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Abstract

g-Bismuth molybdate (Bi2MoO6) nanoplates were successfully fabricated on a large scale at 180 8C for 12 h by one-step hydrothermal method

with the use of surfactant poly(vinyl pyrrolidone) (PVP). X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron

microscopy (TEM) were used to characterize the product, and the results indicated that as-prepared Bi2MoO6 product had a typical plate-like

structure with a thickness range of 100–150 nm. UV–vis spectroscopy was employed to estimate the band gap energy of g-Bi2MoO6 nanoplates,

and it exhibited significant absorption from the visible region to near infrared region, in addition to the absorption band in the UV region. The

method provides a facile, one-step and low-cost route for the synthesis of nanostructures of multicomponent metal oxides with potential optical

applications.
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1. Introduction

Due to the shape-, size- and dimensionality-dependent

properties of nanomaterials and their potential applications, the

controlled synthesis of nanostructures has attracted much

attention [1]. A considerable number of these materials with

various morphologies have been prepared and investigated

hitherto in many areas [2,3].

g-Bi2MoO6, as an Aurivillius-phase perovskite, belongs to

the bismuth oxide family with a structure consisting of

perovskite layers between bismuth oxide layers, with a general

formula [Bi2O2][An�1BnO3n+1] [4,5]. It has been found that g-

Bi2MoO6 can be used as ionic conductor [6,7], catalyst for CO

conversion [8,9], catalyst for the selective oxidation and

ammoxidation of lower olefins [5,10,11], photocatalyst for

water splitting under visible-light irradiation [12], and, most

importantly, as visible-light responsive photocatalyst for the

degradation of organic pollutants [13–15]. Various methods,

such as solid-state reaction [10,16], spray drying [11,17], reflux

method [12], microwave- and ultrasonic-assisted synthesis
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[13,14,18], molten method [15], and conventional hydrother-

mal synthesis [7,19] have been used to prepare g-Bi2MoO6.

Recently, the soft chemical method has been demonstrated to be

convenient and economical-friendly in synthesizing nanosized

g-Bi2MoO6 [13–15,19]. However, they were usually conducted

at specific pH values, and needed a further calcination

procedure, which involved the complex, high-energy and

environmentally unfriendly conditions. Hence, to synthesize g-

Bi2MoO6 nanomaterials by a facile and one-step route still

remains a significant challenge.

In this communication, we present a facile, one-step

hydrothermal method for fabricating g-Bi2MoO6 nanoplates

at a relatively low temperature of 180 8C with the use of

surfactant PVP. To our best knowledge, PVP-assisted hydro-

thermal route has not been employed to prepare g-Bi2MoO6

species. In addition, the preliminary results of the optical

properties of g-Bi2MoO6 nanoplates are also reported.

2. Experimental

All chemicals are of analytical grade used without further

treatments. In a typical procedure, 0.242 g (1 mmol) of

Na2MoO4�2H2O and 0.971 g (2 mmol) of Bi(NO3)3�5H2O

were, respectively dissolved in 40 mL of distilled water under
d.
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Fig. 1. X-ray diffraction patterns of as-prepared Bi2MoO6 by the hydrothermal

method (a) without and (b) with the addition of surfactant PVP.
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constant stirring. 0.15 g of PVP K30 was added to the

Na2MoO4 aqueous solution to form a homogeneous mixture.

After that, the mixture was subsequently dropped to the

Bi(NO3)3 aqueous solution slowly, and then transferred into a

100 mL Teflon-lined stainless steel autoclave. The autoclave

was sealed and maintained at 180 8C for 12 h, followed by

cooling to room temperature naturally. The resulting product

was filtered off, washed with distilled water and absolute

ethanol in sequence, and then dried in a vacuum at 60 8C for

6 h. A control experiment was also carried out in the absence of

PVP while keeping other experimental conditions unchanged.

The crystalline structure of the product was analyzed by an

X-ray diffractometer (XRD, Philps-PW3040/60) with Cu Ka

radiation (l = 0.15418 nm). The morphologies of as-prepared

products were characterized by scanning electron microscopy

(SEM, HITACHI S-4800) operated at an acceleration voltage of

5.0 kV. Transmission electron microscopy (TEM) observations

were carried out using a JEOL-2010 instrument at an acce-

lerating voltage of 200 kV. UV–vis diffuse reflectance spectra

of as-prepared products were obtained on an UV–vis spectro-

photometer (Evolution 500) using BaSO4 as reference.

