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Abstract: Hollow Bi;WOg nanoflowers were synthesized by a PVP modified hydrothermal method, and their morphology and
structure were characterized by XRD, SEM, TEM, PL and UV-vis analysis. A series of controlling experiments indicate PVP plays
an important role in the formation of the hollow hierarchical structure. Without adding PVP, the morphology of Bi,WOsg is the solid
nanoplate. When a small amount of PVP is added, the surface of Bi,WOgs splits, and the hollow flowerlike morphology forms. The
crystalline size of Bi,WOs also slightly increases with PVP content increasing. The as-prepared PVP-Bi;WOg shows the improved
photocatalytic activity under visible light irradiation. PL spectra show that the emission intensity of PVP assisted Bi,WOg is weaker
than that of pure PVP, which means the high-mobility of PVP-Bi,WOs is obtained. PVP assisted Bi,WOg nanoflower can be

potentially used for practical waste water treatments.
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Contamination of organic pollutants in water has brought a
challenge to sustainable environment and human health® .
Visible-light-induced photocatalysts, such as Bi,WQOg, AgsPOy,,
WO, and g-C;N,, have attracted much attention for their good
photodegradation efficiency and no secondary environmental
pollution®®. Among these visible light photocatalysts, Bi, WOy
photocatalyst possesses the small bandgap and excellent
chemical stability, which is of benefit for pollutant adsorption
and degradation. Generally, the photocatalytic activity is mainly
dependent on the morphology and structure. Recently, 3D
spherical superstructures have been achieved much attention
due to the easier retrievability, the larger surface area, the better
physical and chemical properties. This self- assembled structure
promotes carrier migration and dye adsorption, which is always
designed to be used in photocatalytic fields.

Bi,WQs, as one of the simplest member of the Aurivillius
family, is constructed by alternating (Bi,0,),”™ layers and
perovskite-like (WO,),”" layers®™. Zhang et al. prepared
flower-like Bi,WOg superstructures constructed by oriented
nanoplates via a simple template-free hydrothermal method™®.
Wu et al. synthesized Bi,WOg hollow nanospheres in
water-ethanol mixed solvent using Bi as sacrificial templates™.
Xu et al. used EDTA as the surfactant to fabricate the nest-like
Bi,WO,™. This self- assembled hollow structure exhibits
excellent adsorption ability and carrier mobility, which needs
further study and design.
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Hence, hollow Bi,WOQOg nanostructures were synthesized by
a PVP modified hydrothermal method, and their morphology
and structure were characterized by SEM, TEM, XRD, PL,
and UV-vis analysis. Moreover, the photodegradation of RhB
was employed to evaluate the photocatalytic activity of as-
prepared samples. The relationship between morphology and
photocatalytic activity was discussed too.

1 Experiment

Bi,WOgs nanoflowers were synthesized through a simple
hydrothermal method. Typically, 0.979 g Bi(NO3); 56H,0 was
dissolved into 40 mL mixture solutions, which contained 8 mL
glacial acetic acid, 8 mL ethanol and 24 mL deionized water
(marked as A). At the same time, 0.331 g Na,WO, 2H,0 was
dissolved into 30 mL deionized water (marked as B). After
stirring for 30 min, 0, 0.05, 0.1 and 0.2 g PVP were added into
the A separately. Finally, solution B was added into the
solution dropwise, and transferred into a 100 mL Teflon-lined
autoclave. The autoclave was sealed and heated to 140 <€ for
12 h. Finally, the products were collected from the solution by
centrifugation and sequentially washed with deionized water
and ethanol for several times, and dried at 60 <€ for 12 h.

The products were characterized by X-ray powder diffraction
using a diffractometer with Cu Ka wavelength (1x.;=0.154 060
nm and Ax=0.154 443 nm). The cell parameters of Bi,WOg
nanoflowers were calculated by (113) diffraction peak. For this
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purpose, data were collected over the angle arrange 20=-80°
with a step size of 0.02< The morphology and microstructure of
the samples were measured by scanning electron microscopy
(FESEM, SU-70). High resolution transmission electron
microscopy (HRTEM) were obtained using a Tecnai G2 F20
S-TWIN FEI transmission electron microscope operated at 200
kV. The photoluminescence (PL) spectra were recorded with an
F-4500 fluorescence spectrophotometer.

