove any 
leftover surface water, and the wet weight of the films was 
measured (W1). After that, the swollen films were dried 
once again at 110 °C in an oven until they acquired a 
consistent weight (W2), and the weight was once more 
documented [35]. Using Eq. (3), the swelling degree of the 
film was determined. 

1 2

2

W W
SD(%) 100%

W
−

= ×  (3) 

Biological activity of film 
E. coli was the test bacterial strain used to evaluate 

the produced nanoparticles' antibacterial properties. The 
inoculum suspension was made by introducing a sterile 
0.9% NaCl solution into a fresh culture, shaking it, and 
keeping an eye on the optical density at 580 nm, adjusting 
it until the inoculum's transmittance reached 25% [37], 
equivalent to 1 × 108 CFU/mL. After the microbial 
inoculum had solidified in 10 mL of nutritional agar (the 
first layer), it was inoculated into the second layer of the 
petri plate using the agar diffusion method. All films and 
comparators (chitosan film, PVA film, and 

chloramphenicol) were placed on the second layer. Each 
film has a diameter of ± 6 mm. The plate was incubated 
at 37 °C for 24 h. Lastly, a caliper was used to quantify 
the zone of inhibition in millimeters, which was then 
compared to the standard chloramphenicol. The film's 
ability to effectively stop bacterial growth is 
demonstrated by the greatest inhibition zone. 

■ RESULTS AND DISCUSSION 

Proposed Chemical Reaction for The Formation of 
Cur-capped ZnO-CuO NPs and chit-PVA-cur-
capped ZnO-CuO NPs Films 

The polyphenols (from curcumin) and zinc acetate 
or copper sulfate (precursor) may react to generate an 
intermediate product (zinc or copper hydroxide), which 
could be the chemical reaction for the phytosynthesis of 
ZnO or CuO nanoparticles. The following reactions 
demonstrate that this chemical is subsequently 
transformed into either CuO or ZnO by the heat 
produced during the drying step [38]. 

3 2 2(aq) 2(s)

3 2(aq)

Zn(CH CO ) 2R OH Zn(OH) 2R
                                                       CH CO

+ − → +
−

 (4) 

2(s) (s) 2 (v)Zn(OH) heat ZnO H O+ → +  (5) 

4(aq) (aq) 2 2 4(aq)CuSO 2R OH Cu(OH) R SO+ − → + −  (6) 

2(s) (s) 2 (v)Cu(OH) heat CuO H O+ → +  (7) 
According to the following processes, curcumin's 

phenolic hydroxyl groups donate electrons to their 
respective metallic ions (ZnO and CuO) by acting as 
reducing agents for divalent metals (Zn2+ and Cu2+) ions 
[39]. 

2
14 14 4 2 2Cu C H O CuO CO H O other byproducts+ + → + + +

 (8) 
2

14 14 4 2 2Zn C H O ZnO CO H O other byproducts+ + → + + +
 (9) 

Using curcumin as a stabilizing and reducing agent 
first caused the metal ions to be reduced, and then the 
enol form stabilized the produced NPs on their surface 
[4,7]. According to research findings by Moussawi and 
Patra [40], curcumin mostly exists in the enol form 
because its spectra did not exhibit any peaks in the 
carbonyl range (1800–1650 cm−1), either in the solid 
state or in solutions. In the 1:1, 2:1, or 3:1 curcumin: 
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metal combination, the enol form functions as a great 
chelator by binding with the metal ion, allowing the metal 
ion to stoichiometrically replace the enolic proton [7,41-
42] as seen in Fig. 1. Fig. 2 shows the product of cur-
capped ZnO-CuO NPs. PVA's hydroxyl (–OH) groups 
and chitosan's amino groups (NH2) can create hydrogen 
bonds (intermolecular) as both hydrophilic polymers [43-
45]. The hydroxyl groups of the glucosamine unit of 
chitosan and curcumin may interact via forming 
intermolecular hydrogen bonds [14,30,46], as illustrated 
in Fig. 3. Digital photo of all chit-PVA-cur-capped ZnO-
CuO NPs films can be seen in Fig. 4. 

