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Abstract:
Heterostructure Pt/Bi2MoO6 nanocomposites containing different weight contents of Pt nanoparti-
cles were successfully synthesized by an effective microwave-assisted deposition method. The
effect of Pt contents loaded on the Bi2MoO6 nanoplates was investigated through the photodegra-
dation of rhodamine B (RhB) illuminated by visible radiation. Face-centered cubic (FCC) metallic
Pt nanoparticles were supported on the surface of orthorhombic Bi2MoO6 nanoplates with very
good distribution by a microwave-assisted deposition method. The photocatalytic performance of
Bi2MoO6 nanoplates was increased with increasing the loaded Pt nanoparticles from 1% to 10%.
Upon further increasing the loaded Pt nanoparticles to 15%, the photocatalytic performance for
the degradation of RhB was significantly reduced. In this research, 10% Pt/Bi2MoO6 nanocom-
posites have the highest photocatalytic activity because Pt nanoparticles are very good electrical
conductors that play the role of enhancing photocatalytic reaction rate.
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1. Introduction

Organic dyes from textile, paint, food, leather, paper, and
pharmaceutical industries contain complex constituents
with one or more benzene rings. They are very high toxic
materials with slow decomposition rate and can play the
role in affecting human health, plants and organism lives in
water [1–5]. Rhodamine B (RhB), a xanthene dye, is widely
used as a fluorescent agent in biological and fluorescent
applications, including colorant in textile, plastic, glass, and
firework industries. These dyes were found in wastewater
because of their high solubility and have been listed as toxic
and carcinogenic agents by the International Agency for

Research on Cancer (IARC) and the European Food Safety
Authority (EFSA) [6–8]. They can lead to cause different
diseases in humans and organisms by inducing mutagenicity
and carcinogenicity [6–8]. Traditional wastewater treatment,
including biological process, physical/chemical adsorption,
precipitation, and flocculation, are quite disadvantageous
and are used to remove organic pollutants in wastewater be-
cause these methods are expensive and complex, including
the creation of secondary waste and limitations in practical
application [1, 3, 4]. The photocatalytic semiconductors,
the promising wastewater treatment agents, play the role
of generating highly reactive oxidative species under light
irradiation. These reactive oxidative species can completely
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degrade toxic organic pollutants by transforming them into
harmless compounds [5, 9–16].
Bismuth molybdate (Bi2MoO6) with band gap energy of
2.5–2.8 eV is composed of [Bi2O2]2+ layers interleaved by
alternately stacked double slabs of [MoO4]2− perovskite
layers. It is a promising candidate photocatalyst used for
the degradation of organic pollutants under visible radiation
[1, 9, 17–20]. The hydrothermal method was selected and
used to prepare Bi2MoO6 photocatalyst because the syn-
thetic process is mild, low cost, and facile. The synthesized
products have a high degree of crystallinity, high purity,
narrow particle-size distribution, and low aggregation [21–
23]. Nevertheless, the practical application in degrading
organic pollutants was limited by poor quantum yield, rapid
recombination of photo-excited carrier pairs, and slow car-
rier diffusion rate [9, 16–18, 24–26]. A number of noble
metals such as Pd [19, 27], Ag [28, 29], Ru [30, 31], and Au
[32, 33] were deposited on the photocatalytic semiconduc-
tor to enhance photocatalytic activity by increasing photo-
generated charge carrier diffusion rate and charge separation
between semiconductor and metal. Therefore, the recombi-
nation of the charge carriers was reduced, and the lifetime
was extended by constructing the Schottky barrier at the
metal/semiconductor interface [19, 27, 29, 34, 35]. The
noble metal nanoparticles modified on the semiconductor
can lead to effectively harvest more visible light by surface
plasmon resonance (SPR) effect and promote electron diffu-
sion at the metal-semiconductor interface [19, 27–29, 36].
Among them, Pt nanoparticles are effectively loaded no-
ble metals for improving oxide semiconductors and act as
the conductor of photogenerated electrons. Thus, the ab-
sorption of visible light was increased by localized surface
plasmon resonance (LSPR) effect and played the role in ef-
fective promoting the separation of photogenerated charge
carriers [37–39]. Deposition by microwave was used to
produce metallic nanoparticles supported on semiconduc-
tors such as Ag/ZnO [40, 41], Ag/BiOCl [42], Ag/graphene
oxide [43], Pd/graphite [44], Pt/reduced graphene oxide
[44], Pd/Fe3O4/zeolitic imidazolate frameworks [45], Pt/-
graphitic carbon [46], Pt/graphene [47], Pt/SnO2 [48] and
PtCo/carbon nanotubes [49] because this method is fast,
no selective heating, energy-saving, short reaction time
and inexpensive. The product has a high yield and narrow
particle-size distribution and is very pure with no aggrega-
tion of nanoparticles as compared to the traditional coating
method [50, 51].
In this study, heterostructure Pt/Bi2MoO6 nanocomposites
were successfully prepared using an effective microwave-
assisted deposition method. Microwave-assisted depo-
sition is a candidate method for transforming metallic
ions into uniform and homogenous metallic nanoparticles
on the semiconductor materials containing in the solu-
tion. Bi2MoO6 sample and heterostructure Pt/Bi2MoO6
nanocomposites were characterized by different techniques
to study phase, morphology, the oxidation state of an el-
ement, surface area, and optical properties. The effect of
the weight percent of Pt loaded on the synthetic products
was investigated through the degradation of rhodamine B
(RhB) under visible light irradiation. Active radicals were

