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ABSTRACT: In the present work, we described the facile 3

hydrothermal fabrication of Mn,O; nanoparticle-assembled hier-
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archical hollow spheres and their application for the electro-
chemical determination of hydrogen peroxide (H,0,). The
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treatment

composition and morphology of the as-prepared samples were
well characterized by powder X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), and X-ray photoelectron spectroscopy (XPS). Because of
the electrochemical responses toward H,O,, a novel nonenzymatic
electrochemical sensor for the H,0, determination based on Mn,0O; hollow spheres modified glassy carbon electrode was
proposed. The electrochemical properties of the modified electrode were investigated by cyclic voltammetry, electrochemical
impedance spectroscopy and chronoamperometry. The modified electrode displayed distinct amperometric response to H,O, in
a wide concentration range 0.10—1276.5 uM, with a linear range of 0.10—126.5 uM and a detection limit of 0.07 uM (S/N = 3).
It exhibited excellent analytical performance in terms of long-time stability, good reproducibility and acceptable anti-interference
ability. In addition, it was applied for the H,0O, determination in real samples directly with acceptable accuracy and recovery,
demonstrating its potential application in routine H,O, analysis.
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B INTRODUCTION

Hollow spheres have attracted great attention in the past few
years because of their particular chemical and physical
properties, and they have exhibited potential applications in
diverse fields, for instance, catalysis,1 photonic device,” sensor,’
and drug delivery.* Up to now, a variety of chemical and
physicochemical approaches,®™” including emulsion/phase
separation, template-free synthesis, and template-assisted syn-
thesis, have been developed for the fabrication of hollow
spheres. Among them, template-assisted synthesis has been
proved to be an efficient route, in which carbon spheres are
usually employed as the sacrificial templates to prepare
materials with hollow structure due to the rich functional

spheres have also been prepared with the similar routes.
Recently, Jia et al."? fabricated nanofibrous hollow structures by
using colloidal polystyrene microbeads as the template.
Nanostructured manganese oxide materials'*~ ' have been
intensively investigated due to their excellent properties, for
instance, low cost, environmental friendly, low density, as well
as high surface area. However, to the best of our knowledge, the
fabrication of Mn,0O; nanoparticle-assembled hierarchical
hollow spheres by one-pot hydrothermal treatment of a
mixture solution containing the precursor of carbon spheres
templates and manganese source has not been reported yet.
Hydrogen peroxide, an important intermediate in environ-
mental and biological processes, has attracted growing attention

groups on the carbon spheres surface. For instance, Tian et al.” rtox./vadaysb Numerous methoc}g and  str ate%iges including
prepared nanoscaled Gd,O; hollow spheres with a mesoporous titrimetry, SPeCtr_OPhOtomeztlry ,~ fluorometry, ’ phosphores-
shell by using carbon spheres as the templates. Gu et al.® cence, clzlsemllumlnescence, chromatography, and electro-
developed an in situ carbon template-based method to prepare chemistry,™ were developed for the sensitive and selective

ferrite hollow spheres. Jia et al.” synthesized uniform Y,0;: Eu
hollow spheres where colloidal carbon spheres were used as the
templates. Titrichi et al.'® proposed a simplified strategy to
prepare metal oxide hollow spheres by one-pot hydrothermal
treatment of metal salts-carbohydrate mixture where metal ions
were incorporated into the hydrophilic shell of formed carbon
spheres. Furthermore, WO;* ZnO,"" and In,0,' hollow
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detection of H,0,. The electrochemical method was given
special attention owing to low cost, simplicity, and efficiency.
The electrochemical detection of H,0, could be classified into
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two main categories: enzymatic detection and nonenzymatic
detection. Because of the unique selectivity as well as high
sensitivity, enzyme-based biosensors have been widely applied
for the H,O, determination. However, they may suffer from
stability problem, limited lifetime and complex fabrication
procedure.”* Alternatively, more and more efforts have been
made in the aspect of nonenzymatic H,O, sensors.”> %
However, the electrochemical reaction of H,O, on bare
electrodes often encounters interferences from common
coexisting species in the absence of enzyme. In the previous
work, diverse chemically modified electrodes,">2°7>* have been
fabricated for the nonenzymatic determination of electroactive
rutin, dopamine, and glucose with good selectivity and
sensitivity. Recently, some nonenzymatic H,0, sensors have
been proposed based on metal and transition metal oxide
materials-modified electrodes, where manganese oxides
(MnO,,** MnOOH?*) have attracted much attention owing
to their excellent catalytic activity. However, their analytical
performances including linear range and detection limit still
need to be improved, and there are few reports concerning the
development of nonenzymatic H,0, sensors based on Mn,0;-
modified electrodes until now.