The Properties of Films 

The thickness (mm), moisture content (%), water 
soluble matter (%) and swelling degree (%) of the films are 
the parameters studied and can be seen in Table 2. The 
results show that the addition of cur-capped ZnO-CuO 
NPs increased the thickness of the films, and the effects 
became  more  pronounced as  the  amount of  cur-capped  

H3CO

HO

OH O
OCH3

OH
Chemical structure of 
curcumin in enol form

H3CO

HO

O O
OCH3

OHcur-capped ZnO-CuO Nps

ZnO-CuO NPs

+
ZnO-CuO NPs

 
Fig 1. Reaction between ZnO-CuO NPs and curcumin 

 
Fig 2. Photographs of the product cur-capped ZnO-
CuO NPs 

O

OH

NH2OH

O

n

H2C CH

OH
n

O

O

NH2

O

O

O

O H

O

H H

H2C CH

H2C CH

OH n

O
H

n

intermolecular

intermolecular

O

H

intramolecular

intramolecularchitosan PVA

+

H3CO

HO

O O
OCH3

O
cur-capped ZnO-CuO NPs

H

intermolecular
hydrogen bond

ZnO-CuO NPs

 
Fig 3. The proposed chemical reaction mechanism that occurs in the film 

 
Fig 4. Photograph of chit-PVA-cur-capped ZnO-CuO NPs film (a) type A, (b) type B, and (c) type C 
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Table 2. The properties of films 
Type of films Thickness (mm)* Moisture content (%)* Water soluble matter (%)* Swelling degree (%)* 

A 0.17 ± 0.04 9.09 ± 0.01 50.00 ± 0.82 140.00 ± 0.62 
B 0.20 ± 0.03 10.00 ± 0.08 28.57 ± 0.20 233.33 ± 0.48 
C 0.30 ± 0.09 9.09 ± 0.01 20.00 ± 0.82 200.00 ± 0.82 

* Mean ± Standard Deviation (SD) is used to express values 
 
ZnO-CuO NPs was increased. According to studies by 
Ahmad and Sarbon [47] and Dordevic et al. [48], the 
inclusion of solid nanoparticles thickened the film. 

The pure chitosan film had a high moisture content 
(38.22%), according to literature [35]. Through 
hydrophilic interactions like hydrogen bonds, the 
numerous hydrophilic groups (–OH and –NH2) in the 
chitosan molecules were able to absorb and hold a 
comparatively large amount of water in the pure chitosan 
film [35]. When PVA and ZnO-CuO NPs capped with 
curcumin were added, the moisture content dropped. The 
interactions between cur-capped ZnO-CuO NPs and 
PVA and chitosan may be the cause of these outcomes. 
According to the study, when metal oxide NPs are added 
to a chitosan-PVA matrix, the resulting film is thicker 
than when the polymers are just combined. This happens 
because adding NPs raises the total solid content in the 
polymer matrix. This could be because the NPs and 
polymers form hydrogen bonds (H⋯O interactions), 
which impede the movement of the polymer chain [25]. 

The amino groups (NH2) included in the chitosan 
polymer can easily be protonated to produce an 
ammonium group (NH3

+) in an acidic solution (acetic 
acid). It becomes more soluble in water as a result. In 
contrast, the PVA polymer has a large number of 
hydroxyl groups that form hydrogen bonds with water 
molecules, which makes it very soluble in aqueous 
solutions. As a result, the chitosan-PVA polymer can 
swell more easily in aqueous conditions [49]. 

The interaction between the polar groups and the 
water molecules determines how much the polymer swells 
in the aqueous medium. A longer immersion period 
makes it easier for water molecules to diffuse into the 
polymer segments, which leads to the formation of 
hydrogen bonds between several polar groups and the 
water molecules [49]. In terms of solubility, the addition 
of cur-capped ZnO-CuO NPs caused an increase in values 

in films with the increasing NPs concentration (cur-
capped ZnO-CuO NPs). The result shows that the 
addition of cur-capped ZnO-CuO NPs increases the 
swelling degree with increasing concentration of cur-
capped ZnO-CuO NPs [48]. 

Cur-capped ZnO-CuO NPs were added, the films' 
water content either barely altered or went down. Based 
on the findings, the solubility values decreased when 
cur-capped ZnO-CuO NPs was added [48]. There can be 
fewer water molecules because of the hydrogen bond 
interactions between the film molecules and the 
hydroxyl groups (chitosan) on the surface of cur-capped 
ZnO-CuO NPs. This is because some of the initial 
hydrogen-bond interactions between the packaging 
matrix and water molecules can be transferred [48]. 

