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In this study, Pt-doped Bi2MoO6 nanocomposites were prepared by solvothermal and in situ reduction method. We used XRD,
UV-Vis spectroscopy, TEM, EDS, and XPS to characterize its chemical properties. Results showed that the Pt-doped Bi2MoO6
nanocomposites had advantages of small size, good dispersion, and wide spectral response range. Then, we tested its biological
toxicity and PDT efficiency on HL60 cells. Both pure Bi2MoO6 and Pt-doped Bi2MoO6 nanocomposites showed great
biocompatibility after coincubated with leukemia cells for 12 h in the dark. As to PDT efficiency, Pt-doped Bi2MoO6 had a
better-inactivated effect than pure Bi2MoO6. Furthermore, the PDT efficiency went up when atomic ratios and concentration
increased. While the atomic ratio was 5% and the concentration was 1000μg/mL, it reached the highest value at 85.2%. At last,
we briefly analyzed the photocatalysis mechanism, which demonstrated that it was a potential photosensitizer with high
efficiency for treating leukemia.

1. Introduction

Cancer is a global problem that imposes a growing health
and economic burden on human society [1]. Leukemia is
the most common cancer in children [2]. However, the
efficacy of conventional chemotherapeutic agents is low,
and the disease carries a poor prognosis with frequent
relapses and high mortality [3]. In recent years, photody-
namic therapy (PDT) and photothermal therapy (PTT) are
becoming promising therapeutic methods for cancer treat-
ment as they have advantages of mild trauma, low toxic,
and short treatment period [4–10]. The mechanism of
photodynamic therapy is that the photosensitizers are deliv-
ered to tumor through intravenous injection and then locally
stimulated by the specific wavelength of light. At this time,
photosensitizers absorbed lots of energy to produce a series
of reactive oxygen species (ROS) and then damage tumor
cells [11]. Therefore, photosensitizer is an important compo-
nent in the process of photodynamic therapy. How to
improve its PDT efficiency remains to a challenging problem
for researchers.

As a common photosensitizer, TiO2 has been widely
studied in the last few years [12, 13]. However, it can only
be excited by ultraviolet and near-ultraviolet light (which
makes up only 5% of sunlight) as its band gap usually above
3.0 eV. In order to exploit the energy of light source more
efficiently, a variety of bismuth-based semiconductors have
been developed, such as Bi2O3 [14], Bi2MoO6 [15–18],
Bi2O2CO3 [19, 20], and BiOX (X = Cl, Br, I) [21–23]. As a
fascinating Aurivillius phase material, Bi2MoO6 has been
the hotspot in photocatalytic applications due to its visible
light absorption, nontoxicity, low cost, and high chemical
durability [24]. So it has been extensively used in the fields
of photocatalytic hydrogen production [25] and degradation
of organic pollutants [26]. However, pure Bi2MoO6 suffers
from low efficiency in separating photogenerated carriers,
small surface area, and poor quantum yield, resulting in
low photocatalytic activity. Various strategies, such as
morphology control [27–29], doping/defect-introduction
[30], metal deposition [31, 32], and semiconductor combi-
nation [33], have been systematically explored to improve
the photocatalytic activity. Among these methods, metal
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deposition is one of the most effective and simple ways to
improve its performance.

In this study, pure Bi2MoO6 and Pt-doped Bi2MoO6
nanocomposites were first used as photosensitizer to inacti-
vate the leukemia cells. In our research, Bi2MoO6 nanoparti-
cles were prepared by solvothermal method using
Bi(NO3)3·5H2O and (NH4)6Mo7O24·4H2O as precursors,
and then Pt-doped Bi2MoO6 nanocomposites were prepared
by in situ reduction method. The chemical properties were
characterized by XRD, UV-Vis spectroscopy, TEM, EDS,
and XPS. Then, we tested their biological toxicity in dark
and PDT efficiency and analyzed its mechanism of inactiva-
tion. The experimental results showed that the Pt-doped
Bi2MoO6 nanocomposites had low dark toxicity and high
inactivation efficiency on human HL60 leukemia cells.

