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Growth and magnetic properties of MNnO  ,_s nanowire microspheres

J. B. Yang,® X. D. Zhou, and W. J. James
Graduate Center for Materials Research and Departments of Physics and Chemistry,
University of Missouri—Rolla, Rolla, Missouri 65409

S. K. Malik
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C. S. Wang
School of Physics, Peking University, Beijing 100871, People’s Republic of China

(Received 28 April 2004; accepted 15 August 2004

We report the synthesis of MOy microspheres using hydrothermal and conventional chemical
reaction methods. The microspheres of MnQOconsist of nanowires having a diameter of
20-50 nm and a length of 2—8m. The value of oxygen vacancy estimated from x-ray
photoelectron spectrum is 0.3. The magnetization versus temperature curve indicates a magnetic
transition at about 13 K. It is found that a parasitic ferromagnetic component is imposed on the
antiferromagnetic structure of MnQ;, which might result from distortion of the lattice structure

due to oxygen vacancies. The magnetic transition temperafui® about 10 K lower than that of

the bulk MnQ single crystal. ©2004 American Institute of PhysidPDOl: 10.1063/1.1805699

The possibility of controlling the structure and the magnetic measurements and x-ray photoelectron spectros-
chemical composition of materials at the nanoscale level isopy (XPS).
of great interest for both basic science and technological ap- The materials synthesized here were prepared by oxida-
plications. In particular, one dimensionélD) nanometric  tion of hydrated manganese sulfate MnSB,O with an
structures of oxides have attracted intensive atterffidRor ~ equal amount of ammonium persulfattNH,),S,0g."
example MnQ has distinctive properties which have enabledMnSQ,.H,0 (0.08 mo) and (NH,4),S,0g (0.08 mo) were
its use as catalysts, ion-sieves, and electrode mat&tfals. dissolved in 150 ml distilled water at room temperature to
Both a- and y- MnO, are potential candidates for cathode form a clear solution. Half of the solution was transferred
and catalysts in Li/Mn@batterie§. They can be converted into a stainless steel autoclave, sealed and maintained at
into Li;_Mn,0, cathode by electrochemical ‘Lintercala- 120°C for 12 h. Another half of the solution was kept at
tion, in which Li* was inserted or extracted during the charg-room temperature in air for 6 h. After the reaction, the re-
ing or discharge process. Mp@anowires are of great inter- sulting black solid from each solution was filtered and
est due to the fact that their morphology simultaneouslywashed with distilled water and acetone several times, then
minimize the distance over which Linust diffuse during the dried at 60°C for 24 h. XRD using Ck, radiation shows
discharge and charging proces&dis may provide the op- the material to be single phase;MnO,. The magnetization
portunity to determine the theoretical operating limits of acurves of the samples were measured using a superconduct-
lithium battery as the 1D nanowire is the smallest structuréng quantum interference device magnetometer in a field of
for the efficient electron transport. Mp@anowires or nano- up to 6 T from 1.5 to 300 K. The morphology was studied
structure materials also contain much higher surface areasing SEMJEOL-6340F and TEM. X-ray photoelectron
which may become more ideal host materials for the inserspectra were collected using a “KRATOS” model AXIS
tion and extraction of lithium ions and chemical reactions.165 XPS spectrometer with a Mg source and an Al
Therefore, well-defined 1D nanostructures appear as a mughonochrometer.
better candidate for studies on the space-confined transport Figure 1 shows the x-ray diffraction patterns of the
phenomena as well as applications. Considerable effort hegamples obtained by both methods. The diffraction peaks can
been made to prepare bulky or nanocrystalline Mn@th  be indexed toa-MnO, with lattice parametera=9.784 A
different structure$™*? Recently, single-crystal MnQ andc=2.863 A, space groupt/m. The XRD pattern of the
nanowires have been synthesized using a hydrothermal
method"? MnO, also possesses an interesting magnetic
structure™* " Very few investigations on the magnetic prop-
erties of nano-sized Mn-oxides have been reported. In this
letter, we report the synthesis of microspheres of MO
consisting of nanowires. The microspheres were prepared us-
ing both hydrothermal and room temperature chemical reac-
tion methods. The structure, morphology, composition, and
magnetic properties of the Mn-oxide microspheres were
studied using x-ray diffractiofXRD), scanning electron mi-

