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Abstract f-Mn,V,0; microtubes with a length of 15—
25 um, 2.5-3.5 pum external diameter, and ~ 0.4 pm wall
thickness, as well as ;-Mn,V,0; hollow microspheres
with an average outer diameter of 2 pm, were successfully
synthesized in a suitable molar ratio of NH4;VO; and
MnCOj; powders via a hydrothermal process. X-ray pow-
der diffraction (XRD) and field emission scanning elec-
tron microscopy (FESEM) were used to characterize the
products, and the magnetic susceptibility curve was also
measured. In the whole process, the concentration of
Mn?* cations derived from MnCOj; dissolution plays a
crucial role in the formation of $-Mn,V,0O; microtubes
and hollow microspheres.
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1 Introduction

Nowadays, much attention has been paid to the prepara-
tion and characterization of vanadates with special mor-
phology due to their abnormal behavior and subsequent
desirable properties which mainly deal with electrics and
magnetics [1,2]. Vanadium oxides and vanadates have
activated a new interest as promising electrode materials
[3-5]. This may be ascribed to their high-specific capacity
and layered crystal structure [6].

Although a number of synthetic means have been
developed to prepare vanadates with various sizes and
morphologies [7-12], these methods often suffer from
the requirements of high temperature, special condi-
tions, tedious procedures and surfactants or templates.

Received March 12

Yi LIU
Department of Chemistry, University of Science and Technology of
China, Hefei 230026, China

Yi LIU (), Yitai QIAN

Department of Chemistry, Zaozhuang University, Zaozhuang
277160, China

E-mail: liuyi67@ustc.edu.cn

Therefore, the development of practical methods for
large-scale preparation of vanadates at low cost is still
a great challenge for present and future study. f-
Mn,V,05, as a typical high-temperature phase of trans-
itional metal divanadates, always adopts the thortveitite
(Sc,S1,05) structure [13], which is composed of edge-
sharing MnOg octahedra, forming (MnQO3), layers con-
nected together by V,0, divanadate groups situated on
both sides of honeycomb-like cavities. All of the oxygen
atoms in the (MnQOsj), layers are shared with V,0,
groups, which adopt a staggered conformation with a
linear V-Oy-V moiety [14]. Such layered structures may
potentially contribute to the formation of tube-like
structures.

Up to now, in the case of the synthesis of f-Mn,V,07,
there are only few reports related to the solid-state reac-
tion at high temperature and the wet chemical reactions
at low temperature [14]. The synthesis of f-Mn,V,0,
microtubes and hollow microspheres have never been
reported. Among various conventional synthetic routes,
the hydrothermal method, as a wet chemistry method,
offers many advantages compared to the usual tech-
niques. One of the main advantages is that the hydro-
thermal synthetic route can directly obtain high-
crystallized powders with uniform grain size-distribution
and high purity. The hydrothermal method has also
been used for the single-crystal growth of various inor-
ganic materials. In this paper, a hydrothermal process
was used to prepare panhydrous Mn,V,0; microtubes
and hollow microspheres with a large-scale treatment of
bulky NH4VO3; and MnCOj3; powders without using any
template and surfactants.

2 Experimental

All reagents used in the experiments were of 99.9% purity
(Shanghai Chemical Reagents Co.) and were used without
further purification. In a typical procedure, 2 mmol of the
ammonium metavanadate (NH4VO;3) was dissolved in
20 mL of distilled water at 90°C under vigorous stirring,
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and then 1 mmol manganese carbonate (MnCQO3) was
added to the NH4VO; solution to form a heterogeneous
solution, which was transferred into a 50 mL stainless
steel autoclave with a Teflon-liner. The autoclave was
filled with distilled water up to 80% of its capacity.
After that, one experiment situation was that the auto-
clave was directly heated to 180°C for 16 h. In the second
experiment, the autoclave was first heated to 90°C for 8 h,
and then maintained at 180°C for 16 h. Finally, the auto-
clave was cooled to room temperature naturally. The pro-
ducts were carefully collected and washed with distilled
water and absolute ethanol several times to remove the
residues, and then dried in a vacuum at 80°C for 1 h. The
as-prepared products direct heated to 180°C for 16 h were
p-Mn, V>0, microtubes. The products first aged at 90°C
for 8 h and then maintained at 180°C for 16 h were f3-
Mn,V,05 hollow microspheres.

