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Abstract 

Bi2WO6 synthesized by hydrothermal method and heterostructure 1-10wt% Pt/Bi2WO6 nanocomposites 

synthesized by sonochemical-assisted deposition method were studied for photocatalysis. The as-synthesized 

samples were characterized by X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, Raman 

spectrometry, X-ray photoelectron spectroscopy (XPS), transmission electron microscopy (TEM) and UV-visible 

diffuse reflectance spectroscopy (UV-vis DRS). The analytical results certified that metallic Pt nanoparticles were 

loaded on orthorhombic Bi2WO6 thin nanoplates and the visible light absorption of the nanocomposites was 

improved. The photocatalytic activities of the as-synthesized samples in degrading rhodamine B (RhB) were 

investigated under visible light for 180 min. The photodegradation efficiencies were 35.33%, 66.18%, 86.91% 

and 94.58% for 0%, 1%, 5% and 10% Pt/Bi2WO6 samples, respectively. The 10% Pt/Bi2WO6 nanocomposites 

have the highest photocatalytic activity because the Pt nanoparticles have the highest activity in harvesting visible 

light and the strongest surface plasmon resonance (SPR) effect. A possible mechanism for photocatalysis, main 

active radicals of the photodegradation process and recyclability of the heterostructure Pt/Bi2WO6 

nanocomposites were also investigated in this research.  
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1. Introduction 

In the past decades, photocatalysis has attractive potential applications in degrading organic contaminants 

due to its complete mineralization, simplicity, high efficiency, including mild temperature and pressure [1-4]. 

Titanium dioxide with a wide band gap of 3.2 eV has become one of the most important photocatalysts [5-7]. It is 

still having some key technical problems in photocatalytic technology because it has low utilization of solar energy 

and quantum yield and is active only UV light [5-8]. Thus, the development of visible-light-responsive 

photocatalyst is the main purpose to take up visible light of about 43% of the solar energy as compared with the 

UV light of about 4% [2, 7-9]. 

Bismuth tungstate (Bi2WO6), a narrow band gap semiconductor, has become the focus in the field of 

photocatalysis and was reported as the effective degradation for organic pollutants in water, such as methyl orange 

[9, 10], congo red [9], rhodamine B (RhB) [11-13], methylene blue (MB) [14-16], benzoic acid [15], phenol [17] 

and tetracycline [18, 19]. Bi2WO6, a typical Aurivillius oxide, is composed of accumulated layers of fluorite-like 

[Bi2O2]2+ with corner-sharing perovskite-like [WO4]2− which can promote high mobility of photo-generated 

charge carriers and improve photocatalytic reaction [1, 9, 20-22]. Nevertheless, the photocatalytic efficiency of 

Bi2WO6 is low and the rate of photogenerated carrier recombination is high [1, 2, 6, 23, 24]. Therefore, increasing 

in the separation of photogenerated carriers is the key purpose for photocatalyst with enhanced activity [1, 6, 25].  

Recently, noble metal was used to improve photocatalytic efficiency because noble metal nanoparticles, 

a sink for electrons, can promote the interfacial diffusion process and surface plasmonic resonance (SPR) effect 

by forming Schottky barrier at the metal–semiconductor interface [2, 22-24, 26, 27]. For example, Liu et al. 

claimed that Au/Bi2WO6 nanosheet-based microspheres played the role in the degradation of phenol under visible 

light higher than Bi2WO6. They reported that Au nanoparticles acted as electron accepters to promote electron–

hole separation and improve the photocatalytic efficiency [2]. Haiyan et al. succeeded in synthesizing of 

heterostructure Ag/Bi2WO6 composites by simple UV radiation method [26]. The heterostructure Ag/Bi2WO6 

composites had the high photodegradation of RhB, MB and methyl red under visible radiation and were attributed 

to the difference in Fermi level of Ag nanoparticles and Bi2WO6. According to the previous reports, noble metal 

(Ag and Pd) and bimetallic (AgPd and PdAg) nanoparticles loaded on thin Bi2WO6 photocatalyst can lead to 

increase the photocatalytic activity of Bi2WO6 under visible radiation due to the formation of Schottky barrier of 

metallic nanoparticle – Bi2WO6 and plasmon resonance effect of noble metal nanoparticles (8, 24, 28-30).  