The photocatalytic activity of the Bi,WWOg nanoflowers was
investigated by the photodegradation of Rhodamine B (RhB,
10 mg/L). In the typical experiment, 30 mg Bi,WOg powders
were ground uniformly, and then added into the 100 mL RhB
solution. Subsequently, suspensions were magnetically stirred
in the dark for 30 min to establish adsorption-desorption
equilibrium. At each 30 min interval, 5 mL solution was
collected and then centrifuged to obtain supernatant liquid.
The concentration of RhB was determined at 554 nm by a
UV-vis spectrophotometer (UV-3150).

The photodegradation rate of RhB was calculated by the
following equation:

Drng=1-Ci/Cy @
where C, is the initial concentration of RhB, and the C; is the
concentration of RhB after light radiation for t min!**!.

2 Result and Discussion

2.1 Microstructure and morphology of the as-prepared
samples

Fig.1 shows the XRD patterns of PVP-Bi,WOs nanoflowers.

All the diffraction peaks of samples can be indexed to be the
pure orthorhombic phase of Bi,WOg (JCPDS card no.
39-0256). No other peaks of impurities are found, indicating
high purity of samples. The results show that the intensity of
samples decreases to a minimum value and then increases
with the increase of PVP content. Similarly, the smallest

crystalline size of samples is 13.4 nm when the PVP content is
0.05 g (Table 1). The crystalline size is closely related to
specific surface area, which mainly affects the adsorption
of dye.

Fig.2 displays the SEM images of as-prepared samples.
Without adding PVP, the morphology of Bi,WOg mainly
consists of larger nanoplates, and some small and thin pieces
grow on the plates. When 0.05 g PVP is added, the quantity of
small plates increases, which are connected to each other to
form the uniform microspheres. The flower-like microspheres
are 3~4 um in diameter and are made up of nanosheets. The
gaps between neighbor nanosheets are observed in the range
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Fig.1 XRD patterns of Bi,WOs nanoflowers with adding different
amount of PVP: (a) 0, (b) 0.05¢, (c) 0.1g,and (d) 0.2 g

Table 1 Lattice parameter of PVP assisted Bi,WOg
nanoflowers™®

20 a/nm FWHM Crystalline size/nm
a 28.535 0.540 70 0.614 13.6
b 28.449 0.542 07 0.611 134
¢ 28.413 0.542 51 0.551 151
d 28.490 0.541 75 0.494 17.0

Fig.2 SEM images of Bi,WOs nanoflowers with adding different amounts of PVP: (a) 0, (b) 0.05g, (c) 0.1 g, and (d) 0.2 g
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from several dozens to several hundred nanometers. With the
PVP content increasing to 0.2 g, the products present dense
flower-like morphology (Fig.2c). Based on above analysis, the
possible growth mechanism can be described. Orthorhombic
Bi,WOg nuclei are firstly formed in the solution, which are
constructed by alternating (Bi,0,),”™" layers and perovskite-
like (WO,),"" layers. These nanoplates are parallel to the (001)
facets due to the high chemical potential of (100) and (010)
facets. When the PVP is added into the solution, these residual
nuclei are spontaneously selected to adsorb on the (001) facets. A
small amount of Bi** ions will be caught by the functional group
of the terminal PVVP molecules. As a result, small nanoplates are
grown perpendicular to the (001) faces, and the flower-like
structure forms (Fig.2b). With the increase of PVP concentration,
the quantity of vertical nanoplates increases. Finally, the Bi,WO4
gradually grows into the spherical nanoflowers.

TEM observation were further carried out to investigate the
morphology and structure of 0.2PVP-Bi,WQg. As shown in
Fig.3a, the sample exhibits the hollow sphere-like structure
copping with the nanosheets. The clear lattice fringes with a
typical spacing of 0.313 nm can be assigned to (113) lattice
planes of Bi,WOs Based on the XRD analysis, the
microspheres are identified as orthorhombic Bi,WQs.

2.2 Photocatalytic tests

The photocatalytic activity of as-prepared samples was
investigated by the degradation of RhB. To ensure the
adsorption-desorption balance is achieved between the catalyst
and dye, the 100 mL RhB solution contained with 30 mg
PVP-Bi,WOg powder is stirred for 30 min in the dark. The
photodegradation of RhB under visible light (2>420 nm) is
shown in Fig.4a. It can be noted that introducing PVP in
Bi,WOs nanoflowers can effectively improve the photo-
catalytic degradation rate. Under 3 h visible light irradiation,
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Fig.3 TEM images of 0.2PVP-Bi,WOg nanoflowers

the corresponding RhB degradation degree of Bi,WOe,
0.05PVP-Bi,WOs, 0.1PVP-Bi,WOs, 0.2PVP-Bi,WO5 is 20%,
31%, 32% and 46%, respectively. Meanwhile, a pseudo-first-
order kinetic model was carried out to fit the degradation of
RhB. The kinetic of Bi,WQg and 0.2PVP-Bi,WQg is 0.00130
and 0.0034 min™, respectively.

