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Manganese(III) oxide (MnyOs3) is a transition metal oxide that has gained significant attention due to its

unique properties and potential applications in various fields, including catalysis, energy storage, and
sensing. Dopamine, a neurotransmitter in the human brain, plays a crucial role in regulating several
physiological processes as its detection is important in areas such as medical diagnostics and
neurochemistry. The synthesis of Mn,Oz can be achieved through methods like precipitation, hydrothermal

synthesis, or solid-state reactions.

Aims
The objective of this study is to synthesize Mn O3, characterize its structure and morphology, and

investigate its electrochemical properties toward dopamine.

Materials and methods

Materials used included manganese sulfate (MnSO,), potassium permanganate, deionized water, a Teflon
steel autoclave, and a hot air oven. For the synthesis of a hierarchical Mn,05 rodlike shape, MnSO4+H,0 (8

mmol) and potassium permanganate (8 mmol) were firstly dissolved in deionized water (40 mL) by stirring,
which was then transferred to a Teflon-lined stainless steel autoclave (50 mL). This autoclave was sealed and
maintained at 90°C for six hours. Finally, the resultant Mn,Oz rods were collected by filtration, washed with

distilled water and absolute ethanol for several times, and dried in air at 80°C. MnyO3 rods were obtained by
the calcinations of the as-prepared MnyOz rods at different temperatures. When Mn,Oz rods were treated at

600°C for six hours in air, Mn,O5 rods could be collected.

Results

The X-ray diffraction (XRD) analysis shows that Mn,Os is crystalline in structure and it matched with that of

the Joint Committee on Powder Diffraction Standards (JCPDS). The field emission scanning electron
microscopy (FE-SEM) shows the morphology of Mn;O5 is a particle with the size of 100 nm. Cyclic

voltammetry response shows that compared to bare electrode, modified electrode shows the higher current
response which indicates the sensing ability of the dopamine molecule.

Conclusion

Mn;03 was prepared using a hydrothermal technique, and the formation of nanoparticles (NPs) was verified
through XRD, while the morphology was examined using FE-SEM. The Mn;0Oz obtained was utilized in the

detection of electrochemical dopamine, showing promise in the development of effective dopamine sensors.
This study sets the stage for the integration of Mn,Oz into microfluidic systems for ongoing dopamine
monitoring, presenting novel prospects for healthcare and neurochemical investigations. The exploration of
various surface engineering approaches may additionally improve the electrochemical capabilities of Mn,O3
for the advancement of sensor technology.

Categories: Other, Healthcare Technology
Keywords: nanoparticle, mn203, neurotransmitter, biosensor, dopamine

Introduction

Biosensors are devices designed to detect and respond to particular analytes present in a sample. They
employ electrochemical, optical, or other transducers in combination with a biological recognition system to
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convert the concentration of the analyte into an electrical signal. Such devices find applications in
bioprocessing, medical diagnostics, agriculture, and environmental monitoring [1]. In recent years, the
performance of electrochemical sensors has been substantially improved by the production of cutting-edge
nanomaterials, enabling quick and precise analysis of target analytes. Due to their ease of use, low cost, and
high sensitivity, electrochemical sensors have become potential tools for identifying and quantifying
pharmacological compounds. Metal oxides have drawn a lot of interest among the many materials
investigated for sensing applications because of their special physicochemical characteristics and promise
for electrochemical sensing [2]. The environmentally friendly characteristics of metal nanoparticles (NPs)
synthesized through biological means have attracted considerable interest in material synthesis. Biologically
produced NPs provide better regulation of size distribution in comparison to other techniques. The use of
biological processes, including microbes, biomolecules, and plant extracts, for NP production has become an
appealing approach due to its numerous advantages over conventional chemical methods [3].

Manganese(III) oxide (MnyOz) is a chemical compound formed by the combination of two manganese (Mn)
atoms and three oxygen (O) atoms. It is an inorganic substance found in both alpha and beta Mn;03

crystal forms, both of which are used in a variety of applications. Studies have investigated the
electrochemical application of Mn,Os5 in lithium-ion batteries and other electrochemical devices. Mn is also

preferred due to its low cost, low toxicity, and environmentally friendly characteristics [4]. It has been used
as black pigments in ceramics, and it is also used as an adsorbent to remove heavy metals and contaminants
from water. Mn,O5 can be synthesized through various methods like the thermal decomposition of Mn

precursors, precipitation from Mn salts in the presence of appropriate reducing agents or oxidizing agents,
and hydrothermal synthesis [5]. Due to their versatile applications and nontoxic nature, such as
electrochemical storage, ion exchange, adsorption, catalysis, and biosensing, nanosized Mn;0z and their

composites have attracted a lot of attention [6]. MnyOz NPs also has beneficial effects on Leishmania major

