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this present work, new sampling technique of laser induced breakdown spectroscopy (LIBS) has been
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works to induce a plasma. By this present technique, identification of major and minor elements in

liquid material target such as commercial milk liquid and multi-vitamin liquid has successfully be

made. Furthermore, a quantitative analysis of impurity of Cr has been demonstrated, resulting in good

precision and good sensitivity with limit of detection of approximately 2 µg/ml. This present developed
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Abstract

This is the first report describing the Molecular Dynamics (MD) simulation and complete green nanochemistry

approach to investigate the interaction of CuO-MgO nanocomposite against methylene blue (MB) dye. The CuO-MgO

nanocomposite was synthesized using African natural extract derived from agro-waste, date pits, and subsequently

characterized via various characterization techniques.

Quantitative analysis of XRD data via MAUD software revealed monoclinic and cubic structures with particle sizes of

26.7 and 21.4 nm for CuO and MgO nanoparticles, respectively. While HRTEM analysis presents cubic shaped

morphology, SAED images revealed lattice fringes with d- spacing 0.243 nm, 0.176 nm, 0.126 nm, and 0.102 nm

corresponding respectively to (1 1 1), (1 1 2), (3 1 1), and (4 0 0) reflection of the CuO-MgO.

2

Abstract

Abstract

Analysis of impurity and trace element in liquid is urgently needed in environment and industries. In this present work,

new sampling technique of laser induced breakdown spectroscopy (LIBS) has been devised using metal coarse utilizing

pulse CO  laser. Experimentally, a liquid and polluted liquid was dropped into a metal coarse powder. A pulse CO  laser

(10.6 µm, 200 ns) beam with a laser energy from 0.75 to 1.5 J was bombarded on a metal coarse to induce a plasma. The

plasma contains elemental analytical lines obtained from the liquid material; the metal coarse itself is never ablated and

only works to induce a plasma. By this present technique, identification of major and minor elements in liquid material

target such as commercial milk liquid and multi-vitamin liquid has successfully be made. Furthermore, a quantitative

analysis of impurity of Cr has been demonstrated, resulting in good precision and good sensitivity with limit of detection

of approximately 2 µg/ml This present developed technique is possible to be employed for analysis of major impurity
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a b s t r a c t

In this research, 20 nm zinc oxide nanoparticles were utilized to fabricate significant voltage gradient zinc
oxide nanoparticle-Bi2O3-Mn2O3-based thick film varistors (TFVs) by applying screen printing method.
Different low temperatures during the sintering process had a considerable effect on the zinc oxide
nanoparticle-based TFVs. In particular, the low temperatures improved the growth of ZnO grains, which
was obvious even at 550 �C. The huge surface area of the 20 nm zinc oxide encouraged an intense surface
interaction even at minimal sintering temperatures. The sintering technique also enhanced the internal
structure of the crystal. Minimizing the fundamental compressive stress depended on the XRD lattice
constant and the FWHM analysis. The variable temperatures of the sintering process considerably
impacted the electrical behaviours of the samples. A remarkable increase in the voltage gradient of the
varistor sintered up to 5732.5 V/mm at 700 �C was observed. The electrical resistivity dropped dramat-
ically from 621.8 kX.cm (varistor at 550 �C) to 147.3 kX.cm at 800 �C sintering temperature. The small
size of grains with perfect boundaries was the main reason for the enhancement of the voltage gradient.
The optimal electrical characteristics with a 63 nonlinearity coefficient and 103 lA leakage current were
achieved in the varistor sintered at 700 �C. Moreover, maximum permittivity and minimum dissipation
factor were attained through the minimal frequency range. Therefore, the sintering process could be
applied as a novel technical approach for the dominant voltage gradient of zinc oxide nanoparticle-
based TFVs with enhanced microstructural and electrical behavior and good nonlinearity.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Electrical and electronic techniques, such as a surge protection
system, have been applied to the varistor system for many years
due to optimal nonlinearity exponent and minimal leakage cur-
rent. Several electrical parameters, such as break down voltage
and resistivity value of these systems, rely significantly on struc-
tural status; consequently, the grain size and structural uniformity
are among the factors with the greatest influence in a varistor fab-
rication technique (Takada and Yoshikado, 2010).

Significant requirements exist for varistors existence miniature
and combination with huge voltage gradient (Chen et al., 2017).
Commercial zinc oxide varistors are ceramic discs that are unable

to meet the requirements for certain implementations, such as a
varistors array, surface applied techniques, and others. Considering
the fact that they are huge products with minimum value and
ingenuous design, zinc oxide-based thick film varistors (TFVs) are
fabricated to become appropriate exchanges and to obtain the gen-
eral interest (Debeda-Hickel et al., 2005; Jadhav et al., 2016; Paun,
2017).