investigated by a trapping test. The photocatalytic recycla-
bility and stability of heterostructure Pt/Bi2MoO6 nanocom-
posites were also studied and discussed according to the
experimental results.

2. Experiment

2.1 Synthesis of heterostructure Pt/Bi2MoO6 nanocom-
posites

To prepare Bi2MoO6 nanoplates by hydrothermal method,
0.01 mol Bi(NO3)3−5H2O and 0.005 mol Na2MoO4−2H2O
were dissolved in 100 ml reverse osmosis (RO) water and
followed by adjusting the pH of 6 by 3 M NaOH. The
solution system was put in a 200 ml Teflon-lined stain-
less steel autoclave, which was heated at 180 oC for 20 h.
The as-prepared precipitates were collected, washed, and
dried for future preparation of heterostructure Pt/Bi2MoO6
nanocomposites. Each of 1wt%, 5wt%, 10wt%, and 15wt%
H2PtCl6−xH2O was dissolved in 100 ml ethylene glycol,
which was stirred for homogeneity. Subsequently, each 2.50
g Bi2MoO6 powder was added to these homogeneous solu-
tions. The system was heated by microwave at 300 W for 20
min to form heterostructure Pt/Bi2MoO6 nanocomposites.
In the end, the samples were collected, washed, and dried
for further characterization. The synthetic process of the
samples is shown in Fig. 1.

2.2 Characterization
Phase and structure of Bi2MoO6 and Pt/Bi2MoO6 were
investigated by an X-ray diffractometer (Philips X’Pert
MPD, XRD) by monochromatic Cu Kα as an X-ray source
at a scanning rate of 0.01o.s–1 with 2θ range of 10–60o.
The atomic vibration of samples was operated on a Fourier
transform infrared spectrometer (BRUKER TENSOR 27,
FTIR) and a Raman spectrometer (HORIBA JOBIN YVON
T64000) at 50 mW Ar green laser of 514.5nm wavelength.
A JEOL JSM 6335F scanning electron microscope (SEM)
combined with an Oxford INCA energy dispersive spec-
trometer (EDS) using a Si(Li)-type detector operating at 35
kV was used to analyze the morphology and element of the
samples. The interface of Pt and Bi2MoO6 was analyzed by
transmission electron microscopy (JEOL JEM-2010, TEM)
using LaB6 as an electron gun at 200 kV. An X-ray pho-
toelectron spectrophotometer (XPS) was operated on Axis
Ultra DLD, Kratos Analytical Ltd by monochromatic Al
Kα radiation at 1486.6 eV and C 1s at 285.1 eV for calibra-
tion. The optical properties of Bi2MoO6 and Pt/Bi2MoO6
were performed by a Shimadzu UV-2600 UV-visible diffuse
reflectance spectrometer (UV-vis DRS) with BaSO4 stan-
dard reference at 200–800 nm. The specific surface area of
the sample was analyzed by a Micromeritics TriStar II 3020
analyzer.

2.3 Photodegradation experiment
0.2 g Pt/Bi2MoO6 suspension containing in 200 ml of
1×10−5 M RhB solution was magnetically stirred in the
dark condition for 30 min. Subsequently, the solution with
constant stirring was illuminated by the visible light of a
xenon lamp, and 5 ml RhB solution was sampled every 30
min interval. The residual content of RhB after the photo-
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Figure 1. Schematic diagram for the synthesis of heterostructure Pt/Bi2MoO6 nanocomposites.

catalytic reaction was analyzed at the maximum absorption
wavelength (λ max = 554 nm) by a Perkin Elmer, Lambda
25 UV/Vis spectrometer. The decolorization efficiency for
RhB degradation over the photocatalyst was calculated us-
ing the following Eq. 1:

Decolorization efficiency(%) =
C0 −Ct

C0
×100 (1)

Co is the initial content of RhB and Ct is the content of RhB
after light irradiation within a period of time (t). In the end,
the degraded RhB solution at t = 0, 60 and 120 min over
10%Pt/Bi2MoO6 were studied by a liquid chromatography-
quadrupole time-of-flight mass spectrometer (LC-QTOF
MS) on 1290 Infinity II LC-6545 Quadrupole-TOF, Agilent
Technologies using a positive electrospray ionization (ESI+)
mode.