2. Materials and Methods

2.1. Materials and Apparatus. Ammonium hydroxide
(NH3·H2O) and glycerol were purchased from Tianjin
ZhiYuan Reagent Co., Ltd. (Tianjin, China). Bismuth nitrate
(Bi(NO3)3·5H2O) was purchased from Xilong Scientific Co.,
Ltd. (Shantou, China). Ammonium molybdate
((NH4)6Mo7O24·4H2O) and chloroplatinic acid hexahydrate
(H2PtCl6·6H2O) were purchased from Macklin Biochemi-
cal Technology Co., Ltd. (Shanghai, China). HL60 cells
were obtained from the Academy of Military Medical Sci-
ences. RPMI-1640 medium was purchased from KeyGEN
BioTECH (Jiangsu, China). Cell Counting Kit-8 (CCK-8)
assay was purchased from Dojindo (Shanghai, China).
Reactive Oxygen Species Assay Kit was bought from
Applygen (Beijing, China). All chemicals were used
without further purification. Deionized water used in the
synthesis was from local sources.

Apparatuses used for characterization of Pt-doped
Bi2MoO6 nanocomposites are BRUKER D8 ADVANCE
X-ray powder diffractometer (XRD) (Bruker, Germany),
U-3010 UV-visible spectrophotometer (Hitachi, Japan),
JEM-2100HR transmission electron microscope (JEOL,
Japan), ZEISS Gemini-500 scanning electron microscope
(Carl Zeiss, Germany), laser particle size analyzer (provided
by South China Normal University), AXIS Ultra X-ray pho-
toelectron spectroscopy (XPS) (Kratos, UK), and Wfy-28
fluorescent spectrophotometer (Tuopu, China). Apparatuses
used for photodynamic therapy in vitro are PDT reaction
chamber (designed by our laboratory), Model 680 microplate
reader (Bio-Rad, USA), HH.CP-TW80 CO2 incubator (Blue-
pard, China), DK-8D electric-heated thermostatic bath
(Yiheng, China), and KA-1000 centrifuge (Anke, China).

2.2. Preparation of Pure Bi2MoO6 (Pure BMO) and Pt-Doped
Bi2MoO6 (Pt-BMO) Samples. The pure BMO was synthe-
sized by solvothermal method. In a typical procedure,
5.0mmol (2.425 g) Bi(NO3)3·5H2O and 0.36mmol (0.445 g)
(NH4)6MoO7O24·4H2O were dissolved in 60ml glycerol (at
50°C) [34]. Stir the solvent until the crystallizations were
absolutely dissolved in glycerol. Then, dribble 5% NH3
(aq.) slowly to make the pH value adjusted to 9. After the
mixture turn a nontransparent milky white, transfer it into

a 100ml Teflon-lined stainless steel autoclave, and heat the
mixture at 140°C for 24 h in an oven. Then centrifugate the
yellow-brown product at 10000 rpm, and wash it with deion-
ized water and absolute ethanol four times. After that, the
sediment was dried at 80°C in oven. Finally, the powder
was calcined at 400°C for 2 h to remove the organic residues.
At this time, pure BMO was obtained, and it looked very
granular and golden.

The Pt-BMO samples were synthesized by in situ reduc-
tion method, as shown in Scheme 1. The as-prepared pure
BMO (0.5mmol) was well dispersed in 30ml H2PtCl6 solu-
tions under vigorous magnetic stirring for 1 h. Then, the
mixture was dried at 100°C for 12 h. When the temperature
cooled down at 25°C spontaneously, the dried mixture was
immersed in 30ml methanol under ultrasonic concussion
for 0.5 h. The precipitate was washed though deionized
water several times and dried at 80°C for 8 h. The as-
prepared samples were named as 1%Pt-BMO, 2%Pt-BMO,
and 5%Pt-BMO. All the percentages are the atomic ratio.

