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Synthesis, structural, and optical characterizations of zinc oxide: silver oxide
nanoparticles conjunction with polymer polyvinylpyrrolidone
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Pulsed laser ablation (PLA) technology has been utilized for creating nano-sized particles
from silver oxide, zinc oxide, and mixed oxide (Ag,0O, ZnO, ZnO: Ag,0O) combined with
polyvinylpyrrolidone (PVP) for environmental applications, especially the filtration
regarding oil-polluted water in rivers. A range of analytical methods have been employed
to describe the prepared as well as polymer-supported nanomaterials' characteristics.
Energy-dispersive X-ray spectroscopy, scanning \ transmission electron microscopy (SEM
\ TEM) analysis, X-ray diffraction \ fluorescence (XRD \ XRF), Fourier-transform infrared
spectroscopy, and photoluminescence measurements (PL) were among them. The
nanocomposite ZnO: Ag>O showed numerous nanostructures with diverse orientations,
according to XRD analysis. SEM imaging of the Ag,O nanoparticles indicated
polydispersed spherical particles with widespread aggregation. Furthermore, the study
incorporated the use of polymer-supported nanomaterials, with PVP selected for its
excellent chemical and thermal resistance. Various membrane structures with differing
porosities were prepared and effectively employed for the filtration of oil-polluted water, as
validated through TEM, XRF, and other measurements. In this context, the polymer
functioned akin to a sponge for water pollution remediation.
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1. Introduction

In a wide range of domains, nanotechnology has made significant scientific advancements
[1] [2]. Significant novel products have been introduced in pharmaceuticals as a result of
nanotechnological advancements [3-5]. In its nanostructured form, ZnO, an inorganic compound
insoluble in water, demonstrates strong antimicrobial capabilities [7]. From baby powder to skin
ointments, anti-dandruff shampoos, sunscreen, and oil, it is utilized in a broad range of healthcare
and medical applications [8—11]. ZnO ointment is useful for treating a variety of skin diseases that
are prone to infection, including burns, insect bites, eczema, and diaper rash in infants [12-16].
Comparably, Ag,O, an additional powerful antimicrobial compound [17, 19], has extensive
applications in medicine. Decreasing the size of Ag,O particles, on the other hand, may cause them
to aggregate, which would greatly affect their antibacterial and chemical activity [20]. It is
hypothesized that ZnO and Ag,O could work in concert to create nanocomposites with enhanced
anticancer and antibacterial properties. It was demonstrated that adding metals or metal oxides
lowers band gaps, enhancing antibacterial activity [21]. When ZnO is doped with silver, the
inhibitory action of pure ZnONPs is significantly increased. Composite nanomaterials might inherit
characteristics from the elements that make them up, which could lead to synergistic effects [22].
According to reports, Ag>O's shape could alter its catalytic properties and the antibacterial effects
that follow [23][24]. PVP is unique in that it is a temperature-resistant, pH-stable, nontoxic, non-
ionic, and inert polymer with affinities for both hydrophobic and hydrophilic medications.
Originally utilized as a plasma volume expander during the 1940s, PVP has discovered numerous
uses in the food sector, cosmetics, biomedicine, and pharmaceuticals [25].
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Accidental oil spills in water bodies are frequent incidents resulting from the transportation
and extraction of oil through wells, drilling platforms, rigs, pipelines, and tanks. These incidents
pose significant environmental risks, necessitating immediate and efficient decontamination
measures to safeguard the environment and aquatic ecosystems. Conventional oil spill cleanup
methods struggle to fully separate oil and water. Nanotechnology, including sol-gel, hydrothermal,
and pulsed laser ablation (PLA) techniques, is showing promise for more effective oil spill
remediation [26—29]. PLA offers notable advantages, including the production of well-crystallized
NPs devoid of by-products, cost-effective ablation control, and adjustable material size through
parameter manipulation [31].

This work examines the anticancer and antibacterial characteristics of undoped zinc oxide
as well as ZnO: Ag,O nanocomposite that was produced using PLA. Comprehensive research has
been done on the physicochemical properties of the produced NPs, including their solid phase,
morphology, and dynamic particle sizes [32][33].

2. Materials and methods

With the use of a pulsed Nd: YAG laser (HUAFEI) with a wavelength of 1064nm, Ag,O,
ZnO, and ZnO: Ag,O NPshave been produced. Through irradiating a ZnO pellet that was
positioned at the bottom of a quartz vessel that held 1.5 ml of solution above the target, colloidal
solutions were prepared. A 10Hz repetition rate, fixed laser energy of 200mlJ/pulse, and a pulse
width of ns were the laser parameters. A Joule meter has been utilized for measuring the amount of
laser energy that reached the surface throughout the six-minute ablation process. The laser beam
was concentrated at a spot size of 2.3 mm with the use of a converging lens with a 10cm focal length.
Fig.1 displays a diagram of the laser ablation apparatus used in this investigation. The same laser
parameters were then used for ablating an Ag plate of the same size in order to produce Ag,O
colloids for 600 pulses. Polyvinylpyrrolidone (PVP) was employed in the synthesis of AgO,
Zn0, and ZnO: Ag,O NPs for comparing the processes. PVP weighing 0.5 g was dissolved in each
material. Then, 1.5 ml of deionized water containing 5 g of polymer was mixed with each of the
nanomaterials, whether they had been prepared without or with PVP. Polymer films were formed
when the mixture was allowed to dry [34].
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Fig. 1. PLAL setup and Synthesis process of ZnO: Ag>0 nanostructures.
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3. Results and discussion