3. Results and discussion

3.1 Characterization of heterostructure Pt/Bi2MoO6
nanocomposites

Fig. 2 shows XRD patterns of Bi2MoO6 with and without
the loaded Pt. The XRD pattern of the Bi2MoO6 sample
without the loaded Pt prepared by a simple hydrothermal
method was indexed to the orthorhombic Bi2MoO6 struc-
ture with space group of Pna21 (JCPDS No. 21-0102 [52]).
The XRD patterns of Bi2MoO6 loaded with different weight
contents of Pt show an additional diffraction peak located
at 39.75o of the (111) crystal plane of face center cubic
(FCC) Pt structure with space group of Fm-3m (JCPDS
No. 04-0802 [52]). Thus, the FCC Pt nanoparticles suc-
cessfully coexisted with the orthorhombic Bi2MoO6 struc-
ture by a microwave-assisted deposition method. There
was no detection of an impurity phase on the XRD pat-
tern of the Bi2MoO6 sample, excluding the heterostructure
Pt/Bi2MoO6 nanocomposites. The XRD patterns of as-
prepared samples have a very high crystalline degree. Upon
using the Scherrer equation, the crystallite size of Pt on het-
erostructure 10% Pt/Bi2MoO6 nanocomposites was about

18 nm [4, 53–56].
The Bi–O, Mo–O, and Mo–O–Mo bridging vibration modes
of Bi2MoO6 were detected by FTIR (Fig. 3a) [11, 18, 20,
57, 58]. The Bi2MoO6 sample without the loaded Pt shows
the weak peak located at 445 cm–1 related to the Bi–O
stretching of the BiO6 octahedron [11, 18, 20, 57, 58]. The
FTIR peaks located at 726, 797, and 843 cm−1 correspond
to the Mo–O stretching vibration of the MoO6 octahedron
[11, 18, 20, 57, 58]. Moreover, the FTIR peak at 572 cm–1

corresponds to the out-of-plane bending vibration of MoO6
[11, 18, 20, 57, 58]. When Pt was loaded on the surface
of the Bi2MoO6 sample, the FTIR vibration modes were
similar to those of the pure Bi2MoO6 sample. The FTIR
vibration modes of 10% Pt/Bi2MoO6 nanocomposites were
slightly shifted to 447, 577, 731, 797, and 844 cm–1 be-
cause of the strong interaction of Pt and Bi2MoO6 nanopar-
ticles. Additionally, broad FTIR peaks at approximately

Figure 2. XRD patterns of Bi2MoO6 and heterostructure
Pt/Bi2MoO6 samples.
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Figure 3. (a) FTIR and (b) Raman spectra of Bi2MoO6 and heterostructure Pt/Bi2MoO6 samples.

3200-3400 cm–1 were detected in all samples, which were
ascribed to the O–H stretching vibration of adsorbed H2O
on the top surfaces [4, 5, 10, 11, 57, 58].
Fig. 3b shows the Raman spectra of as-prepared samples
using Ar+ as excitation wavelength at room temperature.
The Raman spectrum of the pure Bi2MoO6 sample shows
peaks at 282, 353, 709, 788, and 841 cm–1 . The weak
Raman peaks at 282 and 353 cm–1 correspond to the sym-
metric stretching vibration of the Mo–O bond [1, 57–59].
Two Raman shoulders at 709 and 841 cm–1 correspond to
the Mo–O stretching vibration of the MoO6 octahedron
[1, 9, 57–59]. The sharp Raman peak at 788 cm–1 was
assigned to the symmetric Mo–O stretching vibration in
the MoO6 octahedron [1, 9, 57–59]. The Raman spectral
intensity of 10% Pt/Bi2MoO6 nanocomposites was lower
and wider than that of the pure Bi2MoO6 sample caused
by the localized surface plasmon resonance (LSPR) of Pt
nanoparticles and some defects of translational crystal sym-
metry of Pt/Bi2MoO6 nanocomposites [3, 60–62].
Fig. 4 shows SEM images of Bi2MoO6 without the loaded
Pt and heterostructure 1%, 5%, and 10% Pt/Bi2MoO6
nanocomposites. The SEM image of the pure Bi2MoO6
sample was composed of a large number of nanoplates. The

