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Abstract

The synthesis of Manganese(l11) oxide nanoparticles (Mn,O3;NPs) was by visible light assisted
approach using the TMA.OH, H,0,and metal precursor aqueous solution of MnCl,-4H,0. The
formation of dark brown suspension was placed one day in the atmospheric air for the formation
of the product via precipitation method during a process the product was accompanied by O, gas
generation. Dried aggregate was separated by filtration, washed with higherquantity of deionized
water and methyl alcohol, and then dried at 80°C for 16 h in air and finely were heated at 500 °C
for 5 h. After the preparation Mn,O3NPs was tested using the following instrumental techniques
such as UV-vis., FT-IR, XRD, FE-SEM. In this present investigation, Mn,O3NPs uses as

photocatalyst over the degradation of Rhodamine B.
Key words: Mn,O3NPs, Visible light assisted method, Photocatalytic degradation, Rhodamine B
1.Introduction

Transition metal oxides are a broad class of materials possesses important features and explored
in different fields [1-9]. Here, Manganese oxide is a n-type non-stoichiometric semiconductor
which exists in different polymorphic and crystallographic forms and it exist in different
oxidation state like MnO, MnQO,, Mn,03, Mn3O,4, and MnsOg with 1D, 2D, and 3D morphologies
like rod, wire, cubes, spheres, urchins, sheets , flowers and many more. Based on earlier report

some of the preparation methods could be adopted for the synthesis of manganese oxide like sol-
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gel method, electrospinning, solid state, ion-exchange, precipitation and co-precipitation
techniques, thermal decomposition and many more [10-25].

Among them, co-precipitation technique is the most common method for the synthesis of
nano/microstructure because different parameters are play a vital role in this method like reaction
temperature, initial concentration of materials, pH of the solution and its reaction temperature to
get desired size and shapes [26-38]. Here, etramethylammonium hydroxide (TMAOH) used as
surfactant as well as surface modifying agent used to growth of the nanostructures and the effect
of adding TMAOH with metal precursor it leads to the formation of well dispersed manganese
oxide. In this present investigation, the prepared manganese oxide is uses as a photocatalyst for
the removal of organic pollutant like Rhodamine B (RhB) by photodegradation. Now a days, the
rapid increases of the human population and higher number industries are directly affect our
environment, resulting in the depletion of natural resources by sending the effluent without any
purification in the freshwater resources. Some common techniques like physical, chemical and
biological methods are available for the removal of organic dyes but the physical and biological
methods not remove completely it only can transfer its phase and some chemical methods like
ozonation and chlorination has some limitation to environment [39-43]. So the photocatalysis is
the efficient one to destroyed the dye when bombarded by UV irradiation. Rhodamine B is
xanthenes organic dye which dissolves easily in water and also it’s a highly allergic to the eyes,
skin and our respiratory system because it is well recognized water tracer fluorescent materials.
As a result, preventing dye wastewater pollution is a critical issue that must be addressed

globally.
2. Experimental Section
2.1. Reagents

MnCl,, Tetramethylammoniumhydroxide (TMA.OH) were purchased from Aldrich chemicals.
Othe the all-remaining chemicals were obtained from locally available in analytical grade used
as received and only the Millipore water was used to prepare all the stock solutions for all

measurements.
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2.2. Preparation of MnO, and Mn,O3zNanoparticles

The preparation of MnO, nanoparticles was by the addition of 40 mL of a aqueous solution(1.2
M Tetramethylammonium hydroxide (TMA.OH) ) is mixed with 6 wt % H,0O, was added to 20
mL of aqueous 0.6 M MnCl,-4H,0O solution within 30 s. The formed dark browncoloured
suspension was placed in a visible light one day in the open atmospheric air, which is
accompanying of O, gas generation.The copious amount of Millipore water used to separate the
dried aggregate by filtration, washed with thoroughly with higher quantity of deionized HO,
CH3OH, and air-dried at 80 °C for 6 h and then the MnO, was converted in to Mn,O3 via thermal
decomposition at 450-500 °C, finely obtained the nanopowder of Mn,O3 for the further analysis.

2.3.Instrumentation

The electronic spectra of synthesised Mn,O3;NPs were obtained using a SHIMADZU-1800 (UV-
Vis. Spectrophotometer) from Japan and the FT-IR spectra from a Perkin Elmer Y-40 from the
United States. Philips, JSO debye Flex 2002 Seifert with 10°/min scanning speed was used to
evaluate the XRD pattern. HITACHI, SU6600 with voltage (0 kV (FE-SEM), Japan, validated
the morphology, size, and forms of the nanoparticles. HR-TEM pictures were taken with a
JEOL-3010 device.

3. Results and Discussions

Figure 1 shows UV-Visible spectra of Mn,O3NPs synthesized by co-precipitation method
followed by the thermal decomposition. The analysis a few mg of Mn,O3NPs was dispersed in
Millipore water using ultrasonic probe. There is no visible absorption obtained but one band was
obtained at 393 nm due to the effect of quantumconfinement and this confirmed the synthesize of
Mn,O3NPs nanoparticles by using this route successfully in very smaller size of the particles due

to its large surface area it has very good optical activity [29, 32].
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Fig. 1:UV-Visible spectrum of Mn,O3NPs.