2.3. Photocatalytic Activity Measurements. Photocatalytic
degradation of RhB was conducted in a beaker at room tem-
perature. Photocatalyst (100mg) was added into the beaker
containing 100mL RhB aqueous solution with the initial
concentration of 10mg/L. Prior to irradiation, the solution
was magnetically stirred in dark for 1 h to establish an
adsorption-desorption equilibrium between photocatalyst
and RhB. Then, the suspension was irradiated by a 300W
Xenon lamp with a 420nm cut-off filter from the top of bea-
ker. During the photoreaction, the reaction photocatalysts
were collected at 30min intervals and then centrifuged to
remove the solid photocatalysts. The ratios (C/C0) of the
RhB evaluate the degradation rate by detecting the absor-
bance spectra at 553 nm by a UV-vis spectrophotometer.

2.4. Cell Resuscitation. Human leukemia HL60 cells were
frozen in ultralow temperature storage (-81°C) before exper-
iment. The frozen cells were thawed in electric-heated ther-
mostatic bath (37°C) for several minutes. Then, the turbid
solution was centrifuged at 1000 rpm for 10min, so the
HL60 cells were collected on the bottom of centrifugal tube.
Then, cells were transferred into petri dish which contained
RPMI 1640 medium and were subsequently placed in
humidified incubator with 5% CO2 at 37°C. When cells
propagated at the logarithmic stage, it can be used for the
following experiment.

2.5. Evaluation of Cell Activity. The CCK-8 method has
advantages of short testing time, convenient operation, high
sensitivity, and excellent reproducibility [35]. So it was cho-
sen for the evaluation of HL60 cells viability. The CCK-8
(20μL) was added in cell suspension (200μL); then, the
mixture was replaced in the CO2 incubator for one to four
hours. The absorbance (OD value) will be obtained by
Model 680 Microplate Reader at 450nm.

2.6. Biological Toxicity for Pure BMO and Pt-BMO Samples
to HL60 Cells. The 96 hole plate was used to contain cell
solution and nanoparticle solution (the prepared nanocom-
posites were dispersed in RPMI-1640 medium). For more
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elaborative, every type of nanocomposites was dissolved in
culture medium with different concentrations (200μg/mL,
400μg/mL, 600μg/mL, 800μg/mL, and 1000μg/mL). The
test included blank group, control group, and experimental
group. The blank group consisted of culture medium
(20μL); the control group was composed of culture medium
(10μL) and cell solution (10μL); the experimental group
consisted of cell solution (10μL) and nanoparticles solution
(10μL). Each group had three duplications to get the mean
value. After, solutions were seeded in the 96 hole plate, and
it was placed on oscillator for 1 minute and then transferred
into the CO2 incubator for 12 h. Finally, the CCK-8 method
was used to measure the biological toxicity of pure BMO and
Pt-BMO samples. The relative viability of cells was figured
out by the following equation:

R = ODtreated‐ODblank
ODcontrol‐ODblank

⋅ 100%, ð1Þ

where ODtreated, ODcontrol, and ODblank refer to the OD
value of experimental group, control group, and blank
group, respectively. R means the relative viability of cells.

2.7. Experiment Design for Photodynamic Therapy. It is nec-
essary to prepare two 96 hole plates. Two plates were seeded
with cell solution (10μL) and nanoparticles solution (10μL).
Nanoparticle solutions (pure BMO, 1%Pt-BMO, 2%Pt-
BMO, and 5%Pt-BMO) with different concentrations
(200μg/mL, 400μg/mL, 600μg/mL, 800μg/mL, and
1000μg/mL) were set to find out which is best for potody-
namic therapy. Each group had three duplications to get the
mean value. After solutions were well mingled, two plates
were placed in theCO2 incubator 12 h to ensure that nanopar-
ticles can intrude into cytoplasm. Then, one plate was trans-
ferred in PDT reaction chamber to get irradiated for 1 h, and
another plate was cultivated in CO2 incubator as before.

Finally, the CCK-8method was used tomeasure the PDT effi-
ciency, and it can be figured out by the following equation:

Pe = 1 − ODirradiated
ODnonirradiated

⋅ 100%, ð2Þ

where ODirradiated and ODnonirradiated refer to the OD
value of irradiated group and nonirradiated group. Pe is
the PDT efficiency.