surface of Bi2MoO6 nonaplates without the loaded Pt was
smooth. The morphologies of the as-obtained heterostruc-
ture 1%, 5%, and 10 % Pt/Bi2MoO6 nanocomposites were
similar to that of pure Bi2MoO6 samples. The uniform
numerous Pt nanoparticles were loaded on the surface of
Bi2MoO6 nanoplates. The metallic Pt nanoparticles played
a role in improving the rate of photocatalytic reaction by
charge carrier separation [9, 19, 28, 32, 32, 63, 64] . The
loaded Pt nanoparticles on heterostructure 10% Pt/Bi2MoO6
nanocomposites were characterized by EDS as the result
shown in Fig.S1. The nanocomposites were made up of Pt,
Bi, Mo, and O, with a very good distribution of Pt on top of
Bi2MoO6 nanoplates. The current result of heterostructure
10% Pt/Bi2MoO6 nanocomposites was in accordance with
that of the above XRD analysis. The weight of Pt loaded
on heterostructure 10% Pt/Bi2MoO6 nanocomposites was
determined to be 8.32%. This result can lead to enhance the
charge diffusion of Pt/Bi2MoO6 nanocomposites and the
rate of photocatalytic reaction.
The morphology and structural characteristics of pure
Bi2MoO6 sample and heterostructure 10% Pt/Bi2MoO6
nanocomposites were further examined by TEM. A typ-
ical TEM image of a pure Bi2MoO6 sample (Fig. 5a)

Figure 4. SEM images of (a) Bi2MoO6, (b) 1% Pt/Bi2MoO6, (c) 5% Pt/Bi2MoO6 and (d) 10% Pt/Bi2MoO6.
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Figure 5. TEM and HRTEM images, SAED pattern and FFT pattern of (a, b) Bi2MoO6 and (c, d) heterostructure 10%
Pt/Bi2MoO6 nanocomposites.

shows a number of nanoplates with a diameter of 100–200
nm. The high-resolution transmission electron microscopic
(HRTEM) image of Bi2MoO6 nanoplates (inset of Fig. 5a)
presents the spaces of (200) and (022) planes of orthorhom-
bic Bi2MoO6 crystal. The selected area electron diffraction
(SAED) pattern of a Bi2MoO6 nanoplate (Fig. 5b) shows
the light spots of the electron diffraction pattern, which
was indexed to the (060), (062), and (002) planes of or-
thorhombic Bi2MoO6 structure (JCPDS No. 21-0102 [52]).
Fig. 5c shows the TEM image at high magnification of
heterostructure 10% Pt/Bi2MoO6 nanocomposites. This
image shows the full decoration of Pt spherical nanopar-
ticles on top of Bi2MoO6 nanoplates. The Pt nanoparti-
cles loaded on 1% Pt/Bi2MoO6 nanoparticles (Fig. S2)
present the symmetric distribution of nanoparticles with a
size of 3–11.4 nm. The average Pt nanoparticles of 10%
Pt/Bi2MoO6 nanocomposites were 7.23 ±1.28 nm. The
high-resolution TEM (HRTEM) image of heterostructure
10% Pt/Bi2MoO6 nanocomposites (Fig. 5d) presents the
heterojunction of Pt nanoparticles and Bi2MoO6 nanoplates
with the lattice fringes of Pt nanoparticles and Bi2MoO6
nanoplates. This image shows the space of 0.227 nm of the
(111) plane of FCC Pt (JCPDS No. 04-0802) [52] and those
of 0.274 nm and 0.262 nm corresponding to the (200) and
(022) planes of orthorhombic Bi2MoO6 nanoplates (JCPDS
No. 21-0102 [52]), respectively. They certified that the
Bi2MoO6 nanoplates were covered with Pt nanoparticles to
form Pt/Bi2MoO6 heterojunctions, which played the role in
promoting the effective separation of electrons and holes
[6, 10, 12, 20, 29, 48, 49]. The Fast Fourier Transformation
(FFT) of an individual Pt nanoparticle (inset of Fig. 5d)