In this research, heterostructure Pt/Bi2WO6 nanocomposites were synthesized by sonochemical-assisted 

deposition method. Their phase, structure, morphology and optical properties were analyzed. Effect of Pt 

nanoparticles loaded on Bi2WO6 thin nanoplates on the photodegradation of rhodamine B under visible radiation 

was investigated and discussed. A possible mechanism and recycle stability of the nanocomposites in degrading 

RhB were also proposed and discussed. 

 

2.  Experiment 

2.1 Chemical reagents 

Bismuth (III) nitrate pentahydrate (Bi(NO3)3·5H2O, ACS reagent, ≥98.0%), sodium tungstate dihydrate 

(Na2WO4·2H2O, ACS reagent, ≥99%) and chloroplatinic acid hydrate (H2PtCl6·xH2O, ≥99.9%) were purchased 

from Sigma-Aldrich Chemical Corporation. Rhodamine B (C28H31ClN2O3, ≥95%) was purchased from Loba 

Chemie Pvt. Ltd. They were used without further purification. 



 

 

 

2.2 Preparation method 

To prepare thin Bi2WO6 nanoplates, 0.01 mol Bi(NO3)3⋅ 5H2O and 0.005 mol Na2WO4·2H2O were 

dissolved in 100 ml reverse osmosis (RO) water. The solution was adjusted the pH to 6 by 3 mol/l NaOH and was 

hydrothermally heated at 180 oC for 20 h. The as-synthesized Bi2WO6 thin nanoplates were separated by filtering, 

washed and dried for further synthesis. In the end, each of 1%, 5% and 10% H2PtCl6·xH2O by weight was 

dissolved in 100 ml ethylene glycol and followed by the addition of 2.50 g Bi2WO6 thin nanoplates. The system 

was vibrated in a 240 W ultrasonic bath for 60 min and the as-synthesized heterostructure Pt/Bi2WO6 

nanocomposites were collected for further characterization. 

 

2.3 Characterization 

Phase and structure of the samples were analyzed by a Philips X’Pert MPD X-ray diffractometer (XRD) 

using Cu Kα as an X-ray source. Raman and Fourier transform infrared (FTIR) spectra were analyzed by a 

HORIBA JOBIN YVON T64000 Raman spectrometer using Ar green laser source of 514.5 nm wavelength and a 

BRUKER TENSOR 27 Fourier transform infrared spectrometer. Their morphologies were characterized by a 

JEOL JEM-2010 transmission electron microscope (TEM) at an operating voltage of 200 kV. The chemical 

composition and oxidation state of elements containing in the samples were analyzed by an X-ray photoelectron 

spectrophotometer (XPS, Axis Ultra DLD, Kratos Analytical Ltd) using Al Kα radiation at 1486.6 eV and 

calibrated by C 1s at 285.1 eV. The UV-visible diffuse reflectance spectra (DRS) were analyzed by a UV-vis DRS 

Shimadzu UV-2600 spectrometer. 

 

2.4 Photocatalysis 

Fig. 1 shows a schematic diagram for photocatalysis of Bi2WO6 nanoplates and heterostructure 

Pt/Bi2WO6 nanocomposites in degrading RhB under visible light. General properties of RhB were summarized in 

Table 1 [31-33]. Each 0.2 g of Bi2WO6 and heterostructure Pt/Bi2WO6 samples was suspended in 200 ml of 1x10–

5 mol/l RhB solutions under magnetic stirring. Before irradiation, the solution was stirred in the dark for 30 min 

and irradiated by visible light of a xenon lamp with a 420 nm cutoff filter.  