Optical Properties 

Fig. 5 shows UV-vis spectra of Cu2+ solution, Zn2+ 
solution, ethanolic extract of C. longa, and cur-capped 
ZnO-CuO NPs at room temperature in the range 200–
1000 nm. As seen in Fig. 5(a), Cu2+ solution has a 
maximum band at 805 nm [50]. The d-d transitions of 
the d9 electronic structure, which are influenced by the 
Jahn-Teller effect, cause the Cu2+ solution to exhibit a 
maximum absorption band, which is often stated to be 
between 740 and 880 nm [51]. 

The Zn2+ solution shows a band at 218 nm and 
below 250 nm [52] (Fig. 5(b)). In Zn2+ solutions, the 
218 nm absorption band is mainly linked to ligand-to-
metal charge transfer (LMCT) or charge-transfer 
transitions between the zinc ion and its coordinating 
ligands (such as water) rather than d-d transitions [53-
54]. Ethanolic extract of C. longa shows a band 
maximum at 436 nm (Fig. 5(c)) because of the π-π* type 
excitation resulting from the electronic dipole [17,55-
56]. Cur-capped ZnO-CuO NPs showed a characteristic 
feature at 460 nm (Fig. 5(d)), indicating the formation of 
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Fig 5. UV-vis spectra of (a) Cu2+ and (b) Zn2+ solution, (c) ethanolic extract of C. longa and (d) cur-capped ZnO-CuO 
NPs 
 
ZnO-CuO NPs capped with curcumin extract [32,57]. 

Particle Size and Polydispersity Index Analysis 

Size and polydispersity index of cur-capped ZnO-
CuO NPs as seen in Fig. 6. Cur-capped ZnO-CuO NPs 
were found to have a homogeneous particle size of 
485.24 ± 5.66 nm (Fig. 6) and a polydispersity index of 
0.688 ± 0.540 due to the complexation with ZnO-CuO 
nanoparticles [58]. Particle aggregation and the presence 

of curcumin molecules on the NPs surface [38] are likely 
the causes of this size decrease of cur-capped ZnO-CuO 
NPs. Particle size aggregation, primarily caused by the 
electrostatic attraction of ZnO-CuO nanoparticles, is 
primarily responsible for the wide particle size distribution 
and polydispersity index [38]. The research results from 
El-Kattan et al. [57] and Saif et al. [59] also showed that 
the particle size of curcumin-metal oxide NPs was 
greater than 100 nm. This is possible, in accordance with  
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Fig 6. The results of particle size analysis from cur-capped ZnO-CuO NPs 
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Fig 7. FTIR spectrum of cur. and cur-capped ZnO-CuO 
NPs 

their aggregation, the as-prepared NPs' hydrodynamic 
particle size is larger. Their hydrophilicity is the reason for 
this aggregation. Furthermore, forming a layer of water 
surrounding the material increases the strength of the 
steric forces of the functional groups on the NPs' surface 
[57]. 

FTIR Analysis 

Cur-capped ZnO-CuO NPs 
FTIR spectra of curcumin and cur-capped ZnO-

CuO NPs as seen in Fig. 7. Curcumin's FTIR spectra (Fig. 
7) showed a predictable band around 3415 cm−1, which is 
attributed to the stretching vibration (ν) of the phenolic –
OH bond. The bending vibration (δ) of the C–H group 
attached to the curcumin's benzene ring is represented by 
the peak at 1429 cm−1, and the ν(C=O) was associated 
with the absorption peak at 1593 cm−1 [60]. 

The FTIR spectrum of curcumin showed absorption 
peaks of aromatic ν(C–O), ν(C–O–C) and ν(C–C) 

vibrations at 1512, 1276, and 1159 cm−1 [60-62]. C–O–C 
from methoxy groups is responsible for the peak at 
1031 cm−1 [62]. As previously observed, neither in the 
solid state nor in solutions did the curcumin spectra 
exhibit any peak in the carbonyl region (1800–
1650 cm−1), suggesting that curcumin is mostly found in 
the enol form [40]. 