In this work, we reported the fabrication of Mn,0O;
nanoparticle-assembled hierarchical hollow spheres by one-
pot hydrothermal treatment of the glucose-manganese nitrate
mixture solution and subsequent heat treatment. Mn,O;
hierarchical hollow sphere with large surface area could provide
more electroactive sites, minimize the diffusion resistance of
analyte, and improve analytical performance. In our previous
research, an electrochemical sensor based on MnQO, nanowires
with large surface area was developed for the determination of
dopamine.'® Herein, we proposed a novel nonenzymatic
electrochemical sensor based on Mn,O; hierarchical hollow
spheres modified glassy carbon electrode, which exhibited
distinct electrochemical responses toward H,O,. The oxidation
current obtained on the chemically modified electrode was
related to the concentration of H,0, in a wide range (0.10—
1276.5 uM) with a low detection limit of 0.07 uM (S/N = 3).
The main attribute of this detection system was the unique
Mn,O; nanoparticle-assembled hollow spheres with hierarch-
ical structure favorable for the improvement of analytical
performance. Finally, the modified electrode was applied to
detect H,O, in real samples with acceptable recovery and
accuracy. These results demonstrated that Mn,O5 nanoparticle-
assembled hollow spheres with large surface area and attractive
electrochemical properties would have great potential for the
development of nonenzymatic sensors.

B EXPERIMENTAL SECTION

Chemicals and Reagents. Hydrogen peroxide (H,0,, 30%, w/w)
and manganese nitrate (Mn(NOj3),) were purchased from Kelong
Chemical Co. Ltd. (Chengdu, China). Nafion and glucose were
obtained from Sigma-Aldrich (St. Louis, MO, USA). All reagents were
of analytical grade and used as received without other further
purification. Fresh solutions of hydrogen peroxide were prepared daily
before electrochemical measurements. Double-distilled water (DDW)
was used throughout this work.

Apparatus. Electrochemical measurements were performed using
the programmable Autolab PGSTAT 30/302 potentiostat/galvanostat
(Metrohm) in a classical three-electrode system consisting of a glassy
carbon electrode (GCE, diameter: 3.0 mm) as the working electrode, a
platinum wire as the counter electrode and a saturated calomel
electrode (SCE) as the reference electrode, respectively. To ensure
homogeneity of the test solution, magnetic stirring (200 rpm) was
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applied throughout amperometric measurements. XRD patterns were
measured on the Tongda TD-3500 X-ray powder diffractometer
(Dandong, China) with Cu Ka radiation in a symmetric reflection
setup. TEM images were captured on the Hitachi H-600 transmission
electron microscope (Tokyo, Japan). SEM images were captured on
the Hitachi S-4800 scanning electron microscope (Tokyo, Japan). XPS
spectra were recorded on the Kratos XSAM 800 spectrometer
(Manchester, U.K.).

Preparation of the Mn,0; Sample. In a typical experiment, 1.50
g of glucose and 60.0 mL of 0.60 M Mn(NO;), solution were mixed
under magnetic stirring to form a homogeneous solution. After a few
minutes, the resulting solution was transferred into a 100 mL Teflon-
lined stainless-steel autoclave and heated at 180 °C for 18 h. After it
was cooled naturally, the as-prepared product was filtered, washed with
DDW and ethanol sequentially, and then dried at 80 °C overnight to
obtain the precursor, which was subjected to heat treatment
(calcination) in air at 550 °C for 3 h to obtain the final Mn,O; sample.

