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Abstract

Ingenious nanomaterials with improved biocompatibility and multifunctional proper-
ties are gaining vital significance in biomedical applications, including advanced drug
delivery and nanotheranostics. In a biological system, these nanoparticles interact
with serum proteins forming a dynamic corona that affects their biological or toxico-
logical properties producing undesirable effects. Thus, the current study focuses on
the synthesis of sulphur-doped zinc oxide nanoparticles (ZnO/S NPs) and characteriz-
ing their mechanism of interaction with serum proteins using multispectroscopic
approach. ZnO/S NPs were synthesized by employing a co-precipitation approach
and characterized using various analytical techniques. The results of interaction stud-
ies demonstrated that ZnO/S NPs interact with serum albumins via the static
quenching process. Analysis of thermodynamic parameters (AG, AH and AS) revealed
that the binding process is spontaneous, exothermic and van der Waals force or
hydrogen bonding plays a major role. The interaction of ZnO/S NPs with tyrosine
residue in bovine serum albumin was established by synchronous fluorescence spec-
troscopy. In addition, the results of UV-visible, circular dichroism, Fourier transform
infrared, Forster's resonance energy transfer theory and dynamic light scattering
spectroscopic studies revealed that the ZnQO/S NPs interact with albumin by inducing

the conformational changes in secondary structure and reducing the a-helix content.
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and are promising candidates proposed for nanomedicine. However,

despite their promising abilities, ZnO NPs suffer from drawbacks that

The use of ingenious nanomaterials in developing novel therapeutic
approaches is considered a frontier in fabricating next-generation
nanosystems for biomedical applications. Nanoparticles with both
imaging and target-specific therapeutic capabilities have gained sig-
nificant advantages in personalized medicine, thus allowing their
application in customized targeted therapy and real-time diagnosis.*
In this regard, specific classes of metal oxide nanomaterials such as

zinc oxide nanoparticles [ZnQ NPs) have gained significant attention

could prevent their application in nanomedicine. The most critical
limitation is their dose-dependent toxicity, which is attributed to the
release of zinc ions as a result of nanoparticle dissolution or genera-
tion of reactive oxygen species induced by photocatalysis and dam-
age of cell membranes caused by nanoparticle internalization.”
Therefore, it is necessary to optimize the properties of ZnO NPs for
achieving improved therapeutic efficacy. In order to address this limi-

tation, doping of nanomaterials can be effectively utilized to enhance
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ABSTRACT

The role of electrode materials is crucial for determining the energy storage capacity of supercapacitors. The use
of active nanostructures fabricated on conducting substrates to achieve good conductivity and high surface area
augments the energy storage ability of supercapacitors. The fabrication techniques for the assimilation of hier-
archical nanostructures on a large electrode surface area without using binders are expected to enhance the
energy and power densities of supercapacitors. The fabrication techniques should be simple, scalable, and of low-
cost. In this work, a simple process for developing high-surface morphological nickel sulfide (NiS) nanostructures
on commercial nickel foam at ambient temperature is developed. Further, these electrodes are used in the
fabrication of supercapacitors. The surface morphological and electrochemical studies have demonstrated high
energy density values of 27.58 Wh/kg and ultralong stability of 97 % even after 5000 cycles. Moreover, the
fabricated electrode material exhibited properties such as quicker electron and ion transfer, a larger surface area,
and superior structural integrity. The galvanostatic charge-discharge (GCD) study of the fabricated device has
shown a high specific capacitance of 613 F/g. Such electrodes exhibit their suitability in supercapacitors for

enhanced energy storage applications.

1. Introduction

Energy generation from non-conventional sources has gained larger
importance in recent times owing to technological innovations, limita-
tions of conventional energy sources, and encouragement by the con-
cerned governments for energy production using renewable energy
sources [1-3]. Energy storage systems play a vital role in reducing the
gap between demand and production which is a major limitation of
renewable energy sources [4].

