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Abstract−In order to make long-lived photoexcited charges for efficient catalytic photodegradation, rare earth ele-
ments are often incorporated into semiconductors. We studied the doping effect on photodegradation efficiency of
Bi2WO6 samples with europium ions which were successfully synthesized by a simple one-step. The prepared catalyst
was characterized by multiple techniques, such as X-ray diffraction (XRD), scanning electron microscopy (SEM), X-ray
photoelectron spectroscopy (XPS), and UV-vis diffuse reflectance spectroscopy (DRS). The photocatalytic activities of
pristine Bi2WO6 and xEu-Bi2WO6 (x=1, 2, 3, and 4) were investigated in the presence of H2O2 for 2,4,5-Trichlorophe-
noxyacetic acid (2,4,5-T) as a target contaminant under visible light irradiation. The incorporation of Eu3+ into Bi2WO6
where Eu3+ ion played the role of an electron acceptor was favorable for transferring photoinduced electrons from
Bi2WO6 to Eu3+, thereby increasing separation efficiency of photoinduced electron-hole, leading to enhanced photocat-
alytic activity of xEu-Bi2WO6. Under optimized condition, the photodegradation efficiency of 2,4,5-T by 2Eu-Bi2WO6
samples was 1.7-fold higher than that of pristine Bi2WO6 sample. We demonstrate that Eu3+ ion is a promising candi-
date for the development of a visible-light active semiconductor catalyst for environmental remediation.
Keywords: Photocatalytic, Acceptor, Herbicide, Toxicity, Visible Light

INTRODUCTION

The photocatalyst as a green chemistry technique has been ap-
plied extensively for the proficient degradation of various toxic
organic compounds in the environment. Several key factors are
often required for promoting photocatalytic activity, including high
surface area and efficient separation of electron-hole pairs of cata-
lysts. Semiconductor photocatalysts can utilize solar energy more
efficiently in comparison with wide traditional photocatalysts, for
example TiO2 and ZnO [1]. Tungstate based materials such as
Y2WO6 [2], CaWO4 [3,4], ZnWO4 [5,6], and Bi2WO6, have been
widely investigated owing to their desirable electric and optical prop-
erties. Bi2WO6 as one of the Aurivillius oxides can act as a support-
able photocatalyst for eliminating environmental contaminants
under visible light exposure because of its low band gap (about 2.7
eV). However, the recombination of the electrons and holes in pho-
todegradation process on Bi2WO6 is too rapid to achieve photocat-
alytic activity with high efficiency. To improve the photocatalytic
capability of Bi2WO6 material, various attempts have been made for
the synthesis of heterostructural composites and surface modifica-
tion. Zhou’s group decorated Au on Bi2WO6 surface to investigate
the photocatalytic activity for removing toxic phenol compounds

and chromium(VI) in aqueous solution [7]. Several other groups
also prepared the heterostructure of AgBr/Bi2WO6, BiOCl/Bi2WO6,
and Bi2S3/Bi2WO6 to enhance the photodegradation activity on
rhodamine B and salicylic acid [8-11]. However, these approaches
require complicated synthetic processes and are time consuming.
As a simple method, Bi2WO6 is often doped by metal or non-metal
elements to incorporate with other oxides [12-16]. It is known that
rare earth elements have 4f and empty 5d orbitals, which are incom-
plete occupied orbitals, to give the increase of optical absorption of
material and of the efficiency for the separation of photo-generated
electron hole pairs. Therefore, Bi3+ with 6s2 electronic configura-
tion has been expected to be a suitable sensitizer for rare earth ions
[17,18]. Although the photocatalytic viability of Bi2WO6 has been
evaluated for many types of dyes, including rhodamine B, methyl
orange, and methylene blue [1,16,19,20], to the best of our knowl-
edge, studies on the photocatalytic activity of Bi2WO6 for herbicides
and the explanation for role of Eu3+ ion as an electron acceptor in
photocatalytic process are still rare.

2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) has been widely used
as a herbicide for defoliating broad-leafed weeds. However, its high
toxicity and lesser biodegradation property bring serious conse-
quences for the environment. Therefore, the elimination or reduc-
tion of excessive 2,4,5-T have been paid much attention in recent
years. Studies on photocatalytic activity photodegradation of 2,4,5-T
were performed on MgFeTi layered double hydroxides [21], Fe(II)-
catalyzed activation of Oxone [22], and TiO2 [23].

