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Assembly of transition metal oxide nanoparticles to form ordered
structures is of great interest in the area of materials science. The
ability to synthesize uniform hollow nanospheres with diameters
ranging from nano- to microscale dimensions is desirable. These
structures can be used as catalysts, potential drug carriers, fillers, _
and photonic crystals.Methods to synthesize these materials o |
include the use of various template precursors, such as spherical -
silica, polystyrene spheres, and block copolymer micéllEsese © 20 (deg)
preparations often require removal of the template after synthesis rigyre 1. X-ray diffraction (XRD) pattern of-MnO, hollow nanospheres.
utilizing separation techniques such as acid or base etching and
calcination® Here we report on a simple self-assembly synthesis
of manganese oxide mesoporous hollow nanospheres, which are
composed of poroug-MnO, hexagonal nanoflakes.

Manganese oxide structures can form mixed-valent octahedral
molecular sieves (OMS). These OMS materials have extensive
applications in energy storage applications, as acid catalysts, and
in ion-exchange processé3Various types of manganese oxides
with fibrous and flaky morphologies have been synthesfzAd.
electrochemically active form of manganese oxidesMnO,; this
form of Mn oxide has been commercially used as cathodic materials
in alkaline batteries/-MnO; is a ramsdellite matrix with randomly
distributed intergrowth microdomains of pyrolusite, which are
constructed of Mn@octahedral units with edge or corner sharing.
Conventionally-MnO, was prepared by electrolysis (EMD), redox
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Figure 2. N adsorption/desorption isotherms and pore size distributions
(insert) of hollowy-MnO, nanospheres.

M MnSO,H,O while being rapidly stirred for 12 h at room

reactions, or disproportionation. However, to the best of our
knowledge, the/-MnO, synthesized using the above methods has
irregular morphologies and surface areas no higher than?8f8m
MnQO;'s electrochemical performance is greatly affected by mor-
phology, surface area, and the pore size distribiion.

Diluted MnSQ-4H,0 was reacted with permanganic acid (pH
= 2.50) at room temperature to synthesjz&InO,. Fresh per-

temperature. The slurry formed was filtered and washed with
deionized water at least four times and then dried in air at®0
for an additional 12 h. Analysis of the product was performed by
ion chromatography (IC), X-ray diffraction (XRD), adsorption
measurements, thermal gravimetric analysis (TGA), scanning
electron microscopy (SEM), transmission electron microscopy
(TEM), and energy-dispersive X-ray spectroscopy (EDX).

manganic acid must be prepared prior to use and is made by reacting The phase of the product was identified by XRD using a Scintag

sulfuric acid and barium mangandfeTo prevent undesirable

X-ray diffractometer with Cu I& radiation ¢ = 0.15406 nm)

byproducts, barium manganate was chosen as the manganate salgperating at 45 kV and 40 mA. The observed peaks in the XRD

Barium sulfate is insoluble in water, thus preventing metallic ions
from entering synthetic structures (see eqs 1 and 2).

3BaMnQ, + 3H,S0O,—
3BasQ + MnO, + 2HMnO, + 2H,0 (1)

2HMNO, + 2H,0 + 3MnSQ, — 5Mn0O, + 3H,S0, (2)

First 2.67 mL of 4.23 M HSO, was added dropwise to 100 mL
of 0.1 M BaMnQy,q After being vigorously stirred at room

temperature for 10 min, the solution was centrifuged and decanted.

The resultant pink solution was added dropwise to 400 mL of 0.02
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pattern correlate to pure phase, hexagon®InO, (Figure 1). The
lattice parameters for the hexagonaMnO, area = b = 9.65 A
andc = 4.43 A. A space group for this structure is not applicable
due to the combination of different tunnel geometries.

Elemental analysis was performed by IC and EDX to confirm
that neither sulfate ions nor sulfur was incorporated into the
structure; results from both techniques showed only trace amounts
(less than 1%) of sulfate (IC) or sulfur (EDX) present.

The pore size distribution of the nanoparticles was calculated
from nitrogen desorption using the BJH (Barrelbyner-Halenda)
model. The results show a narrow distribution centered at 10 nm
(Figure 2). The type Ill isotherm observed is similar to that of
y-MnO, prepared by other means and is consistent with platelet
materials such as clay$.The BET surface area of theeMnO,
hollow nanospheres calculated from &tlsorption is 130 ffg. This
is the highest surface area observed for synthesizithO.,.

10.1021/ja0294459 CCC: $25.00 © 2003 American Chemical Society
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The mechanism involved for the formation of the hollow
structures is still unknown. One theory suggests that when the
particles are formed, the interfacial tension and the hydrophilic
surfaces of-MnO, play an important role in driving the nanoscale

hexagonal flak -Mn .
Figure 3. HR-SEM images of-MnO; nanospheres. The images increase exagonal flakes ofy O, to form hollow structures. The

in magnification from (a) to (c). (c) shows the nanospheres are composed nanospheres are stable up to 4@as conflrmed by T_GA' XRD,
of hexagonal flakes of-MnO; single crystals. SEM, and BET. Greater than 40C, a mixed phase is observed
(y-MnO; and MnOs), and once the temperature reached %60
only Mn,O3 exists. Additional changes at 40C include a 10%
decrease in surface area and the observance of an additional pore
size centered at 4 nm due to the removal eOH

Initial catalytic studies have shown that the self-assembled
structure ofy-MnO; is more catalytically active than the standard
Figure 4. TEM bright field images of-MnO; hollow nanospheres. (b)is  ,-MnO,. The selective oxidation of cinnamyl alcohol to cinnamyl
a cross-sectional view of the nanosphere prepared by microtomy; the arrow ey e was compared for standarinO, and the nanosphere
indicates cut direction. (c) is a view perpendicular to the hexagonal flakes . .
of y-MnO; corresponding to the 110 plang= 4.04 A. y-MnO,. The typicaly-MnO, showed less than 10% conversion,

whereas the nanosphere structure had a conversion of 42% with

= ring | d-spacing A 95% selectivity under the same conditidrid.In summary, meso-

» (plane) porous manganese oxide OMS materials with novel hollow nano-
" ; ;gi E{gg% sphere structures and uniform particle size were synthesized by a
3 217 (121) facile, template-free self-assembly process at room temperature in
5 4 1.67 (221) a short period of time. Using the hollow nanospheres as precursors,
" we have successfully obtained other manganese oxides OMS
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materials with different tunnel structures and morphologies (nano-
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Figure 5. () Particle size distribution for nanospheres; (b) ring pattern of rods and 1D nanofibers).
hollow nanospheres with correspondidgpaces (ring humber increases
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