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This study utilized potassium permanganate and natural polymers
starch and gelatin as stabilizing agents to the green fabrication of
manganese dioxide nanoparticles MnO2-NPs for photocatalytic
degradation of methylene blue. MnO2-NPs were characterized using UV-
Vis spectroscopy, FT-IR, and X-ray diffraction spectroscopy, as well as
Field Emission Scanning Electron Microscopy (FESEM). XRD confirmed
the amorphous nature and purity of the nanoparticles. The
photocatalytic activity of MnO2-NPs was examined by the degradation of
methylene blue dye under neutral pH. Results showed 95% dye
degradation within 45 minutes under repeat cycling, indicating the
excellent photocatalytic performance. The green synthesis method and
effective photocatalytic activity demonstrate of starch and gelatin-
stabilized MnO2-NPs as sustainable photocatalysts for degradation of
organic pollutants. The produced potential in the two beds with starch
and gelatin was examined.
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Introduction

In recent years, there has been an increase in the
growth of textiles, leather, paint, food, plastics,
and cosmetics, which are linked to the disposal of
different amounts of organic pollutants that are
hazardous to the environment, aquatic systems,
and human health [1]. Owing to their high
catalytic activity, nontoxicity, chemical stability,
affordability, optical and electrical qualities, and
environmentally favorable attributes, TiO, and
Zn0 are among the most frequently used
photocatalysts [2, 3]. Nanocatalysts can help
achieve this objective of green chemistry, which
is concerned with healthy chemical reactions that
produce products that are secure and cause the
least amount of pollution (consumption of
energy) [4]. The
of nanotechnology with green

chemical resources and
integration
chemistry will become increasingly popular in
coming  decades.
revolutionary science that remains in its infancy.
Although there are many traditional methods for

synthesizing nanoparticles,

Nanotechnology is a

green synthesis
methods are more efficient than physical and
approaches  [5].
nanoparticle syntheses utilizing yeast have been

described using green nanotechnology [6], fungi

chemical Several metal

[7], bacteria[8], algae [9], and plant extracts [10].

Designing, developing, and expanding
procedures that reduce or remove potentially
harmful substances for people or the

environment is the best description of "green
chemistry" [11, 12]. There are many types of
factors that pollute natural waters, including
population growth, industrialization, etc. The
main sources of wastewater pollution in these
industries are dyes and organic
pollutants. These dyes are a serious threat to
human health [13]. Recently, due to the effect of
chemical and physical reactions that occur
between (polymer) and
components (MnO,-NPs), MnO,-NPs are also
widely used for dye removal. The selection of a
suitable photocatalyst should be based on low
cost, easy synthesis, band gap, high ability to
work under sunlight or other visible light,
easy recovery, [14].
Photocatalytic breakdown of dyes using MnO;
nanocatalysts and UV light [15]. Photocatalysts
are a group of catalysts that can be activated by
specific wavelengths of UV light to convert
pollutants in water or air into safe substances
such as water and carbon dioxide and these
photocatalysts show low efficiency under the sun
light because UV constitutes only 3% of the total

various

organic inorganic

efficiency, and reuse
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solar energy [16]. Manganese oxides, in
particular, have drawn much attention owing to
their  unique physical

characteristics and use

and chemical
in biosensors, ion
exchange, molecular adsorption, and secondary
batteries for energy storage [17]. In this study,
manganese dioxide nanoparticles (MnO; -NP)
were employed as photocatalyst for the
degradation of methylene blue (MB) under UV
light [2]. The goal of this research is to synthesize
nanoparticles in a green manner using polymer
materials that are safe, eco-friendly, and easy to
prepare. MnO,-NPs are highly effective in the
degradation of MB in the presence of UV light and
are used to eliminate pollutants [18]. In this
study, it has been tried to use polymer materials
and plant extracts for the nanoparticles
synthesis, which is a new and safe synthetic
method, which is recently widely used for green
synthesis.

Materials and Methods

Potassium permanganate, methylene blue, and
other precursors for the Mn0O;-NPs production
were bought from Merck and Aldrich companies
and were utilized directly. Commercially
available ingredients used in this experiment
were gelatin and starch. Double-distilled water
was used as a solvent. The ambient pH was
controlled using hydrochloric acid and
commercial NaOH. In photocatalytic tests, the
organic dyes are the intended contaminants. A
stock solution of MB was prepared by dissolving
the required quantity of the dye in deionized
water. Different concentrations were created
from the stock solutions to
photocatalytic degradation. All UV-Vis absorption
spectra were captured using a Japanese-made
(Shimadzu Model 2550).
Powder samples smaller than 50 nm were used
to obtain X-ray diffraction spectra. In this
experiment, a TESCAN MIRA3-FEG scanning
electron microscope was used to obtain images
of the nanoparticles. The fluid and nanoparticles

investigate

spectrophotometer

were separated using a HETTICH centrifuge
(Model 420 EB). To examine the photocatalytic

capabilities of the nanoparticles, an Osram model
UV-A lamp with 11-watt radiation intensity was
employed.

Fabrication of MnO2-Nps

For the MnO2-NPs synthesis, 0.79 g of potassium
permanganate as a precursor and 50 ml of 0.1 N
NaOH solution were placed in a container and
mixed with a magnetic stirrer for 30 minutes.
Gelatin or starch (0.5 g) in 50 ml of distilled
water was prepared at 40 °C for 2 h to obtain a
clear solution. To obtain a homogenous mixture,
the polymeric solution was added to the purple
permanganate mixture and stirred for 2 h at 600
rpm, and then 20 ml of 15% H20; solution was
added dropwise to turn the solution colorless
and deposit a black precipitate. Next, the mixture
was centrifuged after forcefully mixing it for 12
hours. The precipitate washed three times with
distilled water and dried at 80 °C for 24 hours
before being stored for identification.

