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The Pt/Bi, WO¢ composite photocatalyst has been successfully synthesised via a photodeposition method. The morphology and the structure of
the Pt/Bi,WOg4 composite samples are characterised by X-ray diffraction, scanning electron microscopy, transmission electron microscopy and
UV-vis diffused reflectance spectra. Also discussed are the photocatalytic activities of the obtained samples with different amounts of Pt by
investigating the degradation of ciprofloxacin under a Xenon lamp irradiation and it is found that the Pt/Bi,WO4 sample with a 1.0 wt% Pt has
the highest photocatalytic activity, which is two times of that compared with the pure Bi, WOg. Furthermore, the photocatalytic mechanism of

the above degradation has been studied.

1. Introduction: With the development of attitudes in society,
antibiotics, such as ciprofloxacin (CIP), have been widely used in
the cure of humans and animals. To date, a large amount of
antibiotics have been detected in soils and in the water in lakes,
which would pose a great threat to the environment and human
health. Hence, studies on the degradation of antibiotics are
important and urgent [1, 2]. There are several methods to deal
with the antibiotics existing in the environment, such as
adsorption, biology, chemistry and advanced oxidation [3]. The
photocatalytic method, as one of the advanced oxidation
methods, is widely used to oxidise and degrade different
materials in the environment, especially is it is simple,
environmentally-friendly and low-cost.

Bi,WOg, as an important semiconductor, has been considered
one of the promising materials for photocatalysis [4, 5].
However, a problem exists concerning the combination of the
photogenerated electrons and the holes of Bi,WOg, which serious-
ly affects the photocatalytic activity. To enhance the photoinduced
electron-transfer efficiency and decrease the possibility of the
combination of photo-generated electrons and holes, precious
metals loading is one of the effectively enhanced photocatalytic
activities of the materials measures [6, 7]. For example, Zhao
et al. [8] have synthesised Pt/TNT which was proven to have a
better photocatalytic effect compared with P25 in the degradation
of methyl orange (MO). Ge [9] has prepared the Pt/BiVO,
to degrade the MO and found that the Pt/BiVO, has a better
photocatalytic ability compared with the bare BiVO,. Teoh
et al. [10] have reported that the deposited Pt on TiO, could
enhanced the ability of the photocatalytic activity of methanol,
but the Pt(IV) would be decreased. The previous reports have
shown that precious metals deposition to improve the photo-
catalyst activity is related to the species of noble metal and
valence and so on.

In this Letter, a simple, ecofriendly and controllable hydrother-
mal synthetic approach of the three-dimensional (3D) Pt/Bi,WOg
structures is reported. We have prepared Pt/Bi,WOgs with an
advanced photocatalytic performance through the photo-
deposition method. To the best of our knowledge, this is the first
time there has been a synthesis of the Pt doped on the nest-
like Bi,WOg¢ and a degradation of the antibiotic (CIP).
Furthermore, the catalytic mechanism of the Pt/Bi,WOg¢ is
preliminarily studied.
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2. Experimental

2.1. Material and methods: Bi(NOs;);'5H,0, Na,WO,4-2H,0,
Na,SO, and H,PtCls-6H,O were of analytical grade and used
without further purification; the water used was deionised.

A nest-like Bi,WOgq was successfully prepared via the hydrother-
mal synthesis according to the previous literature [11]. The syn-
thesis of the Pt/Bi,WOg structure: Bi,WO4 and H,PtCls-6H,O
(0.5, 1.0, 2.0, 3.0 and 5.0 wt%, respectively) were dispersed into
the ethanol and transferred into the photochemical reactor. Then,
the photodeposition was performed under UV light in the N, atmos-
phere with a vigorous magnetic stirring. After stirring for 2 h, the
obtained Pt/Bi,WOg4 samples with different amounts of the Pt
were washed with deionised water and absolute ethanol three
times, respectively, and dried in vacuum at 60°C for 6 h.

2.2. Characterisation and measurements: The products were
characterised by X-ray diffraction measurements performed on an
X-ray diffractometer (XRD, Bruker D8 Advance diffractometer)
with Cu-Ka radiation in the range of 10-80° at a scanning rate of
7°min~". The morphology of the products was observed by a
scanning electron microscopy (SEM, S-4800) and a transmission
electron microscope (TEM, JEM-2100). The UV-vis diffused
reflectance spectra of the samples were obtained from a UV-vis
spectrophotometer (UV2550, Shimadzu, Japan), BaSO,4 was used
as a reflectance standard. The investigation of the surface of the
sample was by an X-ray photoelectron spectrometer (XPS,
PHI-5300). Raman spectra were recorded on a Raman
spectrometer (WITEC Spectra Pro 23001) operating with a 532 nm
laser. Total organic carbon (TOC) analyses were conducted on a
multiN/C2100 (Analytik Jena AG, Germany) TOC analyser.

