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Manganese oxide nanofibers with layered structure and
�-MnOOH structure have been prepared from a layered manga-
nese oxide by using a self-assembling hydrothermal process.
This process includes preparation of manganese oxide nano-
sheets by exfoliating the layered manganese oxide, self-assem-
bling the nanosheets with a cationic surfactant into a nanocom-
posite, and transforming the nanocomposite into the nanofibers
under hydrothermal conditions.

Recently, nanoscale manganese oxides attract much atten-
tion in both applied and basic researches because of their semi-
conducting and magnetic properties.1–3 The manganese oxides
have potential applications in ion sieves, molecular sieves, cata-
lysts, cathode materials of secondary rechargeable batteries, and
new magnetic materials.1,4,5 Stable nanoparticles of manganese
oxide are difficult to be prepared because of the strong tendency
of manganese oxide to precipitate or coagulate during the syn-
thesis.6 Recently, exfoliation behaviors of manganese oxides
with layered structure have been investigated, and it has been
reported that tetramethylammonium hydroxide solution
(TMAþOH�) is an excellent exfoliating agent for the layered
manganese oxides.7,8 TMAþ ions can be intercalated into the in-
terlayer of manganese oxides, and the intercalated layered man-
ganese oxide can be exfoliated to nanosheets of its elementary
layer by swelling in a large amount of water. The exfoliated
nanosheet is a new interesting nanomaterial, and this material
can also be utilized as a precursor for preparation of other nano-
materials. We have prepared a MnO2/Ni(OH)2 sandwich lay-
ered compound by restacking the manganese oxide nanosheets
with Ni2þ in a solution.9 Very recently, Ma et al. have reported
that the nanosheets can be rolled into nanotubes.10

In the present study, we develop a novel self-assembling
hydrothermal process for the preparation of manganese oxide
nanofibers from a layered manganese oxide. This process
includes preparation of manganese oxide nanosheets by exfoliat-
ing the layered structure, self-assembling the nanosheets with a
cationic surfactant into a nanocomposite, and transforming the
nanocomposite into nanofibers by hydrothermal reaction.11

The starting material, a colloidal solution of manganese
oxide nanosheet, was prepared by exfoliating a birnessite-type
manganese oxide with a layered structure in TMAþOH� solu-
tion, as described in the literature.7 The manganese content in
the nanosheet colloidal solution was adjusted to about 0.01
mol/L. A cationic surfactant (n-hexadecyltrimethylammonium
chloride, CTAC) solution (0.3M, 10mL) was added into the
nanosheet colloidal solution (100mL), stirred for 2 h at room
temperature, and then hydrothermally treated for 2 days under
autogenous pressure in a Teflon-lined stainless steel autoclave.

After the hydrothermal treatment, the product was separated
from the solution by centrifuge, then rinsed with distilled water
to remove the residual surfactant, and finally dried by a freeze
drier.

When the CTAC solution was added into the nanosheet
colloidal solution, the exfoliated nanosheets were reassembled
into a manganese oxide–CTAþ nanocomposite precipitate (as-
prepared manganese oxide–CTAþ nanocomposite) immediate-
ly, owing to attraction between negatively charged nanosheet
and positively charged CTAþ ion. This sample has a layered
structure with a basal spacing of d ¼ 2:63 nm (Figure 1A).
The basal spacing of 2.63 nm was larger than 0.96 nm for the
TMAþ–birnessite obviously,7 indicating CTAþ ions were inter-
calated into the layered structure. The structure of the product
was dependent on the hydrothermal reaction temperature (Figure
1). The product retained the layered structure up to 130 �C, but
the basal spacing of the product increased from 2.63 to
2.80 nm, suggesting that a rearrangement of CTAþ ions or/and
water molecules in the interlayer space enlarged the distance be-
tween two neighboring MnO6 sheets. The diffraction peak of the
layered phase became less intense gradually with increasing the
reaction temperature up to 130 �C, owing to decrease of the crys-
tallinity of the layered phase. In the temperature range above
140 �C, the sample lost the layered structure completely, and
transformed to a �-MnOOH phase, indicating that the layered
phase is unstable under the high temperature conditions. The
TG–DTA and FTIR analyses indicated that the elimination of
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Figure 1. XRD patterns of (A) as-prepared manganese oxide–
CTAþ nanocomposite, and samples obtained by hydrothermal
treatment of the nanocomposite at (B) 110 �C, (C) 120 �C, (D)
130 �C, (E) 140 �C and (F) 150 �C, respectively. : layered
phase; : �-MnOOH phase (JCPDS No. 41-1379).
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CTAþ ions from the solid phase to the solution was accompa-
nied by the structural transformation, and no CTAþ ion was de-
tected in the �-MnOOH samples.