Cur-capped ZnO-CuO NPs (Fig. 7) FTIR analysis 
revealed the presence of characteristic absorption bands 
at 3562–3385 and 1635 cm−1 due to –OH intermolecular 
bonding of alcohol and ν(C=O), respectively [39,59-60]. 
However, the curcumin-capped ZnO-CuO NPs' C=O 
peak at 1593 cm−1 is shifted to 1635 cm−1, possibly as a 
result of the charge-transfer interaction between the 
curcumin C=O group and ZnO-CuO NPs [60]. 

The δ(C–H) and ν(C–O) of the pluronics on the 
NPs surface may be responsible for the peaks at 1111 and 
985–941 cm−1 [60]. Cur-capped ZnO-CuO NPs has a peak 
at 875 cm−1, which is attributed to ν(C−O) [63]. Qasem 
et al. [64] stated that the peak in the 500–700 cm−1 range 
should be of ν(Cu–O) and emerged at 603 cm−1. Peak at 
482–426 cm−1 showed a significant absorption peak in 
the 400–500 cm−1 range, which was attributed to the Zn–
O bond's distinctive stretching vibration [65]. 

The film of chit-PVA-cur-capped ZnO-CuO NPs 
FTIR spectrum of chit-PVA-cur-capped ZnO-

CuO NPs films and their constituent materials are 
shown in Fig. 8 and 9. Fig. 8, according to Zidan et al. 
[66], the broadband at roughly 3410 cm−1 is attributed to 
the stretching vibration of PVA's O–H group. Around 
2941 cm−1 is where the band corresponding to the ν(as) 
CH2 is visible. The ν(C=O) and ν(C=C) modes have been 
assigned to the peaks at 1720 and 1658 cm−1, respectively. 
Symmetric bending of CH2 has been identified as the cause  
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Fig 8. FTIR spectra of cur-capped ZnO-CuO NPs and 
their reference materials 
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Fig 9. FTIR spectra of chit-PVA-cur-capped ZnO-CuO 
NPs films 

of the absorption band at 1438 cm−1. The ν(C–O) of the 
C=O groups in the PVA backbone is represented by the 
band at roughly 1097 cm−1. At 850 cm−1, moderate 
absorption from the planar zigzag carbon backbone's C–
C stretching vibrations is detected. The wagging mode of 
OH groups is attributed to the peak at 615 cm−1, whereas 
CH2 rocking is assigned to the peak at 920 cm−1, and δ 
(CH+OH) is assigned to the peak at 1330 cm−1. 

According to earlier research [67-68], in chitosan, 
the band at about 3448 cm−1 is the axial of the O–H group 
stretch superimposed on the nitrogen-hydrogen bond 
stretch band. The amide I (O=C–NHR) characteristic 

band at 2920–2881 cm−1 in the 1654 cm−1 area is brought 
on by the asymmetric stretch of the C–H group. The 
protonated amine group's (NH3

+) vibrational 
deformation is indicated by the band at 1598 cm−1 
(amide II, amine-NH2). The band at 1382 cm−1 is the 
result of amino groups deforming axially to CN. 
However, it appears that the characteristic bands of the 
saccharide structure (the C–O–C glycosidic link) are 
located at approximately 1153 cm−1. The pyramided 
rings' C–O–C stretching is linked to the strong band at 
1078–1033 cm−1. 

A broad band at 3100–3500 cm−1 (3448, 3441, and 
3446 cm−1) in the FTIR spectra of films A, B, and C (Fig. 
9) indicates the ν(OH) and may overlap with the N–H 
bands of amide and amine [43]. The ν(s) C–H group is 
represented by the bands at 2922, 2931, and 2924 cm−1 
[69]. The remaining C=O acetate groups from PVA 
vibrate at 1724, 1722, and 1722 cm−1 [43,69]. The 
interaction between the O–H and δ NH of PVA and 
chitosan is responsible for the peaks at 1629, 1625, and 
1633 cm−1 [43]. The δ C–H group may be seen at 1438, 
1409, and 1435 cm−1 [43]. 