2.3. Photocatalytic degradation of the antibiotic (CIP): Studies of
the photocatalytic properties of the powders were performed at
298 K in our house-made instruments. At first, the photocatalytic
activities of the Pt/Bi,WOg powders were evaluated by
degradation of the tetracycline antibiotic under visible light
irradiation (150 W—Xenon). A 150 W Xenon lamp inside a
cylindrical quartz reactor with a circulating water jacket was used
as the light source. During the reaction, water was introduced
through the jacket to cool the solution. The photochemical reactor
contains a 0.1 g catalyst and a 100 ml 10 mg/l tetracycline
aqueous solution. The solution was magnetically stirred acutely.
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After 30 min in the dark, it reached the absorption balance and its
initial absorbency was determined. Then, the solution was
irradiated by visible light and was aerated. The sampling analysis
was conducted in 10min intervals. The CIP absorption
concentration was determined by using the TU-1800 UV-vis
spectrophotometer (Shanghai AoXi Technology Instrument Co.,
Ltd) by recording the variations of the absorption band maximum
at 1=278 nm (CIP). The photocatalytic degradation rate (DR)
was calculated by the following formula

DR = [(1 — 4;/4)] x 100%

where 4, is the initial absorbency of the tetracycline antibiotic
waster solution which reached the absorbency balance and 4; is
the absorbency of the reaction solution.

3. Results and discussion: The phase purity of the as-synthesised
Pt/Bi,WOg¢ samples was characterised by X-ray diffraction (XRD,
Fig. 1). All the peaks displayed in the XRD patterns can be
readily indexed to a monoclinical phase of the Bi,WO¢ which are
in agreement with the literature values (JCPDS 73-1126). There
existed sharp diffraction peaks, which lay at 28.3°, 32.8°, 47.2°
and 55.8°, corresponding to the (113), (200) (020), (026) (220)
and (313) (208) directions, respectively. In addition, the strong
and sharp diffraction peaks of the Pt/Bi,WO¢ with different
amounts of Pt indicate that the Pt/Bi,WO4 samples obtained via
our simple photodeposition synthetic method are still the same
with the pure phase (Bi;WOg). The probable reason is that the
small amounts of the Pt species introduced in the composite
samples or the Pt compounds existed as amorphously [12].

The morphology and the size of the product prepared by the pro-
cedure described in the Experimental Section were visualised by the
SEM images shown in Fig. 2. As can be seen in Figs. 2a—c, the
as-obtained Bi,WO4 products in the reaction system consist
almost entirely of relatively uniform micrometer-scale nests with
a 1-2 um diameter and the surface is smooth. As in Fig. 25, we
have also found that the morphology and the size have no
obvious differences. The samples of the Pt/Bi,WO¢ are just a
surface coating. They have some point on the surface of the Pt/
Bi,WOg in Fig. 2d.

To determine the chemical state of the elements, an XPS meas-
urement was performed for the Pt/Bi,WOg sample. As shown in
Fig. 3, the Bi 4f7/2 and the Bi 4f5/2 peaks of the Pt/Bi;WOq
appear at 159.28 and 164.45 eV, respectively. The W4f7/2 and
the O1s feature of the Pt/Bi,WOg are 36.20 and 531.92 eV, respect-
ively. These above results are in agreement with the conventional
Bi,WOg4 nanomaterials [13]. In addition, the peak of 75.45 ¢V is
a response to the Pt4f and indirectly indicates that the Pt exists in
the surface of the sample [14].
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Figure 1 XRD patterns of the as-obtained samples
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Figure 2 SEM and TEM images of the pure Bi;WOgs and the 1 wt%
P1t/Bi,WO4 samples
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Figure 3 XPS spectra of the Pt/Bi;WOg
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Fig. 4 shows the Raman spectra of the as-obtained Bi,WO¢ and
Pt/Bi, WO, at room temperature. The peak of 150 cm™" is owing
to the [WO4]*~, the existence of the peaks in 600—-1000 cm™" is
due to the W-O stretching mode, 300310 cm™' may be attribu-
ted to the vibrational stretching mode of Bi*" and [WO,]*~, 790—
820 cm™' are maybe the symmetric and the antisymmetric vibra-
tion peaks of O—W-0O [15]. In addition, we can also find that the
main peaks of the Bi,WOg are consistent with the 1 wt% Pt/
Bi;WOg. The decrease in the intensity further indicates that the
Pt modified samples on the surface are weakened because of
the light signal received by the photocomposite [16].

As shown in Fig. 5, we have studied the UV-vis diffused
reflection spectra. The as-obtained Pt/Bi,WOg sample has a
obvious absorbency at >400nm compared with the bare
Bi,WOg. It had absorption edges at about 450 and 500 nm, respect-
ively, corresponding to the absorption edge of the photocatalyst.
The bandgap (E,) of the photocatalyst is estimated by the
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Figure 4 Raman spectra of the bare Bi;WOgs and the 1 wt% Pt/Bi,WOg
samples
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Figure 5 UV-vis diffused absorption spectra of the bare Bi,WOg4 and the
1 wt% Pt/Bi;WOg samples

following equation
E, = 1240/)

where A is the absorbance wavelength.