Fabrication of Mn,0;/Nafion-Modified Glassy Carbon
Electrode. Mn,0; samples were dispersed in DDW under sonication
to form the Mn,O; suspension. Prior to the modification, the bare
GCE was polished using 1.0, 0.30, and 0.05 ym alumina powder
separately, followed by sonication in DDW, HNO; (1:1, v/v), ethanol,
and DDW for 2 min, respectively. The GCE was dried under nitrogen
gas. The Mn,0;-modified GCE was then fabricated by a simple casting
method. Mn,O; (5.0 L) suspension was dropped onto the GCE
surface and left to air-dry overnight. After evaporation, similar to the
previous reports,35’36 5.0 uL of Nafion solution (0.50 wt % in ethanol)
was coated onto the electrode surface to immobilize Mn,O;. The as-
fabricated modified electrode was correspondingly denoted as Mn,O5/
Nf/GCE. For comparison, 5.0 uL of Nafion solution (0.50 wt % in
ethanol) in absence of Mn,0; was dropped onto the bare GCE surface
to fabricate the Nafion-modified GCE (Nf/GCE).

B RESULTS AND DISCUSSIONS

Characterization of the As-Prepared Samples. The
crystalline phase and purity of the as-prepared samples were
identified by XRD measurements. Figure 1 displayed typical

(222)

Intensity (a.u.)

40
20 (degree)

Figure 1. XRD patterns of the as-prepared (a) precursor and (b)
Mn,O; samples.

XRD patterns of the precursor and Mn,O; samples. No
obvious diffraction peak can be observed from the precursor
(curve a), revealing that the precursor was amorphous. The
precursor could be regarded as the carbon spheres template
loaded with Mn(II) ions (vide infra), similar to the previous
reports.>®'%'" After calcination, all the positions of diffraction
peaks could be indexed perfectly to the Mn, 03, and no obvious
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impure peaks were observed, implying the high purity of the
Mn,O; sample (curve b), similar to the previous report.’” It
should be noted that the final product is Mn,Oj; rather than
MnO,, because carbon spheres with reductive properties would
prevent the formation of high-valence manganese oxide
(MnO,) in air at high temperature.

In this study, carbon spheres were employed as the sacrificial
templates to fabricate the Mn,O; product. The thermal
decomposition of as-prepared precursor was investigated by
TG to assess the following calcination procedure. The TG
curve (Supporting Information Figure S1) showed that there
were three distinct weight loss stages from room temperature to
700 °C. The first weight loss of ~5% for the precursor below
100 °C may be attributed to the removal of physically adsorbed
water, while the second weight loss of ~2% for the precursor
from 100 to 250 °C was likely because of the removal of the
chemically adsorbed water as well as densification of composite
spheres. The main weight loss of ~85% for the precursor
happened between 250 and 500 °C corresponding to the
elimination of organic residue and the oxidation of the carbon
templates.”® Further increasing the temperature to 700 °C, no
distinct weight loss was detected. In the present work, a
calcination temperature of 550 °C was used to remove the
carbon template completely and obtain the Mn,O; product,
similar to the previous reports.”'>**

The morphology and size of the as-prepared samples were
investigated using SEM and TEM. Figure 2A displayed the

Figure 2. Typical (A, B) SEM and (C, D) TEM images of the as-
prepared (A, C) precursor and (B, D) Mn,O; samples.

typical SEM image of the precursor prepared by hydrothermal
reaction, indicating the spherical morphology with a diameter
of ~1.5 um. Moreover, TEM image of the precursor also
confirmed the spherical morphology with solid inner structure
and dark contour (Figure 2C). After calcination, the obtained
product (Mn,O;) remained the spherical morphology, as
depicted in Figure 2B. But a rough surface was observed,
indicating that the spheres are composed of small primary
particles. TEM image (Figure 2D) further showed the hollow
interiors clearly. The diameter of Mn,O; hollow spheres was
~600 nm, which was much smaller than that of the precursor
spheres. The sphere size decreased significantly during
calcination, attributing to the decomposition of the precursor
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and the densification of Mn(Il) ions in the surface layer
converting into closely manganese oxides, similar to the
previous reports.””® Furthermore, uniform nanoparticles
(~20 nm in diameter) assembled on the surface of Mn,O,
hollow spheres, as depicted in the TEM image (Supporting
Information Figure S2) taken from part of the Mn,0; hollow
spheres, can be clearly distinguished, consistent with the rough
surface observed in the SEM and TEM images (Figure 2B and
D). The architecture of Mn,O; hollow spheres prepared in the
present work is similar to ZnO hollow spheres obtained with a
bubble-mediated approach.” The obtained Mn,O; nanoparticle-
assembled hollow spheres with hierarchical structure may
exhibit some attractive functions and properties different from
the conventional hollow spheres, especially in the field of
chemical sensors based on Mn,O;-modified electrodes (vide
infra), which was one of the main objectives in this study.

