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A Simple Controlled Salt Decomposition Route to Synthesize Nanoporous Mn,O3; Materials
with Tunable Pore Structure and Narrow Pore Distribution
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A facile and novel method has been developed for synthe-
sizing nanoporous Mn, O3 materials with polyhedron morpholo-
gy, high surface area, and narrow pore distribution by controlled
thermal decomposition of the oxalate salt precursor. This meth-
od can be extended to the preparation of other kinds of nanopo-
rous oxides.

Porous transition-metal oxides are interesting materials
owing to their specific properties and diversity of structure
and, therefore, have potentials in many applications. Because
of the excellent cation exchange and molecular adsorptive prop-
erties of microporous metal oxides, they can be extensively used
as ion sieves,! molecular sieves,? catalysts,3 and so on. The out-
standing electrochemical and magnetic properties of manganese
oxides are also attracting for applications in rechargeable batter-
ies* and new magnetic devices.> Porous manganese oxides
are usually prepared mainly via two kinds of template method:
surfactant as soft template® and mesoporous oxides (typically
SBA-15) as hard template.” However, soft template method
would introduce other cations into manganese oxide tunnels
during processing, and hard template method usually produces
porous manganese oxides with uncontrolled pore size and/or
scattered pore size distribution. Some literatures have reported
the synthesis of porous Mn, O3 without template;8 however, data
of surface area and pore distribution were not given.

In this study, we report a simple template-free method to
synthesize microporous and mesoporous Mn, O3 materials with
high surface area, narrow pore distribution and polyhedron mor-
phology. In such an approach, nanopores are generated simply
via the thermal decomposition of the salt anions from microme-
ter-sized particles, which is totally different from the mechanism
of cooperative assembly from the starting molecular species with
or without the presence of templates. This approach can be ex-
tended to other kinds of precursors and other kinds of nanopo-
rous oxides. Nanoporous Mn, O3 materials are obtained by de-
composition of a manganese oxalate dihydrate precursor. A typi-
cal precipitation approach? is employed to prepare the precursor
with controlled polyhedron morphology as follows: oxalic
acid was added to an aqueous MnCl, solution in an oil bath, and
dioctylsulfosuccinate (AOT) was used to control morphology
of the precipitates. The subsequent thermal decomposition is
conducted under a well-designed heating program. The samples
are calcined at different temperatures in the air, and in this
communication, we present the typical nanoporous manganese
oxide samples calcined at 300 and at 400°C (labeled as
MO300 and MO400 in the following section).

Manganese is a transition element and has several different
valences. XRD analysis together with XPS (X-ray photoelectron
spectroscopy) are involved to investigate the chemical stoichi-
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Figure 1. XRD patterns of the decomposed samples calcined
at (a) 300°C, (b) 400°C.
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Figure 2. XPS spectra at Mn 2p,,3 and Mn 2p;,, for samples
prepared at 300 °C (upper) and 400 °C (lower).

ometry of the manganese oxide after decomposition and the
valence of manganese (Figures 1 and 2). XRD analysis shows
that samples calcined at 400 °C are well crystallized and can
be identified as Mn, O3 with body-centered cubic phase, whereas
samples calcined at 300 °C are almost amorphous.

XPS spectra indicate that the Mn 2p3,, peak is centered at
641.8eV and Mn 2p, » peak at 653.3 eV, with a spin-energy sep-
aration of 11.5eV which is in agreement with the reported data
of Mn 2p3,> and Mn 2p; ;> in Mn;03.'% The two samples cacined
at different temperatures show the same peak positions of Mn
2p3j> and Mn 2p;,5. XPS and XRD results prove that these
two samples calcined at different temperatures are both Mn,Os.
The decomposition process undergoes the following reaction:

MnC;04+2H,0 + O, — Mn,03 + CO,4 + H,01. (1)

The total weight loss caused by gas bursting out is 55% or so
in accordance with thermogravimetry (TG) result. Such high
weight loss in calcined samples with limited shrinkage result
in large amount of porosity remained within particles which
can be observed at TEM images (Figure 3). Figure 3a shows
the whole particle of MO300 with an octahedron morphology
and homogeneous porosity. In Figure 3b, we can find out that
those pores are randomly arranged but distributed homogeneous-
ly through out of the whole particle, but primary particles are
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Figure 3. TEM images of MO300 (a) and (b), and MO400 (c).
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Figure 4. Nitrogen adsorption—desorption isotherm (left) at
77 K of MO300 (a), and MO400 (b) and pore distribution calcu-
lated from (up-right) curve a using Horvath-Kawazoe method,
(lower-right) curve b using BJH method.

almost amorphous according to XRD and electron diffraction re-
sult (not shown). With elevating the heating temperature
(Figure 3c), those primary particles start to crystallize and grow
up (size increase from 3nm in MO300 to 14nm in MO400),
while pores are also enlarged and the pore size distribution
become scattered.

Nitrogen adsorption—desorption isotherm analysis (at 77 K)
was employed for studying the pore structural properties
(Figure 4). A steep uptake of N, at the very beginning of meas-
urement (P/Py < 0.02) (curve “a” in Figure 4) suggests that the
prepared MO300 samples have micropores, which was obtained
on a Micromeritics ASAP 2020 porosimeter for microporosity.
However, the hysteresis loop of MO400 samples (obtained on
a Micromeritics TriStar 3000 porosimeter for mesoporosity)
beginning from 0.6 (curve “b” in Figure 4) shows that in
MO400 samples micropores disappear and that pores evolve into
mesoporous region. BET surface area of MO300 and MO400
samples are 283 and 56 m? g~!, respectively. The surface area
of MO300 is significantly higher than porous manganese oxides
prepared by hard template route (below 150 m? g=!).” Pore size
distributions plots are also demonstrated in Figures 4, with that
of MO400 being obtained by BJH method using the desorption
branch of the isotherm and that of MO300 by Horvath—
Kawazoe method!! using the adsorption branch due to its micro-
pore size. It is shown that MO300 have a rather steep distribution
in 1nm, and that of MO400 displays a narrow distribution in
mesoporous region around 12 nm. So we can see that we are able
to tune the pore size from the microporous to mesoporous region
simply using a controlled thermal process. At relatively low
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temperature of calcination (300 °C), CO; and CO are generated
from manganese oxalate, while Mn, O3 framework composed of
very small primary particles and micropores are formed among
the primary particles. At a higher temperature (400 °C), Mn, 03
primary particles crystallize out as nuclei and quickly grow up
into crystallites larger than 10nm by adsorbing surrounding
primary particles via Oswald ripening.'?> During this process,
micropores among the amorphous primary particles evolve
into mesopores among the crystallites.

The electrochemical properties of nanoporous Mn,O3 are
investigated by measuring the cyclic voltammograms of the
samples. Specific capacitance of as high as 350 F/g is obtained
for MO300, while that of MO400 drops to 66 F/g. So the specific
capacitance is dependent on the surface area, and the micropo-
rous Mn, O3 with high surface area is promising for application
in supercapacitors.

In conclusion, we present a facile and novel method to
synthesize nanoporous Mn, Oz materials with high surface area
and narrow pore distribution by controlling the thermal decom-
position process. Pore size can be tuned from microporous
region to mesoporous simply by a controlled thermal process.
Microporous Mn, O3 shows promising electrochemical proper-
ties for application in supercapacitors. This approach can be
extended to other kinds of precursors and other kinds of nanopo-
rous oxides.
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