3.1. X-ray diffraction spectroscopy

Figure 2 shows the ZnO NPs that were produced and their XRD patterns. The XRD patterns
regarding ablated Ag,O show peaks at 20 = 38.24°, 44.28°, 64.54°, 77.46°, and 81.48°, which match
the information found on card 04-0783 in the JCPDS file for face-centered cubic Ag,O NPs [35].
Additionally, six peaks can be seen in XRD patterns displayed in Fig. 4-1, which are situated at
31.86°, 34.52°, 36.35°, 47.66°, and 56.71°. The hexagonal wurtzite structure of ZnO (JCPDS card
no. 36-1451) is responsible for all of the XRD peaks of ZnO NPs, demonstrating an extraordinary
degree of crystal quality. Furthermore, two sets of diffraction peaks are clearly visible in Fig. 4-1's
XRD pattern of Ag,O: ZnO nanostructure. These sets include XRD peaks of ZnO as well as Ag,0,
which unmistakably correspond to face-centered structure regarding Ag,O (JCPDS card no. 04-
0783) as well as hexagonal wurtzite structure of ZnO (JCPDS card no. 36-1451). Diffraction peaks
of Ag,O as well as ZnO in Ag,O: ZnO NPs notably do not move, conclusively indicating the lack
of diffraction from other impurities.
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Fig. 2. XRD Patterns of zinc oxide, silver and mix zinc oxide: sliver nanoparticles.

3.2. Fourier-transform infrared spectroscopy

The identification of functional groups is greatly aided by FTIR spectroscopy. ZnO
absorption band is depicted in Fig. 3, where peaks are found at 1644.30, 2954.43, 2895.97, and
3392.86 cm ', which represent the C=0, CH, and NH groups, respectively. Ag,O NPs' FTIR
absorption spectra show large NH absorption-related absorption peaks at 3391.48 and 3307.46 cm ™.
The extended vibrations at 3273.30 cm™' correspond to amine (OH) groups, while the band at
1644.71 cm ! relates to C=0 stretching modes. The spectra also show C—H stretching (alkanes) and
O-H stretching (alcohols) at 2965.42 and 2920.27 cm™'. Comparably, ZnO: Ag,O NPs' FTIR
absorption spectra reveal that NH stretching (amines) occurs at around 3393.38cm ™', whereas C—H
stretching (alkanes) is found at 2964.44cm'. Regarding Ag,O: ZnO, a strong band at 493 and 428
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cm ! is ascribed to vibratory ZnO elongation and deformation, respectively, whereas an absorption
band at 1644.13 cm™' suggests C=0 stretching. PVP's absorption band also shows peaks at 1644.19,
2953.32, 2895.34, 2928.71, and 3392.71cm !, which represent the C=0, CH, and NH groups,
respectively. The C=0, CH, and NH groups are responsible for the peaks in the ZnO: PVP
absorption band, which are located at 1644.38, 2895.70, 2954.19, 3294.53, and 3392.03 cm .
Lastly, large absorption peaks at 3393.80, 3273.56, 2953.20, 2927.85, and 2348.17 cm™ ' are visible
in the FTIR absorption spectrum of Ag,O: PVP NPs, corresponding to the C=C, OH, CH, and NH
groups. Comparably broad absorption peaks are seen in the FTIR absorption spectrum of ZnO:
Ag>O: PVP NPs at 3392.32, 2954.40, 2895.82, and 1644.18 cm—1, which correspond to the C=0,
OH, CH, and NH groups, respectively.
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Fig. 3. FTIR of (a) ZnO, (b) Ag:0 and (c) ZnO. Ag-0 Nps, (d) ZnO:PVP, (e) Ag:O:PVP and (f)
Zn0:Ag>0:PVP NPs.
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3.3. Photoluminescence spectroscopy

Fig. 4-4 presents photoluminescence measurements as a function of wavelength for ZnO,
Ag>0O, and ZnO: Ag,O NPs synthesized via laser ablation in water at room temperature. The
emission wavelengths observed in Fig. 4-4 are 430 nm for ZnO, 485 nm for Ag,0, and 440 nm for
Zn0O: Ag,0. These wavelengths signify the recombination processes between electrons and the holes
generated by photon emission. The doping of silver in various configurations and the appearance of
crystal defects brought on by oxidation processes during the laser ablation deposition process in
water are the reasons for this increase in electron concentration.
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Fig. 4. PL images of (ZnO NPs), (Ag:0 NPs) and (ZnO: Ag,O NPs).