2.8. Statistical Analysis. Data are represented as means ± SD
(standard deviation) from three independent experiments.
The statistical software SPSS 25 is chosen for performing
statistical analysis. When the value of P is less than 0.05, data
are perceived statistically significant.
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Scheme 1: Schematic diagram for preparing Pt-BMO nanocomposites for photodynamic therapy.
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Figure 1: XRD patterns of pure BMO and Pt-BMO samples with
different atomic ratio.
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3. Results and Discussion

3.1. Characterization of Pt-BMO Nanocomposites

3.1.1. X-Ray Diffraction. The crystal structure of a sample is
an important factor for its structural characteristics. There-
fore, we characterized the samples by XRD to analyze its
crystalline phase. As Figure 1 shows, the XRD diffraction
peaks of the pure BMO and Pt-BMO nanocomposites
appeared at 2θ of 28.3°, 23.6°, 33.1°, 46.8°, 47.1°, 55.6°,
56.4°, and 58.5°, which can be indexed to the characteristic
peaks (131), (002), (060), (202), (062), (133), (191), and
(262) of orthorhombic phase Bi2MoO6. For samples of Pt-
BMO nanocomposites, its diffraction peak did not shift
when compared with the pure BMO, indicating that Pt
did not enter the lattice of Bi2MoO6, in other words, it
existed on the surface of Bi2MoO6. The diffraction peaks
of the four samples were all sharp and high, and there
were no extra peaks, manifesting that the samples possess
high crystallinity and high purity. No diffraction peak of
metal Pt was found in the XRD pattern of Pt-BMO, per-
haps this was due to the simple fact that the content of
metal Pt was too slight to be detected. In addition, the
characteristic peak became stronger with the content of
Pt increase, which further testified to the successful prepa-
ration of Pt-BMO nanocomposites.

According to the Scherrer formula [36]:

D = kλ
β cos θ , ð3Þ

where D is the crystalline size, λ is the X-ray wavelength,
k is the constant (it is generally regarded as 0.89), β is the
width of the diffraction line at half of the maximum inten-
sity. As for the sample of pure BMO, 2θ = 28:27, β = 0:366,

so the particle size was 22.1 nm at average. These calculated
results were certainly in agreement with TEM test results.
The particle size of 2%Pt-BMO nanocomposites was
21.6 nm, which was slightly smaller than the pure BMO.

3.1.2. UV-Vis Spectroscopy. The UV-visible absorption spec-
tra of the pure BMO and Pt-BMO samples were measured
by UV-2550 UV-visible spectrophotometer. The results were
represented in Figure 2(a). Evidently, pure Pt shows low
absorption ability in visible light region. The absorption
peak of four nanocomposite samples is located around
340 nm, and the value of it got higher as the content of Pt
increased. As for pure BMO, its spectral response range
was mainly distributed lower than 475nm. However, after
Pt doping, it can be red-shifted to the visible region in differ-
ent degrees. The onset of absorption spectrum for 1%Pt-
BMO, 2%Pt-BMO, and 5%Pt-BMO nanocomposites was
482 nm, 501nm, and 570nm, respectively. The values of
band gap energy (Eg) were calculated by the equation Ahv
= αðhv − EgÞn/2 [37], where A is the absorption coefficient
near the absorption edge; h is the Planck constant with the
unit of eV; α is a constant; Eg is the absorption band gap
energy. Bi2MoO6 is a direct band gap semiconductor, thus
n = 1 [38]. The inset of Figure 2(a) shows curves of (Ahv)2

plots versus photon energy (hv) of pure BMO, 1%Pt-BMO,
2%Pt-BMO, and 5%Pt-BMO nanocomposites. The band
gap of 1%Pt-BMO, 2%Pt-BMO, and 5%Pt-BMO was esti-
mated to be about 2.69 eV, 2.68 eV, and 2.57 eV, respectively,
which implied that the adsorption edges of Pt-BMO samples
shifted towards visible region in comparison to that of pure
BMO (2.72 eV). So, the Pt-BMO samples can be excited by
light with longer wavelength. In order to reach a high photo-
catalytic inactivation efficiency, an in-house built lamp with
many high-power light-emitting diodes (LEDs), emitting

0.0

0.2

0.4

0.6

0.8

1.0

1.2

2.0 2.5 3.0
0

2

4

6

(A
hν

)2  
a.

u.