Particle morphology of the sample changed dramatically
with increasing the hydrothermal reaction temperature (Figure
2). The as-prepared manganese oxide–CTAþ nanocomposite
has sheet-like particle morphology. The sample prepared at
120 �C shows needle-like morphology, and the samples prepared
above 130 �C show fibrous particle morphology. These fibrous
particles have dimensions of about tens of nanometer in diameter
and tens of micrometers in length. These results indicate that the
layered manganese oxide nanofibers can be obtained at 130 �C,
and the �-MnOOH nanofibers can be obtained at higher temper-
atures.

A TEM analysis on the morphology transformation process
suggested that the nanofibers were formed by split of the sheet-
like particles of the as-prepared nanocomposite under hydrother-
mal conditions. The sample obtained at 110 �C shows fringe-like
particle morphology with alternating dark and bright contrast
(Figure 2E), revealing that the sheet-like particles begin to be

split into the fibrous particles. After hydrothermally treated at
130 �C, fibrous particles were formed, but some fibrous particles
still linked together. Above 140 �C, completely individual fibers
were obtained. The high-resolution TEM images for the individ-
ual fibers show clear interplanar lattice fringes (Figure 2F), indi-
cating each fiber is a single crystal, and the fibrous axis is parallel
to the (100) plane of �-MnOOH phase.

On the basis of the experiment results, we suggest a transfor-
mation mechanism from the sheet-like particles to the nano-
fibers. The CTAþ ions in the interlayer spaces of the as-prepared
nanocomposite tend to self-assemble together to form rod mi-
celles. As the result of this tendency, the sheet-like particles
are split into the nanofibers, and form the layered manganese ox-
ide nanofibers in the low temperature range. The dissolution re-
action of the manganese oxide under the hydrothermal condi-
tions promotes the split of the sheet-like particles. Above
140 �C, the layered structure transforms to the �-MnOOH struc-
ture and releases CTAþ ions without changing the morphology
of the nanofibers.

In summary, we succeed in the preparation of the layered
manganese oxide and �-MnOOH nanofibers by using the self-
assembling hydrothermal process. The surfactant ions play an
important role in the formation of the nanofibers. We believe that
the process developed here has potential applications for the
preparations of other metal oxide nanofibers from their nano-
sheets.

References
1 L. Hueso and N. Mathur, Nature, 427, 301 (2004).
2 W. Wang, C. Xu, G. Wang, Y. Liu, and C. Zheng, Adv.

Mater., 14, 837 (2002).
3 X. Wang and Y. Li, Chem. Lett., 33, 48 (2004).
4 A. R. Armstrong and P. G. Bruce, Nature, 381, 499 (1996).
5 Q. Feng, H. Kanoh, and K. Ooi, J. Mater. Chem., 9, 319

(1999).
6 S. L. Block, M. Sanabria, S. L. Suib, V. Urban, P.

Thiyagarajan, and D. I. Dotter, J. Phys. Chem. B, 103,
7416 (1999).

7 Z. Liu, K. Ooi, H. Kanoh, W. Tang, and T. Tomida,
Langmuir, 16, 4154 (2000).

8 Q. Gao, O. Giraldo, W. Tong, and S. L. Suib, Chem. Mater.,
13, 778 (2001).

9 Y. Xu, Q. Feng, K. Kajiyoshi, K. Yanagisawa, X. Yang, Y.
Makita, S. Kasaishi, and K. Ooi, Chem. Mater., 14, 3844
(2002).

10 R. Ma, Y. Bando, and T. Sasaki, J. Phys. Chem. B, 108, 2115
(2004).

11 Z. Tian, Q. Feng, and K. Ooi, Abstract of 9th Young
Ceramist Meeting in Chushikoku (in Japanese), Dec. 2002,
pp 80–82.

50nm 5nm

A B

C D

E F

Figure 2. SEM images of (A) as-prepared manganese oxide–
CTAþ nanocomposites, and samples obtained by hydrothermal
treatment of the nanocomposite at (B) 120 �C, (C) 130 �C, and
(D) 140 �C, respectively, and TEM images of samples obtained
at (E) 110 �C, and (F) 150 �C.
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