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Direct architecture of complex nanostructures is desirable and (A = 0.15406 nm) operating at 40 mA and 45 kV. All observed
still remains a challenge in areas of materials sciérizee to their peaks can be indexed to a pure tetragonal cryptomelane (OMS-2)
size- and shape-dependent electronic and optical properties, muctphase with lattice parameteais= b = 9.82 A andc = 2.85 A. The
effort has been made to control morphologies of transition metal sharp peaks of Figure 1A imply larger crystallinity. This is in
oxide nanoparticles and to organize them into complicated 3D contrast to that of B, in which OMS-2 nanoparticles were
structures using templatés’.n particular, manganese _oxides havg synthesized at higher temperature (1€0). The peaks of B are
attracted much attention because they have extensive applicationgyroader, implying smaller crystallinity. Notable preferred orienta-
in many chemical processes due to their porous structures, acidity tions were also observed for (220), (400), (330), (420), and (510)
ion-exchange, separation, catalysis, and energy storage in secondanyanes of OMS-2 synthesized at lower temperature (120
batteries. Using_organic templates, such as trimethy!amin_e (TMA), The morphologies of as-synthesized microporous OMS-2 were
manganese oxides have been successfully organized into Macrogyained by field emission scanning electron microscopy (FESEM).
scopic rings and helices via sedel processes.However, the Figure 2 reveals that, at 120C, the nanoparticles can be

methods mentioned above all need further purification, so impurities self-organized into dendritic nanostructures with diameters of each

will be introduced. Subsequent procedures are needed to obtain
. : cluster of about 4um. The nanocluster arrays are composed of
pure products. Thus, facile and organic template-free methods are

. . . . . - _uniform tetragonal prism nanorods with square cross-sections. The
highly desired for synthesis of manganese oxide nanoparticles WlthI th of h individual dis ab . The lenath of
complex 3D structures. ength of each individual nanorod is aboutu. The length o

Manganese oxide octahedral molecular sieves (OMS) are aclasseach side of the square is about 200 nm. The nanorods of each

of microporous transition metallic oxides with various kinds of CluSter originate from the same core particles. However, increasing
tunnel structures that can be synthesized via controlling synthetic temperature (186C) leads to formation of dandelion-like micro-
conditions, such as temperature, concentration, pH, and cétions. SPheres with diameters of about gn. The microspheres are
Manganese oxide molecular sieves are semiconducting mixed-composed of OMS-2 nanoneedles with sharp tips, as shown in
valence catalysts that have distinct advantages over aluminosilicateFigure 3. The OMS-2 nanoneedles have diameters of about 40 nm
molecular sieve materials for applications in catalysis due to the and lengths of about 2.6m.
mixed-valence charactérin particular, cryptomelane-type man- The products were further characterized by transmission electron
ganese oxide (OMS-2) nanoparticles can be easily prepared viamicroscopy (TEM), as shown in Figure 4. Electron diffraction
reflux at lower temperaturésHowever, synthesis of OMS-2  patterns of individual nanorods and the clear lattice fringes clearly
nanoparticles with uniform shapes and organization of them into show that the OMS-2 nanoscale tetragonal prisms are single
ordered 3D nanostructures is still a challenge and requires precisecrystalline. The width of two neighboring lattice fringes corresponds
control over synthetic parameters, such as temperatures, aciditiesto the (200) planes. The width of 6.67 A from neighboring fringes
and redox potentials. Herein, we report the preparation of uniform of individual nanowires corresponds to (110) planes of crypto-
OMS-2 3D dendritic and spherical nanostructures under mild melane-type OMS-2. Further investigation of electron diffraction
hydrothermal conditions. (ED) of individual nanoscale tetragonal prisms shows that the
In a typical synthesis, 12 mmol of Mng®;0 and 4 mmol of  growth direction of each individual nanorod is along [001] with
K2Cr,O7 were mixed with 15 mL of deionized (DI) water, followed growth axis planes of (002). Figure 4 C,D also shows single-

by an addition of 1.542 mL of k8O, to form a clear solution,  crystalline OMS-2 nanowires from OMS-2 mesoscopic spheres with
which was then transferred to a 23 mL Teflon-lined autoclave. The diameters of about 40 nm auispacings of 6.67 A that correspond
autoclave was sealed and heated in an oven at°C2for 12 h. to (110) planes.

The resulting black slurry was rinsed with DI water several times
to remove soluble impurities. The product was dried in an oven at
120°C for 4 h. The whole process can be easily adjusted to prepare
manganese oxide with different 3D nanostructures by simply
increasing temperature to 18C while keeping other conditions
unchanged. Further characterization methods include X-ray dif-
fraction (XRD), scanning electronic microscopy (SEM), and
transmission electron microscopy (TEM).

X-ray powder diffraction (XRD) analyses of the products were
carried out on a Scintag X-ray diffractometer with Ca Kadiation

Formation of uniform and monodisperse nanostructures requires
precise control over nucleation and growth proce8sese redox
potential of CsO2~/Cr3* (1.33 V) is just a little bit higher than
that of Mrnft/Mn2* (1.23 V), so that the reaction is mild and slow,
resulting in formation of well-organized OMS-2 complex morphol-
ogies. Temperature also plays an important role in controlling
OMS-2 morphologies by means of controlling nucleation processes.
Increasing temperature facilitates homogeneous nucleation, resulting
in formation of OMS-2 microspheres. Interfacial tension and
hydrophilic surfaces of OMS-2 nanocrystals may be the driving

Ig‘gggﬁfﬁg;t"ﬂg}tgﬂ;i‘x”ce- forces for the formation of dendritic and spherical OMS-2 nano-
I Department of Chemical Engineering. structures. By means of using other dichromate and chromate salts
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Figure 1. Representative XRD patterns of as-synthesized OMS-2 3D
nanostructures obtained by hydrothermal treatment of manganese sulfate
and potassium dichromate under acid conditions. (A) OMS-2 synthesized
at 120°C; (B) OMS-2 obtained at 180C. (The peaks of A and B can all

be indexed to pure cryptomelane-type OMS-2 phase.)

Figure 4. Selected area TEM (SATEM) images of individual OMS-2
nanorods and nanowires. (A and B) TEM images of an individual
nanotetragonal prism. (C and D) SATEM of an individual nanowire from

a microsphere. Insets of B and D: electron diffraction patterns of A and C,
respectively.

OMS-2 originated from primary microporous structures of cryp-
tomelane-type manganese oxides, secondary structures of uniform
- - nanoparticles, and tertiary architectures of microscopic arrays. These
B - OMS-2 nanoparticles with specific structures may find potential

Figure 2. SEM images of OMS-2 dendritic clusters composed of g jications in sensors, catalysis, biomarkers, microelectronics, and
nanotetragonal prisms with square cross-section obtained from hydrothermal t

reaction at 120C, 12 h. (A-C) Detailed views of the same cluster with energy storage.
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