According to the calculation results, the calculated bandgap
energy of the Pt/Bi,WOg¢ photocatalyst is about 2.48 eV, which is
much smaller than 2.75eV (bare). A narrow bandgap of the
Pt/Bi;WOg is favourable for absorbing the visible-light as well as
the UV-light for the excitation of the electrons from the valence
band (VB) to the conduction band. In addition, it can utilise the
solar energy more effectively. We have known that the VB level
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Figure 7 Postulated mechanism of the photoinduced charge separation of
the Pt/Bi,WO

Bi,WOgq is lower by 0.353 V than that of TiO,. We calculated the
Evg=0.51 ¢V and the Ecg =3.26 eV, respectively, for the nest-like
Bi,WOq [17].

Therefore the photocatalytic activities of the obtained Pt/Bi, WOyq
samples were evaluated by the degradation of CIP in water under
the visible light irradiation. Fig. 6a displays the time-dependent
degradation of CIP by the different Pt/Bi,WOg samples under the
same photocatalytic degeneration condition. The photocatalytic de-
generation rate of the bare Bi, WOy is 35% and the Pt/Bi,WOg (1 wt
%) has the best effect of the photocatalytic degeneration. Moreover,
in the beginning, with the increase of the loading amount of the Pt
on the surface of the Bi, WOy, the degeneration rate was enhanced,
but with a further increase in the loading amount of the Pt, the
photocatalytic degeneration rate decreased.

The main course is deduced as follows. At the beginning, the
loading Pt could increase the possibility of the capture of the elec-
trons and thus increase the photocatalytic efficiency. However, with
the increase in the amount of the Pt, the Pt will be conglutinated
with each other on the surface of the Bi,WO; and thus easily
cause the accumulation of the electrons and increase the possibility
of the capture of the holes. Therefore these will form the centre of
the combination of the electron—holes and decrease the photocata-
lytic degeneration rate [18].

TOC analysis is an effective method to demonstrate the mineral-
isation of organic pollutants. Fig. 65 shows the degradation of the
organic carbon content with Bi,WOg and 1 wt% Pt-Bi, WO as
the photocatalysts; the TOC values are decreased with the irradi-
ation time. Their conversion rates are ca. 60.8% and 23.3% in 60
min, respectively. It has successfully removed the effect of the
physical adsorption and correctly evaluated the photocatalytic
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Figure 6 Photocatalytic degradation of CIP with different Pt/Bi,WOs samples under a visible light irradiation

a Time dependant degradation of CIP by different Pt/Bi,/WOg4 samples under the same photocatalytic degeneration conditon traces: a pure Bi,WOg; b 0.5 wt%
Pt/Bi;WOg; ¢ 1.0 wt% Pt/Bi;WOy; d 2.0 wt% Pt/Bi,WOg; € 3.0 wt% Pt/Bi,WOg; f 5.0 wt% Pt/Bi, WO

b The TOC of the pure Bi;WOg and the 1 wt% Pt-Bi, WO, samples after the degradation of CIP
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activity of the pure Bi,WO¢ and the 1 wt% Pt-Bi,WO4 samples.
This result is similar to the trend in the degradation of CIP.

As is well known, one of the most active metals for photocata-
Iytic enhancement is platinum (Pt), which can produce the
highest Schottky barrier among the metals that facilitate electron
capture [12]. In this reported work, the photocatalytic reaction
process was established so that conduction band electrons (¢7)
and valence band holes (h") are generated when the aqueous Pt/
Bi,WO4 composite suspension is irradiated with visible light. The
recombination of the electrons and the holes must be prevented as
much as possible if a photocatalytic reaction is to be favoured. In
the photocatalysis system, the photogenerated electrons could
react with the electron acceptors such as O, existing in the
system, reducing it to the superoxide radical anion O, . Thus,
the transfer of the charge carriers was improved and the recombin-
ation of the electrons and the holes was also inhibited. However, the
degradation of CIP cannot be caused either by the effect of e¢O,™
directly, or the free ®# OH radicals, because the standard redox po-
tential of Bi(V)/Bi(Ill) (+1.59 V) is more negative than that of
eOH/OH™ (+1.99 V), suggesting that the photogenerated hole on
the surface of the Bi,WOq could not react with OH/H,O to form
eOH [19]. In addition, the Pt/Bi, WOy assisted photodegradation
of CIP occurs via two competitive processes: a photocatalytic
process and a photosensitised process. Both the photocatalytic
process and the photosensitised process would work concurrently
under a visible light irradiation, but the former is the predominant
process. The visualised photocatalytic mechanism of the Pt/
Bi,WOg is shown in Fig. 7.

4. Conclusion: We have successfully synthesised the 3D nest-like
Pt/Bi;,WOq structure by a simple, ecofriendly and controllable
hydrothermal synthetic approach. In addition, we have studied
the W-O active modes and the surface of the Pt/Bi,WOq by the
Raman and the XPS measures. Moreover, we have studied the
effect of the photocatalytic degradation of CIP and found that
the loading amount of Pt plays a key role in controlling the
photocatalytic degradation activity of CIP. We have also
preliminarily studied the catalytic mechanism of the Pt/Bi, WOg.
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