X-ray powder diffraction (XRD) pattern was taken
on a Japan Rigaku D/max-yA X-ray diffractometer
equipped with graphite monochromatized Cu Ko radi-
ation (4 = 0.15418 nm). Field emission scanning electron
microscopy (FESEM) images were taken with a JEOL-
6700F scanning electronic microanalyzer. Magnetic
properties were measured on a MPMS XL-7 SQUID
magnetometer.

3 Results and discussion

Figure 1 shows the XRD patterns of the as-prepared f-
Mn,V,0; hollow microspheres and the tubular f-
Mn,V,05 crystals, respectively. Figure 1(a) is the XRD
pattern of the as-prepared -Mn,V,0; microtubes. The
peaks are in agreement with monoclinic Mn,V,07 [S.G.:
C2/m (12)]. Figure 1b is the XRD pattern of the mono-
clinic Mn,V,0O; hollow microspheres. All diffraction
peaks could be indexed as a monoclinic structure
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Fig. 1 Typical XRD patterns of the as-prepared Mn,V,0,
samples: (a) Mn,V,0; microtubes, (b) Mn,V,0; hollow micro-
spheres
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Mn,V,0, with cell constants «=6.70A, b=8.72A,
¢=4.96A, p=104.2°, which are in agreement with the
reported value (JCPDS No. 22-0436, a= 6.71A,
b=8.726A, ¢=497A, f=103.57°), and no impurity
phases were found in the XRD patterns.

The field emission scanning electron microscopy
(FESEM) images of ;-Mn,V,0O; microtubes and hollow
microspheres are shown in Fig 2. Figure 2(a) and (b) are
the low and high magnification FESEM images of f-
Mn,V,0; microtubes, respectively. These images show
that the final products of f-Mn,V,0; consisted of a
large number of microtubes with an external diameter
of 2.5-3.5 um, wall thickness of ~0.4 uym and lengths
up to 15-25 um. Figure 2(c) and (d) are the low and
high magnification FESEM images of -Mn,V,07 hol-
low microspheres with average outer diameter of 2 pm,
respectively.

An investigation of the magnetic susceptibility was
undertaken in order to determine if Mn,V,0O; possesses
low-dimensional magnetic properties. The magnetic sus-
ceptibility for the representative Mn,V,0; microtubes
was tentatively measured between 2 K-50 K. Figure 3 is
a plot of the magnetic susceptibility for the representative
Mn,V,0; microtubes between 2 K-50 K. The results
exhibit that a paramagnetic-antiferromagnetic transition
occurs at Ty = 18.2(5) K, which accords with the previous
result of 7 = 16.0(5) K [14], confirming that the synthe-
sized product is f-Mn,V,0;.

In this experiment, the formation of f-Mn,V,0; micro-
tubes and hollow microspheres can be described by the
following reactions:

MnCo;——>Mn?* +CO3~ (1)

2Mn** +2C03~ +2NH4VO;
——>Mn,V,0;7+ (NHy4),CO3+CO,  (2)

The possible formation mechanism for the f-Mn,V,0,
microtubes and hollow microspheres is discussed as fol-
lows. The initial concentration of Mn?* cations derived
from MnCOj; dissolution has a significant effect on the
morphologies of -Mn,V,0;. When hydrothermal tem-
perature is directly elevated to 180°C, the initial concen-
tration of Mn*" in solution is lower owing to insufficiently
dissolved MnCOj3. As a result, the Mn?* cations can selec-
tively insert the layered-structure of ammonium metava-
nadate, which favors the one-dimensional structure
growth, so that -Mn,V,0; forms microtube-like struc-
ture. This is consistent with the literature report [15].
While hydrothermal temperature is first elevated to
90°C and aged for 8 h, and then elevated to 180°C, the
initial concentration of Mn*" cations derived from
MnCO; dissolution increases. Thus, the Mn?** cations
can randomly insert the layered-structure of vanadium
oxides, which favors -Mn,V,0; to grow into hollow



Controllable synthesis of f-Mn,V,0; microtubes and hollow microspheres 469

Fig. 2 The FESEM images of Mn,V,0; microtubes and hollow microspheres: (a) and (c¢) low magnification FESEM images, (b) and
(d) high magnification images

microsphere—like structures. Moreover, the presence of Agknowledgemepts Thig work was supp.orted by t.he National Natural
Science Foundation of China and the National Basic Research Program

CO, as by-product may contribute to the formation of ¢ cpina (No. 2005CB623601).
hollow structures of f-Mn,V,0;.
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