 

 

 

Fig. 1 The photocatalytic process of Bi2WO6 and heterostructure Pt/Bi2WO6 samples in the degradation of RhB. 

 

Table 1. The properties of RhB. 

Properties of RhB Values 

Chemical formula C28H31ClN2O3 

IUPAC name 9-(2-carboxyphenyl)-6-(diethylamino)N,N-diethyl-3H-xanthen-3-

iminium chloride 

 

 

pKa 50 (20 °C) 

λmax (nm) 554 nm 

Class Triphenylmethane 

Name (CI) Basic Violet 10; Brilliant Pink B 

Color index (CI) number 45170 

 

During the photocatalysis, 5 ml RhB solution was taken from the photocatalytic reactor every 30 min 

interval. The sample solution was centrifuged to separate the solid photocatalyst from the liquid solution and 

analyzed the residual concentration of RhB solution by a PerkinElmer Lambda 25 UV–visible spectrometer at the 

maximum absorption wavelength (λmax) of 554 nm. The decolorization efficiency was calculated by the following. 

Decolorization efficiency (%) = 

o

o

C

C -C t
x100                (1) 



 

 

Co and Ct are the RhB concentration of the solution before and after light irradiation within a period of 

time (t). 

 

3.  Results and discussion 

The XRD pattern of pure Bi2WO6 sample (Fig. 2) was composed of diffraction peaks at 2θ = 28.29°, 

32.91°, 47.18°, 55.97° and 58.63° which were indexed to the (131), (200), (260), (191) and (133) planes of a 

typical orthorhombic Bi2WO6 according to the JCPDS no. 39-0256 [34]. No other impurities were detected in the 

XRD pattern of Bi2WO6, indicating that the as-prepared Bi2WO6 sample was pure phase. XRD patterns of 

Pt/Bi2WO6 nanocomposites show the diffraction patterns of a typical orthorhombic Bi2WO6 structure with an 

additional diffraction peak at 2θ = 39.75° of the (111) peak of face centered cubic Pt structure (marked with ■) 

according to the JCPDS no. 04-0802 [34]. They should be noted that the diffraction peaks of Bi2WO6 in Pt/Bi2WO6 

nanocomposites were slightly shifted w.r.t the pure Bi2WO6 phase. Possibly, the shift was caused by the interface 

of FCC Pt structure and orthorhombic Bi2WO6 structure. The average crystallite size of metallic Pt nanoparticles 

containing in the as-prepared 10% Pt/Bi2WO6 nanocomposites calculated by the Scherrer formula [8, 14, 21, 24, 

35] was 12 nm. 

 

Fig. 2 XRD patterns of Bi2WO6 and heterostructure Pt/Bi2WO6 samples. 

 

The crystal structure of Bi2WO6 Aurivillius-type structure with I4/mmm contains layers of perovskite-

like (WO4)2− and fluorite-like (Bi2O2)2+ lying normal to the [001] direction [1, 8, 11, 18, 21, 36, 37]. The 2A1g + 

B1g + 3Eg modes are Raman active and the 4A2u + 5Eu modes are IR active [31-34]. They are classified into 

symmetric (A1g) and asymmetric (A2u + Eu) stretching vibrations of WO6 octahedrons, stretching and bending 

vibration (B1g + Eg + A2u + Eu) of (Bi2O2)2+ layers, bending vibration (Eg + 2Eu + A2u + B2u) of WO6 octahedrons, 

translational motion (A1g + Eg) of Bi3+ and vibration involving translational motion (A2u + Eu) of Bi3+ and 



 

 

W6+ ions  [36-39]. Fig. 3a shows the FTIR spectra of Bi2WO6 and Pt/Bi2WO6 samples diluted by KBr over the 

wavenumber range of 400–4000 cm−1. The pure Bi2WO6 sample shows the Bi–O stretching at 823 cm−1 and W–

O stretching at 733 cm−1. The asymmetric bridge W–O–W stretching mode was detected at 583 cm−1 [10, 20, 21, 

24, 36, 37]. The FTIR spectra of Pt/Bi2WO6 nanocomposites show the slight shift of wavenumbers with respect 

to that of the pure Bi2WO6 sample due to the strong interaction of metallic Pt and Bi2WO6 nanoparticles [21, 24]. 