Band gap energy (eV)

A
bs

or
pt

io
n 

in
te

ns
ity

 (a
.u

.)

Wavelength (nm)

2% Pt-BMO

Pure BMO

1% Pt-BMO

5% Pt-BMO

Pure Pt

300 400 500 600 700

(a)

N
or

m
al

iz
ed

 in
te

ns
ity

 (a
.u

.)

200 400 600 800 1000
0

1000

2000

3000

4000

5000

Wavelength (nm)

408.64 nm

(b)

Figure 2: (a) UV-Vis spectra of pure BMO, pure Pt, and Pt-BMO nanocomposites; the inset shows the band gap energy of the pure BMO
and Pt-BMO samples. (b) The emission spectrum of the light source.
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light in the visible light region 392-420nm and with a peak
at 408.64 nm, was taken as light sources for PDT in the
experiments, as Figure 2(b) shows. The light density at the
position of the sample was 5mW/cm2, and the light irradia-
tion time lasts for 1 h.

3.1.3. TEM Studies. The particle size and lattice spacing were
analyzed by JEM-2100HR transmission electron microscope.
Figures 3(a)–3(d) display the TEM images of pure BMO
and Pt-BMO. As Figure 3(a) represented, the size of pure
BMO was ranged from 20 to 50 nm with low dispersion.

With the increase of Pt metal concentration, the dispersity
of nanocomposites has been improved. After doping with
Pt, the morphology of the nanocomposites did not change
significantly. Figure 3(e) is an amplified image of pure
BMO. The interplanar spacings of 0.315 nm, 0.274 nm,
and 0.203 nm correspond to the (131), (002), and (080)
lattice planes of orthorhombic phase Bi2MoO6. In
Figure 3(f), the interplanar spacings of 0.196 nm and
0.227 nm correspond to the (200) and (111) lattice planes
of metal Pt, indicating that Pt has been successfully loaded
on the pure BMO sample.

(a) (b)

(c) (d)

(e) (f)

Figure 3: TEM images of (a) pure BMO, (b) 1%Pt-BMO, (c) 2%Pt-BMO, (d) 5%Pt-BMO and the amplified image of (e) pure BMO and (f)
5%Pt-BMO nanocomposites.
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3.1.4. SEM Observation and Particle Size Analysis. The
morphology of pure BMO and Pt-BMO nanocomposites
was observed with scanning electron microscope, and the
laser particle size analyzer was used to test the hydrody-
namic size. The SEM images were displayed in
Figures 4(a)–4(d). It appears that the loading of Pt can effi-
ciently inhibit agglomeration of Bi2MoO6. The morphology
of Bi2MoO6 did not change after Pt doping, which proved
that Pt was simply deposited on the surface. The energy
dispersive spectrum (EDS) of 1% Pt-BMO nanocomposites
was tested in order to analyze the element content. As
Figures 4(e) shows, the peaks of Pt, Bi, Mo, and O indicated