Herein, we present the enhancement of photocatalytic activity of
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Bi2WO6 material for the photodegradation of 2,4,5-T by doping
Eu3+ ions, which play the role of electron acceptor in Bi2WO6 host
under visible light irradiation. The proposed material was prepared
by a facile one-step hydrothermal method. The effects of amount
of dopant, pH, stability, and available reusability were evaluated. The
xEu-Bi2WO6 samples exhibited much higher photodegradation
performance compared with that of pristine Bi2WO6 sample. In addi-
tion, we propose a probable photodegradation mechanism as well.

EXPERIMENT

1. Synthesis
Bismuth nitrate pentahydrate (Bi(NO3)3·5H2O, 99.99%), sodium

tungstate dihydrate (Na2WO4·2H2O, 99%), europium(III) nitrate
pentahydrate (Eu(NO3)3·5H2O, 99.9%), and 2,4,5-Trichlorophenoxy-
acetic acid were purchased from Sigma-Aldrich (USA). All chemi-
cals were used without further purification. Deionized water (DW)
was used in all experiments. For preparing Eu-doped Bi2WO6 sam-
ples, Bi(NO3)3·5H2O (2 mmol) was dissolved in 180 mL DW using
a water sonicator bath at 40 oC for one hour. Specific amounts of
Eu3+ were added into the above solution under stirring. The tung-
state source from Na2WO4·2H2O (1 mmol) in 20 mL DW was
delivered to the mixture solution by using a syringe pump with
the speed of 2 mL/min. The mixture was stirred for two hours
and transferred into Teflon-line autoclaves to heat at 200 oC for
20 h. For clarification, the synthesized samples are denoted as xEu-

Bi2WO6; herein, x represents the percentage of Eu in the as-pre-
pared samples. Hereafter this is referred to as pristine Bi2WO6, 1Eu-
Bi2WO6, 2Eu-Bi2WO6, 3Eu-Bi2WO6 and 4Eu-Bi2WO6. The precip-
itate was collected and washed several times by centrifugation. The
product was obtained after drying for overnight at 50 oC.
2. Characterization

Crystalline study of the prepared samples was analyzed by X-ray
powder diffraction using an X-ray diffractometer X’Pert PW3030/
00 from PANalytical (Almelo, Netherlands) with Cu-K

α
 radiation.

Field emission scanning electron microscope (FE-SEM) images
were obtained at an operating voltage of 20 kV (MIRE-II Tescan,
Czech Republic). The 2,4,5-T concentration was determined by
using an UV-Visible spectrophotometer (Thermo Evolution 201,
US). The absorption spectra of the samples were recorded using
diffuse reflectance spectroscopy (DRS) (V-670, Jasco, Japan). X-ray
photoelectron spectra (XPS) of the prepared sample were recorded
on a K-Alpha X-ray photoelectron spectrometer system (Thermo
Scientific).
3. Photocatalytic Experiments

The photodegradation activities of the samples were examined
based on the degradation reaction of 2,4,5-T under visible light
generated by simulated AM 1.5G sunlight system. The tempera-
ture of the reactor was kept at 15 oC using a circulating water sys-
tem. In all experiments, 100 mg of catalyst was dispersed in a 100
mL of 2,4,5-T solution (100 mg/L). First step, the suspension was
stirred in a dark box for 60 min to get an equilibrium between the

Fig. 1. (a) XRD patterns of xEu-Bi2WO6 samples, (b) UV-Vis diffuse reflectance spectra xEu-Bi2WO6 samples, (c) FT-IR spectrum of 2Eu-
Bi2WO6 sample, and (d) SEM image of the 2Eu-Bi2WO6.
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adsorption and desorption process of the catalyst and 2,4,5-T. Sub-
sequently, the suspension was irradiated with a Xenon lamp. To
assess the efficiency of the degradation reaction in the H2O2-Vis
light system, small amounts of H2O2 were added to the mixture of
2,4,5-T and catalyst. Five milliliter suspension was sampled at dif-
ferent time intervals and immediately centrifuged to separate the
catalyst. The supernatant was quantized through the UV-Vis ab-
sorption spectra at fixed wavelength of 290 nm (absorption peak
of 2,4,5-T). The photocatalytic experiments were performed in
triplicate.

