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Abstract A single phase of monoclinic MnV2O6 nano-

flakes was prepared by a hydrothermal process at 180uC
for 18 h, using Mn (CH3COO)2?4H2O and NH4VO3 as

starting materials and using acetic acid to adjust the pH

value of the reaction solution. The as-prepared samples

were characterized by field emission scanning electron

microscopy (FESEM) and transmission electron micro-

scopy (TEM). X-ray photoelectron spectrum (XPS) mea-

surements further confirm the component of MnV2O6.

Results indicated that the products consisted of a large

quantity of compact accumulated nanoflakes, with aver-

age width of 0.85 mm, thickness of 100 nm and lengths up

to 1.7 mm.
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1 Introduction

Over the past decades, one-dimensional (1-D) systems

have attracted intense interest because of potential appli-

cations in various nano-devices [1–5], while many new

methods have been reported for the synthesis of nanopar-

ticles. Among various conventional routes, soft solution

chemical reactions are obviously suitable for the prepara-

tion of new materials with optimized properties. The

hydrothermal method, as a wet chemistry method, offers

many advantages compared to usual methods. One of

the main advantages is that the hydrothermal synthetic

route can acquire high-crystallized and high pure pow-

ders with narrow grain size-distribution. Therefore, the

hydrothermal method has also been used for 1-D nano-

structure single-crystal growth [6,7].

Research has shown that transitional metal vanadates

may be promising materials due to their intrinsic elec-

tronic and ionic characteristics resulting in potential

applications in electrochemical and optical devices etc

[3,8]. Up to now, metal vanadium oxides (MVO) have

been used in commercial lithium batteries as cathode

active material [9,10]. Several methods have been reported

in the case of the mild hydrothermal synthesis of trans-

itional metal vanadates [11–15]. Just like carbon materi-

als, the compound of MnV2O6 was also proposed to be

used for the anode, and its electrochemical property

highly depends on its synthetic and processing methods

[16,17]. Synthesis of MnV2O6 was carried out through

different routes such as polymer gelatin method and

solid-state reactions [10,17]. Inagaki et al [17] reported a

hydrothermal method for the synthesis ofMnV2O6 micro-

rods. There is rarely a report on the preparation of 1-D

nanostructure materials via the hydrothermal process.

Especially, the synthesis of MnV2O6 nanoflakes has never

been reported. In this paper, a hydrothermal synthetic

route to prepare MnV2O6 nanoflakes was reported by

using Mn(CH3COO)2?4H2O and NH4VO3 as starting

materials.

2 Experimental

All the reagents used in the experiments were of analytical

grade (Shanghai Chemical Reagent Company) and used

without further purification. In a typical procedure,

2 mmol NH4VO3 powder was put into a beaker with

20 mL distilled water under magnetic stirring for 15 min

to form a homogeneous solution. After that, a 20-mL

aqueous solution containing 1 mmol Mn(CH3COO)2?
4H2Owas added slowly to the NH4VO3 solution, in which

a small amount of acetic acid was added dropwise to

adjust the pH value of the solution until it reached 5–6.

The slurry solution was transferred into a 50-mL stainless

steel autoclave with a Teflon-liner. The autoclave was
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sealed and stored at 180uC for 18 h, and then cooled to

room temperature naturally. The brownish products were

centrifuged, washed three times with distilled water and

absolute ethanol, and then dried in a vacuum at 80uC for

1 h. The as-prepared products showed a spiculate metal-

loidal luster.

X-ray powder diffraction (XRD) pattern of the as-

prepared samples was taken on a Philips X’Pert PRO

SUPER X-ray diffractometer equipped with graphite

monochromatized Cu Ka radiation (l5 1.541874 Å).

The morphology and size of the final products were deter-

mined by a JEOL-6700F field emission scanning elec-

tronic microscopy (FESEM) and a Hitachi H-800

transmission electron microscope (TEM) with an acceler-

ating voltage of 200 kV, respectively. The chemical com-

position of the nanobelts was obtained by a

VGESCALABMKII X-ray photoelectronic spectrometer

(XPS) using non-monochromatedMgKa radiation as the

excitation (hn5 1253.6 eV).

3 Results and discussion

3.1 XRD pattern analysis

Figure 1 shows the XRD patterns of the as-prepared

MnV2O6 nanoflakes. All diffraction peaks in Fig. 1 can

be readily indexed to a monoclinic phase, end-centered

lattice [space group: C2/m(12)] of MnV2O6 with the cal-

culated lattice constants a5 9.316 Å, b5 3.535 Å,

c5 6.754 Å, b5 112.72u, which are in good agreement

with the reported value (JCPDS No.35-0139). No impur-

ity phases were found in the XRD patterns.

3.2 FESEM Characterization

Figure 2 shows the FESEM images of the as-prepared pro-

ducts. Figure 2(a) is the low magnification FESEM image

of the as-prepared MnV2O6 nanoflakes and Fig. 2(b) is the

high magnification FESEM image of the as-prepared

MnV2O6 nanoflakes. These images show that the final pro-

ducts of MnV2O6 consisted of a large quantity of

Fig. 1 Typical XRD pattern of the as-prepared MnV2O6

Fig. 2 FESEM images of MnV2O6 nanoflakes: (a) low magnification, (b) high magnification

Fig. 3 (a) TEM image and (b) ED pattern of MnV2O6 nano-
flakes
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compact accumulated nanoflakes, with average width of

0.85 mm, thickness of 100 nm and lengths up to 1.7 mm.

3.3 TEM Observation

Figure 3 shows the TEM images and the electron diffrac-

tion (ED) pattern of typical MnV2O6 nanoflakes. Fig. 3a

demonstrates that the as-prepared products taken on uni-

form flake-like morphologies. The typical electron dif-

fraction (ED) pattern of the single MnV2O6 nanobelt is

shown in Fig. 3(b), it gives a monoclinic ED pattern and

reveals the single crystalline nature of the nanoflakes,

which is consistent with the XRD measurement.

3.4 XPS Measurement

XPS analysis further confirms the element component of

MnV2O6 nanoflakes. The XPS spectra demonstrate the

presence of Mn, V, and O as shown in Fig. 4. Figure 4(a)

shows the peaks of Mn2p3/2 and Mn2p1/2, corresponding

to the binding energies (BE) of 640.90 eV and

653.32 eV, respectively. Figure 4(b) shows the high-reso-

lution XPS spectra from V 2p to O 1s region of the

nanobelts of MnV2O6, corresponding to the binding

energies (BE) of V2p3/2 (517 eV), V2p1/2 (524.46 eV)

and O1s (530.15 eV), respectively.

4 Conclusions

MnV2O6 nanoflakes were prepared by a hydrothermal

process at 180uC for 18 h, using Mn(CH3COO)2?4H2O

and NH4VO3 as starting materials and using acetic acid

to adjust the pH value of the reaction solution. The as-

prepared MnV2O6 nanoflakes give pure monoclinic phase

and reveal the single crystalline nature. Results indicated

that the products consisted of a large quantity of compact

accumulated nanoflakes, with average width of 0.85 mm,

thickness of 100 nm and lengths up to 1.7 mm.
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