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The MnyOs nanoparticles have been prepared using solid state thermal decomposition of MnL! and
MnL?, L' = N, N/-bis(2-hydroxy-4-methoxybenzophenone)-1,3-propanediamine and L? = N, N/-bis(2-hydroxy-
4-methoxybenzophenone)-1,2-cyclohexanediamine, at 500°C for 3 h and characterized by the Fourier transform
infrared spectroscopy, X-ray powder diffraction and scanning electron microscopy. The Fourier transform in-

frared spectroscopy and X-ray powder diffraction confirm that the formed product at 500°C is Mn2Os.

The

MnL" and MnL? complexes were prepared from the one-pot reaction of MnCly-H0O, diamine and 2-hydroxy-4-
methoxybenzophenone and characterized by elemental analyses, the Fourier transform infrared spectroscopy and

thermogravimetry.
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1. Introduction

Recently, transition metal oxide nanostructures such as
CuO [1, 2], Co304 [3, 4], NiO [5], ZnO [6] and Cr203 [7]
have been actively studied by many groups due to various
properties and applications [1-7]. Among the transition
metals, manganese exhibits several oxidation state and
forms different oxides such as MnO [8, 9], Mn,O3 [10, 11],
Mn3Oy4 [8-11], and MnOs [8]. Manganese oxides are an
important class of transition metal oxide family due to
unique chemical and physical properties [8-11]. Among
the different oxidation state of manganese oxides, MnsOg3
nanoparticles are well-known as non-toxic, cheap, envi-
ronmentally friendly and abundant and widely investi-
gated as anode materials for lithium ion batteries because
of their large theoretical specific capacities [12-14], cat-
alyst [15, 16] and hydrazine electrochemical sensing [17].
Recently, MnsO3 has been prepared by thermal decom-
position of different manganese precursors [12, 13, 17, 18],
hydrothermal [14], solvothermal [16] and wet chemical
approach [15]. Among the various methods available for
synthesis of transition metal oxides nanoparticles, ther-
mal decomposition is a simple, cost effective and eco-
friendly [19-21]. Thermal decomposition is chemical de-
composition caused by heat. Several experimental efforts
have been carried out for synthesis of MnsO3 nanoparti-
cles by thermal decomposition of various precursors such
as MnCOg [13, 18] and Mn(OH), [12].

In this work, MnyO3 nanoparticles were synthesized
from the Schiff base complexes MnL! and MnL? (Fig. 1)
as new precursors by solid state thermal decomposition
at 500°C for 3 h.
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Fig. 1. Chemical structure of (a) MnL" and (b) MnL?.

2. Experimental
2.1. Material and method

All reagents and solvents for synthesis and analysis
were commercially available and used as received without
further purifications. FElemental analyses were carried
out using a Heraeus CHN-O—-Rapid analyzer, and results
agreed with calculated values. The Fourier transform
infrared (FT-IR) spectra were recorded as a KBr disk
on a FT-IR Perkin—Elmer spectrophotometer. The ther-
mogravimetric/differential thermal analysis (TG/DTA)
were performed on a Perkin Elmer TG/DTA lab sys-
tem 1 (Technology by SII) in nitrogen atmosphere with a
heating rate of 20 °C/min in the temperature span of 50—
800°C. X-ray powder diffraction (XRD) pattern of the
complex was recorded on a Bruker AXS diffractometer
D8 ADVANCE with Cu K, radiation with nickel beta
filter in the range 260 = 10°—80°. The scanning electron
microscopy (SEM) images were obtained from a Philips
XL-30ESEM.

2.2. Preparation of MnL' and MnL?

A solution of 1,3-butanediamine or 1,2-
cyclohexanediamine (1 mmol) in 15 mL ethanol is
added drop-wise to an ethanol solution of 2-hydroxy-4-
methoxybenzophenone (0.046 g, 2 mmol) under stirring
condition. The reaction mixture is then refluxed for
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2 h when the solution color turns yellow. Then, a
solution of MnCly-6H50 (1 mmol in 15 mL ethanol) was
added drop-wise. After the addition was completed, the
stirring was continued for 2 h. The brown precipitates
of complexes were filtered and washed with cold ethanol
and dried at room temperature.

Analytical calculation. for C31HagNoMnO, (MnL!'):
C, 68.00.; H, 5.12.; N, 5.12%. Found; C, 68.05.; H, 5.09.;
N, 5.18%. FT-IR (KBr, cm~!): 2873-3050 (C-H aromatic
and aliphatic), 2806 (~-CH=N), 1567 (-C=N-).

Analytical calculation. for Cz3HzoNoMnO4 (MnL?):
C, 69.74.; H, 5.13.; N, 4.77%. Found; C, 69.81.; H, 5.16.;
N, 4.65%. FT-IR (KBr, cm~!): 2873-3059 (C-H aromatic
and aliphatic), 2807 (-CH=N), 1573 (-C=N-).

