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INTRODUCTION

Several million tons of dyes were consumed every year by

a variety of printing and dyeing industries, which could result

in the dangerous accumulation in the environment attribute to

dyes and their degradation products' properties, such as toxicit1,

mutagenicity2 and carcinogenicity3.

In dye wastewater treatment, photocatalysis is a conve-

nient and environmentally friendly method. Among the photo-

catalysts, semiconductors have received considerable attention

on its great potential to deal with this issue4-8, since titanium

dioxide (TiO2) was found to be widely used as the photocatalyst

for its superior photocatalytic performance, easy availability,

low cost, non-toxicity and relatively high chemical stability9,10.

Recently, there are several non-TiO2-based photocatalysts,

which have also been applied to decompose the organic mole-

cules under light irradiation, such as in MO4 (M = V, Nb, Ta)11,

BiVO4
12, AgTaO3

13, AgNbO3
13 and PbBi2Nb2O9

14. However,

they had long migration distances for excited electron-hole

pairs, which could decrease photocatalytic activities.

Simultaneously, silver vanadate has also raised close

attention due to its special band structure15-17. It has been repor-

ted that the silver vanadate crystals with different constituents

mainly consist of α-AgVO3, β-AgVO3, Ag4V2O7 and Ag3VO4,

but just the monoclinic Scheelite Ag3VO4 shows the best

photocatalytic activity18.

In order to further improve the photocatalytic efficiency,

constructing the heterojunction structure is an effective
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method19,20. Recently, the heterogeneous composite photo-

catalysts such as MgFe2O4/Ag3VO4
21, Gd2O3/Ag3VO4

22 and

Ag3VO4/TiO2/graphene23, all performed superior photocatalytic

activities to pure Ag3VO4 under light irradiation.

Until now, several methods have been reported for the

synthesis of heterogeneous photocatalyst24,25. Yet, it is desirable

to use hydrothermal treatment, for numerous advantages, such

as controllable particle size, high crystallinity and purity by

using mild synthesis temperature and simple process confi-

guration26,27.

Furthermore, it is well-known that the size and shape of

inorganic materials are important factors to determine their

electrical, optical and catalytic properties. So much effort has

been devoted in obtaining rational control over the size, shape,

dimensionality and complexity of nanocrystals28,29. Here, we

adopted a one-step hydrothermal method to obtain quasi-

hexagonal VO2/Ag3VO4 heterogeneous and investigated their

photocatalytic activities under UV-light illumination using

Rhodamine B (RhB) dye as a model pollutant.

EXPERIMENTAL

Synthesis of VO2/Ag3VO4 quasi-hexagonal crystals:

Ammonium vanadate (NH4VO3), silver nitrate (AgNO3) and

sodium hydroxide (NaOH) were of analytical grade and used

without further purification.

Quasi-hexagonal crystals were prepared by a simple

hydrothermal process. Typically, 0.1 M AgNO3 (20 mL)



solution was added dropwise to 0.1 M NH4VO3 (10 mL) solu-

tion under constant stirring for 0.5 h to obtain yellow preci-

pitate. The pH value of the mixture was adjusted to 8 using

NaOH solution. After stirring for 5 h with a constant rate at

room temperature, the mixture was transferred into a 50 mL

teflon-lined stainless autoclave and maintained at 160 °C for

6 h. The autoclave was allowed to cool to room temperature

naturally. The brown products were collected by centrifugation,

washed with deionized water and anhydrous ethanol for several

times and dried at 60 °C.

The phase and crystallography of the products were

characterized by X-ray diffraction (XRD, Philips X'pert PRO

MPD diffractometer) equipped with CuKα radiation (λ =

0.15406 nm). A scanning rate of 0.05 % was applied to record

the pattern in the 2θ range of 10-85°. The size and morphology

of samples and their energy dispersive X-ray spectroscopy

(EDS) were examined by scanning electron microscopy (SEM,

FEI-quanta 200 scanning electron microscope) with accele-

ration voltage of 20 kV. Transmission electron microscope

(TEM) images were recorded using a FEI Tecnai F20 trans-

mission electron microscope with accelerating voltage of 200

kV. UV-visible absorption spectra were obtained using a Lambda

750 UV-visible spectrophotometer at room temperature under

ambient condition.