appears as a systematic diffraction pattern, which indicates
the existence of a metallic Pt single crystal. The surface
chemical state and interaction of Pt/Bi2MoO6 heterojunc-
tion were analyzed by XPS. The full-scale XPS spectra of
Fig. 6a were composed of Bi, Mo, O, and C elements for
Bi2MoO6 and Pt, Bi, Mo, O, and C elements for heterojunc-
tion 10% Pt/Bi2MoO6 nanocomposites. The carbon peak
was caused by the contamination of the samples. Fig. 6b
is the high-resolution XPS binding energies of Pt 4f core
levels containing 10% Pt/Bi2MoO6. They were detected
at 71.3 eV and 74.5 eV with the spin energy separation of
3.2 eV. The first corresponds with Pt 4f7/2, and the second
corresponds with Pt 4f5/2 of metallic Pt0 [63, 65, 66]. Thus,
the Pt4+ ions were reduced to Pt0 by microwaving with
ethylene glycol as a reducing reagent. Moreover, the lower
peaks for the binding energies of Pt 4f core levels at 72.5
eV (Pt 4f7/2) and 75.5 eV (Pt 4f5/2) with the spin energy
separation of 3.0eV of Pt2+. Thus, some Pt0 is contained in
the nanocomposites [63, 65, 66]. The high-resolution bind-
ing energy peaks of Bi 4f located at 159.45 eV and 164.76
eV for Bi2MoO6 and 159.52 eV and 164.83 eV for 10%
Pt/Bi2MoO6 (Fig. 6c) correspond to Bi 4f7/2 and Bi 4f5/2
core levels, respectively. Thus, Bi species containing in
Bi2MoO6 and heterojunction Pt/Bi2MoO6 nanocomposites
exist in the form of Bi3+ [9–11, 18–20, 29, 32, 33, 57, 58].
Fig. 6d shows the high-resolution binding energies of Mo
3d core levels at 235.87eV of Bi2MoO6 and 235.92eV of
10% Pt/Bi2MoO6 for Mo 3d3/2 and 232.74eV of Bi2MoO6
and 232.76 eV of 10% Pt/Bi2MoO6 for Mo 3d5/2, indicat-
ing the existence of Mo6+ oxidation state inside the sam-
ples [9–11, 18–20, 29, 32, 33, 58, 59]. Fig. 6e shows the
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Figure 6. XPS spectra of (a) full survey scan, (b) Pt 4f, (c) Bi 4f, (d) Mo 3d, (e) O 1s of as-prepared Bi2MoO6 and
heterostructure 10% Pt/Bi2MoO6 samples.

asymmetric high-resolution binding energy of the O 1s
peak, which can be divided into three symmetric binding
energy peaks of Bi2MoO6 and 10% Pt/Bi2MoO6 samples.
They were attributed to the presence of [Bi2O2]2+ (530.26
eV for Bi2MoO6 and 529.96 eV for 10% Pt/Bi2MoO6),
adsorbed OH(531.17eV for Bi2MoO6 and 531.06 eV for
10% Pt/Bi2MoO6) and adsorbed H2O (532.37 eV for
Bi2MoO6 and 532.33 eV for 10% Pt/Bi2MoO6) [9, 11, 18–
20, 29, 32, 33, 57, 58].
The optical properties of Bi2MoO6 without the loaded Pt
and heterostructure Pt/Bi2MoO6 nanocomposites were stud-
ied by DRS over the 200–800 nm wavelength as the results
shown in Fig. 7. Pure Bi2MoO6 nanoplates show the excel-
lent UV-visible absorption which is attributed to the band
gap transition of Mo 4d orbital and Bi 6p orbital as conduc-
tion band and O 2p orbital as valence band of Bi2MoO6.

Figure 7. DRS spectra of as-prepared Bi2MoO6 sample,
5% Pt/Bi2MoO6 nanocomposites and 10% Pt/Bi2MoO6
nanocomposites.

The absorption edge of pure Bi2MoO6 nanoplates was de-
tected at 441 nm. Thus, the pure Bi2MoO6 nanoplates
played a role in harvesting the visible light catalytic ac-
tivity [1, 9, 11, 17, 18, 29, 32, 33]. The heterostructure
Pt/Bi2MoO6 nanocomposites have visible light absorption
higher than pure Bi2MoO6 nanoplates. The visible light
absorption of heterostructure 5% and 10% Pt/Bi2MoO6
nanocomposites was shifted towards the higher absorption
edges of 445 nm and 447 nm, respectively. The loaded
Pt nanoparticles played the role of improving visible light
harvesting and enhancing the visible-light-driven photo-
catalytic reaction [9, 28, 29, 32, 33, 36]. They should be
noted that heterostructure 10% Pt/Bi2MoO6 nanocompos-
ites have additional broad absorption peak at 480-660 nm
due to the surface plasmon resonance (SPR) absorption
of the loaded Pt nanoparticles. Thus, the formation of
heterojunction can greatly enhance visible-light absorp-
tion [9, 28, 29, 32, 33, 36, 63]. The band gap energy
(Eg) of Bi2MoO6 without the loaded Pt and heterostruc-
ture Pt/Bi2MoO6 nanocomposites was calculated using Eg
= 1240/λ . The obtained Eg values were 2.81, 2.78, and
2.77 eV for 0%, 5%, and 10% Pt/Bi2MoO6 nanocom-
posites, respectively [11, 29, 67, 68]. The band gap en-
ergy of heterostructure Pt/Bi2MoO6 nanocomposites was
narrower than the band gap energy of Bi2MoO6 without
the loaded Pt. The loaded Pt nanoparticles on Bi2MoO6
nanoplates can play the role in increasing the visible absorp-
tion range and enhancing the photocatalytic performance of
Bi2MoO6 [9, 28, 29, 32, 33, 36]. The conduction band ECB
and valence band EV B energies of as-prepared Bi2MoO6
nanoplates were calculated by the following Eqs. 2 and 3