The crystalline portion of PVA, represented by the 
ν(C–O), is seen as a shoulder at 1112, 1130, and 
1163 cm−1, while the amorphous portion, represented by 
the ν(C=O), is seen at 979, 1049, and 1029 cm−1 [69]. 
Previous studies have revealed that the peak for the Cu–
O group is 584, 603, and 619 cm−1 [64]. The ν(Zn–O) 
group is responsible for the peaks located at 425–475, 
422–452, and 424 cm−1 [65]. Peak shifts brought on by 
interactions between two or more polymer mixes via 
hydrogen bonding are visible in the FTIR spectra. 
Intramolecular hydrogen bonding between the O–H 
group (PVA) and the O–H and –NH2 groups (chitosan) 
may be the cause of an increase in peak intensity [70]. 

XRD Analysis 

Curcumin's distinctive reflections may be seen at 
2θ = 25.3° and 29.82° in the diffractogram of the cur-
capped ZnO NPs [71], as illustrated in Fig. 10. The 
diffractogram of curcumin was found at 2θ = 13.58°, 
22.71°, 24.57°, 25.19°, 27.32°, and 29.71° in cur-capped 
CuO  NPs  [72-74],  while  curcumin's  diffractogram  of  
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Fig 10. Diffractogram of cur-capped ZnO, cur-capped 
CuO and cur-capped ZnO-CuO NPs  

cur-capped ZnO-CuO NPs was found at 13.78°, 14.86°, 
17.41°, 22.75°, and 27.82° [72-74]. 

Significant diffraction peaks are observed at 31.70°, 
34.38°, 36.13°, 56.34°, 62.32°, and 67.66° in the ZnO 
nanoparticles' XRD investigation [60,75-76]. The 
presence of CuO NPs is confirmed by the 2θ peaks seen at 
31.29°, 33.24°, 35.62°, and 42.36° [77-78]. Fig. 10 displays 
the ZnO-CuO NPs' XRD patterns. According to 
Varaprasad et al. [79], the CuO NPs exhibited distinct 
primary intensity peaks at 2θ = 33.37° and 35.53°. The 
primary peaks of ZnO NPs are 2θ at 30.72°, 34.52°, 36.37°, 
37.55°, and 60.28° [60,80-81]. According to Sathiyabama 
et al. [82], the XRD pattern of cur-Cu NPs has a crystalline 
nature and the production of a polycrystalline, two-phase 
nanocomposite is usually confirmed by the XRD pattern 
of ZnO-CuO NPs [83]. 

The crystallite size of nanoparticles is calculated 
using Debye Scherrer's formula [84], as shown in Eq. 10. 

( ) ( )D 0.9 cos= × λ β× θ  (10) 
The symbols D, λ, β, and θ respectively represent the 
crystallite size (nm), Bragg's angle, full width at half 
maximum (FWHM), and the wavelength of the used X-ray. 
It was estimated that the cur-capped ZnO-CuO NPs had a 
crystallite size of 5.72 nm. 

Fig. 11 displays the diffractogram of film types A, B, 
and C. Despite the addition of cur-capped ZnO-CuO NPs, 
these three  types of films  share the same  characteristics.  
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Fig 11. XRD pattern of chit-PVA-cur-capped ZnO-CuO 
NPs film A, B and C 

The diffractogram of film types A, B, and C (Fig. 11) 
does not show the distinct signals of cur-capped ZnO-
CuO NPs, suggesting that the addition of a trace amount 
of cur-capped ZnO-CuO NPs to the chitosan-PVA 
matrix changed its properties. There are peaks at about 
2θ = 19.58°, 20.7°, and 19.50° for film types A, B, and C, 
respectively. The film types A, B, and C's diffractogram 
revealed comparable diffraction at 2θ in the 19.50°–20.7° 
range. This peak demonstrates the film's amorphous 
nature. The amorphous nature implies that the O–H and 
N–H groups of the PVA and chitosan interacted 
(intermolecular and intramolecular hydrogen bond 
lengths) to produce the amorphous structure of the film 
[16,78,85]. 

The low percentage of NPs is the cause of the lack 
of distinctive peaks, not the deterioration of NPs 
crystallinity [25]. The absence of crystalline morphology 
of cur-capped ZnO-CuO NPs, as a uniform dispersion 
of metal oxide NPs in this film via hydrogen bonding or 
electrostatic forces of attraction [86], is confirmed by the 
diffractogram of the chit-PVA-cur-capped ZnO-CuO 
NPs. 

