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Monodisperse honeycomb and hollow nanospheres of
ordered birnessite manganese dioxide nanoplatelets were facile-
ly synthesized in high yields via the redox reaction of KMnQOy4
and oleic acid and following self-assembly of produced nanopla-
telets.

Manganese oxides have recently attracted much attention
because of their ion-exchange and molecular adsorption' and
catalytic,? electrochemical,® and magnetic properties.* Among
them, birnessite type manganere dioxide (abbreviated as
BirMnO,) has a two-dimensional layered structure with edge-
shared MnOg octahedra with cations and water molecules situat-
ed between the negatively charged layers. The interlayer spacing
ranges from 0.69 to 0.7 nm.> Natural BirMnO, exists widely in
ores, soils, and deep-sea nodules. It can also be synthesized by
oxidation of Mn?*, reduction of MnO,4~, and redox reactions be-
tween Mn>* and MnO,4~.% BirMnO, has shown potential appli-
cations as heterogeneous catalysts in the reduction of NO,
HCHO, Cr**, and AsO3%~,” oxidation of CO,® hydrogenation of
alkenes,’ oxidation degradation of organic and inorganic con-
taminants,'? as adsorbents for nuclear wastes,!! and as cathode'?
and magnetic* materials. Assembly of transition-metal oxide
nanoparticles into ordered structures such as hollow nanospheres
is additionally interesting and highly desirable, as these struc-
tures may be used as catalysts, drug carriers, fillers, and photonic
crystals. Very recently, Suib and co-workers reported the self-
assembly of microporous Y-MnO, molecular sieve flakes into
mesoporous hollow nanospheres that preliminarily showed
enhanced catalytic activity and selectivity compared to the
standard y-Mn02.2 In the current communication, we reported
a facile approach to synthesis of honeycomb and hollow
BirMnO, nanospheres, which, to the best of our knowledge,
has not yet been reported so far.

In a typical procedure, 0.10 g (0.63 mmol) of KMnO4 was
dissolved in 50 mL of pure water. After the mixture was stirred
for ca. 10 min, 1 mL (3.2 mmol) of oleic acid (OA) was added.
The mixture was maintained at room temperature for a certain
period of time. A brown-black powder was collected, washed
several times with pure water and alcohol, respectively,
and dried in a vacuum at 60°C for 10h. The molar ratio of
KMnO,/OA was varied from 1:5 to 2:1. Under otherwise iden-
tical conditions, the yields of BirMnO, all exceeded 90%.

The products were characterized by X-ray powder diffrac-
tion (XRD), scanning (SEM) and transmission (TEM) electron
microscopy, energy dispersive spectroscopy (EDS).!* XRD
peaks were recorded at 26 = 12.29, 18.68, 36.84, 54.98, and
65.76° and could be assigned to the (002), (101), (006), (301),
and (119) planes of hexagonal BirMnO, (JCPDS 18-802). From
260 = 12.29°, the interlayer spacing was estimated to be ca.

Figure 1. SEM (a) and TEM (b) images of honeycomb
BirMnO, nanospheres (KMnO,/OA = 1:5).

0.72nm, in good agreement with the literature. Estimation by
the Scherrer equation showed that the lamellar structure of
BirMnO, has a thickness of ca. 8.1 nm.!> Thus, it is supposed
to consist of ca. 7 layers. EDS results confirmed the presence
of major Mn and O elements and minor K element.

Figure la shows a typical SEM image of the product
obtained using a KMnO,/OA ratio of 1:5 after redox reaction
for 20h. Clearly, the product consists of monodisperse nano-
spheres of ca. 97 nm in diameter. A magnified image (inset of
Figure 1a) shows that the nanosphere in fact has a honeycomb
structure that was formed by the assembly of nanoscale platelets.
The thickness of such platelets was estimated to be ca. 10.7 nm,
in agreement with the above XRD results. Figure 1b shows a
typical TEM image of the nanospheres. Gray parts are platelets
that were vertical to electron beam, and dark parts are those
that were parallel to electron beam. Clearly, each nanosphere
consists of platelets that join together at its center.

The size and morphology evolution of honeycomb MnO,
nanospheres were studied by varying the reaction time
(Figure 2). TEM images were recorded after redox reaction for
0.5, 2, 5, and 20h, respectively. The initial nanostructure
(0.5h) has a diameter of ca. 50 nm and consists of nanoplatelets
of ca. 2.2 nm in thickness. With increase of reaction time, the di-
ameter of the nanostructure and the thickness of the nanoplatelet
increased nearly to 75 and 3.0nm (2 h), 83 and 3.3nm (5h), 89
and 5.2nm (20 h), respectively. Thus, they are dependent on the
redox reaction time. Another interesting observation was that the
lamellar platelets initially looked very soft and foldable.'*

Figures 3a and 3b show SEM and TEM images of the
product obtained using a KMnQO4/OA ratio of 1:1 after redox
reaction for 5Sh. The clear contrast between the dark edge and
the gray center of each nanosphere (Figure 3b) is evidence of
its hollow nature. A close look at the shells shows that they con-
sist of shorter and thinner platelets than the above honeycomb
BirMnO, nanospheres. Their size distribution is also not as
uniform as that of the latter. It is very interesting that both the
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Figure 2. TEM images of honeycomb MnO, nanospheres
obtained after different redox times: 0.5 (a), 2 (b), 5 (c), and
20h (d), respectively. Scale bar: 50 nm.

Figure 3. SEM (a) and TEM (b) images of hollow MnO; nano-
spheres (KMnQO4/OA = 1:1).

honeycomb and hollow BirMnO; nanospheres had no changes in
morphology upon ultrasonic treatment (120 W) for 30 min,
indicating the robustness of the nanospheres.

Based on the above results, a plausible mechanism was
proposed and is shown in Scheme 1. Oleic acid has a hydrophilic
carboxyl head group and a hydrophobic alkene chain, which can
form a stable O/W emulsion at appropriate concentrations
(Process a). In the emulsion, the reaction quickly occurs between
KMnOy, and oleic acid at the O/W interface and produces MnO,
nuclei there (Process b). At low KMnO, concentrations, small
amounts of lamellar MnO, nanoplatelets are produced and
organized along the radius direction, and thus an unstable shell
of loosely packed nanoplatelets is formed (Process c). Removal
of oleic acid and formed cis-diol by rinsing with ethanol results
in collapse of the shell, giving ordered honeycomb nanostruc-
tures (Process d). In contrast, large amounts of lamellar nanopla-
telets are produced and densely packed with each other at high
KMnO, concentrations. Thus, a robust BirMnO, shell is formed
(Process e), which is self-supporting even after removal of oleic
acid and formed cis-diol. Eventually, hollow nanospheres are
formed (Process f).

In summary, a novel approach to preparation of BirMnO,
nanostructures was developed. It involves a redox reaction
of KMnOj4 and oleic acid at the O/W interface, followed by
self-assembly of formed BirMnO; nanoplatelets into BirMnO,
nanostructures. Both monodisperse honeycomb and hollow
BirMnO, nanospheres were prepared at room temperature in
high yields depending on the molar ratio of KMnQO,4/OA. Nitro-
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Scheme 1. Plausible formation mechanisms of honeycomb and
hollow BirMnO; nanospheres.

gen absorption—desorption measurements showed that these
BirMnO, nanostructures have mesoporous structures that are
assembled from lamellar nanoplatelets. Such unique nanostruc-
tures may have enhanced physicochemical properties such as
enhanced electrochemical properties and catalytic activity in
oxidative degradation of contaminants.”!%!!
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