Photocatalytic Study

The photocatalytic performance of the
nanoparticles was assessed by measuring the
change in absorbance at 400-700 nm caused by
the photocatalytic degradation under UV light.
MnO,-NPs (103 M) were added to 50 ml of MB
(10-5> M) solution. The photocatalytic activity of
the MnO,-NPs was studied, and the removal of
aqueous MB from aqueous media demonstrated
that these nanoparticles had a particular
influence on color degradation. Nanoparticles
with smaller sizes and higher activity levels are
more effective for pigment degradation [19]. The
solution was kept in the dark, and the quantity of
adsorbed MB was determined using a UV-Vis
spectrophotometer. After irradiation for 5 min,
the absorbance spectra were recorded every 15
min [20].

The degradation of MB by MnO.-NPS at pH 7
under UV light is shown in Figures 1la (gelatin
bed) and 1b (starch bed). To investigate the
photocatalytic process, the contact time was used
as a variable, with a time interval of 15 min from
0 to 90 min.
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Figure 1: Degradation spectra of MB (10-5M) under UV light in the presence of Mn02-NPs, synthesized at a:
gelatin bed and b: starch bed (pH:7, MnO2-NPs (10-3 M))

The Influence of pH on Photocatalytic MB
Degradation

The pH parameter is an effective parameter in
the photocatalytic process, and we explored the
optimization of the pH parameter for
nanoparticles generated in gelatin and starch
beds. The pH ranges of 5, 7, and 9 were used for
this purpose, with starting concentrations of MB
(10-°M) and MnO2-NPs (10-3M), as indicated in
Table 1. The suspension was exposed to UV-A
(11 W) light for 0-90 minutes, with a 15-minute
time using a
spectrophotometer. As presented in Table 1, the
amount of photocatalyst degradation increased
at pH 7, and the percentage of MB degradation at
this pH was estimated to be greater than 90%
[21]. Table 1 shows the percentage of MB
breakdown by nanoparticles generated on

interval measured

gelatin and starch beds at pH values of 5, 7, and 9
[13]. A neutral pH creates more efficiency and
better conditions for pigment degradation. It was
observed that pigment degradation occurred in a
much shorter time (approximately 95%
decolorization in 45 min) [22]. Figure 2 displays
a comparison between the percentage of MB
degradation and color degradation time for the
nanoparticles synthesized on starch (a) and
gelatin  (b) The
approximately 90 min, and the amount of
pigment degradation was approximately 90% for
the nanoparticles synthesized in the gelatin
substrate and approximately 45 min, and the

substrates. duration was

amount of pigment degradation was
approximately 95% for nanoparticles
synthesized in the starch bed.
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Table 1: MB degradation in gelatin and starch bed at pH 5, 7 and 9

MB degradation (%)
Time (min) pH:5 pH:7 pH:9
Starch gelatin Starch gelatin Starch gelatin

0 0% 0% 0% 0% 0% 0%
15 3% 20% 40% 24% 2% 11%
30 5% 31% 75% 42% 5% 20%
45 8% 49% 95% 62% 7% 28%
60 10% 66% 95% 80% 10% 38%
75 11% 76% 95% 91% 12% 52%
90 14% 77% 95% 92% 15% 57%
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Figure 2: Degradation percentage of MB by synthesized nanoparticles in starch bed (a) and gelatin bed (b)

Result and Discussion

This study explored using manganese dioxide
nanoparticle (MnO,-NPs) as a photocatalyst to
degrade methylene blue dye in wastewater
under UV irradiation. Experiments optimized the
conditions for dye photodegradation finding pH
7, Mn0,-NPs catalyst concentration of 10-3 M, and
a methylene blue concentration of 10-5 M at room
temperature. An array of characterization
methods such as FT-IR, UV-Vis, FESEM, EDX, and
XRD were employed to fully profile the green-
synthesized manganese oxide nanoparticles. The
green synthesis method produced smaller, more
efficient nanoparticles than traditional chemical
methods [23]. For example, plant-derived TiO:
nanoparticles degrade methylene blue better
than chemically produced TiO; nanoparticles.
The plant extracts provide hydroxyl groups (OH")
that facilitate photocatalytic reactions when
exposed to UV light, generating hydroxyl and
superoxide (02-) radicals that break down dyes
[24].