EV B = X −Ee +0.5Eg (2)

ECB = EV B −Eg (3)

where X (5.55 eV for Bi2MoO6) is the Mulliken electroneg-
ativity theory, Ee is the energy of free electron on the hy-
drogen scale (4.50 eV), and Eg is the energy band gap [69–

2345-4865[https://doi.org/10.57647/j.ijc.2024.1404.42]

https://doi.org/10.57647/j.ijc.2024.1404.42


Pinchujit et al. IJC14 (2024) -142442 7/14

72]. The calculated EV B and ECB of as-prepared Bi2MoO6
nanoplates were 2.45 eV and –0.36 eV, respectively.
Fig. 8 shows the nitrogen adsorption-desorption isotherms
of Bi2MoO6 and 10% Pt/Bi2MoO6 nanocomposites.
According to IUPAC classification, these adsorption-
desorption isotherms correspond to the IV type with H3
type hysteresis loop of mesoporous material with aggre-
gates of plate-like particles scattered in all directions giving
rise to pores [12, 73–76]. The specific surface areas of
Bi2MoO6 and heterostructure 10% Pt/Bi2MoO6 nanocom-
posites calculated by the BET method were 5.35 and 5.89
m2/g, respectively. It should be noted that the loaded Pt
nanoparticles on top of Bi2MoO6 nanoplates played a role
in raising the specific surface area for photocatalytic reac-
tion resulting from the increase of roughness of Bi2MoO6
nanoplates according to the SEM and TEM analyses. Thus,
the photodegradation efficiency of the nanocomposites was
enhanced [10, 11, 17, 18, 20, 77].

3.2 Photocatalytic reaction of heterostructure
Pt/Bi2MoO6 nanocomposites

Fig. 9 shows the temporal evolution spectra for the pho-
todegradation of RhB solution over heterostructure 10%
Pt/Bi2MoO6 nanocomposites under visible illumination.
The intensity at the (λmax=554 nm) of RhB degradation pho-
tocatalyzed by heterostructure 10% Pt/Bi2MoO6 nanocom-
posites was gradually decreased. The spectral peaks were
hypsochromic shifted to 498 nm caused by the formation
of a series of N deethylated intermediates in a stepwise
manner to N, N, N’triethylated rhodamine(λmax=539nm),
N, N’diethylated rhodamine(λ max=522nm), N-ethylated
rhodamine (λmax=510 nm) and rhodamine (λmax=498 nm)
[17, 19, 34, 57, 58, 78, 79]. The color of the RhB suspension
was sequentially changed from pink to light green and to a
colorless solution. The absorption of RhB photocatalyzed
by heterostructure 10% Pt/Bi2MoO6 nanocomposites was
turned into zero at the end of 150 min. In the end, RhB
was degraded into small molecules. The degradation of
RhB photocatalyzed by heterostructure 10% Pt/Bi2MoO6

Figure 8. Nitrogen adsorption–desorption isotherm of
Bi2MoO6and heterostructure 10% Pt/Bi2MoO6 samples.

Figure 9. A temporal evolution of UV-visible spectra of RhB
solutions photocatalyzed by10% Pt/Bi2MoO6 under visible
light within 150 min.

nanocomposites under visible illumination at different time
intervals was analyzed by MS as the results shown in Fig. 10.
At 60 min irradiation time, the intensity of m/z at 443.23 of
RhB was very little, comparing with that at 0 min. The RhB
molecules were degraded and transformed into the N, N,
N’triethylated rhodamine (m/z = 415.20), N, N’diethylated
rhodamine (m/z = 387.17), N-ethylated rhodamine (m/z
= 359.13) and rhodamine (m/z = 331.10), corresponding
to N deethylated of the RhB xanthene ring [80–82]. At
120 min irradiation time interval, the conjugated xanthene
became cleavage structure, and the benzene ring structure
was open, including the existence of intermediates with low
molecular weight aromatic, cyclic, and aliphatic organic

Figure 10. Mass spectra of RhB solutions photocatalyzed by
10% Pt/Bi2MoO6 under visible light within 0, 60 and 120
min.
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Figure 11. (a) Decolorization efficiencies and (b) pseudo-first-order plots for RhB degradation over heterostructure 0–15%
Pt/Bi2MoO6 samples illuminated by visible light.