SEM/EDS Analysis 

SEM/EDS studies were carried out to obtain the 
morphology and elemental concentration of cur-capped 
ZnO-CuO NPs developed as shown in Fig. 12 and 13. 
Table 3 displays the composition of elements analyzed 
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using SEM/EDS. According to the results, the produced 
cur-capped ZnO-CuO NPs' elemental composition 
(atomic percent) was as follows: 52.6% oxygen, 24.6% 
carbon, 16.4% Cu, and 2% Zn (Table 3). Fig. 12 and 13 
illustrates the full conjugation process between Zn or Cu 
and curcumin based on the EDS and FTIR data [87]. 

Using elemental mapping, the dispersion of the cur-
capped ZnO-CuO NPs was seen (Fig. 14). On the surface of 
the cur-capped ZnO-CuO NPs, the constituent elements 
C (red) and O (green) are derived from curcumin, while 
Zn (black) and Cu (blue) are derived from ZnO and CuO 
NPs, respectively. Fig. 15 depicts the surface structure of 
film types A, B, and C. Surface morphological variations 
are seen in SEM micrographs. The rough areas of every 
film were noted, as displayed in Fig. 15(a–c). The chitosan 
molecules cause the PVA matrix's compact structure to be 
disrupted, which results in roughness [88]. The blend 

surface is showing white spots in Fig. 15, and the cur-
capped ZnO-CuO NPs are visible as rounded 
nanostructures embedded in a chitosan-PVA surface. 

 
Fig 12. The surface morphology of cur-capped ZnO-
CuO NPs 

 
Fig 13. SEM-EDS spectrum of cur-capped ZnO-CuO NPs 

Table 3. Percentage of constituent atoms 

Material 
Element (%) 

C O Al S K Cu Zn 
Chit-PVA-cur-capped-ZnO-CuO NPs 24.26 52.60 0.20 3.70 0.20 16.70 2.00 

 
Fig 14. SEM-mapping images of cur-capped ZnO-CuO NPs (a) overall element, (b) C, (c) O, (d) Cu, and (e) Zn 
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Fig 15. Surface structure of films (a) A, (b) B, and (c) C observed by SEM at a magnification of 2,500× 

 
Antibacterial Study 

The antibacterial effectiveness of each film under 
examination is depicted in Fig. 16. Fig. 16 shows the zones 
of inhibition for each film as well as the average zone of 
inhibition for each sample for each of the three replicates. 
Film C has a greater average inhibition zone than films A 
and B, as seen in Table 4 and Fig. 16. Chitosan and 
bimetallic nanoparticles (ZnO-CuO NPs) were added to 
film C to enhance its antibacterial capabilities against E. 
coli. 

Pure PVA films (D) did not exhibit antibacterial, 
according to the results [89-90]. Naturally, a pure PVA 

film lacked the ability to inhibit both Gram-positive and 
Gram-negative bacteria [89,91-92]. This is due to the 
fact that pure PVA film typically lacks intrinsic 
antibacterial qualities [89] and PVA's chemical structure, 
which is mainly made up of O–H groups, does not 
automatically alter the structures of bacteria or obstruct 
their metabolic functions in order to prevent growth. 

Surface-surface interactions between the 
biopolymer chains and microbial cell walls have been 
implicated in chitosan's antibacterial properties [93-94]. 
Bacteria sticking to the chitosan films [95], as seen in Fig. 
16, indicate that the chitosan chains in the films (E) used 

 
Fig 16. Antibacterial activity test of E. coli bacteria on all films 
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Table 4. E. coli antimicrobial evaluation results for each film 

Petri dish 
Inhibition zone (mm) of film 

A (A) B (B) C (C) PVA (D) Chitosan (E) Chloramphenicol (0.1 % w/v, F) 
I 13.62 18.28 20.94 0.00 0.00 28.31 
II 12.08 17.35 21.69 0.00 0.00 28.02 
III 12.91 15.42 19.43 0.00 0.00 28.01 