Characterization of MnO;-NPs

XRD Evaluation

XRD Spectrum of MnO,-NPs was obtained at
room temperature. Figure 3 shows the XRD
pattern of the prepared MnO;-NPs with broad
peaks at 11.80, 38.3¢, and 64.8° which matches
well with the §-MnO; JCPDS value (JCPDS No. 80-
1098)[25].
All the above reflections can be indexed to the
corresponding crystal planes ((hkI) (001), (111),
and (005)) [26]. The broad peaks indicate that
the sample was a weakly crystalline. The
crystallite size was designed in agreement with
the Debye-Scherrer formula, as described in
Equation (1).
KA
- B cosB (1)

Where, D is the particle size (nm), k = 0.94 is the
crystallized form factor, A is the wavelength
(0.154 nm), B is the highest width at half
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maximum of the peak (rad), and 6 is the
diffraction angle (°). The size of nanoparticles in

starch and gelatin substrate was observed to be
about 31.36 and 44.51 nm, respectively.

a
- b
(001) (3% (005)
. 14 Lk 4 es L) 1|
T TV
s1f W
S
b )
! e bl oA
;‘23 .,i*"|.¥3"\§;.,--,w'4'le.l.§" PRI #
E= N um
_ l“\ "‘v/"(
i, | ;)’
"
»Li
20 40 60 80 100

2 theta (Degree)

Figure 3: XRD Spectrum of Mn0O2-NPs at starch bed (a) and gelatin bed (b)

FT-IR Analysis

The peaks of the gelatin at 3330 cm! were
attributed to the presence of hydrogen bond
amide-A, 1680 peaks
corresponding to the occurrence of amide-I and
peaks ranging from 1400 cm! to 1380 cm! were
attributed to the symmetric and asymmetric
bending vibrations of the methyl group[27].
Starch peaks at approximately 1000 cm-! to 1200
cm! are characteristic of C-0O-H bonds. The bonds
in the region between 3360 cm! and 2880 cm!
characterize the stretching of the OH and CH
bonds, respectively. At 1680 cm-, there is a
flexion bond of flexion of the OH of water,
indicating the polymer is hygroscopic. At 1480
and 1200 cm the C-H bending vibrations and
the transmittance band between 1000 and 920
cm-! are characteristic of polysaccharides and are
attributed to the strain deformations of the C-0-C
flexion of the OH [28]. The peaks observed
between 600 cm-1and 900 cm-1 represented C-O,
C-C, and C-O-C stretching, and C-O-H and C-H
bending modes of the polymer backbone. For the
MnO;-NPs, the vibration peaks corresponding to

water and cm-1

the spinel structure were identified at
approximately 560, 660, and 1120 cm. The
broad band at 3387 cm'! was believed to be
associated with the stretching vibrations of
hydrogen-bonded surface water molecules and
hydroxyl groups. The band located at 560 cm!
can be ascribed to the MnO vibrations of the
MnO; nanopowder. The spectrum did not show
the organic groups found in the MnO,-NPs [23].

FESEM/EDX Studies

The surface morphologies of the MnO,-NPs
synthesized from the polymeric substrates were
investigated using FESEM and EDX. FESEM
images of the MnO,-NPs on the polymer
substrates are presented in Figures 4 (a: gelatin
bed) and (b: starch bed), respectively. The
that the MnO,-NPs grew
uniformly and had a spherical shape. The size of
the nanoparticles synthesized in gelatin and
starch substrates is approximately 67.18 nm and
that in starch substrate is approximately 47.1 nm
[4]- Mn and oxygen were detected in the EDX
spectra [29].

images showed
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Figure 4: SEM and EDX image of MnO2-NPs in gelatin bed (a) and starch bed (b)

Conclusion

In this study, MnO:-NPs nanoparticles were
synthesized using the green polymers gelatin and
starch to control nanoparticle size and apply
green chemistry principles. Analysis confirmed
MnO;-NPs synthesis. Experiments
found a 103 M photocatalyst concentration and
10-5> M methylene blue at neutral pH and room
temperature optimal for MB degradation.
Nanoparticles synthesized in gelatin degraded

successful

approximately 92%

Nanoparticles

of MB

in 90 minutes.

on

the

starch

synthesized

degraded approximately 95% of MB in 45

minutes. Reusing the nanoparticles reduced
degradation efficiency by about 20% over three
cycles. Starch-synthesized nanoparticles were
31.36 nm in size vs. 44.51 nm for gelatin-
synthesized particle by XRD. However, FESEM
imaging measured larger nanoparticle of 67.18
nm (gelatin) and 47.1 nm (starch). Overall,
starch-synthesized nanoparticles performed the
fastest MB degradation under neutral conditions,
demonstrating a promising green photocatalyst
for wastewater treatment.

43 | Page



Hakimi M., & et al., / Chem. Methodol, 2024, 8(1) 37-46

Acknowledgments

This study is supported by Payame Noor
University of Tehran, Iran based on the Ph.D
dissertation.

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Funding

This study did not receive any specific grant from
funding agencies in the public, commercial, or
not-for-profit sectors.

Authors' Contributions

All authors contributed toward data analysis,
drafting, and revising the paper and agreed to
responsible for all the aspects of this work.

Conflict of Interest

The authors declare that they have no conflicts of
interest in this article.

ORCID

Mohammad Hakimi
https://orcid.org/0000-0001-8179-1622
Behrouz Elhaminezhad
https://orcid.org/0009-0004-3158-6136

References

[1]. Srivastava V. Choubey AK, Study of
adsorption of anionic dyes over biofabricated
crystalline a-MnO; nanoparticles, Environmental
Science and Pollution Research, 2021, 28:15504
[Crossref], [Google Scholar], [Publisher]

[2]. Hakimi M., Morvaridi M. Hosseini H.A,
Alimard P., Preparation, characterization, and
photocatalytic activity of Bi»03-Al;03
nanocomposite, Polyhedron, 2019, 170:523
[Crossref], [Google Scholar], [Publisher]

[3]. Fang C., Gujarati H. Osinaga F. Hsia V,
Cheney M.A. Kharel M.K., Optimization of the
catalytic activity of manganese dioxide (MnO3)
nanoparticles for degradation of environmental
pollutants, Research on Chemical Intermediates,