that the samples were mainly composed of Bi, Mo, O, and a
small amount of Pt. The mass ratios of O, Mo, Pt, and Bi
were 20.23%, 13.04%, 3.74%, and 62.99%, and the atomic
ratios were 73.47%, 7.90%, 1.11%, and 17.52%, respectively.
The appearance of Cu may be caused by the use of copper
mesh during sample testing. Figure 3(f) showed the hydro-
dynamic size distribution of pure BMO and Pt-BMO
samples. On account of agglomeration, nanocomposites
had larger particle size than it was represented in TEM.
The average size for pure BMO is 465.8 nm, and that for
5%Pt-BMO is 344.1 nm. Obviously, the doping of Pt can
improve dispersity of nanocomposites in solution.
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Figure 4: SEM images of (a) pure BMO, (b) 1%Pt-BMO, (c) 2%Pt-BMO, (d) 5%Pt-BMO; the energy dispersive spectrogram of (e) 1%Pt-
BMO; the hydrodynamic size of (f) Pt-BMO nanocomposites in average.
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3.1.5. XPS Analysis. In order to determine the binding
energy and valence of samples, the X-ray photoelectron
spectroscopy was performed on 1% Pt-BMO nanocompos-
ites, and the results were shown in Figure 5. As Figure 5(a)
shows, the sample was mainly composed of three elements:
Bi, Mo, and O (the signal peak of C came from atmospheric
pollution). No other impurity elements appeared, which
were in good agreement with the EDS analysis results.
Figure 5(b) shows that the binding energies of 70.8 eV and
74.1 eV were corresponding to Pt 4f7/2 and Pt 4f5/2, respec-
tively, indicating that Pt was successfully deposited on the
surface of Bi2MoO6 with valence state of Pt(0) [39]. In
Figure 5(c), the characteristic binding energy values of
159.2 ev for Bi4f7/2 and 164.5 eV for Bi4f5/2 illustrating that
bismuth existed in the pure BMO with a trivalent oxidation
state [40]. Figure 5(d) shows the binding energies of Mo3d3/2
and Mo3d5/2 peaks are located at 232.2 and 235.3 eV, respec-
tively, suggesting that Mo6+ existed in the samples [32]. The
binding energies of Bi4f and Mo3d for 1% Pt-BMO nano-

composites are ~0.1 eV higher than those of pure BMO.
These changes are probably caused by electron transferring
from the surface of Bi2MoO6 to the metal of Pt [41].

3.1.6. Photocatalytic Performance. The photocatalytic prop-
erties of all samples were tested by degrading RhB under
visible light irradiation. As shown in Figure 6(a), the relative
concentration curves of RhB are displayed. Before irradia-
tion, an adsorption-desorption equilibrium is obtained.
After visible light irradiation for 180min, the degradation
efficiency of pure BMO is about 30%. While the degrada-
tion efficiencies of 1%Pt-BMO, 2%Pt-BMO, and 5%Pt-
BMO are about 50%, 70%, and 80%, respectively.
Compared with pure BMO, the photocatalytic activities of
Pt-BMO nanocomposites are significantly improved under
visible light. In particular, 5%Pt-BMO exhibits the highest
photooxidation activity. Figure 6(b) shows the stability of
5%Pt-BMO after 720min for four consecutive cycles.
5%Pt-BMO still exhibits nearly constant RhB degradation
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Figure 5: The XPS analysis. (a) The wide range spectra of 1% Pt-BMO sample; (b) high-resolution spectra of Pt4f from 1% Pt-BMO sample;
high-resolution spectra of (c) Bi4f and (d) Mo3d from pure BMO and 1%Pt-BMO nanocomposites.
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capability, indicating the high stability of 5%Pt-BMO,
which is in favor of practical application.

3.2. Biological Toxicity and PDT Efficiency for Pt-BMO
Nanocomposites to HL60 Cells. Biological toxicity results
were shown in Figure 7(a). The data revealed that pure
BMO, 1%Pt-BMO, 2%Pt-BMO, and 5% PT-BMO all had
certainly inhibitory effect on the cell growth. Theoretically,
Bi2MoO6 is a kind of nontoxic semiconductor. However,
the size of samples was so minuscule that it had chance of
penetrating cell membrane into the cytoplasm and further
affected the chemical reactions between biomolecules which
were important for activities of cells. For each type of nano-
composites, the relative viability of cells reduced with the
increase of its concentration. For example, when concentra-
tion of pure BMO went up from 200μg/mL to 1000μg/mL,
the relative viability decreased from 98.7% to 89.3%. As the
values of relative viability were mostly above 90%, the pure
BMO sample can be considered having good biocompatibil-
ity. When pure BMO doped with metal Pt, biological toxicity
to the HL60 cells increased. At the same concentration,
when the Pt content got higher, the relative viability became
lower. When the 5% Pt-BMO sample with concentration of
1000μg/mL, the relative viability reached the lowest at
65.9%. Figure 7(b) showed the influence of irradiation on
the relative viability of cells. Obviously, the relative viability
fell down dramatically when the cells got irradiated. Com-
pared with pure BMO, the Pt-BMO samples have much
superior PDT efficiency, which indicating that the load of
Pt on pure BMO could remarkably improve the PDT effi-
ciency and inhibit cells liveness. Under the treatment of
5% Pt-BMO nanocomposites at 800μg/mL, the relative
viability of cells was only 12.3%. Figure 7(c) showed the
effects of different concentrations on PDT efficiency. With
the increase of concentration, the efficiency of PDT gradu-