RESULTS AND DISCUSSION

1. Morphology Studies
The XRD patterns of the prepared samples are shown in Fig.

1(a). The diffraction peaks at 28.4o, 33.0o, 47.2o, 55.9o, and 58.7o

can be identified perfectly to (131), (002), (200), (208), and (262)
crystal planes of orthorhombic bismuth tungstate with space group
of Pca21 (JCPDS No. 79-2381), respectively. Peaks related to Eu3+

were not observed in all samples to indicate a single orthorhom-
bic phase of xEu-Bi2WO6. It is known that ionic radii of Bi3+ and

Eu3+ for the coordination number of 6 are 1.03Å and 0.95Å, respec-
tively. Therefore, this small difference of ionic radii is anticipated to
result in the replacement of Bi3+ ions by Eu3+ ions. The results from
Rietveld refinement analysis on XRD patters with R(Bragg)<3.7%
confirmed that the lattice parameters, such as unit cell dimension,
volume, and crystallite size, were changed with doping Eu3+ ions,
as presented in Table 1. The enlargement of XRD patterns (Fig. S1)
shows that the diffraction peak positions of Eu-doped Bi2WO6 sam-
ples were slightly shifted to larger 2θ values compared with that of
Eu-undoped sample. The shifts could have originated from the
replacement of Bi3+ ions, which has larger ionic radius, to smaller
Eu3+ ions to decrease the lattice constants [18,20].

Fig. 1(b) displays the UV-vis diffuse reflectance spectra of the
prepared samples in the wavelength range of 200-1,000 nm. The
absorption edge about 460 nm was observed in all samples; how-
ever, the absorbance in visible region was a little increased for Eu-
doped samples. Fig. 1(c) shows the FT-IR spectrum of Eu-doped
Bi2WO6 sample. The broad band at 3,300-3,500 cm−1 is attributed
to the O-H stretching of adsorbed water [24,25]. The weak band
at 823 cm−1 is assigned to the bending vibration of W-O-W. The
strong band located at 734 cm−1 is attributed to the W-O vibration

Table 1. The lattice parameters of the prepared samples from Rietveld refinement analysis
Pristine Bi2WO6 1Eu-Bi2WO6 2Eu-Bi2WO6 3Eu-Bi2WO6 4Eu-Bi2WO6

a (Å) 005.438 005.440 005.438 005.437 005.443
b (Å) 016.446 016.440 016.443 016.442 016.448
c (Å) 005.445 005.443 005.441 005.442 005.433
V/ 106 pm3 486.895 486.735 486.529 486.488 486.409
Crystallite size (nm) 48.00 45.00 44.00 40.00 31.00

Fig. 2. XPS spectra of 2Eu-doped Bi2WO6 sample: (a) survey spectrum, (b) Bi 4f, (c) W 4f, (d) O 1s, and (e) Eu 3d.
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in WO6 octahedrons. The weak bands at 582 and 443 cm−1 are
related to the Bi-O vibration of BiO6 octahedrons. The SEM image
of 2Eu-Bi2WO6 sample is presented in Fig. 1(d) to show the pre-
pared sample possessing the sheet shape. The EDS result confirms
the existence of Bi, W, and Eu in Eu-Bi2WO6 samples (inset of Fig.
1(d)). The SEM images of other samples are presented in Fig. S2.
The SEM image of un-doped Bi2WO6 sample shows that un-doped
Bi2WO6 sample involves irregular shapes (Fig. S1(a)). The shape of
Bi2WO6 samples was changed to petal-like, which have different
sizes, with increasing the concentration of Eu3+ (Fig. S2(b)-S2(e)).
This change could be originating from the difference of lattice
parameters, which affected growth of particles. These results also
agree with a previous report [20].

The chemical composition of the prepared sample was analyzed
by XPS study, focusing in particular on the band shape of Bi, W,
and O. Full scan XPS spectrum of Eu-doped Bi2WO6 consists of
the main elements of Bi, W, O, and Eu, as shown in Fig. 2(a).

High resolution XPS spectra of Bi 4f, W 4f, O 1s, and Eu 3d pre-
sented in Fig. 2(b)-(e) were calibrated with C1s, the binding energy
of which is 285.8 eV. Two strong peaks at 165.6 and 160.4 eV (Fig.
2(b)) are assigned to spin-orbit splitting of Bi 4f5/2 and Bi 4f7/2,
respectively [26]. The peaks located at 38.5 and 36.4 eV are from
W 4f5/2 and W 4f7/2 of W6+, respectively (Fig. 2(c)). In Fig. 2(d), the
peak at 531.9 is related to the oxygen in Bi2WO6 structure in the
forms of Bi-O (in Bi2O2

2+ slabs) and W-O bonds [27]. The Eu3+ ion
concentration in the sample was low (2%): therefore, the signal of
Eu 3d at 1,135 eV is not strong enough (Fig. 2(e)).
2. Effect of Eu3+ Concentration in Bi2WO6 for the Degrada-
tion of 2,4,5-T