compounds such as benzoic acid, phthalic acid, bisphenol,
2−butoxyethanol and propane 1,2,3−triol [80–84].
According to the photodegradation efficiency shown in
Fig. 11a, the photocatalytic efficiency for RhB degrada-
tion over Bi2MoO6 nanoplates was 19.86%. The photo-
catalytic efficiencies were increased to 76.09%, 87.15%,
99.76%, and 84.26% photocatalyzed by 1%, 5%, 10%, and
15% Pt/Bi2MoO6 nanocomposites, respectively. The pho-
tocatalytic efficiency of 10% Pt/Bi2MoO6 nanocomposites
was the highest. The deposition of Pt nanoparticles has a
significant influence on the photodegradation of RhB over
Pt/Bi2MoO6 nanocomposites illuminated by visible radia-
tion. The existence of Pt/Bi2MoO6 heterojunction played
an important role in the separation and diffusion of charge
carriers [76].
Thus, the heterostructure Pt/Bi2MoO6nanocomposites
played a role in enhancing photocatalytic activity. The
loaded Pt nanoparticles acted as electrical conductors for
facilitating electron diffusion through the Schottky bar-
rier between Pt nanoparticles and Bi2MoO6 nanoplates,
including enhancing the separation of charge carriers
[76]. The visible light absorption rate was increased by
the SPR effect, and the photocatalytic reaction was in-
creased [9, 19, 28, 32, 33, 63, 65, 66]. According to
the previous reports [85–87], the efficiencies of oxide-
semiconductor photocatalysts were greatly increased by
the loaded rare metals due to the charge carrier separa-
tion by the Schottky barrier. Upon further increasing the
loaded Pt nanoparticles to 15 wt%, the photocatalytic effi-
ciency for RhB degradation was reduced to 84.26% because
the Pt nanoparticles were agglomerated into Pt islands on
the surface of Bi2MoO6 nanoplates as the result shown
in Fig. S3. The photocatalytic efficiency of heterostruc-
ture 10% Pt/Bi2MoO6 nanocomposites is 5.02 times that
of pure Bi2MoO6 nanoplates. The kinetic reaction over
the Bi2MoO6 sample and Pt/Bi2MoO6 nanocomposites for
RhB degradation under visible light can be calculated by
the pseudo-first-order kinetic model below Eq. 4:

ln(
Ct

C0
) =−kt (4)

where Co and Ct are the contents of RhB at starting of
the test and at time t, and k is the apparent reaction rate
constant [2, 4, 11, 19, 24, 34, 58, 88, 89]. Fig. 11b shows
the pseudo-first-order kinetic model for the degradation

of RhB photocatalyzed by Bi2MoO6 nanoplates loaded
with different weight contents of Pt nanoparticles illumi-
nated by visible light. The photocatalytic reaction of all
photocatalysts corresponds with the pseudo-first-order re-
action kinetics with the correlation coefficient (R2)0.95
[2, 4, 11, 19, 24, 34, 58]. Based on the pseudo-first-order ki-
netic model, the reaction rate constants for RhB degradation
were 1.66×10−3, 0.0112, 0.0161, 0.0437 and 0.0142 min−1

for 0%, 1%, 5%, 10% and 15% Pt/Bi2MoO6 nanocom-
posites, respectively. The reaction rate constant for RhB
degradation was increased with an increase in the weight
content of the loaded Pt to the highest of 10% and de-
creased with a further increase in the weight content of Pt of
15%. Clearly, the weight content of Pt is the key influence
on the photodegradation of RhB under visible light. The
reaction rate constant of the 10% Pt/Bi2MoO6 nanocom-
posites was about 26.33 times that of the pure Bi2MoO6
nanoplates. In summary, 10 wt%Pt loaded on Bi2MoO6
nanoplates is the best content for RhB degradation under
visible light. The photocatalytic efficiency is higher than
that of the previous reports (Table 1) [9, 11, 18–20, 29, 32–
34, 57, 66]. Thus, Pt nanoparticles are the best candidate
used to improve photocatalytic reactions. A scaveng-
ing experiment was processed to determine active species
used to degrade RhB molecules. In this research, isopropyl
alcohol (IPA), benzoquinone (BQ), and triethanolamine
(TEOA) were added to the RhB solutions in order to trap
hydroxyl radical (OH), superoxide radical (O2

−) and hole
(h+), respectively [4, 10, 24, 29, 57, 58, 90, 91]. Fig. 12

Figure 12. Photodegradation of RhB solutions with and
without different scavengers over heterostructure 10%
Pt/Bi2MoO6 nanocomposites illuminated by visible light.
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Table 1. Photodegradation efficiencies of the present and other works in degrading toxic organic compounds.