Average ± SD 12.87 ± 0.77 17.02 ± 1.46 20.69 ± 1.15 0.00 0.00 28.11 ± 0.17 
 
here did not interact with the microbial cell walls and, 
hence, did not exhibit any bactericidal properties. This 
proved that chitosan cannot permeate the surrounding 
agar and that its biocidal action is associated with the 
release of protonated glucosamine fractions into the 
culture media [96]. A previous work [97] claims that the 
DD value of chitosan indicated the extent of bacterial 
growth inhibition and that only a soluble fraction of 
chitosan films demonstrated antibacterial activity. The 
chitosan films fully suppressed the development of Gram-
negative (E. coli) bacteria with a 90% DD. The degree of 
bacterial viability was established by the duration of the 
cells' interaction with the film surfaces. All bacterial 
strains' live cells were undetectable using the agar 
diffusion method after 24 h of contact with chitosan films, 
and minimal inactivation was observed after 1 h of cell 
incubation on the film surface. Nonetheless, the 
antibacterial activity of chitosan films is still up for debate. 

Karthikeyan et al. [34] and Guan et al. [98] provide 
the following explanation and become the basis for 
explaining the film chit-PVA-cur-capped ZnO-CuO NPs' 
antibacterial activity. When bacteria were exposed to the 
composite film, their cell walls and membranes lost their 
structural integrity, and their regular physiological 
processes were unstable. The contact between the 
bacterial cells and the film chit-PVA-cur-capped ZnO-
CuO NPs is depicted in Fig. 16. This contact can weaken 
the integrity of the cell membrane and change the 
structures of macromolecules such as proteins, lipids, and 
DNA. The bacterial cell membrane is negatively charged, 
while the Zn2+ ion and Cu2+ are positively charged due to 
the interaction of both systems. 

A greater surface area, asymmetrical external ridges, 
and electrostatic attraction as the chit-PVA-cur-capped 
ZnO-CuO NPs film pierces the cell membrane are some 
of these physical and chemical characteristics. It also 

greatly stimulates the release of Zn2+ and Cu2+ ions, 
which can cause oxidative stress in the bacterial cell and 
the generation of reactive oxygen species (ROS), as well 
as increases in oxygen vacancies and the molecules' 
ability to diffuse (chitosan, PVA, and curcumin). Finally, 
ROS such H2O2, O2•−, OH•−, Cu2+, and Zn2+ attach to the 
cell membrane's negative surface, rupturing the cells and 
allowing cellular material to escape, which eventually 
leads to cell death [75]. 

The results of the FTIR film analysis [97,99] 
demonstrated that interactions between PVA and 
chitosan involve both electrostatic and hydrogen 
bonding within and between the chains of both 
polymers. The enhanced antibacterial activity of the 
films is most likely due to these interactions as well as 
the higher concentration of cur-capped ZnO-CuO NPs 
compared to one-component films. Data from SEM-
EDS can explain the antibacterial properties of a sample 
[100]. It is further explained that the metal ion content 
detected in SEM-EDS functions as an antibacterial. 

■ CONCLUSION 

Cur-capped ZnO-CuO NPs resulting from 
biosynthesis have particle sizes and polydispersity 
indexes of 485.24 ± 5.66 nm and 0.688 ± 0.540, 
respectively. The maximum wavelength of cur-capped 
ZnO-CuO NPs is 460 nm. The chit-PVA-cur-capped 
ZnO-CuO NPs film has a thickness of 0.17 to 0.30 mm, 
a moisture content of 9.09 to 10.00% and a swelling 
degree of 140 to 200% but decreased water-soluble 
matter from 50 to 20%. The Zn–O and Cu–O functional 
groups in cur-capped ZnO-CuO NPs were detected at 
482–426 and 603 cm−1, respectively. The Zn–O and Cu–
O groups in all chi-PVA-cur-capped ZnO-CuO NPs 
films were detected at 424–475 and 584–619 cm−1, 
respectively. The crystallinity size of cur-capped ZnO-
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CuO NPs is 5.72 nm. All films of chit-PVA-cur-capped 
ZnO-CuO NPs had an amorphous form. The surface 
morphology of all chit-PVA-cur-capped ZnO-CuO NPs 
films was dense, homogeneous, and slightly rough. The 
results of the E. coli antibacterial test of the chit-PVA-cur-
capped ZnO-CuO NPs type C film had a larger inhibition 
zone than the type A and B films. Based on the synthesis 
of chi-PVA-cur-capped ZnO-CuO NPs films, the studies 
conclude that these composite films are successful and 
can be suggested as multifunctional materials with high 
potential for antibacterial, food packaging, and 
biomedical applications. 
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