The photocatalytic oxidation of 2,4,5-T was under visible light
irradiation in the presence of H2O2. To understand the function of
Eu3+ in the photocatalytic 2,4,5-T oxidation reaction, the photocat-
alytic activities of pristine Bi2WO6 and xEu-Bi2WO6 (x=1, 2, 3, and
4%) with different duration of time were examined. Fig. 3(a) demon-
strates the time dependence for the degradation of 2,4,5-T. In Fig.
3(a), the equilibrium between absorption and desorption was estab-
lished for 1 h in dark; approximately 9.0-20.4% of 2,4,5-T was ad-
sorbed on the pristine Bi2WO6 and xEu-Bi2WO6 samples. This dif-
ference can originate from different shapes of the samples, which

is mentioned in section of 3.1. As shown in Fig. 3(a), control experi-
ments with H2O2 only showed almost no oxidation ability for 2,4,5-
T under lighting or dark condition. After 6 h visible light irradia-
tion, approximately 31.0 and 44.4% of 2,4,5-T was degraded in the
presence of pristine Bi2WO6 and 2Eu-Bi2WO6, respectively. How-
ever, the elimination of 2,4,5-T was significantly increased in simul-
taneous presence of catalysts (pristine Bi2WO6 or xEu-Bi2WO6),
H2O2 and visible light. As seen in Fig. 3(a), after lighting for 6 h in
the presence of H2O2, the removal of 2,4,5-T (100 mg/L) by 2Eu-
Bi2WO6 catalyst reached ~82.4% followed by 1Eu-Bi2WO6 (~80.4%),
3Eu-Bi2WO6 (~69.5%), 4Eu-Bi2WO6 (~68.7%) and Bi2WO6 (~47.9%).
The elimination of 2,4,5-T was greater for xEu-Bi2WO6/H2O2/Vis
system than for pristine Bi2WO6/H2O2/Vis system to indicate that
the Eu3+ loading on Bi2WO6 significantly enhanced the photocata-
lytic activity of xEu-Bi2WO6. To dope Eu3+ into Bi2WO6 may im-
prove the transfer rate of photoinduced electrons, resulting in sup-
pressed recombination of photoinduced electrons and holes, thereby
enhancing the photocatalytic activity of the xEu-Bi2WO6 samples.
2Eu-Bi2WO6 sample exhibited the highest photocatalytic activity
compared with 1Eu-Bi2WO6, 3Eu-Bi2WO6 and 4Eu-Bi2WO6 sam-
ples. This probably indicates the 1Eu-Bi2WO6 sample may not pro-
duce enough free active radicals due to the deficiency of Eu3+,
whereas, the 3Eu-Bi2WO6 and 4Eu-Bi2WO6 samples provide the
excessive Eu3+. It might prevent Bi2WO6 from exposure to visible
light; therefore, the separation of the photo-induced e− and h+

pairs of Bi2WO6 was limited, which reduced the catalytic activity.
Therefore, controlling the Eu3+ content is the most important fac-
tor to improve the photocatalytic activity of xEu-Bi2WO6 samples.
Results of this study demonstrate that xEu-Bi2WO6 catalysts or H2O2

when used alone, the ability to oxidize 2,4,5-T is very weak under
visible light irradiation.

To clarify the degradation/mineralization of 2,4,5-T on 2Eu-
Bi2WO6/H2O2/Vis system, the amounts of total organic carbon
(TOC) in solution and 2Eu-Bi2WO6 catalyst were determined at
initial, before, and after visible light irradiation, as display in Table
2. Note that the total removal of 2,4,5-T on 2Eu-Bi2WO6/H2O2/Vis
system was 82.4%, whereas TOC removal reached 78.46% after light-
ing for 6h to confirm the excellent degradation/mineralization per-
formance of this system. The difference of the amounts of TOC

Fig. 3. Photodegradation of 2,4,5-T: (a) Effect of Eu3+ quantity in xEu-Bi2WO6 samples on the photocatalytic activity and (b) Linear kinetic
degradation of 2,4,5-T on xEu-Bi2WO6/H2O2/Vis systems.
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adsorbed on 2Eu-Bi2WO6 before and after visible light irradiation
indicated that desorption occurred during the degradation pro-
cess. Although about 0.80mg/L of TOC (~21.28%) was adsorbed by
2Eu-Bi2WO6 before the suspension was exposed by visible light,
only ~0.1 mg/L of TOC (~2.66%) remained on 2Eu-Bi2WO6 after
lighting for 6 h (Table 2).

