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Abstract

In this study, zinc oxide nanoparticles were prepared using an environmentally friendly and inexpensive
method. Plasma jet technology is economical and clean due to the absence of chemicals involved in the
nanoparticle preparation process. Argon gas was used to generate the plasma jet, which reacts with zinc
oxide metal in an aqueous medium. Morphological examinations showed that the size of the resulting
nanoparticles ranged from 15 to 27 nm, with a hexagonal (wurtzite) structure and a flower-like shape.
The resulting particles exhibit high stability, as demonstrated in the zeta potential test. The resulting
particles were tested to improve the effectiveness of a biosensor for glucose detection. The sensor
showed a significant electrical response after adding glucose to the electrode surface, proving the
effectiveness of the resulting materials in biomedical applications.

1. Introduction

Nanotechnology is the science that studies materials and particles with sizes on the nanoscale
(10° m), typically less than 100 nanometres [1-2]. This small size can radically change the
chemical and physical properties of these materials [3]. From this perspective, change has taken
off as a scientific revolution that has altered the paths of scientific research and encompassed
many fields, including industry, agriculture, and medicine [4]. Nanoparticles possess many
unique properties and advantages, such as their high reactivity due to their large surface area
relative to their size [5-7]. One of the most prominent areas in which nanotechnology has been
used is medicine, especially in applications that include drug delivery, the manufacture of
biomaterials, and tissue culture [8,9]. Nanomaterials have also become popular in many
applications, such as the manufacture of solar cells, batteries, and insulators [10]. These
nanomaterials are also used in environmental fields, such as water and air purification, due to
their high absorption capacity and ability to catalyze chemical reactions [11]. In the modern
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era, nanotechnology has become a major and important branch in many industries due to the
unique properties of nanomaterials that distinguish them from other particles [12].

One of the most prominent modern technologies used in the production of nanomaterials is
non-thermal plasma technology, or "plasma jet" (cold plasma), which is considered economical
and environmentally friendly because it does not involve the use of chemicals and produces no
waste [13]. Plasma is the fourth state of matter, classified as a partially ionized gas without a
high temperature [14]. In the plasma state, electrons have a higher temperature than other
particles, such as ions or molecules [115]. Therefore, it is an effective technology in many
applications, such as sterilizing surgical instruments and treating wounds [16]. Using this
technology to produce nanoparticles allows us to effectively control the shape and size of the
produced nanoparticles [17]. This factor is a key factor in preparing pure materials suitable for
various applications. Therefore, non-thermal plasma technology has become an effective tool
for producing nanoparticles [18].

The present study aimed to prepare zinc oxide nanoparticles using a non-thermal plasma
(plasma jetting) method, using argon gas as a non-reactive gas during the plasma formation
process. The resulting nanoparticles were characterized using several techniques, such as X-
ray diffraction, UV-Vi’s diffraction, and field-emission scanning electron microscopy. The
surface stability and diameter of the nanoparticles were also studied using zeta potential and
DLS techniques. In addition to this characterization, the biological activity of these particles
was tested in improving the performance of a biosensor for glucose detection.

2. Experimental Method
2.1 Plasma Jet System for Nanoparticle Synthesis and Diagnostics

A cold plasma system was used, consisting of several basic components for plasma generation.
These components include an argon gas flow system (1-5 liters per minute), a high-voltage DC
power supply (up to 20 kV), several gas deliveries tubes, and a needle representing the plasma
ejection nozzle. The cathode electrode was connected to the power supply via an external
stainless steel plasma needle, while the other electrode was connected to the reagent used in
the experiment. The gas flow rate was fixed at a flow rate of 3 liters per minute, and an S3000-
UV-NIR spectrometer was used to collect the spectrum generated during the reaction for
analysis and extraction of basic plasma parameters. Figure 1 illustrates the plasma system used.
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2.2 Synthesis of zinc oxide nanoparticles (ZnO NPs)

Zinc oxide nanoparticles were prepared using a plasma jetting technique in sequential steps.
First, pure zinc metal (99% purity, from Sigma-Aldrich) with dimensions of 1 cm x 6 cm was
prepared and exposed to direct plasma jetting in an aqueous medium, resulting in the
production of a nanosolution containing zinc oxide particles. The plasma generated by the
needle nozzle reacted with the aqueous medium and zinc metal, generating reactive chemical
species such as oxygen and hydroxyl radicals, resulting in the production of a zinc oxide
nanosolution, as evidenced by the color change of the suspension to a milky white. A heat-
resistant container and a suitable reaction medium were used to ensure process stability during
plasma exposure. The nanoparticle preparation time was 10 minutes.

2.3 Electrochemical cell preparation

The Vertex-One device manufactured by Ivium Technologies was used, which consists of a
three-electrode system (a working carbon electrode, a reference electrode made of silver/silver
chloride, and a third carbon electrode serving as an auxiliary electrode). A 1 M glucose solution
was prepared, and the sample was deposited onto the electrode surface by cleaning the
electrode surface with distilled water, alcohol, and ultrasonic waves to ensure the removal of
all impurities and suspended particles. The nanomaterial was placed on the surface of a 50 uL
working carbon electrode and evenly distributed over the electrode surface. A cyclic
voltammetry scan was performed by scanning a range from -0.2 to 0.6 V at a frequency of 100
mV/s. Figure 2 illustrates the three-electrode system and the electrochemical cell.