in vitro and in vivo and is used as a potential candidate to treat this infection [7]. Biosensors play a crucial
role in detecting specific substances within a sample through the use of electrochemical, optical, or other
transducers in combination with a biological recognition system to translate the substance's concentration
into an electrical signal. These devices find widespread application in bioprocessing, medical diagnostics,
agriculture, and environmental monitoring [8]. Endogenous substances called neurotransmitters enable
communication between neurons throughout the body. Through the mechanism of chemical synaptic
transmission, they allow the brain to perform a range of operations [9]. The body utilizes various
neurotransmitters for different physiological functions, such as acetylcholine, glutamate, gamma-
aminobutyric acid (GABA), glycine, dopamine, norepinephrine, and serotonin [10]. Dopamine, a major
neurotransmitter plays an important role in many brain functions, and it has also been implicated in
neurological disorders [11]. Dopamine belongs to a class of neurotransmitters called catecholamines, and it
is synthesized from the amino acid tyrosine [12]. Dopamine as a neurotransmitter has important roles in our
cardiovascular and central nervous system, low levels of dopamine in central nervous system indicates
several neurological disorders like schizophrenia, Parkinson's disease, Alzheimer’s disease stress, and
depression [13]. Elevated dopamine levels play a crucial role in detecting cardiotoxicity, ultimately resulting
in heart failure and hypertension [14]. Various methods are employed to measure dopamine levels, including
enzyme assays, liquid chromatography, mass spectroscopy, and capillary electrophoresis. For accurate
quantitative analysis of dopamine, high-performance liquid chromatography (HPLC) coupled with tandem
mass spectrometric (MS/MS) detection is utilized, albeit at a considerable expense [15]. Hydrothermal
synthesis is a commonly used method for preparing nanomaterials. In hydrothermal synthesis,
nanomaterials can be generated at a number of temperatures, including very high temperatures and room
temperature. Hydrothermal synthesis can generate nanomaterials which are not stable at high
temperatures; it can also generate nanomaterials with high vapor pressure by allowing minimum loss of
material; and the composition of nanomaterial can also be controlled through multiphase or liquid phase
reactions [16]. Recently, there has been a lot of interest in the hydrothermal synthesis of metal carbonates
and their subsequent thermal conversion into corresponding metal oxide NPs. When this process breaks
down thermally, CO2 gas is released, which causes nanopores to form in the final products. These nanopores
aid in the creation of novel, highly surface-area nanostructures [17]. Electrochemical sensing is a robust
method employed for the identification and measurement of different chemical substances within a liquid
medium, relying on the interplay between the analyte and the electrode surface within an electrochemical
cell. The fundamental elements of electrochemical sensing encompass the electrode, electrolyte, and
electrical cell [18]. The process involves the application of potential or current to the working electrode,
which in turn induces a redox reaction at the electrode surface. This reaction depends on the concentration
of the analyte. There are two techniques of electrochemical sensing voltammetry and amperometry.
Voltammetry: The working electrode's potential is applied, and the resulting current is measured as the
potential is scanned linearly or sequentially. The resulting voltammogram offers information on the
analyte's redox behavior and can be utilized to determine its concentration. Electrochemical sensing is used
in various fields due to its advantages which include high sensitivity, selectivity, and the ability to perform
real-time measurements in a cost-effective manner [19].

In this study, we have synthesized and characterized MnOs crystals and investigated their electrochemical

property toward dopamine sensing using hydrothermal methods.
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Materials And Methods
Materials

MnSOy, potassium permanganate, and dopamine were purchased from Sigma-Aldrich. Deionized water,

ethanol, Teflon steel autoclave (The Chemours Company, Wilmington, USA), magnetic stirrer, muffle
furnace, beaker, glassy carbon electrode (GCE), counter electrode (platinum wire), reference electrode
(Ag/AgCl), and pipette were also used in the study.

Methods
Synthesis of Mn ;05 NP

MnSO4+H,0 (8 mmol) and potassium permanganate (8 mmol) were first mixed in deionized water (40 mL)

by stirring, and then the resultant solution was transferred to a Teflon-lined stainless steel autoclave (50 mL)
for the production of hierarchical Mn,Oz microspheres. The autoclave was sealed and kept at 90°C for six

hours. The resultant Mn;Oz was then filtered, repeatedly rinsed in distilled water and 100% ethanol, and
allowed to dry in the air at 80°C. MnyO3 microspheres were created by calcining the Mn ;O3 microspheres as
prepared at various temperatures. Mn,Oz microspheres have been collected after being exposed to 600°C for
six hours in air. The process of synthesizing the required Mn;03z nanoflower through the hydrothermal

technique has been depicted in Figure 1.