To identify the chemical environment of surface Mn and O
in the Mn,Oj; hierarchical hollow spheres, XPS measurements
were performed. The Mn 2p XPS spectrum displayed two
peaks at 641.6 and 653.1 eV, assigned to the Mn 2p;/, and Mn
2p,/, spin—orbit states of Mn, O3, respectively (Figure 3A), and
the spin-energy separation was 11.5 eV. The peak of O 1s at
529.8 eV was assigned to the lattice oxygen of Mn,O; (Figure
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Figure 3. XPS spectra of (A) Mn 2p and (B) O 1s in Mn,O5 samples.
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3B). The data were basically in agreement with the reported
XPS spectra of Mn,O; in the previous literatures.””’
According to the results presented herein and previous
reports,®’~>** the possible formation mechanism of Mn,O,
hierarchical hollow spheres in the present work was described
in Scheme 1. First, hydrophilic carbon spheres were generated

Scheme 1. Plausible Formation Mechanism of Mn,0,
Hollow Spheres

hydrothermal - = " calcination
treatment ‘

Mn(II) loaded
carbon spheres (precursor)

Mn(II)
wwan - Glucose

Mn,0;
hollow spheres

by the condensation polymerization of glucose and subsequent
carbonization of the so-formed polymer, which served as a
template for the preparation of Mn,0;. Then, Mn(II) ions
would be loaded onto the surface of negatively charged carbon
spheres. The energy dispersive X-ray (EDX) and Fourier
transform infrared spectroscopy (FTIR) results as shown in
Supporting Information Figure S3 were similar to those of
carbon spheres in the previous literatures,”**° confirming the
formation of carbon spheres in the present work. Finally, as the
precursor was calcined to remove carbon spheres, Mn,O;
nanoparticles was generated from Mn(II) ions previously
loaded on the carbon sphere surface, and they were assembled
to form hierarchically structured Mn,O; hollow spheres.

Electrochemical Characterization of the Mn,0;/
Nafion-Modified Glassy Carbon Electrode. The electro-
chemical performance of the Mn,0O;/Nafion-modified glassy
carbon electrode (Mn,O,/Nf/GCE) was characterized by using
electrochemical impedance spectroscopy (EIS) and cyclic
voltammetry (CV). EIS can be used as a powerful tool to
investigate the interfacial properties of chemically modified
electrodes.'® Figure 4 displayed the Nyquist plots of the bare
GCE, Mn,0,;/Nf/GCE, and Nf/GCE under open-circuit
potential conditions using Fe(CN)¢*~ /4~ as the electrochemical
probes, respectively, similar to the previous reports.'>*' The
semicircular part at the higher frequencies corresponded to the
electron-transfer limited process, while the linear part at the
lower frequencies corresponded to the diffusion limited
process, respectively. The electron-transfer resistance (R.)
may be equal to the semicircle diameter, which characterized
the electron-transfer kinetics of the redox probe at the electrode
interface. It can be seen that the bare GCE showed the lowest
R implying the fastest electron transfer rate between the bare
GCE and Fe(CN)g~/*~ probe. When Nafion was casted on the
electrode surface, a substantial increase in the diameter of the
semicircle was observed. The possible reason was that Nafion
could form an insulating layer on the electrode surface and
obstruct the diffusion of Fe(CN) /4 toward the electrode
surface. Whereas comparing with the Nf/GCE, a decrease in
the interfacial resistance was observed at the Mn,0;/Nf/GCE,
demonstrating that Mn,O; hollow spheres made the electron-
transfer easier. The observation is similar to our previous report
based on the MnO, nanowires-modified electrode.'®
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Figure 4. Nyquist plots of the (a) bare GCE, (b) Mn,0;/Nf/GCE,
and (c) Nf/GCE in 0.10 M KCI solution containing 5.0 mM
Fe(CN)¢>™/* at open-circuit potential conditions. Frequency range:
0.01 Hz to10 kHz. AC amplitude: 5.0 mV.