The broad FTIR bands at 3200-3400 cm−1 were detected in all samples which were assigned to the stretching 

vibration of O–H bonds of adsorbed water on the top surface [10, 20, 21, 24, 36, 37].  

 

Fig. 3 (a) FTIR and (b) Raman spectra of Bi2WO6 and Pt/Bi2WO6 samples. 

 

Fig. 3b shows the Raman spectra of Bi2WO6 and Pt/Bi2WO6 samples. The Raman vibration of Bi2WO6 

below 600 cm–1 is originated from the WO6 bending mode coupled with Bi–O bending mode of the polyhedrons 

[14, 21, 23, 36, 37]. The vibration of W–O stretching mode was detected at 600–1000 cm–1 [14, 21, 23, 36, 37]. 

The Raman peaks at 259 (Eu), 280 (Eg), 305 (Eg) and 416 (Eu) cm−1 correspond to the bending vibration of 

WO6 octahedrons. The Raman shoulder at 331 cm−1 corresponds to the bending of Bi–O polyhedrons (B1g) [14, 

21, 23, 36, 37]. The shoulder of B2WO6 at 707 cm–1 was related to the asymmetric stretching mode of 

WO6 octahedrons (Eu) [14, 21, 23, 36, 37]. The Raman peaks at 787 and 814 cm–1 were detected in Bi2WO6 which 

were assigned to the symmetric and antisymmetric stretching of terminal O–W–O groups (Ag), respectively [14, 

21, 23, 36, 37]. They should be noted that the Raman peaks of Pt/Bi2WO6 nanocomposites exhibit no difference 

with respect to those of the as-prepared Bi2WO6 sample. Possibly, the sample contains very low content of Pt 

nanoparticles. 

Fig. 4a is the TEM image of the as-prepared Bi2WO6 sample. The sample was composed of uniform 

nanoplates with size of 50-80 nm. The high resolution transmission electron microscopic (HRTEM) image of a 

single Bi2WO6 nanoplate (inserted in Fig. 4a) reveals the lattice spaces of 0.273 and 0.272 nm corresponding to 

the (200) and (002) planes of orthorhombic Bi2WO6 structure.  



 

 

 

Fig. 4 TEM and HRTEM images, and SAED and FFT patterns of (a, b) Bi2WO6 and (c, d) heterostructure 10% 

Pt/Bi2WO6 nanocomposites. 

 

The selected area electron diffraction (SAED) of a single Bi2WO6 nanoplate (Fig 4b) shows the bright 

spots of electron diffraction, corresponding to the (020), (220) and (200) planes of orthorhombic Bi2WO6 structure 

with zone axis of [001]. A single thin Bi2WO6 nanoplate preferentially grew along the (010) plane because the 

(010) plane of orthorhombic Bi2WO6 has an atom density higher than other planes [8, 11, 21, 40, 41]. The SAED 

and HRTEM results indicate that the Bi2WO6 nanoplates were built of fluorite-like (Bi2O2)2+ and perovskite-like 

(WO4)2− in the [001] direction [1, 8, 11, 18, 21]. Fig. 4c shows the TEM image of 10% Pt/Bi2WO6 nanocomposites 

which were composed of Pt nanoparticles with particle size of 8-10 nm supported on the surface of Bi2WO6 

nanoplates. Fig. 4d shows the HRTEM image of 10% Pt/Bi2WO6 nanocomposites which show the interface of Pt 

nanoparticles and Bi2WO6 nanoplates. Clearly, the Pt nanoparticles were excellently adhered on the surface of 

Bi2WO6 nanoplates. The HRTEM image of 10% Pt/Bi2WO6 nanocomposites certifies the formation of 

Pt/Bi2WO6 heterojunctions and shows the lattice space of 0.273 nm for (200) crystallographic planes of 

orthorhombic Bi2WO6 structure and lattice space of 0.226 nm for (111) crystallographic plane of FCC Pt structure. 

