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We report a simple and effective method for the generation of bulk-quantity nanorods of manganese
oxide, Mn,O,4, under surroundings of a suitable surfactant and alkaline solution. It is found that the
Mn3;O, nanorod is smooth, straight, and that the geometrical shape is structurally perfect, which is
produced with lengths from several hundreds nanometers to a few micrometers, and diameters range
from 10 nm to 30 nm. We amazedly found that the dripping speed of the NaOH solution plays an
important role in formation of bulk-quantity M@, nanorods. The difference of dripping speed of

the NaOH solution leads to a large difference of J@p morphologies, which is observed in the
transmission electron microscopy images. The growth of thgQyimanorods is suggested first to
follow a self-catalyzed solution-liquid-solid mechanism.2005 American Institute of Physics

[DOI: 10.1063/1.1923753

One-dimensional nanostructures have stimulated gredahe growing of nanoparticles. The fabrication can be de-
interest among materials scientists because of their peculiacribed in detail as follows: An appropriate amount of
properties and potential applicatioh<Considerable efforts MnCl,-4H,0 was dissolved in distilled water, 2.5 M,8,
have been devoted to report on the bulk-quantity synthesis folution, and an appropriate amount of surfactant
nanorods or nanowires using arc dischardmser ablatiorf, ~ CigHNaO;S were added to the Mnglsolution, respec-
template’ solution® vapor-liquid-solid® and other methods. tively. Then, 2.5 M NaOH solution was dripped into the
Artificial nanostructured materials have potential technical@bove system quickly or very slowly, respectively. The heat-
applications because of their distinctive optical, mechanicaling temperature was set at 200 °C for the chemical reaction
electrical, acoustic, and magnetic properfiédanganese ox- and the growth of MgO, nanocrystals. After the reaction,
ide is an important catalyst for removing carbon monoxidethe solution became a suspension, immovably keeping it for
and nitrogen oxide from waste gas, and is also used to pre2 h, the precipitation occurred. The reaction equation is:
duce soft magnetic materials such as manganese zinc ferrite.

Various manganese oxides have aroused attention due to 3MnCl,+ H,0,+ 6NaOH— Mn3O,4+ 6NaCl + 4H0.
their catalysis, ion-exchange, electrochemical, molecular ad]—.

sorption, and magnetic properties. These materials have al inding, it was put into a muffle furnace for heating at

attracted interest recently as an electrochromic material &by o~ for 2 h and a pure M@, black powder was ob-
anodic coloration since they have a reversible color Changﬁained ' 4

0
from brown_(cs lored statt))ato ye”o_W (bleaclhed_sta)el | oxi Raman scattering measurements were obtained by back-
Mn;0O, is known to be an active catalyst in several OXi- go4ttering geometry with a SPEX-1403 laser Raman spec-

dations and reductions, and can be used as a catalyst for the neter. The excitation source was an argon-ion laser oper-
oxidation of methane and carbon monoxiter the selective ated at a wavelength of 514.5 nm in the backscattering

reduction of pitrobenzen]éMore important, catalytic appli- - configuration and a low incident power to avoid thermal ef-
cations of different polymorphs of M@, (hausmannite  fects” X-ray diffraction’XRD) was performed with a Philips
(Ref. 13 have been extended to the combustion of organioenert diffractometer using Ca radiation (1.5418 A in
compounds at temperatures of the order of 373—773 Kefiection geometry. Proportional counter with an operating
These combustion catalytic technologies are of interest iNoltage of 40 kV and a current of 40 mA was used. XRD
relation to several air-pollution problems, allowing the limi- patterns were recorded at a scanning rate of 0.099nghe
tation of the emission of NOand volatile organic com- 24 ranges from 15 to 65°. A Philips CM20 transmission elec-
pounds from waste gases of different on_g’rﬁs‘[he discov-  tron microscope TEM) operating at an acceleration voltage
ery of Mn;O, nanorods may provide us with another kind of of 200 kv was used to determine the grain size distribution
manganese oxide with different characterlstlcs. o of the Mn,O, nanocrystals. High-resolution TEKHRTEM)
Mn3O, nanorods were prepared by chemical liquid ho-jmages of MRO, nanorods were obtained with a JEOL-2010
mogeneous precipitation method, which has been employedrRTEM with a point-to-point resolution 1.94 A operating at
to SyntheSize this nanorod by chemical reaction processex)Q kV7 and with the energy-dispersive X-ray spectroscopy
using reactants: Mng14H,0, NaOH, and HO,. Here, the  (EDS). This approach requires neither complex apparatus
H>0O, solution was used as an oxidant, and a surfactanfand sophisticated techniques nor templates, as usually
Ci1gH2gNaO;S, was added to the reaction mixture to preventheeded in other methods. Our findings indicate that other
nanorods or nanowires may be manipulated by using this

aAuthor to whom correspondence should be addressed; electronic maiBimple tgqhnique, and might. prOVid_e ir?Sight into the new
cnzwchen@yahoo.com.cn opportunities to control material fabrication.

he precipitation was separated and dried at 100 °C. After
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FIG. 1. Atypical XRD pattern of the sample prepared by the dripping speed=IG. 3. A typical TEM bright-field image of clusters of M@, nanopar-
of the NaOH solution was faster under a heating temperature at 200 °C fdicles, where the nanoparticles formed in the dripping speed of the NaOH
2 h, which was obtained using ®uv radiation(1.5418 A). solution was very slow.