Fig. 2 represents the FT-IR spectrum of the Mn,OsNPsnanoparticles prepared by co-precipitation
method followed by the thermal decomposition. furthermore, the bands obtained at 1640, 3417
cm * correspond to the presence of higher numbers of residual hydroxyl groups, which entail the
O-H vibrationalbending mode and stretching vibrations of adsorbed water in trace level. The
band presented at 463, 509 cm ' can attributed to the Mn-O vibrations of Mn,O3NPs
nanoparticles [25, 27].
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Fig. 2:FT-IR spectrum of Mn,O3NPs.

Figure 3 shows XRD pattern of the Mn,Os;NPsnanoparticles prepared using co-precipitation
method followed by the thermal decomposition approach. The typical XRD patterns show broad
diffraction peaks observed at 23.0, 32.5, 38.1, 44.5, 51.0, 56.1, 59.6 and 64.9 which are
corresponding to Braggs reflections from (121), (104), (004), (332), (341), (404), (161) and
(226) planes which corresponds to Mn,OsNPsnanoparticle [25]s. From the XRD pattern it is
clear that Mn,OsNPsnanoparticlessynthesized were purely crystalline in nature. Uniform particle
sizes of Mn20O3NPs were obtained between to be 20-25 nm was calculated using Scherrer

equation.
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Fig.3:XRD spectrum of Mn,O3NPs

The morphology of Mn,O3NPs nanoparticles was examined with different resolution by FE-
SEM. Some amount of Mn,O3NPs nanoparticles dispersed in water using ultrasonic probe and
coated on carbon tape for the analysis [31]. Fig. 4 shows the Mn,O3NPs nanoparticles consist
almostcoarse like arrangements in micro arrangements and clearly noted in HR-TEM images it
almost spheres like structure of Mn,OsNPsand its EDS confirms the prepared samples have only
manganese and oxide are predominantly present in Mn,O3NPsis clearly view from the percentile

table.
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Fig. 4:FE-SEM images of Mn,O3;NPsalong with EDAX and its percentile table.

The photocatalytic activity of the Mn,O3NPs was evaluated using photo degradation of
an aqueous RhB textile dye is shown in Fig.5a. The experiment carried out in a cylindrical
double-walled hollow photo reactor with water circulation facility. A 20 W UV lamp
(wavelength of 352 nm) was place inside the reactor. The catalytic experiments carried out with
100 mL solution of 1.0 X 10° M concentration of RhB dye and 100 mg of the Mn,O3NPs
catalyst under constant stirring. About 3 mL of the aliquot solution withdrawn at predetermined
time intervals (15 mins) from the reaction mixture, centrifuged and the decrease in absorbance
values monitored [37-43]. The pseudo first order rate constants (1) were calculated from the

slopes of the plots of In Co/C vs time. The percentage reduction of dye were calculated using the

following expressions (2).

O.D.at initial time (C,)-0.D.at time t(C,)

-

Percentage reduction =

x100 . (2

O.D.at initial time (C;)
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where, C, = initial concentration of the dye solution, C; = concentration remaining after
irradiation at time t.

and the relationship between In(Co/C;) and degradation time shows a linear relationship which
suggest that the degradation of RhB is a first-order reaction in Fig.5b. The apparent rate
constants obtained as 3.2 x10® min-1 for absence of catalyst and presence of Mn;OsNPs from
the slope of In (CO/Ct) versus degradation time.
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Fig. 5: UV-visible spectra for the photocatalytic degradation of RhB (a) and its calibration plot
(b).

The reduction efficiency in reuseability of Mn,O3NPs (Fig.6) has confirmed by doing for
5 cycles the degradation of RhB without change of the catalyst. This process continued five
times without any evident loss of its catalytic activity. The catalytic efficiency of the
heterogeneous catalyst is found to be maintained without any loss in each cycle due to the
inherent stabilization of Mn,O3NPs.
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Figure 9: Reusability of ZnO nanospheres.

4. conclusion

The synthesis of Manganese(l11) oxide nanoparticles (Mn,O3NPs) was by visible light assisted
method using TMA.OH, H,0, and metal precursor aqueous solution of MnCl,-4H,0. The
formation of dark brown precipitate was placed one day in the atmospheric air for the formation
of the product via precipitation method during a process the product was accompanied by O, gas
generation. Dried aggregate separated by filtration, washed with higherquantity of distilled water
and CH30H, and then dried at 80°C for 16 h in air.The prepared MnO; for the conversion of
Mn,O3NPs were heated at 500 °C for 5 h.The prepared Mn,O3NPs analyzed using various
instrumental techniques such as UV-vis.,, FT-IR, and also the morphology, shape, size,
composition of the metal oxide, which was determined by the following techniques such as
XRD, FE-SEM studies.

The prepared Mn,O3NPs were analyzed using different analytical techniques and which are
confirmed Mn,O3NPs formed like course structures which have nearly 20-25 nm in size with
high purity with high surface area to subject as catalyst for the degradation of organic pollutant.
Mn,O3NPs used as a heterogeneous catalyst for the photodegradation of Rhodamine B and
performed very well with degrading ability nearly 96% at 120 mins of exposure. The apparent

rate constants obtained as 3.4 x10° min-1 for absence of catalyst and presence of Mn,O3sNPs
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nanocatalysts, respectively.Based on the above considerations, we developed a cost effective
photocatalyst for degradation of different organic dye contaminants.
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