In addition, a fast Fourier transform (FFT) pattern of Pt nanoparticles (inserted in Fig. 4d) indicated that the Pt 

nanoparticles are good single crystal. 

The surface composition and oxidation state of Bi2WO6 and Pt/Bi2WO6 samples analyzed by XPS are 

shown in Fig. 5. The full survey XPS spectrum of Bi2WO6 is mainly composed of Bi, W and O elements while 



 

 

the full survey XPS spectrum of Pt/Bi2WO6 nanocomposites is composed of additional Pt element. The high 

resolution XPS spectrum of Pt/Bi2WO6 nanocomposites shows two binding energy peaks at 71.16 eV and 74.54 

eV which are assigned to the Pt 4f7/2 and Pt 4f5/2 core levels. They certified the presence of metallic Pt0 in 

heterostructure 10% Pt/Bi2WO6 nanocomposites [7, 23, 42, 43]. The binding energies of Pt 4f7/2 and Pt 4f5/2 core 

levels of Pt2+ were detected at 72.01 eV and 75.66 eV because PtO was synthesized during XPS analysis [42, 43]. 

The two prominent high resolution binding energies of Bi 4f peaks were detected at 159.34 and 164.64 eV for 

Bi2WO6 and 159.49 eV and 164.79 eV for 10% Pt/Bi2WO6 with a 5.3 eV spin–orbit splitting value. They were 

ascribed to Bi 4f7/2 and Bi 4f5/2 core levels which certified that Bi mainly exists in the Bi3+ form [7, 8, 10, 16, 18, 

20, 21, 24, 36]. The high resolution binding energies of W 4f core levels were detected at 35.59 and 37.73 eV for 

Bi2WO6 and 35.66 eV and 37.86 eV for 10% Pt/Bi2WO6. They correspond to the W 4f7/2 and W 4f5/2 core levels 

with the presence of W6+ in Bi2WO6 lattice [8, 10, 16, 18, 20, 21, 24, 36]. The asymmetric high resolution binding 

energy of O 1s was disintegrated into four peaks at 530.13, 530.97, 532.21 and 533.41 eV for Bi2WO6 and three 

peaks at 530.48, 532.04 and 533.50 eV for 10% Pt/Bi2WO6. They were attributed to Bi–O (530.13 eV for Bi2WO6 

and 530.48 for 10% Pt/Bi2WO6) and W–O (530.97 eV for Bi2WO6) and adsorbed oxygen species of OH– (532.21 

eV for Bi2WO6 and 532.04 for 10% Pt/Bi2WO6) and H2O (533.41 eV for Bi2WO6 and 533.50 eV for 10% 

Pt/Bi2WO6) [8, 10, 16, 18, 20, 21, 24, 36]. The analytical results suggest that there were metallic Pt0 containing in 

the composites and ionic Pt2+ was synthesized during the XPS analysis. 

 

Fig. 5 XPS spectra of (a) full survey scan and high-resolution XPS spectra of (b) Pt 4f, (c) Bi 4f, (d) W 4f and (e) 

O 1s of Bi2WO6 and 10% Pt/Bi2WO6 samples.  

 

Fig. 6 shows the UV–visible DRS spectrum of the Bi2WO6 and Pt/Bi2WO6 samples. The DRS spectrum 

of as-prepared Bi2WO6 sample shows the EM wave ranging from strong UV to visible light with the 396 nm 

absorption edge of the intrinsic band gap of Bi2WO6 [10, 13, 14, 17, 23, 27]. Obviously, the DRS spectrum of 

Pt/Bi2WO6 nanocomposites has high intensity in visible light region with absorption edge of 404 nm for 5% 