Among various energy storage mechanisms, the electrochemical
energy storage method is convenient, effective, modular, and reliable
[5]. Battery energy storage system (BESS) and supercapacitor energy
storage fall under this category. Supercapacitor energy storage is
attractive because of its sustainability, superior charging and discharg-
ing capacity, augmented life cycle, excellent power density, acceptable
energy density, risk-free operation, and eco-friendliness [6-8]. Never-
theless, the storage capacity and desirable electrochemical characteris-
tics of supercapacitors strongly depend on the electrode material used
[9-16]. A large surface area, rapid charge/discharge cycles, controlled

* Corresponding author.
E-mail address: sahananayak1982@gmail.com (S. Nayak).

https://doi.org/10.1016/j.est.2023.106963

porosity, chemical stability, superior conductivity, and cost-
effectiveness are some of the desirable properties of electrode mate-
rials used in supercapacitors for enhanced storage capacity [17,18].
Several materials have been reported in contemporary research ar-
ticles as suitable for supercapacitor electrode preparation. These include
conducting polymers and their composites [19], RuO5 [20], MnO, [21],
MoS; [22], NisS4 [23], and NisSy [24]. However, these reported mate-
rials either suffer from certain drawbacks of noncompliance with all
desirable properties or require a complex process for their synthesis.
Hence, the onus is on the concerned stakeholders to fabricate the elec-
trode materials that exhibit most of the desirable features and are pro-
duced in large quantities. The thin films of different materials on
reference substrates have attracted the attention of researchers. These
thin films significantly reduce the series resistance, resulting in an
increased power density [25]. In addition, the fabricated electrodes
should have a network with superior electrolyte accessibility for the
better acceleration of ion transfer during charge-discharge cycles. A
highly electrolyte-accessible network is essential to accelerate ion
transport at a good rate during the charge-discharge process.
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Abstract

Metal oxide nanoparticles have widely attracted researchers due to their potential applications in i variety of fields.
especially medical importance. In the current study, monometallic oxides like CuO and MnO: nanomatenals and
bimetal oxide CuMun:O4 nanoparticles were successfully synthesized by combustion route. Doping of metal oxides
nanoparticles with the specified bioactive metal dopent’s results in significant improvement of essential biulolg‘lcal
propertics and advanced features. Combustion derived CuO, MnO: and CuMn;0, were subjected for antimicrobial
activity studies. Obtained results reporting that, biologieally active CuO and MnO: nanoparticles on doping that result
as CuMn:0. nanoparticles possess high antimicrobial activities. From the zone of inhibition studics it was evident
thatdoping plays a key role in the enhancement of the antibacterialand antifungal activity of CuMn:O; nanoparticles.
As a result of this study one can predict CuMn;Os nanoparticles may lead to new advanctd rescarch in biomedical

applications.

Keywords: CuO. MnOz, CuMn20s, Doping, antimicrobial

1. Introduction
During the past few years, nanotechnology has been widely favored and has become the key feature growing

interest on the matter at nanoscale, modifying the properties and functionalities. Field of nanomaterials and
nanocomposites have been in great influence among the scientists due their unique phases, sizes, morphology,
dimensionality and applications. Hence, many research efforts have been focused to control such important factors to
atain the featured nanomaterials [1]. Moreover, methods of synthesizing nanbpamcles and functionalizing 'are
challenging spects in current world for variable applications. Sceveral rcal-life applications could be involved'including
food processing, packaging, health care, biomedical devices, surgery and implants, disinfection of hospitals, textiles,
houschold fumnishing. paints, and certain needs might have implications cven in more extreme scenarios, such as germ
warfare, space exploration, and in the prevention of pandemic diseases like influenza viruses, elc [2]. Nanopanticles
are often prepared by conventional methods and need to be tested for biocompatibility. Thus, researchers have tumed
towards engincering nanoparticles and testing them for biomedical applications. Nanotechnology is currently
employed as a tool to discover the advancement in the biomedical sciences as metal and metal oxide nanoparticles
have shown considerable bactericidal effects. Certain metal and metal oxide nanoparticles have been used for the

treatment of various applications such as diagnosis of diseases, drug delivery systems, and sun screens [3-5]. Recently,
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