3. Results and discussion

XRD patterns of g-Bi2MoO6 products synthesized by the

hydrothermal method without and with the addition of

surfactant PVP are, respectively shown in Fig. 1(a) and (b).

All of the diffraction peaks in the two XRD patterns can be

clearly indexed as an orthorhombic phase of Bi2MoO6

(Aurivillius structure) and match very well with the reported

data (JCPDS card No. 84-0787). No extra peaks arising from

other phases can be detected, indicating pure g-Bi2MoO6 can

be obtained by the present hydrothermal process. In addition,

it is noteworthy that some diffraction peaks in Fig. 1(b),
Fig. 2. SEM (a and b) and TEM images (c–e) of Bi2MoO6 nanoplates s
especially (1 3 1), become stronger and sharper compared with

that in Fig. 1(a). This comparison indicates that better

crystallization of g-Bi2MoO6 can be realized in the PVP-

assisted hydrothermal process.

The morphological images of g-Bi2MoO6 product obtained

in the presence of PVP are shown in Fig. 2. Fig. 2(a) is a low-

magnification SEM image of this product, from which a typical

flowery architecture consisting of smooth plates is clearly

observed. No other morphologies could be detected, indicating

a high yield of plate-like structures. The high-magnification

SEM image shown in Fig. 2(b) demonstrates that these plates

have a relatively uniform thickness range of 100–150 nm, and

are irreversibly connected at their junctions to form the self-

assembly structure. The corresponding TEM images of the

product are shown in Fig. 2(c)–(e). Due to the action of
ynthesized by the hydrothermal method assisted by surfactant PVP.



Fig. 3. SEM image of Bi2MoO6 nanoparticles synthesized by the hydrothermal

method in the absence of surfactant PVP.

Fig. 4. UV–vis diffuse reflectance spectrum of Bi2MoO6 products synthesized

by the hydrothermal method (a) without and (b) with the addition of PVP.
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sonication during the preparation of specimens for TEM

observation, the total morphology of the self-assembly

structure is destroyed, and only some smaller nanoplates with

various shapes can be observed.

The growth mechanism for the formation of g-Bi2MoO6

nanoplates is still unclear in the process of the synthesis, but we

believe that PVP plays an important role in the formation of g-

Bi2MoO6 nanoplates. In the absence of PVP, g-Bi2MoO6 with a

different morphology can be obtained as shown in Fig. 3. It can

be seen that this product consists of nanoparticles with a size of

100–200 nm, and few nanoplates are indeed observed.

UV–vis diffuse reflectance spectra of g-Bi2MoO6 products

synthesized by the hydrothermal method without and with the

addition of PVP are, respectively shown in Fig. 4(a) and (b). It

can be seen that they both have the steep absorption edges

located at �500 nm for nanoparticles and �496 nm for

nanoplates, indicating that the absorption relevant to the band

gap is due to the intrinsic transition of the nanomaterials rather

than a transition from impurity levels [20]. According to the
equation ahv = A(hv � Eg)1/2, where a, h, v, Eg, and A are

absorption coefficient, Planck constant, light frequency, band

gap, and a constant, respectively, the energy can be estimated to

be �2.48 eV for nanoparticles and �2.50 eV for nanoplates

(the inset shows the plot of (ahv)2 � hv based on the direct

transition). Meanwhile, the latter exhibits a significant

absorption with a gradually enhanced absorbance in the region

from 500 nm to in excess of 900 nm compared with that of the

former, in addition to the absorption band at wavelength below

500 nm. As it is known, UV light accounts for merely 5% of the

solar spectrum, and thus the extended activity of photocatalyst

in the visible region generally improves the efficiency of

photocatalyst [21]. Thus, the as-prepared g-Bi2MoO6 nano-

plates have a potential photocatalytic activity with higher

efficiency over those g-Bi2MoO6 materials [12–14]. The

unusual optical phenomena may be associated with the plate-

like shape and their self-assembled structures.

4. Conclusions

g-Bi2MoO6 nanostructures with typical plate-like morphol-

ogy have been synthesized by a facile PVP-assisted hydro-

thermal method at 180 8C for 12 h, and the as-prepared g-

Bi2MoO6 nanoplates exhibit unusual UV–vis characteristics.

The present study will not only open up great opportunities for

the synthesis of g-Bi2MoO6 species with potential optical

applications, but might also be extended to the controlled

syntheses of other multicomponent metal oxides.
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