PL spectra are usually used to investigate the mitigation,
transfer and recombination electron-hole pairs. Generally, the
low intensity of excitation peaks indicates the low recom-
bination of electron-hole pairs™. As shown in Fig.5, all the
samples show emission band centered at around 370~410 nm.
The over-all emission intensity of PVP-Bi,WOjs is obviously
reduced compared with that of pure Bi,WOQOsg, which means
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Fig.4 Photocatalytic degradation of RhB in the presence of PVP-
Bi,WOs nanoflowers under visible light irradiation (a); the
corresponding Kinetic fit for the degradation of RhB with
PVP-Bi,WOs nanoflower (b)
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Fig.5 Fluorescence spectra (PL) of PVP-Bi,WOs nanoflowers
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introducing PVP into Bi,WOs can effectively facilitate the
carrier separation. In addition, the PL peak of 0.2PVP-Bi,WOq
composite shows the lowest intensity.

Finally, the mechanism of improved photocatalytic activity
of PVP-Bi,WOQOg was discussed. An effective photocatalytic
reaction needs good adsorption ability and photocatalytic
activity. The standard redox potential of Bi'/Bi" is more
negative than that of OH/H,O, which means the hole
generated on the surface of Bi,WOg cannot react with
OH/H,Oto form OH. The reactions can be described by the
following equations. Organic pollutants first is adsorbed on
the surface of Bi,WQOg and then directly react with
photogenerated holes (h*). Based on analysis of its crystal
structure and morphology, the PVP assisted Bi,WOg provides
a 3D-porous nanoflowers structure, which has high specific
surface area and good carrier separation ability. Li et al. found
PVP could be adsorbed on the surface of samples by a strong
donor-acceptor interaction via C=0 bonds™. It leads to an
enhanced zeta potential and stronger adsorption capacity,
which makes RhB molecules much easier to be adsorbed on
the surface of Bi,WQg In conclusion, PVP-Bi,WOQOq
nanoflowers exhibit good adsorption ability and photocatalytic
activity, which can be potentially used in practical applications.

Bi,WOs +hv —h" + ¢ )

h*+ dye — CO, + H,0 + ... 3)

3 Conclusions

1) Hollow Bi,WOQOg nanostructures have been successfully
synthesized by the PVVP modified hydrothermal method.

2) With the assistance of PVP, the Bi,WOg is preferential
assembled to the hollow flower-like structure. PVP molecules
are adsorbed on the (100) facets and capture Bi** and WO,*
ions to form the small nanoplates.

3) The PVP assisted Bi,WOg shows the high specific

surface area and the mesoporous structure, which facilitates
transfer and separation of carriers.

4) 0.2 g PVP assisted Bi,WOs exhibits high photocatalytic
activity, and the pseudo-first-order kinetic is 0.00130 min™.
PVP assisted Bi,WOg nanoflowers could be regarded as a
potential candidate for practical waste water treatments.
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BN CO R \C R

PVP 5Bk & AR Bi,WOs KL R B e iE

BV, TEEL EHET REEDL B o
(1. WL R, WL Bl 310027)
(2. WL nH E bRk ARG FRE, Wi Bl 310058)

O ALRRIIFH PVP CRZIEMMEEED FHBIKBEAR G T Bi;WOs T LWIKAE, FEXTHEMATEIRIEAT 1 X LTS 4794
T RAEE. ES B T RAEE. SOGIERIEA AT I8 SIS RAE . 45 PVP X BiWOs S DKL IITE R BIDCIEM . TEARG
I PVP I, AEERES EHLH SRR R BRI S, AFEGOK R R B A D BN . TRER PVP IUEIED, RN MK
FRARR, BEEHARNAKFEEEIEL, UERATLN T 0RAOKIERE . R, FSRREE R SR RTRER PVP &2 A8 In 23
BN HERIES . 2T PVP X H R TIARFIR N E /IR0, XA O AR AR IE Rt RIFHDBHEALIERE . 78 35W Sxpa AT 44
FAT LIRS T, 3 h XTI B IBEMRRIEE] T 47%. O iRl PVP S B/K AR B ER BN AKAE t BA S R R Tl R
KERA: R PVP: JGHELIEME: KIAGE
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