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Abstract Manganese dioxides with various morphologies

were prepared using a common hydrothermal method with-
out any templates or additives. The evolution of the mor-

phology was accompanied by the gradual conversion of the

polymorphic forms from c-type to b-type. Meanwhile,

MnO2 microspheres, urchin-like nanostructures and nano-

wires were successfully synthesized. The products were

characterized by X-ray diffraction, X-ray photoelectron

spectroscopy, scanning electron microscope and transmis-

sion electron microscope. The evolution process can be
explained by the Ostwald Ripening mechanism.
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type, core-shell structure, nanowires

1 Introduction

Nanostructured inorganic materials have special optical,
electrical, mechanical and thermal properties, and have
received more and more attention. MnO2 as an important
functional inorganic material has been widely used in the
field of catalysts and electrode materials [1–4]. MnO2 has
many kinds of polymorphs, such as a-,b-,d-,c-, and e-type
when the basic unit [MnO6] octahedron links in different
ways. Up to now, 1D, 2D and 3D hierarchical MnO2 have
been reported. However, most of the work only studied a
special MnO2 morphology. Tang et al. [5] had obtained
dandelion-like b-MnO2. Xie et al. [6] and Li et al. [7] pre-
pared sisal-like nanostructured c-MnO2 and urchin-like
MnO2 microspheres using a hydrothermal method.
Zhou et al. [8] synthesized microsphere of aligned nano-
rods with PEG as directing agent.

The morphology of MnO2 has an important effect on

practical applications. Xie et al. [9] confirmed that

a-MnO2 hollow urchins performed better than other a-
MnO2 samples (solid urchins and dispersed nanorods)

when using as a cathode material in Li-ion batteries.

Yang et al. [10] reported that MnO2 nanorods have good

catalytic effect for methyl blue decomposition. Ma et al.

[11] proved that the layered MnO2 nanobelt is an ideal

cathode material for rechargeable Li-ion batteries.

In this work, the simple hydrothermal method used for

synthesizing MnO2 nanowires and MnO2 nanorods

reported by Li et al. [12,13] was adopted. By changing

the reaction time, the evolution process of the MnO2

microstructure from sphere to sunflower, core-shell and

finally to nanowire was studied and the evolution of the

morphology and crystal transformation of the MnO2

material was discussed.

2 Experimental

2.1 Reagents and instruments

Mn(SO4)2 (AR grade), was obtained from the Third

Tianjin Chemical Regent Factory and (NH4)2S2O8 (AR

grade) was from Tianjin Kermal Chemical Regent Co.

Ltd. A Shimadzu SS-550 scanning electron microscope

was used with a working voltage of 15 kV. A Rigaku D/

max-2500 X-ray photoelectron spectroscope was used

with a Cu Ka radial, a working voltage of 40 kV and a

working current of 100 mA.AKratos Axis Ultra DLDX-

ray photoelectron instrument with X monochromic X-

ray, a working voltage of 15 kV and a working current

10 mA was used. The pass energy of the wide spectra is

80 eV and the pass energy of the high resolution spectra is

40 eV. The binding energy of XPS spectra is calibrated by

using contaminant carbon (C1S, 284.6 eV).

2.2 Experimental process

Hydrated manganese sulfate (MnSO4?H2O, 0.008 mol)

and an equal amount of ammonium persulfate

((NH4)2S2O8) were mixed with 20 ml distilled water at
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room temperature by magnetic stirring for 30 min. The

mixture was transferred into a Teflon-lined stainless steel

autoclave and maintained at 120uC at different reaction
times (40 min–48 h). After cooling to room temperature,

the mixture was filtrated and a black precipitate was

obtained. The precipitate was washed with distilled water

for several times and dried at 50uC for 36 h. Finally, a

black powder product was obtained.

3 Results and discussion

3.1 X-ray power diffraction (XRD) characterization

Figure 1 shows the XRD patterns of the products

obtained with different reaction times, and the diffrac-

tion peaks can be attributed to a-MnO2, b-MnO2 and

c-MnO2. As shown in Fig. 1(a), the product obtained

with a reaction time of 40 min was pure c-MnO2 (in

accordance with JCPDS 14-0644). Judging from the

weak and wide diffraction peaks, the c-MnO2 had a

small size or low crystallinity. After a reaction time

of 2 h, the main diffraction peaks of the product were

attributed to c-MnO2 as shown in Fig. 1(b), and it also

contained little a-MnO2 (in accordance with JCPDS

44-0141) and b-MnO2. After reaction time for 4 h, c-
MnO2 decreased and b-MnO2 increased in the product

as shown in Fig. 1(c). After a reaction time of 24 h, the
product was mainly b-MnO2 and had little a-MnO2 as

shown in Fig. 1-(d). After a reaction time of 48 h, the

product was pure b-MnO2 as shown in Fig. 1(e) (in

accordance with JCPDS 24-0725).