2021, 47:3673 |[Crossref], [Google Scholar],
[Publisher]
[4]. a) Hosseinzadeh S.Z, Babazadeh M,

Shahverdizadeh G.H., Hosseinzadeh-Khanmiri R.,
Direct oxidative esterification of primary alcohols
and oxidation of secondary alcohols
mesoporous spherical silica encapsulated MnO
nanoparticles, New jJournal of Chemistry, 2019,
43:9491 [Crossref], [Google Scholar], [Publisher]
b) Behzadi R. Investigating the Problems of
Sulfur in Hydrocarbon Cuts, Eurasian Journal of
Science and Technology, 2023, 3:190 [Crossref],
[Publisher] c) Jimoh A, Uba S., Ajibola V., Agbaji
E., Effect of Nanoparticles on the Degradation,
Ageing and other Properties of Ester-based
Nanofluids, Advanced Journal of Chemistry,
Section A, 2023, 6:105 [Crossref], [Publisher] d)
Zilabi S., Shareei M., Bozorgian A., Ahmadpour A,
Esmaeil E., A review on Nanoparticle Application
as an Additive in Lubricants', Advanced Journal of

over

Chemistry-Section B: Natural Products and
Medical Chemistry, 2022, 4:209 [Crossref],
[Publisher]

[5]. Manimegalai T., Raguvaran K. Kalpana M.,
Maheswaran R. Green synthesis of silver
nanoparticle using Leonotis nepetifolia and their
toxicity against vector mosquitoes of Aedes
aegypti and Culex quinquefasciatus and
agricultural pests of Spodoptera litura and
Helicoverpa armigera, Environmental Science and
Pollution Research, 2020, 27:43103 [Crossref],
[Google Scholar], [Publisher]

[6]. Nasrollahzadeh M., Sajjadi M., Sajadi S.M,
Issaabadi Z. Green Nanotechnology, Elsevier,
2019, 28 [Crossref], [Google Scholar], [Publisher]
[7]. Bansal V., Ramanathan R., Bhargava SK,
Fungus-mediated biological approaches towards
‘green’ synthesis of oxide nanomaterials,
Australian Journal of Chemistry, 2011, 64:279
[Crossref], [Google Scholar], [Publisher]

[8]. Azizi S., Shahri M.M., Rahman H.S., Rahim
R.A., Rasedee A., Mohamad R., Green Synthesis
Palladium Nanoparticles Mediated by White Tea
(Camellia sinensis) Extract with Antioxidant,
Antibacterial, and Antiproliferative Activities
Toward the Human Leukemia (MOLT-4) Cell Line

[Retraction], International Journal of

44 |Page


https://orcid.org/0000-0001-8179-1622
https://orcid.org/0009-0004-3158-6136
https://doi.org/10.1007/s11356-020-11622-1
https://scholar.google.com/scholar?q=%5B1%5D.+Srivastava+V,+Choubey+AK.+Study+of+adsorption+of+anionic+dyes+over+biofabricated+crystalline+%CE%B1-MnO2+nanoparticles.+Environ+Sci+Pollut+Res+2021%3B28:15504%E2%80%9318.+https://doi.org/10.1007/s11356-020-11622-1.&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11356-020-11622-1
https://doi.org/10.1016/j.poly.2019.06.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D.%09Hakimi+M%2C+Morvaridi+M%2C+Hosseini+HA%2C+Alimard+P.+Preparation%2C+characterization%2C+and+photocatalytic+activity+of+Bi2O3%E2%80%93Al2O3+nanocomposite.+Polyhedron+2019%3B170%3A523%E2%80%939.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.poly.2019.06.029.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0277538719304401
https://doi.org/10.1007/s11164-021-04494-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.%09Fang+C%2C+Gujarati+H%2C+Osinaga+F%2C+Hsia+V%2C+Cheney+MA%2C+Kharel+MK.+Optimization+of+the+catalytic+activity+of+manganese+dioxide+%28MnO2%29+nanoparticles+for+degradation+of+environmental+pollutants.+Res+Chem+Intermed+2021%3B47%3A3673%E2%80%9390.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs11164-021-04494-8.&btnG=
https://link.springer.com/article/10.1007/s11164-021-04494-8
https://doi.org/10.1039/C9NJ01345H
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.%09Hosseinzadeh+SZ%2C+Babazadeh+M%2C+Shahverdizadeh+GH%2C+Hosseinzadeh-Khanmiri+R.+Direct+oxidative+esterification+of+primary+alcohols+and+oxidation+of+secondary+alcohols+over+mesoporous+spherical+silica+encapsulated+MnO2+nanoparticles.+New+J+Chem+2019%3B43%3A9491%E2%80%939.+https%3A%2F%2Fdoi.org%2F10.1039%2Fc9nj01345h.&btnG=
https://pubs.rsc.org/en/content/articlelanding/2019/nj/c9nj01345h/unauth
https://doi.org/10.48309/ejst.2023.172774
https://ejst.samipubco.com/article_172774.html
https://doi.org/10.22034/ajca.2023.367575.1341
https://www.ajchem-a.com/article_165650.html
https://doi.org/10.22034/ajcb.2022.353097.1125
https://www.ajchem-b.com/article_158152.html
https://doi.org/10.1007/s11356-020-10127-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.%09Manimegalai+T%2C+Raguvaran+K%2C+Kalpana+M%2C+Maheswaran+R.+Green+synthesis+of+silver+nanoparticle+using+Leonotis+nepetifolia+and+their+toxicity+against+vector+mosquitoes+of+Aedes+aegypti+and+Culex+quinquefasciatus+and+agricultural+pests+of+Spodoptera+litura+and+Helicoverpa+armigera.+Environ+Sci+Pollut+Res+2020%3B27%3A43103%E2%80%9316.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs11356-020-10127-1.&btnG=
https://link.springer.com/article/10.1007/s11356-020-10127-1
https://doi.org/10.1016/B978-0-12-813586-0.00005-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.%09Nasrollahzadeh+M%2C+Sajjadi+M%2C+Sajadi+SM%2C+Issaabadi+Z.+Green+Nanotechnology.+vol.+28.+1st+ed.+Elsevier+Ltd.%3B+2019.+https%3A%2F%2Fdoi.org%2F10.1016%2FB978-0-12-813586-0.00005-5.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/B9780128135860000055
https://doi.org/10.1071/CH10343
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.%09Bansal+V%2C+Ramanathan+R%2C+Bhargava+SK.+Fungus-mediated+biological+approaches+towards+%E2%80%9Cgreen%E2%80%9D+synthesis+of+oxide+nanomaterials.+Aust+J+Chem+2011%3B64%3A279%E2%80%9393.+https%3A%2F%2Fdoi.org%2F10.1071%2FCH10343.&btnG=
https://www.publish.csiro.au/ch/CH10343