ally improved. The increasing trend slowed down when the
concentration exceeded 800μg/mL. It was supposed that
800μg/mL was the limit value for the uptake of nanocom-
posites by HL60 cells. Under the same concentration of
1000μg/mL, the PDT efficiency of Pt-BMO samples was
about 35%~55% higher than that of pure BMO. The order
of Pe from high to low was 5%Pt − BMO > 2%Pt − BMO >
1%Pt − BMo > pure BMO. When 5% Pt-BMO sample at
the concentration of 1000μg/mL, the PDT efficiency reached
the highest at 85.2%. The reasons for high PDT efficiency at
Pt-doped samples were probably that: (1) as a semiconduc-
tor with narrow band gap, Bi2MoO6 is a superior photocata-
lysis naturally. (2) Due to the existence of Pt, the
agglomeration for nanoparticles in water was largely
reduced. So the drug intake of cells can distinctly increase,
and the PDT efficiency can be improved as a result. (3)
The loading of Pt on the Bi2MoO6 surface could not only
provide a plasma resonance effect for extending the light-
response range to absorb more light energy but also act as
electron capture to reduce the recombination of photo-
induced e- and h+ pairs, and consequently, achieving the
enhanced PDT activity.

3.3. Reactive Oxygen Species Assay. In photodynamic ther-
apy, after exposure to irradiation, the excited photosensitizer
transferred the energy to oxygen molecules into cells, pro-
ducing a large number of reactive oxygen species (ROS) with
high oxidability, which destroyed the organelles and inter-
fered with the signaling pathway, eventually leading to cells
apoptosis. So, the ROS generated by irradiation has become
an important indicator for evaluating photosensitizers.

The experiment analyzed the changes of ROS in different
cell groups after they got irradiated. The results were shown
in Figure 8. Compared with the cell group treated by pure
BMO, the ROS levels in the groups treated by 1% Pt-BMO,
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Figure 6: (a) Comparison of photocatalytic activities of different nanocomposites in the degradation of RhB; (b) the recyclability test of
5%Pt-BMO under visible light irradiation.
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2% Pt-BMO, and 5% Pt-BMO nanocomposites were
enhanced, among which the ROS level in 5% Pt-BMO sam-
ple was the highest. Some reasons can explain this trend.
First, the poor dispersion of pure BMO will lead to the lim-
ited area irradiated, so ROS will be less than samples that
have superior dispersion. Second, pure BMO has a high
electron-hole recombination rate, so only a small part of
photoelectron can be engaged in oxidation-reduction reac-
tions, resulting in a low content of ROS in cells. After Pt
doping, the band gap width of Pt-BMO samples has been
narrowed, the dispersion has been improved, and the spec-
tral response range has been widened, which promoted the
photochemical reaction to produce more ROS. This change
was consistently correlated with the variation of PDT effi-

ciency, indicating that reactive oxygen species produced by
nanocomposites after irradiation were the main reason for
the cell apoptosis.

3.4. Photocatalysis Mechanism of Pt-Doped Bi2MoO6
Nanocomposites. The principle is illustrated in Figure 9.
When exposed to irradiation, the Bi2MoO6 nanocomposites
absorbed light energy, causing photoelectrons to transfer to
the conduction band and holes to remain in the valence
band. Some of these photogenerated electrons and holes
moved to the Bi2MoO6 surface, where the electrons reacted
with oxygen to generate superoxide radical (·O2

-), and the
holes reacted with water and OH- on the semiconductor
surface to generate hydroxyl radical (·OH) with strong

0 200 400 600 800 1000

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

Concentration of nanoparticle solution (μg/mL)