CV was used to investigate the electrochemical performance
of the bare GCE, Mn,O;/Nf/GCE, and Nf/GCE toward H,0O,
(Figure S). No obvious redox peaks were observed on the bare
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Figure 5. CVs of the (a, b) bare GCE and (c, d) Mn,05/Nf/GCE in
0.10 M PBS (pH 7.4) containing 0.10 M KCl in the (a, c) absence and
(b, d) presence of 0.40 mM H,0,, respectively. Scan rate: 100 mV s™".
Inset: CVs of the Nf/GCE in the (e) absence and (f) presence of 0.40
mM H,0,.

GCE (curve a) and Nf/GCE (curve e) in 0.10 M PBS without
H,0,. However, a couple of small oxidation and reduction
peaks were acquired between —0.20 and 1.0 V on the Mn,0;/
Nf/GCE (curve c), which could be ascribed to the redox
process between Mn(ILIII) and Mn(IV) species, respectively,
similar to the previous report.”* When H,0, was added to the
solution, it was obviously seen that the responses of the bare
GCE (curve b) and Nf/GCE (curve f) toward H,0O, were poor.
In contrast, it was observed that the oxidation peak current on
the Mn,0,;/Nf/GCE increased distinctly (curve d). The
possible response mechanism could be expressed as follows:
Mn,O; was reduced to lower states by H,0, (eq 1), which was
thermodynamically allowed since the standard electrode
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potentials of H,0,/0,, Mn(III)/Mn(II) were +0.682 V, +1.542
V (vs SHE), respectively; and then Mn(ILIII) would be
electrochemcially oxidized to Mn(IV) at the electrode surface
(eq 2). The similar reaction mechanism has been reported in
the previous literatures.”** In the present work, the Mn,0,/
Nf/GCE exhibited excellent electrochemical responses toward
H,0,, which may be ascribed to unique Mn,O; nanoparticle-
assembled hollow spheres with hierarchical structure and large
surface area (the BET specific surface area of Mn,0O; hollow
spheres: 36 m* g™, as shown in Supporting Information Figure
S4), providing more electroactive sites and minimizing the
diffusion resistance of H,O, on the chemically modified
electrode surface.

Mn(III) + H,0, — Mn(II) + H,0 + O, (1)

)

Figure 6A displayed the CVs of the Mn,0;/Nf/GCE in 0.10
M PBS (pH 7.4) in the presence of 0.40 mM H,0O, at various
scan rates (20—120 mV s™!). The oxidation currents as well as
the reduction currents increased with the scan rates, and the

Mn(IL, III) + ¢~ — Mn(IV)

12

Current /pA
-~ (=]

<
)

"4 L L L
0.0 0.4 0.8
Potential/V vs. SCE

1.2

12

Oxidation peak current

Current /pA

Reduction peak current

30 60 90 120
Scan rate / mV s!

Figure 6. (A) CVs of the Mn,0;/Nf/GCE in 0.10 M PBS (pH 7.4)
containing 0.10 M KCl in the presence of 0.40 mM H,O, at different
scan rates: (a) 20, (b) 40, (c) 60, (d) 80, (e) 100, (f) 120 mV s7},
respectively. (B) Plots of redox peak currents as a function of scan
rates.
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redox peak currents were linearly related to the scan rates as
shown in Figure 6B, indicating that the electrochemical reaction
may be an adsoaption—controlled process, similar to the
previous reports.ls’ >