Hakimi M., & et al., / Chem. Methodol, 2024, 8(1) 37-46

Nanomedicine, 2022, 17:1227 [Crossref], [Google
Scholar], [Publisher]

[9]. El-Sheekh M.M., Shabaan M.T., Hassan L.,
Morsi H.H., Antiviral activity of algae
biosynthesized silver and gold nanoparticles
against Herps Simplex (HSV-1) virus in vitro
using cell-line culture technique, International
Journal of Environmental Health Research, 2022,
32:616 [Crossref], [Google Scholar], [Publisher]
[10]. Herndndez-Morales L. Espinoza-Gomez
H., Flores-Lopez L.Z., Sotelo-Barrera E.L., Nufiez-
Rivera A. Cadena-Nava R.D., Alonso-Nufez G.,
Espinoza K.A. Study of the green synthesis of
silver nanoparticles using a natural extract of
dark or white Salvia hispanica L. seeds and their
antibacterial application, Applied Surface Science,
2019, 489:952 [Crossref], [Google Scholar],
[Publisher]

[11]. Higueras P.L. Sdez-Martinez F.J., Lefebvre
G.,, Moilleron R, Contaminated sites,
management, and green chemistry:
challenges from monitoring to remediation,
Environmental Science and Pollution Research,

waste
New

2019, 26:3095 [Crossref], [Google Scholar],
[Publisher]
[12]. Titus D. Samuel E.J.J., Photocatalytic

degradation of azo dye using biogenic SnO 2
nanoparticles with antifungal property: RSM
optimization and kinetic study, Journal of Cluster
Science, 2019, 30:1335 [Crossref], [Google
Scholar], [Publisher]

[13]. Le T.H, Ngo T.H.A, Doan V.T. Nguyen
L.M.T,, Le M.C,, Preparation of manganese dioxide
nanoparticles on laterite for methylene blue
degradation, Journal of Chemistry, 2019, 2019
[Crossref], [Google Scholar], [Publisher]

[14]. Karthikeyan C,  Arunachalam P,
Ramachandran K, Al-Mayouf AM,,
Karuppuchamy S, Recent advances in

semiconductor metal oxides with enhanced

methods for solar photocatalytic applications,

Journal of Alloys and Compounds, 2020,
828:154281 [Crossref], [Google Scholar],
[Publisher]

[15]. Singh ], Tripathi N. Mohapatra S,

Synthesis of Ag-TiO, hybrid nanoparticles with
enhanced photocatalytic activity by a facile wet

chemical method, Nano-Structures & Nano-

Objects, 2019, 18:100266 [Crossref], [Google
Scholar], [Publisher]

[16]. Okuno T. Kawamura G., Muto H., Matsuda
A., Photocatalytic properties of Au-deposited
mesoporous Si0,-Ti0, photocatalyst
simultaneous irradiation of UV and visible light,
Journal of Solid State Chemistry, 2016, 235:132
[Crossref], [Google Scholar], [Publisher]

[17]. Xu C, Chen Y., Shi S, Li ], Kang F.,, Su D,
Secondary batteries with multivalent ions for
energy storage, Scientific Reports, 2015, 5:14120
[Crossref], [Google Scholar], [Publisher]

under

[18]. Chen X, Mao S.S., Titanium dioxide
nanomaterials: synthesis, properties,
modifications, and applications, Chemical
Reviews, 2007, 107:2891 [Crossref], [Google

Scholar], [Publisher]

[19]. Hakimi M., Alikhani M., Characterization
of a-Fe;03 Nanoparticles Prepared from a New
[Fe(Ofloxacin);Clz] Precursor: A Heterogeneous
Photocatalyst for Removal of Methylene Blue and
Ciprofloxacin in Water, Journal of Inorganic and
Organometallic Polymers and Materials, 2020,
30:504 [Crossref], [Google Scholar], [Publisher]
[20]. Sabouri Z. Akbari A., Hosseini H.A,
Hashemzadeh A. Darroudi M. Bio-based
synthesized NiO nanoparticles and evaluation of
their cellular toxicity and wastewater treatment
effects, Journal of Molecular Structure, 2019,