Re
la

tiv
e v

ia
bi

lit
y 

of
 ce

lls
 (x

 1
00

%
)

Pure BMO

1% Pt-BMO

2% Pt-BMO

5% Pt-BMO

⁎

⁎

⁎
⁎

(a)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Without irradiation

With irradiation

Different samples at concentration of 800 μg/mL
5% Pt-BMO2% Pt-BMO1% Pt-BMOPure BMOControl

O
D

 v
al

ue

(b)

0 200 400 600 800 1000
0.0

0.2

0.4

0.6

0.8

1.0

Concentration of nanoparticle solution (μg/ml)

PD
T

effi
ci

en
cy

(x
 1

00
%

)

2% Pt-BMO

5% Pt-BMO

Pure BMO

1% Pt-BMO

⁎ ⁎
⁎
⁎
⁎
⁎

(c)

Figure 7: (a) The biological toxicity for Pt-BMO nanocomposites to HL60 cells; (b) the influence of different nanocomposites to HL60
cells; (c) the PDT efficiency based on different concentration. Data are presented as means ± SD from three independent measurements.
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oxidizability. These free radicals and reactive oxygen species
oxidized the biomolecules (such as proteins, lipids, and
nucleic acids) after passing through membranes and
obstructed cell’s physiological and metabolic functions,
eventually leading to cell apoptosis or necrosis.

When Pt was deposited on the surface of Bi2MoO6, the
photo-generated electrons will be transferred from the
surface of semiconductor material with higher fermi levels
to Pt metal with lower fermi levels until the two systems
achieved equilibration. At this time, the photo-generated
electrons and holes were effectively separated, and the
recombination rate was greatly reduced. Thus, the photocat-
alytic performance of Pt doped Bi2MoO6 nanocomposites
was improved, so the PDT efficiency was notably increased
as a result. The inactivation process of photodynamic
therapy based on Pt-doped Bi2MoO6 nanoparticles can be
explained as below:

Pt/Bi2MoO6 + hv⟶ Pt/Bi2MoO6 h+ + e‐
� �

h+ + H2O⟶ × OH +H+

e‐ + O2⟶ × O2
‐

× O2
‐ +H2O⟶HO2 × +OH‐

2HO2 ×⟶O2 + H2O2

H2O2 + e‐⟶ × OH +OH‐

H2O2+ × O2
‐⟶ × OH +OH‐ + O2

h+ + OH‐⟶ × OH

ð4Þ

4. Conclusion

In this paper, novel Pt-Bi2MoO6 nanocomposites were
prepared by solvothermal and in situ reduction method and
characterized by X-ray diffraction (XRD), transmission elec-
tron microscope (TEM), X-ray photoelectron spectroscopy
(XPS), and UV-Vis adsorption spectra. The results showed
that synthesized nanocomposites had advantages of small
size, good dispersion, and wide spectral response range. Sub-
sequently, the biological toxicity and PDT experiments were
carried out. Biological toxicity test revealed that the cell sur-
vival rate was mostly above 90% after 12h dark treatment
for pure BMO samples, indicating that it is a potential photo-
sensitizer with good biocompatibility. With the increase of
the Pt content, the toxicity of Pt-BMO samples rose slightly,
but the relative viability was all above 65%. The PDT test of
HL60 cells demonstrated that Pt-BMO nanocomposites had
higher inactivation efficiency than pure BMO. With the rais-
ing of Pt content and the concentration of nanoparticle’s
solution, the PDT efficiency increased as well. When the con-
centration reached 800μg/mL, the growth trend slowed
down. For 5% Pt-BMO nanocomposites at the concentration
of 1000μg/mL, the PDT efficiency got the maximum value at
85.2%. The superior performance of Pt-BMO nanocompos-
ites in PDTmight contribute to its excellent chemical proper-
ties. High PDT efficiency and low biotoxicity demonstrated
that the Pt-doped Bi2MoO6 nanocomposites provided a
new treatment scheme for leukemia. The problem how to
improve its biocompatibility on normal cells can be solved
by adding special targeted drugs. This issue might be
discussed in the future work.
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