Pt/Bi2WO6 and 407 nm for 10% Pt/Bi2WO6. They were attributed to the SPR effect of Pt nanoparticles that led to 

improve the photocatalytic activity of Bi2WO6 under visible light [2, 7, 22, 23, 26, 27, 44]. The band gaps 

of Bi2WO6 and Pt/Bi2WO6 samples were estimated by the Eg = 1240/λ equation [23, 45, 46]. Their band gaps were 



 

 

decreased from 3.13 eV for Bi2WO6 to 3.06 eV for 5% Pt/Bi2WO6 and 3.04 eV for 10% Pt/Bi2WO6 caused by the 

introduction of localized energy levels in the Bi2WO6 band gap by Pt nanoparticles [2, 7, 22, 23, 26, 27, 44].  

 

Fig. 6 DRS spectra of as-prepared Bi2WO6 and Pt/Bi2WO6 samples. 

 

In order to investigate the photocatalytic activities of Bi2WO6 and Pt/Bi2WO6 samples, RhB dye was 

selected as the pollutant model because RhB can be monitored by UV-visible spectroscopy and is very stable 

under visible light. According to the previous report, the zeta potential of Bi2WO6 was at the pH of 5.32 and the 

surface charge of Bi2WO6 was neutral. The surface charge of Bi2WO6 was positive for the pH < 5.32 and was 

changed to negative for the pH > 5.32 [47]. The cationic RhB was adsorbed on the surface of Bi2WO6. Therefore, 

the RhB was selected as a dye model for this photocatalytic study. Fig. 7 shows time-dependent UV–visible spectra 

of RhB solutions over Bi2WO6 and Pt/Bi2WO6 samples illuminated by visible light. The UV-visible absorption of 

RhB was dramatically decreased with the increase of irradiation time for both Bi2WO6 and Pt/Bi2WO6 samples. 

The intensity of maximum absorption of RhB at 554 nm in the presence of Pt/Bi2WO6 nanocomposites was 

decreased faster than that in the presence of Bi2WO6. Thus, the RhB degradation over Pt/Bi2WO6 nanocomposites 

is faster than that over Bi2WO6. At the end of 180 min irradiation time, λmax of RhB over 10% Pt/Bi2WO6 

nanoplates was significantly shifted to 498 nm due to N-de-ethylation and RhB was completely degraded [7, 12, 

21, 24]. 



 

 

 

Fig. 7 Temporal evolution of UV-visible spectra of RhB photocatalyzed by (a) Bi2WO6, (b) 1% Pt/Bi2WO6, (c) 

5% Pt/Bi2WO6 and (d) 10% Pt/Bi2WO6 samples. 

 

Fig. 8a shows the photocatalytic efficiency of Bi2WO6 and heterostructure Pt/Bi2WO6 samples in 

degrading RhB within 180 min. The results indicate that the photodegradation efficiency was increased with 

increasing in the weight content of the loaded Pt and the irradiation time. The weight content of Pt has the influence 

on the photocatalytic activity of Bi2WO6. At the end of 180 min irradiation time, the photodegradation efficiencies 

were 35.33%, 66.18%, 86.91% and 94.58% for 0%, 1%, 5% and 10% Pt/Bi2WO6, respectively. The 

photodegradation efficiency of 10% Pt/Bi2WO6 nanocomposites was the highest because the Pt nanoparticles 

played the role in the highest harvesting visible light and having the strongest SPR effect [2, 7, 8, 24, 26, 27]. 

Comparing the photocatalytic performance of the 10% Pt/Bi2WO6 nanocomposites of the present work and those 

of other samples of the previous reports, the 10% Pt/Bi2WO6 nanocomposites have the photocatalytic performance 

higher than other samples of the previous reports as the results summarized in Table 2. Thus, the 10% Pt/Bi2WO6 

nanocomposites are the best candidate for dye degradation under visible radiation.  



 

 

 

Fig. 8 (a) Decolorization efficiency and (b) pseudo-first-order plots for RhB degradation over Bi2WO6, 1% 

Pt/Bi2WO6, 5% Pt/Bi2WO6 and 10% Pt/Bi2WO6 samples illuminated by visible light. 