Manganese sulphate

—_—

Dissolved in
deionised water
by stirring
Autoclave 90°C/6hrs

Magnetic stirrer

Calcination

—_—

500-700°C/ 2hrs

Drying at 80°C

Mn,0,

FIGURE 1: The process of synthesizing of the Mn203 through the
hydrothermal technique

Mn,03: Manganese(lll) oxide

Electrode Preparation Procedure

The GCE was modified with Mn Oz before that working electrode was mechanically polished with 1 ym, 0.3

pm, and 0.05 pm alumina pastes for mirror finishing. Then, it was subjected to ultrasonication in double
distilled water for a few minutes to clean the surface of GCE. The Mn;03 save suspension was prepared by

dispersing 5 mg of MnyOz in 10 mL of ethanol during 20 minutes of ultrasonic agitation. Subsequently, the

GCE was coated with 10 pL of the suspension using the drop coating method and then dried in air. The
fabricated working electrode was used for the sensing of dopamine by electrochemical method.

Results
X-ray diffraction (XRD) analysis
The crystalline features and phase purity of the synthesized nanomaterial Mn ;05 were investigated using

XRD patterns as shown in Figure 2. The sharp diffraction peaks were observed at 33.09 (222), 38.31 (400),
55.38 (440), 64.23 (541), and 65.92 (622). The XRD pattern was confirmed with the reference pattern of
Mn;Osz (JCPDS 41-144) [20]. Further, no impurity-related visible diffraction peaks were identified,
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confirming the high purity of Mn,Ox .
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FIGURE 2: An XRD pattern of Mn,Os; nanoparticle

XRD: X-ray diffraction; Mn,O3: manganese (lll) oxide

Morphological analysis
Field emission scanning electron microscopy (FE-SEM) is used for determining the surface morphologies
and microstructures of the nanomaterial MnyOs. Figure 3 shows the FE-SEM analysis of NP Mn 503; the

image reveals that the particle is rodlike shaped with an overall particle size of 100 nm, and it was
distributed evenly. Figure 4 indicates the EDX analysis; the elemental composition of synthesized Mn 50z

included 39.5% of carbon, 35.0% of oxygen, and 25.5% of manganese. The EDX analysis showed the presence
of impurities like carbon and oxygen in the synthesized Mn,Oz NP.
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FIGURE 3: The FE-SEM images of (a and b) represent Mn203
nanoparticle prepared by hydrothermal treatment

FE-SEM: Field emission scanning electron microscopy; Mn,0O3: manganese (lll) oxide

(@) Mn,0O3 at 500 nm magnification; (b) Mn,O3 at 100 nm magnification
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FIGURE 4: The EDX analysis result of the Mn203 particles synthesized

EDX: Energy-dispersive X-ray; Mny,03: manganese (lll) oxide

Cyclic voltammetry

Figure 5 shows the cyclic voltammetric response of a modified electrode at various potentials; the Mn 403-

modified electrode showed distinct redox peaks in the presence of dopamine. The anodic peak was around
+0.6 V and the cathodic peak at +0.3 V corresponding to the oxidation and reduction potentials, respectively.
The electrochemical behavior of the redox peaks indicated effective electron transport between the
electrode and dopamine molecules. Cyclic voltammetry response showed that compared to bare electrode,
modified electrode shows higher current response which indicates sensing ability of MnyOz NPs.
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FIGURE 5: Cyclic voltammetric response of bare and Mn203-modified
GCE toward dopamine at an applied potential of 50 mV/s
GCE: Glassy carbon electrode; SCE: saturated calomel electrode

The pink line indicates bare GCE electrode response toward dopamine sensing. The blue line indicates Mn,03-
modified GCE response toward dopamine sensing

In Figure 6, for the bare electrode, a potential of 50 mV/s resulted in a corresponding current response of 2.5
UA, while for the electrode modified with Mn,Os, the application of a potential of 50 mV/s led to a

corresponding current response of 11.7 yA. The increased current response denotes the increased sensing
ability of Mnyoz NP toward dopamine.
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FIGURE 6: Cyclic voltammetry current response of bare and Mn203-
modified electrode toward dopamine

GCE: Glassy carbon electrode

Scan rate

The process of scanning includes gradually varying the voltage, usually between 10 and 70 mV/s; this results
in various modifications to the cyclic voltammogram that is produced. Figure 7 shows the scan rate result for
Mn;0z NP synthesis. While applying potentials ranging from 10 mV/s to 70 mV/s in increments of 10 mV/s
each time, the current response readings were recorded as shown in Figure 7. As can be seen from the plotted
graphs and results, there was a consecutive increase in the current response in line with the application of
rising potentials one after the other. These findings confirm the high stability and sensitivity of Mny;Oz NPs

toward sensing of dopamine.
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FIGURE 7: Scan rate effect of Mn203 modified GCE toward dopamine
10-70 mV/s

GCE: Glassy carbon electrode; SCE: saturated calomel electrode

Discussion

Mn,03can be used in a variety of ways because of its intriguing electrochemical characteristics. It can be
used as an electrode material in batteries and supercapacitors, among other electrochemical cells. Mn,03
can store a sizable amount of charge due to its high specific capacitance. Moreover, it has strong

electrochemical stability, enabling repeated cycling without noticeably degrading the material. Furthermore,
Mn,0s5 has the ability to catalyze a number of electrochemical processes, such as dopamine oxidation.