We amazedly found that the dripping speed of the NaOHect. The chemical composition of the nanorods was deter-
solution plays an important role in formation of bulk- mined by EDS to be close to M@.,.
guantity MnsO4 nanorods. Figure 1 shows the XRD pattern HRTEM studies provide further insight into the micro-
of sample prepared by the dripping speed of the NaOH sostructural characterizations of these j@y nanorods. Figure
lution was faster under a heating temperature at 200 °C fo2(b) is a typical HRTEM image of a single M@, nanorod
2 h. All of the diffraction peaks can be indexed to the tetrag-with about 9 nm in width and larger than 200 nm in length.
onal hausmannite structufgpace group: 141/amaf Mn;O,  The profile of the fringes implies that the geometrical shape
with lattice constanta=5.762 A andc=9.470 A, which are of this nanostructure is likely to be a nanorod, where the
consistent with the standard values for bulkJ@a. No char-  smooth and straight of the nanorod is evident. With a change
acteristic peaks of impurities, such as other forms of mangain the dripping speed of the NaOH solution, a large differ-
nese oxides, were detected. ence was observed in the TEM images. Figure 3 shows the

The TEM bright-field image[Fig. 2a)] shows that a TEM image of MnO, nanoparticles under the dripping
typical distribution in morphology for the sample preparedspeed of the NaOH solution is very slow, and the heating-
by the dripping speed of the NaOH solution was faster undetemperature at 200 °C for 2 h as compared to Fig). Zhis
a heating temperature at 200 °C for 2 h. It is evident that théndicates the dripping speed of the NaOH solution is a cru-
samples consist of bulk quantity of one-dimensional nanocial factor in the preparation of M@, nanorods. It deter-
rods with lengths from several hundreds nanometers to a fewines the chemical reaction rate, which has important effect
micrometers, and diameters range from 10 nm to 30 nmon the growth of the MgO, nanorods. As seen in Fig. 3,
TEM image reveals that the M@, nanorod is smooth, there are many small particles of a roughly spherical shape.
straight, and that the geometrical shape is structurally perFhe contrast of the particles in different regions of the TEM
image indicates different densities, which may be related to
the grain sizes.

Figure 4 exhibits the Raman spectra of the sample pre-
pared by the dripping speed of the NaOH solution was faster
under a heating temperature at 200 °C for 2 h. Three peaks
at 657.8, 370.4, and 316.5 chwere observed, in agreement
with literature reference values for N@,.*> The peak at
656 cnT!is characteristic of the Raman spectrum of J@p,
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FIG. 2. (a) A typical TEM bright-field image of clusters of M@, nanorods.

(b) An HRTEM image of the single Mj©, nanorod shown itfa), where the FIG. 4. Raman spectra of M@, nanorods, which was prepared by the

nanorod formed in the dripping sneed of the NaOH solution was fastedripping speed of the NaOH solution, was faster under heating temperature

under a heating temperature at 200 °C for 2 h. at 200 °C for 2 h.
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which was found on mineralogical hausmannite, as well awantageous features for the fabrication of transition metal
the chemically prepared sample or commercial powder. Thisxide nanorods. First, this method is simple, effective, and
peak was typical of a spinel structure. reproducible. Second, highly crystalline nanorods are ob-
The formation process of the M@, nanorods could be tained directly. Third, no additional transition metals are
divided into two stages from a chemical reaction point ofadded as catalysts for the formation of nanorods. The growth
view. In the first stage, the starting materials Mp@nd  of the nanorods is suggested first to follow a self-catalyzed
H,0, were dispersed into the surroundings of a suitable surS|.S mechanism. When suitable synthetic parameters, such
factant. In the second stage, Mp@las oxidized by HO,t0  as reaction temperature and time, are chosen, it is reasonable

Mn30, in a suitable alkaline solution. Here, the appropriateto expect that this method can be extended to obtain other
concentration NaOH solution was introduced into the abovgrgnsition metal oxide nanorods or nanowires.

system. Although the chemical reaction was rather simple,

the formation of the MgO, nanorod would involve a very The work described in this letter was fully supported by
complicated process, because the nanorods can only fegrant from the Research Grants Council of the Hong Kong
formed under a faster dripping speed of the NaOH solutionSpecial Administration Region, ChindProject No. CityU
We can reasonably speculate about the;®jnhnanorod for-  101303.
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