Intensity (a.u.)

croscopy(SEM), transmission electron microscogyEM), 26 (degree)

FIG. 1. X-ray diffraction patterns of the sample prepared by the hydrother-
3Electronic mail: jinbo@umr.edu mal method(a) and room temperature reactidi).
0003-6951/2004/85(15)/3160/3/$22.00 3160 © 2004 American Institute of Physics
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FIG. 2. The SEM@a—(d) and TEMe) images of the Mn-oxidega) and(b)
prepared by hydrothermal metho@;) and (d) prepared at room tempera-
ture; () TEM image prepared by hydrothermal method.

room temperature treated samgleig. 1(b)] shows much

broader, and less intensive peaks, due to its smaller grain siz
and the many crystal defects. There are some changes in th

relative peak intensities in Fig.(ld), suggesting a preferred

orientation among the Mn-oxide grains. The mean size of the

particles[Fig. 1(a)] is about 40 nm as determined by the
Scherrer formula using the width of tfi211] peak from Fig.
1(a), and was further confirmed by SEM and TEM imaging
(Fig. 2.

Figure 2 shows the SENMa)—(d)] and TEMe) images of
the samples prepared by the two methods. Figu¢asahd
2(b) show a sea urchin-like sphere with a diameter of
4-8 um for the sample prepared by the hydrothermal

method. These microspheres consist of bundles of smal

wires with a diameter of 20-50 nifsee TEM imagge)].
Figures 2c) and 2d) show the typical morphology of the
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FIG. 3. Room temperature x-ray photoelectron spectrum of Mp@re-
pared by the hydrothermal method.

spheres by aggregation of the nanowires is favored by a de-
crease in the total surface energy of the system.

A typical room temperature x-ray photoelectron spec-
trum of the Mn_s prepared by the hydrothermal method is
plotted in Fig. 3. The peaks of M¢Bs,3p,2p,2s) and
O (1s,2s) are observed. Auger peaks from Mn and O are
also observed as ®LL and MnLMM lines. The binding
energies of the Mn23/2 and 1/2 states are 641.5 and
653.6 eV, respectively, which are lower than those of the
standard MnQ@ (642.1 and 653.8 e)\/18 The decrease in
binding energy is likely due to the oxygen vacancies formed
in these materials which would decrease the Mn—O bond
strength. The estimated relative ratio of Mn to O is 37:63
corresponding to a composition of about MpO

Figure 4 shows the zero field coolin@FC) and field
cooling (FC) magnetization curves of Mns prepared by the
hydrothermal method measured under different magnetic
fields. A kink is observed at about 13 K in Figg@ayand

MnO, obtained by the reaction carried out at room tempera-
ture. The diameter of these microspheres varies from 1 tc
4 pm. The microspheres are also made up to smaller needle
like wires, however, they are not sharply defined as com-
pared to the samples made by the hydrothermal method. Th
hydrothermal treatment increases the diameter of the micro:
spheres and the length of the nanowires. It is found that the
concentration of the solution is very important in forming the

microspheres. The microspheres can be synthesized when tﬁé%

Mn?* concentration is higher than 0.3 mol/L.
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4. The temperature dependence of the magnetization curves under zero
cooling (ZFC) and field cooling(FC) for MnO,_s prepared by the
It suggestshydrothermal methoda) H=50 Oe,(b) H=1 kOe(c) H=10 kOe. The inset

that, at high MA* concentrations, the formation of micro- in (a) is for the sample made at room temperature.
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! ' ! ' ' MnO,_s microspheres have been synthesized using hy-
8 —— T=300K o] drothermal and room temperature chemical reaction meth-
ods. The microspheres consists of MnPnanowires having
1 a diameter of 20—50 nm and a length of 2g81. The esti-
mated value of the oxygen vacanéyfrom XPS data is 0.3.
. The magnetic measurements indicate that Mh@s an anti-
feromagnetic structure with a parasitic ferromagnetic compo-
4 nent below the Néel temperaturéy. Ty is about 13 K,
which is 10 K lower than that of bulk Mngsingle crystals.

M (emu/g)
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