In this process, with the increase of the reaction time,

the c-MnO2 gradually transformed to b-MnO2. At the
same time, a-MnO2 appeared, and finally pure b-MnO2

was obtained. When the reaction time was prolonged,

the diffraction peaks gradually became narrow, indi-

cating that the crystallinity was increased and the phase

components become pure. Prolonging the reaction

time was beneficial for the b-MnO2 growth, indicating

that b-MnO2 was more stable than c-MnO2 in this
system.

3.2 X-ray photoelectron spectroscopy (XPS) detection

The XPS spectroscopic results of MnO2 after a reaction

time of 48 h are shown in Fig. 2. It can be seen that the

binding energy of Mn2p1/2 and Mn2p3/2 are 642.1 and

653.8, respectively, which are attributed to Mn4+. The
binding energy of O1s is 529.5 eV, which is attributed to

crystal lattice oxygen. This is consistent with the MnO2

spectrum reported in the literature [14].

3.3 Scanning electron microscope (SEM) and

transmission electron microscope (TEM) morphology

observations.

From the scanning electron microscope observations, after

a reaction time of 40 min, the diameter of the microsphere

product was smaller than 5 um as shown in Fig. 3(a).

Radially–aligned nanowires make up urchin-like spher-

ical MnO2 with diameters of about 4–8 um as shown in

Figure 3(b); the yield was very high. When the reaction

time was prolonged to 4 h, MnO2 spheres made up of

nanowire was also obtained as shown in Fig. 3(c). In
the inset, the nanowire was longer than that obtained

after a reaction time of 2 h. When the reaction time was

prolonged to 24 h, the product had a complex morpho-

logy due to the further growth of the one-dimensional

nanostructure as shown in Fig. 3(d), such as the core-

shell type and the sunflower-like type made up of nano-

wires as shown in Fig. 3(e). When the reaction time was

prolonged to 48 h, pure b-MnO2 nanowire was obtained
as shown in Fig. 3(f).

The product obtained after a hydrothermal reaction

time of 48 h was observed by transmission electron

microscopy (TEM) as shown in Fig. 4. The diameter of

nanowire was about 10–20 nm and the length was

about 500 nm.

3.4 Evolution process discussion

It can be deduced from the scanning electron microscopy

(SEM) images and the XRD pattern that the formation

of MnO2 nanowire mainly goes through three processes

as shown in Fig. 5: (1) solid spheres with a smooth sur-

face change to an urchin-like sphere made up of nano-

wires. During this process the c-MnO2 within the

microsphere is redissolved and recrystallized to form a-
MnO2 nanowires; (2) solid microspheres convert to

urchin-like hollow microspheres, where c-MnO2 grow

outward and form hollow microspheres; (3) The hollow

Fig. 1 XRD patterns of the products obtained with different
reaction time. (a) 40 min; (b) 2 h; (c) 4 h; (d) 24 h; (e) 48 h
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spheres which are made up of MnO2 nanowire convert to

nanowire. At this time, c-MnO2 continues growing out-

ward, and finally the core-shell structure is destroyed

and single b-MnO2 nanowire are formed, as shown in

Fig. 1(d). The XRD spectrum in Fig. 1 shows that the

a-MnO2 and c-MnO2 obtained gradually convert to b-

MnO2, and finally pure b-MnO2 is obtained. At the same

time, XPS analysis confirms that the product is pure

MnO2 as shown in Fig. 2. It can be concluded that the

MnO2 solid microspheres, under the Ostwald-Ripening

effect [15] gradually convert to hollow spheres and

finally to MnO2 nanowires. Similar growth processes in

the synthesis of ZnO and TiO2 have been reported in

literatures [16,17].

4 Conclusions

By changing the reaction time, different morphologies of

MnO2 was successively synthesized by using a hydro-
thermal method without any surfactant. The evolution

of the crystal growth process was also studied. Because

of the Ostward Ripening effect, MnO2 crystals gradually

form hollow core-shell spheres and finally form nano-

wires, accompanied by MnO2 crystal type conversion.

Because the microscopic morphology is important in the

application of functional materials [18,19], MnO2 materi-

als with different morphologies prepared by this simple
process have some potential application in the fields of

electrochemistry and catalysts.

Fig. 2 XPS spectra of Mn2p region and O1s region of the product obtained with reaction time for 48 h

Fig. 3 SEM images of the products obtained with different reaction time
(a) 40 min; (b) 2 h; (c) 4 h; (d) 24 h; (e) 24 h; (f) 48 h
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