Fig 2: Steps of setting up and connecting electrochemical cell

3. Results and Discussion
3.1 Plasma diagnosis

Figure 3 shows the spectral characterization of the argon-emitting plasma produced at a
constant flow rate of 5 liters per minute and a constant voltage of 13 kV. Several argon emission
peaks were recorded, starting at 696.02 nm and ending at 965.77 nm. The highest wavelength,
811.21 nm, was also used to calculate the Stark exposure, with the aim of calculating the
electron density [19], which was 4.6632 x 10'7 (cm?). In addition, five spectral lines were used
to calculate the electron temperature using the Boltzmann plot method [20], where the electron

temperature was 0.632 eV.
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Fig 3: (A) Optical emission spectrum of the plasma generated from Argon gas. (B)
Lorentzian structure of the emission line used to analyze the Stark broadening. (C)
Boltzmann diagram to estimate the electron temperature in the plasma.

3.2 Characterization of the Synthesized Nanoparticles

Figure 4 shows the X-ray diffraction (XRD) analysis of the nanoparticles produced by plasma
jetting technique at a preparation time of 10 min. The results show the formation of a regular
crystalline structure of hexagonal wurtzite zinc oxide. The peaks appeared at 2 theta angles as
follows: 31.7, 47.5, 56.6, 62.8, and 67.9, corresponding to the 67.9, (110), (002), (101), (102),
and (110) planes. The Scherrer equation was used to calculate the average crystal size and
found it to be 14.69 nm, which is consistent with previous studies [21].
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Fig 4: XRD pattern for ZnO at 10 min

Figure 5 shows the UV-vis absorption curves of the prepared zinc oxide nanoparticles after a
10-minute preparation time. The results show a bandwidth in the UV-vis region, indicating high
absorbance at visible wavelengths. This is because the smaller the nanoparticle size, the greater
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the absorption due to the increased surface-to-volume ratio, which increases the efficiency of
interaction with light. On the other hand, the band gap energy gradually decreases due to the
quantum confinement effect. Small nanoparticles bring the energy levels somewhat closer
together, making them capable of absorbing low-energy photons. Therefore, the absorption
extends to longer, positive wavelength ranges.
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Fig 5: The absorbance spectrum ZnO NPs

Figure 6 shows field emission scanning electron microscope (FESEM) images of plasma-jet-
prepared nanoparticles at a preparation time of 10 min. The results showed that the resulting
nanoparticles had a flower-like, hierarchical arrangement consisting of dense arrays of
nanorods. The average particle size was 26.5 nm. EDS analysis of the nanoparticles also
revealed the ratios of zinc and oxygen. The ratios shown in the analysis indicate that the
chemical composition is approximately constant.
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Fig 6: FE-SEM images and an energy-dispersive X-ray analysis for ZnO NPs

Figure 7a shows the zeta potential of zinc oxide nanoparticles prepared at a preparation time
of 10 min. This approach is important for studying the stability of nanomaterials in liquid, as
its high negative or positive value indicates the surface charge of these particles, which prevents
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or hinders them from reassociating or agglomerating through interparticle repulsive forces [22].
The results showed that the zeta potential value reached -37.7. This high zeta potential value
indicates that the produced samples have high stability, making them a suitable choice for

biological applications.

Figure 7b shows the hydrodynamic diameter of zinc oxide, where the degree of variation in
molecular mass or particle size was studied according to the polydispersity index. The sample
showed a distribution spanning 600 to 1100 nm, indicating a homogeneous distribution and
consistent with field emission scanning electron microscopy (FESEM) examinations.
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Fig 7: Zeta potential and DLS of ZnO NPs

Figure 8 shows the cyclic voltammetry of the zinc oxide sample prepared by plasma jet at a
10-min preparation time before and after adding glucose. The results show that the maximum
current before adding glucose reached +0.12 x 10! mA during oxidation and —0.12 x 107! mA
during reduction. The maximum current after adding glucose was +0.14 x 10" mA during
oxidation and —0.18 x 107! mA during reduction. These increases and decreases in the current
resulting from the cyclic voltammetry indicate that active reactions occurred on the electrode
surface upon glucose addition, indicating a clear response from the nanoparticle-coated
electrode, indicating good electrochemical activity. Overall, these results indicate that zinc
oxide nanoparticles produced by plasma jet are a viable option for the manufacture of

biosensors, particularly for glucose sensing.
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Fig 8: CV before and after adding glucose

4. Conclusions:

The present work demonstrated the success of cold plasma technology in producing zinc oxide
nanoparticles with promising properties in biomedical applications, particularly in improving
the sensitivity of biosensors for detecting various substances such as glucose, urea, and others.
XRD, UV-Vis, FE-SEM, and Zeta spectroscopy measurements showed that the resulting
particles were of good nanoscale size, had a flower-like shape, and were highly stable in liquid
media. Electrochemical experiments, on the other hand, showed that these particles responded
clearly to the addition of glucose, indicating that they have a high sensing efficiency. Overall,
the results and the method used are promising for producing environmentally friendly and
inexpensive nanoparticles that can be used as a basis for developing effective biosensors,
opening the way for promising biomedical applications.
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