1191:101 [Crossref], [Google Scholar],
[Publisher]

[21]. Siddiqui S.., Manzoor O. Mohsin M,
Chaudhry S.A., Nigella sativa seed based
nanocomposite-MnO,/BC:  An  antibacterial

material for photocatalytic degradation, and
adsorptive removal of Methylene blue from
water, Environmental Research, 2019, 171:328
[Crossref], [Google Scholar], [Publisher]

[22]. Ahmed M., Abdel-Messih M., Structural
and nano-composite features of Ti0;-Al:03
powders prepared by sol-gel method, Journal of
Alloys and Compounds, 2011, 509:2154
[Crossref], [Google Scholar], [Publisher]

[23]. Shaker K.S. AbdAlsalm A.H. Synthesis
and characterization nano structure of MnO; via
chemical method, Engineering and Technology
Journal, 2018, 36:946 [Crossref], [Google
Scholar], [Publisher]

45 | Page


https://doi.org/10.2147/IJN.S366532
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+palladium+nanoparticles+mediated+by+white+tea+%28Camellia+sinensis%29+extract+with+antioxidant%2C+antibacterial%2C+and+a&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Green+synthesis+palladium+nanoparticles+mediated+by+white+tea+%28Camellia+sinensis%29+extract+with+antioxidant%2C+antibacterial%2C+and+a&btnG=
https://www.dovepress.com/retraction-green-synthesis-palladium-nanoparticles-mediated-by-white-t-peer-reviewed-fulltext-article-IJN
https://doi.org/10.1080/09603123.2020.1789946
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D.%09El-Sheekh+MM%2C+Shabaan+MT%2C+Hassan+L%2C+Morsi+HH.+Antiviral+activity+of+algae+biosynthesized+silver+and+gold+nanoparticles+against+Herps+Simplex+%28HSV-1%29+virus+in+vitro+using+cell-line+culture+technique.+Int+J+Environ+Health+Res+2020%3B00%3A1%E2%80%9312.+https%3A%2F%2Fdoi.org%2F10.1080%2F09603123.2020.1789946.&btnG=
https://www.tandfonline.com/doi/abs/10.1080/09603123.2020.1789946
https://doi.org/10.1016/j.apsusc.2019.06.031
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.%09Hern%C3%A1ndez-Morales+L%2C+Espinoza-G%C3%B3mez+H%2C+Flores-L%C3%B3pez+LZ%2C+Sotelo-Barrera+EL%2C+N%C3%BA%C3%B1ez-Rivera+A%2C+Cadena-Nava+RD%2C+et+al.+Study+of+the+green+synthesis+of+silver+nanoparticles+using+a+natural+extract+of+dark+or+white+Salvia+hispanica+L.+seeds+and+their+antibacterial+application.+Appl+Surf+Sci+2019%3B489%3A952%E2%80%9361.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.apsusc.2019.06.031.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S016943321931726X
https://doi.org/10.1007/s11356-018-3564-z
https://scholar.google.com/scholar?q=%5B11%5D.+Higueras+PL,+S%C3%A1ez-Mart%C3%ADnez+FJ,+Lefebvre+G,+Moilleron+R.+Contaminated+sites,+waste+management,+and+green+chemistry:+new+challenges+from+monitoring+to+remediation.+Environ+Sci+Pollut+Res+2019%3B26:3095%E2%80%939.+https://doi.org/10.1007/s11356-018-3564-z.&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s11356-018-3564-z
https://doi.org/10.1007/s10876-019-01585-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.%09Titus+D%2C+Samuel+EJJ.+Photocatalytic+Degradation+of+Azo+Dye+Using+Biogenic+SnO2+Nanoparticles+with+Antifungal+Property%3A+RSM+Optimization+and+Kinetic+Study.+J+Clust+Sci+2019%3B30%3A1335%E2%80%9345.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10876-019-01585-w.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.%09Titus+D%2C+Samuel+EJJ.+Photocatalytic+Degradation+of+Azo+Dye+Using+Biogenic+SnO2+Nanoparticles+with+Antifungal+Property%3A+RSM+Optimization+and+Kinetic+Study.+J+Clust+Sci+2019%3B30%3A1335%E2%80%9345.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10876-019-01585-w.&btnG=
https://link.springer.com/article/10.1007/s10876-019-01585-w
https://doi.org/10.1155/2019/1602752
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.%09Le+TH%2C+Ngo+THA%2C+Doan+VT%2C+Nguyen+LMT%2C+Le+MC.+Preparation+of+Manganese+Dioxide+Nanoparticles+on+Laterite+for+Methylene+Blue+Degradation.+J+Chem+2019%3B2019.+https%3A%2F%2Fdoi.org%2F10.1155%2F2019%2F1602752.&btnG=
https://www.hindawi.com/journals/jchem/2019/1602752/
https://doi.org/10.1016/j.jallcom.2020.154281
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%5B14%5D.%09Karthikeyan+C%2C+Arunachalam+P%2C+Ramachandran+K%2C+Al-Mayouf+AM%2C+Karuppuchamy+S.+Recent+advances+in+semiconductor+metal+oxides+with+enhanced+methods+for+solar+photocatalytic+applications.+J+Alloys+Compd+2020%3B828%3A154281.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jallcom.2020.154281.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925838820306447
https://doi.org/10.1016/j.nanoso.2019.100266