There are many techniques (Jadhav et al., 2016; Paun, 2017; Al
Abdullah et al., 2017; De La Rubia, 2017; de la Rubia et al., 2004)
used to prepare zinc oxide-based TFVs; these techniques include
sol–gel technique, screen printing, direct-writing technique, and
so on. Khalaf et al. (Al Abdullah et al., 2017) fabricated TFVs via a
sol–gel technique using 200 lm film thickness at 1000 �C sintering
temperature. Paun et al. (Paun, 2017) obtained zinc oxide-based
TFVs via direct write method using Na dopant with 1200 V/mm
voltage gradient; they clarified that zinc oxide-based TFVs can be
sintered at 900 �C. Rubia et al. (De La Rubia, 2017) prepared the
zinc oxide-based TFVs with a huge voltage gradient rate of approx-
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a IMD Laboratories Co, R&D Section, Lefkippos Technology Park, NCSR Demokritos PO Box 60037, 15130 Athens, Greece
bDepartment of Engineering Science, University of Oxford, Parks Road, Oxford OX1 3PJ, United Kingdom
cRadiation Chemistry and Dosimetry Laboratory, Ruder Bošković Institute, Bijenička c. 54, 10000 Zagreb, Croatia
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a b s t r a c t

Titanium dioxide (TiO2) nanoparticles, have been routinely used in cosmetic and sunscreen applications,
due to their ability to absorb in the UV spectrum. Nevertheless, one of the main disadvantages has been
the generation of reactive oxygen species (ROS), especially the hydroxyl radical, upon photoexcitation of
titania. In this work, we investigate TiO2 nanoparticles doped with 0.6–0.7% manganese (Mn), based in
the more stable rutile polymorph of titania. In particular, while the anatase crystal form has the ability
to destroy almost any organic matter under UV illumination, rutile is less photoreactive, and with Mn
doping its photoactivity is reduced further. In particular, we study its optical, structural and semicon-
ducting properties via the Seebeck effect and show that the material displays p-type characteristics.
This is very significant because it shifts the energy levels with respect to formation of hydroxyl free rad-
icals. This ensures that for Mn doped p-type titania it is not energetically possible for the hole created in
the valence band by photoexcitation to create an OH. free radical and this may explain its low photore-
activity. It also means that this material can act as a very effective scavenger for hydroxyl free radicals.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

TiO2 is a semiconducting material that has received wide atten-
tion ever since Fujishima and Honda (1972) discovered the photo-
catalytical splitting of water on a TiO2 electrode under ultraviolet
(UV) light. Over the past decades, TiO2 has found applications in
many promising areas ranging from photovoltaics and photocatal-
ysis, to pigments and cosmetic applications (Hashimoto et al.,
2005, Ahmad et al., 2018). In addition, TiO2 is attractive as it can
be mass-produced at a low cost in different sizes, shapes and phase
compositions, each possessing unique physiochemical properties.
These include microspheres, nanorods, nanotubes and nanowires,
for numerous applications (Krishnan et al., 2021).

In the field of personal care products and cosmetics, TiO2 can be
found in a number of preparations. In particular, titania is incorpo-
rated in microcrystalline form in toothpastes, as a whitener and an
abrasive as well as in different soaps, hair colours and skin prod-
ucts as a pearlescent colorant and opacifier (Berardinelli and
Parisi, 2021). Its bright white appearance, originates from its light
scattering properties and large refractive index (Bodurov et al.,
2014). Currently it is approved for use in cosmetic and personal
care products, both by the US Food and Drug Administration
(FDA, 2021), as well by the EU Commission via regulation
1857/2019 (EU, 2019). In the area of sunscreen applications, TiO2

has been used in its nanoform for a number of years, considering
that at sizes below100nm, its whiteness is displaced by trans-
parency, which creates a favourable appearance when applied to
skin (Tanvir et al., 2015). In addition, as a result of particle size
reduction, there is a shift of its absorption spectrum from the
UVA to the UVB, which is mostly responsible for sunburns and skin
cancer. Currently TiO2 is approved in sunscreen formulations, in
concentrations between 2% and 15%, while its loading can reach
up to 25% in preparations (Morsella et al., 2016). Nevertheless,
one of the main disadvantages of TiO2 is the generation of reactive
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