Because it may be used as an electrode material to detect and measure dopamine levels in biological
samples, this characteristic makes it relevant for dopamine research [21]. MnyOz NPs prepared by a
noninvasive electromagnetic field were used for treating Parkinson’s disease [22]. Studies have shown that a
highly stable and sensitive graphic oxide-1,4-xylenediamine-coated Mn,O5 particle was used for

simultaneous electrooxidation of paracetamol and ascorbic acid [253].

Figure 2 displays an XRD pattern of the Mn,03 NP that was generated electrochemically following a
hydrothermal treatment. Through XRD examination, the properties and makeup of the synthesized Mn,0z

chemical were verified. The outcome shows that there are no peaks that relate to any other compounds save
Mn;O5. After that, the acquired peaks were compared to those of the standard JCPDS no. 41-144, and they

were discovered to correspond to Miller indices of (222), (400), (440), (541), and (622) and have been
observed to exhibit peaks. The tall peaks found in the analysis indicate the highly crystalline structure of the
Mn;03 molecule that was synthesized. A study showed that Mn ;03 NP showed well-defined diffraction

peaks as (200), (211), (222), (400), (332), (422), (431), (440), and (622). The investigation revealed that the
Mn,Osz-titanium dioxide (TiOy)-decorated graphene, synthesized through a single-step sol-gel process,

proved to be efficient in the rapid and selective ultrasensitive electrochemical detection of dopamine. The
pristine graphene and graphene oxide were decorated with TiOy and Mn,Ox for the purpose of dopamine

sensing. The resulting binary and ternary composites were subjected to characterization, with the ternary
composite exhibiting higher electrochemical activities in comparison to the binary composite when exposed
to the potassium hexacyanoferrate redox probe. The ternary composite was further validated for dopamine
sensing by introducing commercial dopamine into blood serum and urine samples, resulting in a 98% signal
recovery. The developed sensor demonstrated favorable stability and reproducibility [24]. Another study
showed that Mn,Oz powder composed of porous double-shelled hollow microspheres can be synthesized by

a multistage procedure involving precipitation and controlled oxidation [25]. Research has demonstrated the
imitative behavior of a Mn (II) compound, in which MnO NPs anchored on porous carbon (MnO NPs/PC)
were deliberately synthesized through the in situ transformation of MnOy nanobelts supported on porous

carbon [26]. A study indicates that MnyO3-doped MnO exhibits superior catalytic performance and stronger
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stability when it comes to oxygen reduction when compared to pure MnO. Specifically, the cyclic
voltammetry results demonstrate that the onset potential of oxygen reduction with the catalysis of Mn,O3

doped MnO was -0.2V and 0.3V [27]. In the aforementioned study, it was demonstrated that the
incorporation of gold and carbon nanomaterials with MIPs can enhance the conductivity of sensing
materials. Specifically, a dopamine-imprinted sensor was developed by depositing gold NPs onto a glassy
carbon electrode, subsequently forming a self-assembled monolayer of p-thioaniline on the electrode
surface through the interaction of Au-S bonds between gold NPs and thiol groups [28].

Limitation

Achieving pure Mn,03 and controlling its particle size and morphology present significant challenges,
which can influence the consistency of its electrochemical performance. While advanced characterization
methods like XRD, scanning electron microscopy (SEM), and Brunauer-Emmett-Teller (BET) surface area
analysis are crucial, they have inherent limitations in resolution and precision. The stability of Mn,Oz
during electrochemical testing is also a concern, as structural changes may impact its effectiveness.
Moreover, slight variations in synthesis and testing conditions can lead to reproducibility issues.
Additionally, electrochemical techniques might struggle with detecting low dopamine concentrations,
which can affect the sensitivity and accuracy of the results.

Conclusions
Mn,03 was synthesized by hydrothermal method, the formation of NP was confirmed by XRD analysis,

morphology was confirmed by FE-SEM analysis, and the synthesized nanomaterial was used for the
electrochemical sensing of dopamine. The synthesis of Mn,Oz paves the way for more efficient dopamine

sensing platforms, and the integration of this NP in microfluidic devices enables continuous monitoring of
dopamine levels which opens new possibilities for healthcare and neurochemical research. Investigating the
effects of different surface engineering strategies on the electrochemical performance of Mn,0z can lead to

the development of more advanced dopamine sensors.
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