 

Table 2. Photocatalytic performance of the present and previous reports.   

Photocatalysts Photocatalytic performance Refs. 

Bi2WO6 97.4%, 330 min [5] 

10% WO3/Bi2WO6 78.1%, 150 min [6] 

Bi2WO6 84.87%, 120 min [14] 

Bi2WO6 99.87%, 160 min. [16] 

3% Au-doped Bi2WO6 96.25%, 240 min [21] 

5% Ag0.9Pd0.1/Bi2WO6 87.72%, 210 min [31] 

Bi2WO6@MoS2/graphene Hybrids ~90%, 180 min [48] 

1.5% Er-doped Bi2WO6 ~99%, 240 min [49] 

10% Pt/Bi2WO6 94.58%, 180 min This work 

 

The kinetic reactions for RhB degradation over as-prepared photocatalysts were investigated according 

to the Langmuir–Hinshelwood model [3, 7, 8, 12, 14, 18, 21, 24, 27]. Fig. 8b shows the plots of ln(Co/Ct) versus 

reaction time. The plots corresponded with the linear lines and the photocatalytic performances of all samples 

followed pseudo-first-order kinetics [3, 7, 8, 12, 14, 18, 21, 24, 27]. The estimated reaction rate constants were 

2.30x10–3, 5.60x10–3, 0.0104 and 0.0146 min–1 for 0%, 1%, 5% and 10% Pt/Bi2WO6, respectively. Among them, 

the 10% Pt/Bi2WO6 is the best photocatalyst. Within 180 min, the decolorization of RhB photocatalyzed by 10% 

Pt/Bi2WO6 nanocomposites prepared by sonochemical-assisted deposition method of our current work was 

compared with that photocatalyzed by 10% Pt/Bi2WO6 nanocomposites prepared by microwave-assisted 

deposition method of our previous work [50]. The decolorization efficiency of the current nanocomposites was 

94.58% and that of the previous nanocomposites was 98.09%. The results show that the current decolorization 

efficiency is less than the previous one. Thus, the deposition frequency used for preparing the 10% Pt/Bi2WO6 

nanocomposites played the role in the photodegradation rate of RhB.  



 

 

 

Fig. 9 Photodegradation efficiency of heterostructure 10% Pt/Bi2WO6 nanocomposites in degrading RhB solutions 

with and without IPA, TEOA and BQ scavengers. 

 

In order to investigate the photocatalytic mechanism of Pt/Bi2WO6 nanocomposites, free radical trapping 

experiment was carried out using several scavengers: isopropyl alcohol (IPA) as a ●OH scavenger, triethanolamine 

(TEOA) as a h+ scavenger and benzoquinone (BQ) as a ●O2
– scavenger. They also contained in the RhB solutions 

during the photocatalysis [8, 21, 24, 51, 52]. Fig. 9 shows that the photodegradation efficiencies of 10% 

Pt/Bi2WO6 nanocomposites were decreased to 65.83%, 32.35% and 18.50% when IPA, BQ and TEOA were also 

added to the RhB solutions, respectively. In conclusion, the main active species used for RhB degradation are in 

sequence as follows: h+ >> ●O2
– > ●OH. On the basis of these results, the enhanced photodegradation of Pt/Bi2WO6 

photocatalyst was also attributed to the SPR effect and harvest of visible light [2, 7, 8, 24, 27].  

Fig. 10 shows the schematic diagram for photocatalytic performance of heterostructure Pt/Bi2WO6 

nanocomposites.  

 

Fig. 10 Photocatalytic diagram of heterostructure Pt/Bi2WO6 nanocomposites illuminated by visible radiation. 