Photocatalytic activity measurements: The photocata-

lytic reactivity of the as-prepared samples was estimated by

photocatalytic oxidation of aqueous solution of Rhodamine-B

at ambient temperature. Experimental details were as follows:

First, 50 mg VO2/Ag3VO4 crystals were added into 50 mL

aqueous solution of Rhodamine-B with concentration of 1 ×

10-5 mol/L in a beaker. After establishment of an adsorption/

desorption equilibrium by magnetically stirring in the dark

for 4 h, a 5 W UV lamp was used as a light source to trigger

the photocatalytic reaction. During the irradiation procedure,

the reaction samples were collected at 10 min intervals and

centrifuged to remove photocatalyst particles. The UV-visible

absorption spectra of the supernatant were then collected. The

photocatalytic degradation efficiency (E) of Rhodamine-B was

calculated by the formula

0 0

0 0

C – C A – A
E 100 % 100 %

C A
= × = ×

C0 is the adsorption equilibrium concentration of Rhodamine-

B, C is the concentration of Rhodamine-B solution at time t

and A0 and A are the corresponding values for the absorbance.

RESULTS AND DISCUSSION

The SEM images reveal that the as-prepared micropieces

are nearly monodispersed (Figs-1a,b). It can be observed that

the shape of the sample is a quasi-hexagon with side length of

ca. 3.5 µm (Fig. 1c) and thickness in the range of 500-700 nm

(Fig. 1d).

The composition of this catalyst is further analyzed with

EDS as shown in Fig. 2. From the EDS spectrum in Fig. 2a,

the peaks of the Ag, V and O elements were detected; other

peaks assign to silicon and carbon from substrate and air,

respectively. The ratio of peak indicates the atomic ratio of

Ag/V in the structure of the sample is 36.74: 19.69, which is

Fig. 1. SEM images of the VO2/Ag3VO4 quasi-hexagons in different

magnification
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Fig. 2. VO2/Ag3VO4 quasi-hexagon: (a) SEM image, and EDS element

mapping data of (b) Ag, (c) V and (d) O elements

close to the ideal value of 2:1. In addition, the other pictures

are the EDS element mapping of VO2/Ag3VO4 microcrystal,

which shows that the Ag, V and O elements mapping images

(Fig. 2b-d) are in conformity with the corresponding SEM

image (Fig. 2a). All above mentioned indicates that elements

Ag, V and O are uniformly dispersed in the microcrystal.

The XRD pattern of the sample is shown in Fig. 3a. Two

kinds of peaks could be indexed as the monoclinic phase of

Ag3VO4 (JCPDS No. 43-0542) and the tetragonal phase of

VO2 (JCPDS No. 82-1074). In details, 2θ peaks at 19.08°,

30.74°, 32.21°, 33.21° and 38.46° were corresponded to (011),

(-121), (121), (212) and (022) planes of Ag3VO4; and the other

peaks to the planes of VO2. The cell parameters of Ag3VO4 are

calculated to be a = 0.8767 ± 0.0020, b = 0.6687 ± 0.0025, c =

0.6580 ± 0.0035 nm and β = 95.4433 ± 2.9610° corresponding

to the monoclinic lattice parameters from the standard card of
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a = 0.8734, b = 0.6707, c = 0.6514 nm and β = 95.36°. And

VO2's are calculated to be a = 0.8536 ± 0.0032 and c = 0.7572

± 0.0047 nm corresponding to the tetragonal lattice parameters

from the standard card of a = 0.8483 and c = 0.7615 nm.

The SAED pattern inserted at Fig. 3b also confirms the

high crystallinity of tetragonal system VO2, which can obtain

a quasi-hexagonal diffraction pattern corresponding to lattice

plane of (-2 -2 0), (0- 2 2), (-2 0 2) from [111] zone axis.