Amperometric Responses of the Mn,0;/Nafion-
Modified Glassy Carbon Electrode to H,0,. In this work,
amperometric technique was applied to assess the electro-
chemical performance of the Mn,0;/Nf/GCE toward the
H,0, determination. Various experimental parameters, includ-
ing operating potential, concentration of Mn,O; hollow spheres
in solution and electrolyte pH, were investigated in detail to
improve the electrochemical performance of the Mn,O,/Nf/
GCE. The effect of the operating potential on the
amperometric response of the Mn,0;/Nf/GCE to H,0, was
studied as shown in Supporting Information Figure SSA. When
the operating potential varied from 0.30 to 0.90 V, the
maximum response was observed at 0.70 V; however, the
background current noise was relative high at the operating
potential above 0.65 V, which would be a disadvantage for the
H,0, determination at low concentration. To make com-
promises between high response current and low background
current noise, 0.65 V was chosen as the optimal operating
potential in the following work based on the ratio of response
current signal to background current noise (inset of Supporting
Information Figure SSA). The similar phenomena were
reported in the previous literatures.*”** It was well-known
that the concentration of electrocatalyst on the modified
electrode surface was very important to the electrochemical
response.'® Therefore, the effect of the concentration of Mn,O;
hollow spheres on the performance of the Mn,0;/Nf/GCE to
H,0, was investigated and illustrated in Supporting Informa-
tion Figure SSB. The modified electrode showed maximum
response when the concentration of Mn,O; hollow spheres was
2.0 mg mL™". Thus, 2.0 mg mL™" was selected as the optimal
condition for fabrication of the chemically modified electrode
throughout this work. The electrolyte pH was one of the main
factors to influence the performance of the chemically modified
electrode. In the present work, the effect of electrolyte pH on
the amperometric response was examined. As shown in
Supporting Information Figure S5C, the response increased
with electrolyte pH in the range of pH 2.0-9.0, and then
dropped at pH 9.0—10.0. Furthermore, in view of the slight
increase of response current in pH 7.4—9.0 and potential
application in the biological systems, phosphate buffer solution
of pH 7.4 was selected for the following experiments.

Figure 7A displayed the typical amperometric responses of
the Mn,O,/Nf/GCE to successive addition of H,O, in 0.10 M
PBS (pH 7.4) at 0.65 V. With the addition of H,0,, the
amperometric response current increased rapidly and steady
state was reached within several seconds (curve 1). Figure 7B
showed the plot of the response current against H,O,
concentration in a wide range (0.10—1276.5 uM). The
response current at the Mn,O3;/Nf/GCE was linearly related
to H,0, concentration in the range of 0.10—126.5 uM (inset of
Figure 7B). However, the sensitivity dropped at higher H,O,
concentration, probably attributing to the limited electrode
surface available for (electro)chemical reactions to take place.
The similar phenomena have been observed in the previous
reports.'*® The detection limit was estimated to be 0.07 uM
(S/N = 3). The detection limit and linear range for the Mn, 05/
Nf/GCE were comparable or even better than previous H,O,
electrochemical sensors on the basis of manganese oxides and
other metal oxides, as summarized in Supporting Information
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Figure 7. (A) Amperometric responses of the (1) Mn,0,/Nf/GCE,
(2) Nf/GCE, and (3) bare GCE upon successive additions of various
concentration of H,O,: (a) 0.10, (b) 0.50, (c) 1.5, (d) 6.5, (e) 16.5, (f)
26.5, (g) 46.5, (h) 66.5, (i) 96.5, (j) 126.5, (k) 176.5, (1) 276.5, (m)
476.5, (n) 676.5, (o) 876.5, (p) 1076.5, (q) 1276.5 uM. Inset:
Magnification of the curve 1. (B) The current obtained from the
Mn,0;/Nf/GCE was plotted against the concentration of H,O,. Inset:
Linear calibration curve in the H,O, concentration range of 0.10—
126.5 uM.

Table S1. Furthermore, control experiments were performed by
using the Nf/GCE (curve 2) and bare GCE (curve 3) as the
working electrodes, respectively, and few response currents
toward H,O, were observed. These results suggested that
Mn,O; hollow spheres with hierarchical structure and large
surface area indeed played a role of great significance in the
enhancement of the response current.