 

 

 

Under visible light illumination, the Pt nanoparticles acted as electron acceptors to suppress electron–

hole recombination and promoted interfacial charge diffusion [2, 7, 8, 24, 27, 36]. The photo-excited electrons on 

conduction band (CB) of Bi2WO6 diffused to the Pt nanoparticles through the Schottky barrier at the metal–

semiconductor interface and the charge separation was improved [2, 7, 8, 24, 27, 36, 53]. Subsequently, the 

electrons were trapped by adsorbed O2 in water to produce ●O2
– radicals [2, 7, 8, 16, 24, 27, 31]. The 

photogenerated holes in the valence band (VB) of Bi2WO6 directly oxidized OH– or water molecules to form ●OH 

active radicals [2, 7, 8, 16, 24, 27, 31, 54, 55]. Among these three species (h+, ●O2
– and ●OH), they are able to 

separately transform the RhB dye into small inorganic compounds. The photocatalytic process 

of Pt/Bi2WO6 nanocomposites can be shown by the following. 

  Bi2WO6 + hv  → e–
CB + h+

VB   (2) 

  e–
CB + Pt  → e–

Pt    (3) 

  e–
Pt + O2  → ●O2

–    (4) 

  h+
VB + H2O/OH– → ●OH    (5) 

  Dye + h+
VB/●O2

–/●OH → Degraded products  (6) 

 

Fig. 11 Photodegradation efficiency of the reused 10% Pt/Bi2WO6 nanocomposites in degrading RhB illuminated 

by visible light for five cycles. 

 

Stability of the photocatalyst is important for the photocatalytic process, therefore the 

Pt/Bi2WO6 photocatalyst was investigated for practical application. The photocatalytic reaction of 

Pt/Bi2WO6 photocatalyst was carried out under visible light for five recycled runs. Fig. 11 shows the 

photodegradation of RhB over 10% Pt/Bi2WO6 nanocomposites. They exhibited a slight loss of photodegradation 

efficiency at the end of the 5th cycle. Thus, the 10% Pt/Bi2WO6 nanocomposites are very stable and are able to 

withstand corrosion in the extreme condition.  

In addition, the stability of reused 10% Pt/Bi2WO6 nanocomposites was analyzed by XRD and FTIR as 

the results shown in Fig. 12. XRD pattern of reused Pt/Bi2WO6 nanocomposites was indexed to orthorhombic 

Bi2WO6 structure (JCPDS no. 39-0256 [34]) as a major phase and face centered cubic Pt structure (JCPDS no. 



 

 

04-0802 [34]) as a minor phase. In this research, the 10% Pt/Bi2WO6 nanocomposites were able to withstand 

photocorrosion under visible light.  

 

Fig. 12 (a) XRD patterns and (b) FTIR spectra of 10% Pt/Bi2WO6 before and after photocatalytic test. 

 

The FTIR spectra of reused 10% Pt/Bi2WO6 nanocomposites still show the W–O stretching vibration, 

Bi–O stretching vibration and asymmetric bridge W–O–W stretching vibration [10, 20, 21, 24, 31, 32]. Additional 

FTIR peaks at 1000–1500 cm−1 belonging to oxygen-functional groups and aromatic structure of RhB molecules 

were detected because the RhB molecules were adsorbed on top of the Pt/Bi2WO6 nanocomposites [56-58]. 

Therefore, the heterostructure Pt/Bi2WO6 nanocomposites are the candidate photocatalyst in degrading RhB dye 

under visible radiation. 

 

4.  Conclusions 

In this research, the FCC metallic Pt nanoparticles fully supported on the surface of orthorhombic 

Bi2WO6 thin nanoplates to form the heterostructure Pt/Bi2WO6 nanocomposites were successfully prepared by 

sonochemical-assisted deposition method. The 10% Pt/Bi2WO6 nanocomposites have the photocatalytic reaction 

higher than the Bi2WO6 thin nanoplates. According to the trapping experiment, h+ and ●O2
– are the main active 

species for RhB degradation in the presence of heterostructure 10% Pt/Bi2WO6 nanocomposites illuminated by 

visible light. The recycled test of heterostructure 10% Pt/Bi2WO6 nanocomposites are long-term use for the 

practical application of photocatalysis. 
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