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.%09Singh+J%2C+Tripathi+N%2C+Mohapatra+S.+Synthesis+of+Ag%E2%80%93TiO+2+hybrid+nanoparticles+with+enhanced+photocatalytic+activity+by+a+facile+wet+chemical+method.+Nano-Structures+and+Nano-Objects+2019%3B18%3A100266.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.nanoso.2019.100266.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.%09Singh+J%2C+Tripathi+N%2C+Mohapatra+S.+Synthesis+of+Ag%E2%80%93TiO+2+hybrid+nanoparticles+with+enhanced+photocatalytic+activity+by+a+facile+wet+chemical+method.+Nano-Structures+and+Nano-Objects+2019%3B18%3A100266.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.nanoso.2019.100266.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352507X18302579
https://doi.org/10.1016/j.jssc.2015.12.025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.%09Okuno+T%2C+Kawamura+G%2C+Muto+H%2C+Matsuda+A.+Photocatalytic+properties+of+Au-deposited+mesoporous+SiO2-TiO2+photocatalyst+under+simultaneous+irradiation+of+UV+and+visible+light.+J+Solid+State+Chem+2016%3B235%3A132%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jssc.2015.12.025.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022459615302905
https://doi.org/10.1038/srep14120
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.%09Xu+C%2C+Chen+Y%2C+Shi+S%2C+Li+J%2C+Kang+F%2C+Su+D.+Secondary+batteries+with+multivalent+ions+for+energy+storage.+Sci+Rep+2015%3B5%3A1%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.1038%2Fsrep14120.&btnG=
https://www.nature.com/articles/srep14120
https://doi.org/10.1021/cr0500535
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.%09Chen+X%2C+Mao+SS.+Titanium+dioxide+nanomaterials%3A+Synthesis%2C+properties%2C+modifications+and+applications.+Chem+Rev+2007%3B107%3A2891%E2%80%93959.+https%3A%2F%2Fdoi.org%2F10.1021%2Fcr0500535.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.%09Chen+X%2C+Mao+SS.+Titanium+dioxide+nanomaterials%3A+Synthesis%2C+properties%2C+modifications+and+applications.+Chem+Rev+2007%3B107%3A2891%E2%80%93959.+https%3A%2F%2Fdoi.org%2F10.1021%2Fcr0500535.&btnG=
https://pubs.acs.org/doi/full/10.1021/cr0500535
https://doi.org/10.1007/s10904-019-01210-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.%09Hakimi+M%2C+Alikhani+M.+Characterization+of+%CE%B1-Fe2O3+Nanoparticles+Prepared+from+a+New+%5BFe%28Ofloxacin%292Cl2%5D+Precursor%3A+A+Heterogeneous+Photocatalyst+for+Removal+of+Methylene+Blue+and+Ciprofloxacin+in+Water.+J+Inorg+Organomet+Polym+Mater+2020%3B30%3A504%E2%80%9312.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10904-019-01210-3.&btnG=
https://link.springer.com/article/10.1007/s10904-019-01210-3
https://doi.org/10.1016/j.molstruc.2019.04.075
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.%09Sabouri+Z%2C+Akbari+A%2C+Hosseini+HA%2C+Hashemzadeh+A%2C+Darroudi+M.+Bio-based+synthesized+NiO+nanoparticles+and+evaluation+of+their+cellular+toxicity+and+wastewater+treatment+effects.+J+Mol+Struct+2019%3B1191%3A101%E2%80%939.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.molstruc.2019.04.075.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022286019304788
https://doi.org/10.1016/j.envres.2018.11.044
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.%09Siddiqui+S.I.%2C+Manzoor+O.%2C+Mohsin+M.%2C+Chaudhry+S.A.%2C+Nigella+sativa+seed+based+nanocomposite-MnO2%2FBC%3A+An+antibacterial+material+for+photocatalytic+degradation%2C+and+adsorptive+removal+of+Methylene+blue+from+water%2C+Environmental+research%2C+2019%2C+171%3A328+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S001393511830625X
https://doi.org/10.1016/j.jallcom.2010.10.172
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.%09Ahmed+M.%2CAbdel-Messih%2C+M.%2C+Structural+and+nano-composite+features+of+TiO2%E2%80%93Al2O3+powders+prepared+by+sol%E2%80%93gel+method%2C+Journal+of+Alloys+and+Compounds%2C+2011%2C+509%3A2154+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925838810027027
https://doi.org/10.30684/etj.36.9A.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.%09Shaker+K%2C+AbdAlsalm+A.+Synthesis+and+Characterization+Nano+Structure+of+MnO2+via+Chemical+Method.+Eng+Technol+J+2018%3B36%3A946%E2%80%9350.+https%3A%2F%2Fdoi.org%2F10.30684%2Fetj.36.9a.1.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.%09Shaker+K%2C+AbdAlsalm+A.+Synthesis+and+Characterization+Nano+Structure+of+MnO2+via+Chemical+Method.+Eng+Technol+J+2018%3B36%3A946%E2%80%9350.+https%3A%2F%2Fdoi.org%2F10.30684%2Fetj.36.9a.1.&btnG=
https://etj.uotechnology.edu.iq/article_175277.html

Hakimi M., & et al., / Chem. Methodol, 2024, 8(1) 37-46

[24]. Aravind M., Amalanathan M., Mary M.S.M.,
Synthesis of TiO 2 nanoparticles by chemical and
green synthesis methods and their multifaceted
properties, SN Applied Sciences, 2021, 3:1
[Crossref], [Google Scholar], [Publisher]

