Peroxidase-likes properties of Fe3O4 / PVP nanocomposite in hydrogen peroxide detection.
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INTRODUCTION
Iron oxide Fe3O4, which is also referred to as magnetite, is a natural mineral
whose use is based on its excellent magnetic properties and neglect of its
catalytic properties. In 2007, it was found that Fe3O4 nanoparticles are capable
of performing internal enzymatic activities [1]. The specific term "nanozyme"
is used to describe a new property of the intrinsic enzymatic activity of
nanomaterials. Iron oxide Fe3O4 nanoparticles have been used as enzyme
mimics, while extending their application beyond their magnetic properties,
with applications in biomedical diagnostics and therapy, environmental
monitoring and processing, food processing, and chemical synthesis. For this
purpose, a nanocomposite containing magnetite nanoparticles and the
polyvinylpyrrolidone (PVP) polymer—Fe3O4/PVP—has been synthesized by
the solvothermal method. The peroxidase activity of the synthesized Fe3O4/PVP
nanocomposite as a function of concentration has been studied. The
colorimetric determination of hydrogen peroxide has been simulated in
accordance with to the developed standard [2].
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Fig. 1. Oxidation mechanism of TMB in the presence of NPs Fe3O4/PVP.

RESULTS

CHARACTERIZATION
FT-IR

SEM image

Figure 3 shows the diffraction patterns of
the Fe3O4, Fe3O4/PVP nanopowder.
Diffraction peaks corresponding to the
cubic phase of Fe3O4 nanoparticles are
observed (space group Fd3m, a = 8.3952
Å); the main diffraction peaks correspond
to the crystallographic planes of the cubic
inverted spinel Fe3O4: (111), (220), (311),
(222), (400), (333), (440), and (533). The
results are in good agreement with the
spectra from the database of diffractograms Fig. 3. XRD Fe3O4, Fe3O4 /
PVP
[3].
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Fig. 2. SEM images of magnetite nanoparticles (samples 1,
2).
The morphology and sizes of the Fe3O4 nanoparticles (sample 1) are
shown in Fig. 1. The micrographs show that the nanoparticles are
spherical and have sizes of 8–20 nm. The spread in size is
characteristic of the formation of nanoparticles by synthesis with a
stabilizer and without a stabilizer (poly-N-vinylpyrrolidone (PVP),
MW: 8000).

Comparison of the spectra of the prepared
Fe3O4/PVP nanoparticles (Fig 5) and pure PVP
reveals similar absorption bands in the regions of
3600–2400 and 1650–650 cm−1. The peak observed
in pure PVP at 1645 cm−1, which is attributed to the
С=О bonds, is red-shifted to 1559.6 cm−1 as a result
of the interaction between the carbonyl oxygen and
the magnetite. The FTIR spectra of Fe3O4
nanoparticles is assigned to H–O–H bending
vibrations due to the adsorption of moisture and CO2
molecules in the air.
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Fig. 5 Comparison of peroxidase activity of MNPs Fe3O4 with PVP and without PVP in
the presence of different H2O2 concentrations ( 0.17–2.5 µM). Minimum concentration
of H2O2 detected was 0.02 µM.

CONCLUSIONS
Our studies have shown that the PVP molecules adsorbed on magnetite nanoparticles primarily act as a stabilizing agent, which makes it possible to
obtain nanoparticles with a size of 8-25 nm, increase the catalytic activity due to the interaction area, and affect the oxidizing ability in the reaction
with TMB (3,3 ', 5,5'-Tetramethylbenzidine) in the detection of hydrogen peroxide in rainwater. The sensitivity increases from 0.057 au to 0.157 au.
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