2.8. Preparation of Mng O3 nanoparticles

The Schiff base complexes were loaded into a plat-
inum crucible and placed in oven and heated at a rate
of 10°C min~! in air. Nanoparticles of MnyO3z were
obtained at 500°C after 3 h. The final products were
washed with ethanol to remove impurities, if any, and
dried at room temperature for several days. The synthe-
sized Mn,O3 nanoparticles were characterized by FT-IR,
XRD, and SEM.

3. Results and discussion
8.1. Schiff base complezes

The one-pot reaction in ethanol of 1:2:1 molar mix-
ture of diamine, 2-hydroxy-4-methoxybenzophenone and
MnCly-6H50 produced the Schiff base complexes MnL*
and MnL2. The elemental analyses are in good agree-
ment with formula proposed for complexes.

In the FT-IR spectra of MnL!' and MnL?, the ab-
sence of vibration peak related to OH, NHy and C=0
groups and appearance of new peaks at 1567 cm™! for
MnL! and 1572 em™! for MnL? have suggested forma-
tion of the Schiff base ligands, and coordinated to man-
ganese ions as dianionic form coordinate as tetradentate.
Also, the FT-IR bands at about 3000 and 2810 cm™!
have been assigned to C—-H and -CH=N- groups. In the
range of 1450-1550 cm™!, the bands characteristic for
vibration mode of C=C of the aromatic rings can be ob-
served [22, 23]. The bands located in about 1180 cm™?
are assigned to C-O vibration [22, 23]. Additional two
bands at 409 cm ™! and 515 cm ™! assigned to stretching
vibrations M—N and M—O can be observed in the spectra
of complexes [22, 23].

The TG curves of MnL! and MnL? under argon atmo-
sphere are given in Fig. 2. The decomposition patterns
of MnL! and MnL? are quite similar. The complexes
are stable up to ~ 200°C and during further heating un-
dergo decomposition in two stages. In the first stage, the
complexes MnL! and MnL? show a mass loss of 25% and
40%, respectively, in the temperature range 200-370°C.
In the second stage, from 370 to 520°C, the complexes
MnL! and MnL? show mass loss of 50% and 40%, re-
spectively.
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Fig. 2. TG curves of MnL' and MnL?.

8.2. Mny O3 nanoparticles

For preparation of Mn;O3 nanoparticles, the Schiff
base complexes were calcinated at 500°C for 3 h. The
FT-IR spectra of the MnyOs nanoparticles are shown
in Fig. 3. The peaks at about 3390 and 1605 cm™!
can be assigned to O-H stretching and binding vibra-
tion of HoO molecules adsorbed on the surface of MnyO3
nanoparticles, respectively [22]. The two peaks appear-
ing at 576 and 475 cm~! are assigned to the Mn-O-
Mn asymmetric stretching and bending vibration mode,
respectively [22]. Comparison of the FT-IR spectra of
complexes and nanoparticles (Fig. 3) suggests that the
manganese complexes transform to MnsOg3 at 500 °C.
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Fig. 3. FT-IR spectra of Mn2Os nanoparticles pre-
pared from (a) MnL' and (b) MnL?.

Figure 4 shows the XRD patterns of MnyO3 nanopar-
ticles. Pure cubic structure of MnsO3 nanoparticles with
lattice parameters of ¢ = b = ¢ = 0.9411 nm (JCPDS
card No. 24-0508) are obtained [13] without other impu-
rities. According to the Scherrer formula, the as-obtained
MnyO3 nanoparticles have an average size of 27.59 nm
for nanoparticles prepared from Mn((MeO-bph)spn) and
24.47 nm for nanoparticles prepared from Mn((MeO-
bph)shn) corresponds to the (222) plane of the cubic
MnyO3 nanoparticles.
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Fig. 4. XRD pattern of Mn2O3 nanoparticles prepared
from (a) MnL' and (b) MnL?.

The morphology of the obtained MnyO3 nanoparticles
was further investigated by SEM. Figure 5 shows the
SEM images of the obtained MnsO3 nanoparticles from
the Schiff base complexes MnL! and MnL? at 500°C.
It can be observed that with change the precursor from
MnL! to MnL', the size, morphology and agglomeration
of the obtained MnsO3 nanoparticles were changed.
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Fig. 5. SEM images of Mn2O3s nanoparticles prepared
from (a) MnL' and (b) MnL?.

Conclusions

Mn2Og3 nanoparticles have been prepared by a solid-
state thermal decomposition of Mn(II) Schiff base com-
plexes at 500 °C. The crystallite size and shape of MnsQO3
nanoparticles are quite different from each other. This
method is facile, nontoxic and inexpensive.
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