Because the values of the cell parameters a and c have only

slightly difference, the micropieces of VO2 with growing

direction of [111] will become to quasi-hexagonal morphology.

There are also some disorder diffraction dots in the SEAD

pattern (marked with red arrows), which may be attributed to

Ag3VO4. Therefore, the quasi-hexagon has the heterogeneous

structure composed of single crystal VO2 and polycrystalline

Ag3VO4.
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Fig. 3. (a) XRD pattern and (b) TEM pattern of the VO2/Ag3VO4

The UV-visible diffuse reflectance spectrum of the quasi-

hexagonal sample is shown in Fig. 4. The sample shows strong

absorption in the ultraviolet region of 200-300 nm and an

absorption peak at about 420 nm, which may be attributed to

Ag3VO4
30.

Photocatalysis: The photocatalytic activity and stability

of the as-prepared VO2/Ag3VO4 photocatalysts were evaluated

by photodegradating Rhodamine B dye under UV-light irradia-

tion. Total concentrations of aqueous solution of Rhodamine-

B were simply determined from the maximum absorption (λ
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Fig. 4. UV-visible diffuse-reflectance spectrum of the VO2/Ag3VO4

= 554 nm) measurements by UV-visible spectra. C/C0 was used

to describe the degree of the degradation, which stands for the

concentration ratio during a certain period of reaction time.

As shown in Fig. 5, VO2/Ag3VO4 displayed a superior

photocatalytic activity and about 73.2 % of Rhodamine-B

molecules were degraded only in 90 min. The characteristic

absorption band of Rhodamine-B at 554 nm diminishes quickly,

accompaning by a slightly concomitant blue shift from 554 to

514 nm of the maximum absorption. This hypsochromic shift
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Fig. 5. (a) Successive UV-visible spectra and (b) curve of concentrations

vs. time using the VO2/Ag3VO4 as catalysts
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of the major absorption peak has been attributed to a step-by-

step de-ethylation derivative generated from the Rhodamine-

B reduction process31,32. To quantitatively evaluate catalysts,

the turn over frequency (TOF) was calculated according to

the following equation:

TOF = r/W gRhB·(gcata·h)-1

where r is the degradation rate and W is the mass of catalyst.

From the above equation, the TOF of the catalyst could be

calculated to be [gRhB·(gcata·h)-1]. The TOF of the VO2/Ag3VO4

catalyst was calculated to be 0.05148 gRhB/(gcata·h).

In order to explain the enhanced photocatalytic activity

of the VO2/Ag3VO4 composite, a mechanism is proposed as

follows: tetragonal phase VO2 has good conductivity, which

can be served as electron sink that accumulates photoelectrons

generated from the Ag3VO4 and further transfers them into

solution. As a result, the recombination of induced electrons

and holes is subsequently reduced and thus the photocatalytic

activity is enhanced.

In addition to photocatalytic activity, the stability of

photocatalysts is another important issue for their practical

applications. Therefore, the cycling experiments were carried

out by evaluating the decreased concentration of Rhodamine-

B under UV-light irradiation with all experimental parameters

kept unchanged during the cycling tests. As shown in Fig. 6,

VO2/Ag3VO4 catalysts for the degradation of Rhodamine-B

show a slight decline after three cycling experiments tests: the

degradation efficiency degreases from 73.2 to 71 % after three

recycles, confirming that our heterostructured VO2/Ag3VO4

photocatalysts are stable enough during the photocatalytic

process.
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Fig. 6. Cycling runs in the photodegradation of Rhodamine-B in the

presence of VO2/Ag3VO4 under UV-light irradiation

Conclusion

In summary, we have successfully synthesized quasi-

hexagonal VO2/Ag3VO4 photocatalysts via hydrothermal

reaction, which showed a better photocatalysis in the degra-

dation of Rhodamine-B. The enhanced photocatalysis

mechanism of VO2/Ag3VO4 photocatalysts was worth to be

further studied in the future.
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