[25]. Raj B.G.S., Asiri A.M., Qusti A.H., Wu ]J,
Anandan S., Sonochemically synthesized MnO2
nanoparticles as electrode material for
supercapacitors, Ultrasonics Sonochemistry, 2014,
21:1933 [Crossref], [Google Scholar], [Publisher]

[26]. Liang S., Teng F., Bulgan G., Zong R., Zhu
Y., Effect of phase structure of MnO; nanorod
catalyst on the activity for CO oxidation, The

characterization of gelatin: a functional
biopolymer, International Journal of Pharmacy
and Pharmaceutical Sciences, 2017, 9:239
[Crossref], [Google Scholar], [Publisher]

[28]. Ferreira-Villadiego ]., Garcia-Echeverri J.,
Mejia M.V,, Pasqualino ]., Meza-Catellar P., Lambis
H., Chemical modification and characterization of
starch derived from plantain (Musa paradisiaca)
peel waste, as a source of biodegradable material,
Chemical Engineering Transactions, 2018, 65:763
[Crossref], [Google Scholar], [Publisher]

[29]. Moon S.A., Salunke B.K, Alkotaini B,

Sathiyamoorthi E., Kim B.S., Biological synthesis

Journal of Physical Chemistry C, 2008, 112:5307 of manganese dioxide nanoparticles by
[Crossref], [Google Scholar], [Publisher] Kalopanax pictus plant extract, IET
[27]. Das M.P, Suguna P. Prasad K, Nanobiotechnology, 2015, 9:220 [Crossref],
Vijaylakshmi ], Renuka M., Extraction and [Google Scholar], [Publisher]

HOW TO CITE THIS ARTICLE

Mohammad Hakimi, Hasan Ali Hosseini, Behrouz Elhaminezhad. Fabrication of Manganese Dioxide Nanoparticles in
Starch and Gelatin Beds: Investigation of Photocatalytic Activity. Chem. Methodol., 2024, 8(1) 37-46

DOI: https://doi.org/10.48309/chemm.2024.424921.1739

URL: https://www.chemmethod.com/article_185761.html

46 |Page


https://doi.org/10.1007/s42452-021-04281-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%5B24%5D.%09Aravind+M%2C+Amalanathan+M%2C+Mary+MSM.+Synthesis+of+TiO2+nanoparticles+by+chemical+and+green+synthesis+methods+and+their+multifaceted+properties.+SN+Appl+Sci+2021%3B3%3A1%E2%80%9310.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs42452-021-04281-5.&btnG=
https://link.springer.com/article/10.1007/s42452-021-04281-5
https://doi.org/10.1016/j.ultsonch.2013.11.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.%09Gnana+Sundara+Raj+B%2C+Asiri+AM%2C+Qusti+AH%2C+Wu+JJ%2C+Anandan+S.+Sonochemically+synthesized+MnO2+nanoparticles+as+electrode+material+for+supercapacitors.+Ultrason+Sonochem+2014%3B21%3A1933%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ultsonch.2013.11.018.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1350417713003027
https://doi.org/10.1021/jp0774995
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D.%09Liang+S%2C+Teng+F%2C+Bulgan+G%2C+Zong+R%2C+Zhu+Y.+Effect+of+phase+structure+of+MnO2+nanorod+catalyst+on+the+activity+for+CO+oxidation.+J+Phys+Chem+C+2008%3B112%3A5307%E2%80%9315.+https%3A%2F%2Fdoi.org%2F10.1021%2Fjp0774995.&btnG=
https://pubs.acs.org/doi/abs/10.1021/jp0774995
https://doi.org/10.22159/ijpps.2017v9i9.17618
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.%09Das+MP%2C+R.+SP%2C+Prasad+K%2C+Jv+V%2C+M+R.+Extraction+and+Characterization+of+Gelatin%3A+a+Functional+Biopolymer.+Int+J+Pharm+Pharm+Sci+2017%3B9%3A239.+https%3A%2F%2Fdoi.org%2F10.22159%2Fijpps.2017v9i9.17618.&btnG=
https://journals.innovareacademics.in/index.php/ijpps/article/view/17618
https://doi.org/10.3303/CET1865128
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.%09Ferreira-Villadiego+J%2C+Garc%C3%ADa-Echeverri+J%2C+Vidal+M+V.%2C+Pasqualino+J%2C+Meza-Castellar+P%2C+Lambis-Miranda+HA.+Chemical+modification+and+characterization+of+starch+derived+from+plantain+%28Musa+paradisiaca%29+peel+waste%2C+as+a+source+of+biodegradable+material.+Chem+Eng+Trans+2018%3B65%3A763%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.3303%2FCET1865128.&btnG=
https://www.cetjournal.it/index.php/cet/article/view/CET1865128
https://doi.org/10.1049/iet-nbt.2014.0051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D.%09Moon+SA%2C+Salunke+BK%2C+Alkotaini+B%2C+Sathiyamoorthi+E%2C+Kim+BS.+Biological+synthesis+of+manganese+dioxide+nanoparticles+by+Kalopanax+pictus+plant+extract.+IET+Nanobiotechnology+2015%3B9%3A220%E2%80%935.+https%3A%2F%2Fdoi.org%2F10.1049%2Fiet-nbt.2014.0051+&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/iet-nbt.2014.0051
https://doi.org/10.48309/chemm.2024.424921.1739
https://www.chemmethod.com/article_185761.html