3.4. Scanning electron microscopy

In Fig. 4-5, SEM images of the ZnO, ZnO: Ag,0O, and Ag,O NP films are presented,
showcasing a smooth and homogeneously distributed surface with very fine crystallites. When Ag,O
NPs are added to the primarily ZnO NP surface, it has been observed that the particle size rises. The
resulting coating was homogenous and conformal, covering the whole surface of the samples under
investigation, according to SEM examination. The ZnO layers showed a smooth morphology
without any breaks, cracks, gaps, or imperfections. Additionally, the synthesized nanoparticles
formed spherical shapes of different sizes due to stable mass distribution and colloid formation.
Based on SEM images, the particle sizes ranged from 10 to 50 nm.



1296

As 281 E BT8R SgulAsSEl s | olgborind A =gl s
Woe 35mm Vog= 00K ‘ WOrRSmn Mg @00KX - e

Fig. 5. Scanning Electron Microscope (SEM) images for ZnO NPs, Ag:ONPS, and ZNO: Ag;ONPs.

3.5. Transmission electron microscopy

The Ag>0O, ZnO, and ZnO: Ag,O NPs TEM images of nanocrystal formation are shown,
together with PVP, ZnO: Ag,O: PVP, ZnO: PVP, and Ag,O: PVP filters. The nanomaterials are less
than 50 nm on average. Fig. 4-6 shows a TEM micrograph that reveals spherical forms and a limited
particle size distribution. Following the creation of the nanomaterial with PVP, the surface porosity
of the samples was evaluated again, and this time it was higher due to the addition of polymer
throughout the laser ablation procedure. As a result, the samples' surface area increased.

Fig. 6. TEM images of nanocrystal formation of ZnO: Ag>O NPS, (a) ZnO:PVP, (b) Ag:O:PVP. (c)
Zn0:Ag,0:PVP,

3.6. X-ray energy-dispersive

The elemental compositions of ZnO, Ag,O, and ZnO: Ag,O nanostructures, EDX analysis
was carried out as can be seen in Figs 4-8 (A) and (B). The EDX analysis of the NPs provided the
atomic percentage (%) of elements such as Zn, O, and Ag, which are apparent in the images,
reflecting the composition of the samples containing mainly Zn and oxygen. Similar results were
obtained for the mixture sample, showing that no other elements were present.
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Fig. 7. EDX Spectrum of (4) ZnO,(B): Ag;0 NPs and (C): ZnO: Ag>O NPs.

3.7. X-ray fluorescence spectroscopy

The proportions of elements in water contaminated with oil and other substances were
measured after performing the filtration process. Table 4-5 shows the X-ray fluorescence (XRF)
results for water contaminated with oil. It can be seen from the table that the oil-contaminated water
contains many elements, including carbon, phosphorous, phosphate, silver, potassium, iron, sodium,
and magnesium. The highest percentage was obtained for carbon. The other table shows the elements
after the filtering process. The formula of the oil is

CHj

HsC l O——CH,

L,
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Table 1. The XRF for polluted.

Wt. (%)
Elements Mineral Oil and after Mineral Qil after Mineral Oil after Mineral Qil after
filtration ZnO/Flitter Ag>O/Flitter Zn0:Ag,O/Flitter
C 12 10 9 3
O 5 3 9 10
B 8 3 2 -
Fe 70 40 20 36
P 0.4 0.1 - -
Ca 0.5 0.4 0.3 -
Cr - 0.3 0.1 -
7n - 1.0 1.2 1.1
Ce - - - 0.1

4. Conclusion

Zn0O, Ag>0, and ZnO: Ag,O NPs were successfully synthesized, with and without PVP,
using the laser ablation method. These NPs were explored for their potential applications in
environmental purification. Analysis via XRD patterns revealed sharp peaks, indicating the absence
of impurities in the prepared samples. SEM images depicted uniformly shaped particles for Ag,0O,
Zn0, and ZnO: Ag,O NPs. TEM electron microscopy further confirmed the favourable shape and
structure of the resulting nanomaterials. Measurements conducted before and after using the
nanomaterials yielded promising results, highlighting the efficacy of PVP as it functioned akin to a
sponge for pollutants present in water.

This study underscores the significance of PVP, a widely used material in synthesizing
microfiltration and ultrafiltration membranes. PVP boasts excellent chemical and thermal resistance
across a wide pH range. By varying polymer properties and the additive-to-polymer ratio,
membranes with diverse morphologies (pore structures) and hydrophilic properties can be finely
tuned, influencing performance factors such as permeability, rejection rates, and resistance to
fouling.
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