The anti-interference ability was one of the major concerns
for the potential applications of a proposed sensor in the
practical analysis. Table 1 displayed response current ratios of
the Mn,0,;/Nf/GCE to 20.0 uM H,0, with potential
interfering agents. The current ratio was defined as the ratio
of currents obtained on the Mn,O5/Nf/GCE with and without
interfering agents, respectively. It can be seen that S-fold
concentration of Na*, K*, NO;~, SO,*7, CI7, Ac™, as well as
glucose, glycine and citric acid exhibited nearly no interference
on the H,0, determination. However, it was found that
dopamine (DA), ascorbic acid (AA), and uric acid (UA)
exhibited some interference on the H,0, determination
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Table 1. Effects of Interfering Agents on the Response
Currents of 20.0 uM H,0,

interfering concentration ratio of H,O,/interfering current

agents agents ratio
Na* 1:5 1.00
K* 1:5 1.00
ClI~ 1:5 1.00
NO;~ 1:5 1.00
Ac™ 1:5 1.00
ek 1:5 1.00
glucose 1:5 0.99
glycine 1:5 0.99
citric acid 1:5 0.95
uric acid 1:5 1.24
ascorbic acid 1:5 1.15
dopamine 1:5 1.38

assigned to their high electrochemical activities on the modified
electrode, which was the shortage of the proposed sensor in the
present work. It was worth noting that the effects of DA, AA,
and UA on the amperometric response of the modified
electrode could be avoided by using some separation
techniques including capillary electrophoresis and high
performance liquid chromatography. These results revealed
that the proposed sensor could be expected to directly detect
H,0, concentration in real sample without DA, AA, and UA.

Analysis of Real Sample. The reproducibility and stability
of the Mn,0;/Nf/GCE were investigated to explore the
potential application for H,O, determination. Five Mn,O;/Nf/
GCEs fabricated in the same way independently were evaluated
by comparing their response currents to 20.0 uM H,0O,, and
the relative standard deviation (RSD) was found to be 4.1%.
The RSD was 2.8% for five repeat measurements of 20.0 4M
H,O, using the same electrode. It was demonstrated that the
fabrication procedure was highly reproducible and the
determination was repeatable. The long-time stability of the
Mn,0;/Nf/GCE was investigated by testing its response
currents to 20.0 uM H,0, over 30 days. The Mn,0O,/Nf/
GCE was kept under ambient conditions when not in use. The
current response currents of the Mn,0;/Nf/GCE could retain
approximately 93% of its original signal after 30 days storage, as
shown in Supporting Information Figure S6, suggesting its
acceptable long-time stability.

To assess the possibility of the proposed sensor for practical
analysis, it was applied to analyze the H,O, content in real
sample of disinfectant from different manufacturers. The
samples were diluted with 0.10 M PBS (pH 7.4). The results
were compared with those obtained using the potassium
permanganate titration method, as displayed in Table 2. It was
clear that the results obtained by the Mn,O;/Nf/GCE were in
good consistent with those obtained using the titration method.
The recovery and RSD were acceptable, indicating that the

Table 2. Determination of H,0, in Real Sample®

amperometry (Mn,O;/Nf/GCE)

titration method  testing value ~ RSD added  recovery
samples (M) (uM) (%) (uM) (%)
1 10.13 9.99 1.8 10 100.90
2 18.36 19.19 3.7 20 100.23
3 18.70 18.74 2.1 20 101.20

“The determinations are performed in three replicates.
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proposed sensor could be effectively used for the H,O,
determination in real samples.

B CONCLUSIONS

In the present work, Mn,O; nanoparticle-assembled hierarch-
ical hollow spheres were fabricated by hydrothermal synthesis
of Mn(II) loaded carbon spheres templates and subsequent
removal of carbon spheres by heat treatment. This method was
simple and reliable. Mn,O; hollow spheres with hierarchical
structure exhibited high electrochemical response toward H,O,,
based on which a selective and sensitive nonenzymatic
electrochemical sensor was successfully proposed and applied
for the H,0, determination with acceptable accuracy and
recovery. This study complemented the research of non-
enzymatic sensors, provided an alternative for existing metal
oxides modified electrodes, and opened new avenues for the
potential application of metal oxides hollow spheres in the
aspect of electrochemical sensing.
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