Samples Toxic organic Degradation References
Compounds Efficiencies

Ag/Bi2MoO6 4-Nitrophenol 75% within 180 min [9]
(4-NP)

UiO-66(Zr)/Bi2MoO6 RhB 90% within 120 min [11]
g-C3N4/Bi2MoO6 RhB 75% within 120 min [18]
5% Pd/Bi2MoO6 RhB 97.76% within 120 min [19]

3.5% BN/Bi2MoO6 Iohexol 90% within 150 min [20]
3% Ag/Bi2MoO6 RhB 74% within 120 min [29]
4% Au/Bi2MoO6 Phenol 73% within 3 h [32]

Au/Bi2MoO6@TiO2 Methylene blue (MB) 68% within 120 min [33]
10% Ag/Bi2MoO6 RhB 97.64% within 210 min [34]

3% Au-doped Bi2MoO6 RhB 94.23% within 240 min [57]
Pt@CN/20% Bi2MoO6 MB 100% within 2 h [66]

10% Pt/Bi2MoO6 RhB 99.76% within 120 min This work

Figure 13. Photocatalytic mechanism of Pt/Bi2MoO6 for RhB degradation under visible light irradiation.

shows the photodegradation of RhB solutions with and
without IPA, BQ, and TEOA photocatalyzed by hetero-
junctions of 10% Pt/Bi2MoO6 nanocomposites induced
by visible light. The degradation efficiencies were signif-
icantly dropped to 9.35% and 26.38% for the addition of
TEOA and BQ, respectively. The degradation efficiency
was slightly dropped to 68.95% for the addition of IPA.
These results reveal that h+ and O2

− were the main ac-
tive species for the photodegradation of RhB molecules
photocatalyzed by 10% Pt/Bi2MoO6 nanocomposites illu-
minated by visible radiation [24, 29, 57, 58, 73, 92]. Fig. 13
shows the photocatalytic mechanism of Pt/Bi2MoO6 for
the degradation of RhB under visible light irradiation. The
photo-excited electrons and photo-induced holes were in
CB and VB of Bi2MoO6 under visible light irradiation
[9, 19, 28, 32, 33, 63, 65, 66]. Hole (h+) combined with
H2O/OH− to form hydroxyl radical (OH). The loaded Pt
nanoparticles acted as an electrical conductor. The sepa-
ration of the electrons and holes was enhanced, the elec-
tric cloud was created, visible-light absorption was im-
proved by the SPR effect, and the photocatalytic reac-
tion was enhanced [9, 19, 28, 33, 63, 65, 66]. In the
end, h+ and O2

− radicals played the role in degrading and
transforming RhB molecules into the degraded products
[9, 19, 28, 32, 33, 63, 65, 66].
To evaluate the stability and reusability of 10% Pt/Bi2MoO6
nanocomposites, five-cycle degradation of RhB over 10%

Pt/Bi2MoO6 nanocomposites induced by visible light was
investigated as the results shown in Fig. 14. At the end of
each photocatalytic reaction, 10% Pt/Bi2MoO6 nanocom-
posites were collected by centrifugation, washed and dried
for the next photocatalytic reaction. At the end of the 5th
cycle, the reused 10% Pt/Bi2MoO6 nanocomposites have

Figure 14. Photodegradation of RhB solutions photocat-
alyzed by reused 10% Pt/Bi2MoO6 nanocomposites within
five cycles.
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Figure 15. Comparison (a) XRD patterns and (b) FTIR spectra of 10% Pt/Bi2MoO6 at the beginning of the photocatalytic
test and at the end of the 5th cycle.

a high photocatalytic activity of 95.21%, which is slightly
reduced with respect to the photocatalytic activity of the
1st cycle. Fig. 15 shows XRD and FTIR spectra of reused
10% Pt/Bi2MoO6 before a photocatalytic test and at the
end of the 5th photocatalytic cycle. The XRD pattern of
reused 10% Pt/Bi2MoO6 still corresponds with orthorhom-
bic Bi2MoO6 structure (JCPDS No. 21-0102 [52]) as the
main phase and FCC Pt structure (JCPDS No. 04-0802
[52]) as the minor phase. Thus, the phase and structure of
Pt/Bi2MoO6 were highly stable. Nevertheless, the FTIR
spectrum of reused 10% Pt/Bi2MoO6 shows a new FTIR
peak around 1000-1400 cm−1 assigned to the vibration of
RhB. It indicates that RhB was adsorbed on the surface of
10% Pt/Bi2MoO6 nanocomposites [93, 94]. Thus, the 10%
Pt/Bi2MoO6 nanocomposites are very excellent photocat-
alytic material for the practical application.

4. Conclusions
Heterostructure Pt/Bi2MoO6 nanocomposites containing
different contents of Pt nanoparticles were successfully
synthesized by an effective microwave-assisted deposition
method. The heterostructure Pt/Bi2MoO6 nanocomposites
were composed of spherical metallic Pt nanoparticles
loaded on the surface of Bi2MoO6 nanoplates. The
heterostructure 10% Pt/Bi2MoO6 nanocomposites played a
role in the best photocatalytic degradation of RhB under
visible illumination due to the formation of the Schottky
barrier of Pt nanoparticles and Bi2MoO6 nanoplates. These
nanoparticles were excellently stable and reusable for
wastewater treatment.
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