The degree of dechlorination from 2,4,5-T was evaluated by

measuring the concentration of inorganic chloride in solution after
6h irradiation by using a Metrohm 940 Professional Vario ion chro-
matography (Switzerland), and the results are presented in Table 3.
Approximately 82.29% of inorganic chloride was formed after the
reaction, which indicates very high efficiency of dechlorination from
2,4,5-T in 2Eu-Bi2WO6/H2O2/Vis system.

Based on the results: 82.4% degradation of 2,4,5-T, 78.46% re-

Table 2. Quantity of TOC in solution and on 2Eu-Bi2WO6 (reaction condition: 100 mL of 2,4,5-T solution (100 mg/L), 0.1 g catalyst, pH 2.2)
2,4,5-T (mg) 2,4,5-T (%) TOC (mg) TOC (%)

Solution At initial 10.0±0.03 100.00 3.76±0.020 100.00
Before Vis irradiation 7.96±0.03 079.60 2.95±0.030 078.46
After Vis irradiation 1.76±0.02 017.60 0.71±0.050 018.89

2Eu-Bi2WO6 Before Vis irradiation - - 0.80±0.040 021.28
After Vis irradiation - - 0.10±0.005 002.66

Remaining 1.76 017.60 0.81 021.54
Total removal 8.24 082.40 2.95 078.46

Table 3. Chloroorganics remaining in solution after the degradation process in 2Eu-Bi2WO6/H2O2/Vis system (reaction condition: 100 mL
2,4,5-T 100 mg/L, 0.1 g catalyst, pH 2.2)

Chloroorganics
calculated (mg)

Inorganic chloride in solution after 6 h of reaction % Chloroorganics
remaining(mg) %

4.168 3.43 ± 0.04 82.29 17.71

Fig. 4. Degradation of 2,4,5-T after 1 h dark adsorption following 6 h visible light irradiation (a) Effect of 2,4,5-T concentration (1.0 g/L of
2Eu-Bi2WO6 sample and 0.2% of H2O2 30% at pH 2.2); (b) Effect of the quantity of 2Eu-Bi2WO6 sample (0.2% of H2O2 30% and
100 mg/L 2,4,5-T at pH 2.2); (c) Effect of pH in solution (0.2% of H2O2 30%; 100 mg/L 2,4,5-T and 1.0 g/L of 2Eu-Bi2WO6 sample) and
(d) Effect of H2O2 concentration (1.0 g/L of 2Eu-Bi2WO6 sample and 100 mg/L 2,4,5-T at pH 2.2).
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moval of total organic carbon (TOC) and 82.29% generation of inor-
ganic chloride over 2Eu-Bi2WO6/H2O2/Vis system after 6 h of visi-
ble light irradiation, it can be concluded that 78.46% of 2,4,5-T was
completely mineralized to CO2, H2O and inorganic chloride. About
3.83% 2,4,5-T had been dechlorinated from the benzene ring.

A typical first-order kinetic model was used to analyze the experi-
mental data and calculate the degradation rate of 2,4,5-T. This
model can be expressed by ln(C0/Ct)=kt, where t refers to reac-
tion time (h), k is the apparent rate constant (h−1), and C0 and Ct

are the concentrations (mg/L) of 2,4,5-T at time t=0 and t=t, respec-
tively. The linear kinetic degradation and rate constants, k of 2,4,5-
T on the xEu-Bi2WO6/H2O2/light systems are given in Fig. 3(b).
3. Effect of the Concentrations of 2,4,5-T and H2O2, the Quan-
tity of 2Eu-Bi2WO6 Sample, and pH Value on the Photocata-
lytic Activity

Fig. 4(a) presents the influence of initial concentration of 2,4,5-T
on degradation efficiency on 2Eu-Bi2WO6/H2O2/Vis light system.
The photocatalytic efficiency decreased with increasing the initial
concentration of 2,4,5-T. Increasing the concentration of 2,4,5-T
from 75 to 150 mg/L is associated with decreasing the degrada-
tion efficiency of 2,4,5-T from 87.04% to 68.47% at 6 h. The influ-
ence of the amount of the catalyst on the photodegradation efficiency
2,4,5-T (100 mg/L) was studied after 6 h reaction using different
amount of the catalyst (see Fig. 4(b)). It was observed that the
2,4,5-T degradation efficiency increased with the increase of the
amount of the 2Eu-Bi2WO6 from 0 to 1.0 g/L. However, the degra-
dation efficiency of 2,4,5-T did not increase with subsequent in-

crease in 2Eu-Bi2WO6 beyond 1.0 g/L. Excessive amount of 2Eu-
Bi2WO6 catalyst resulted in highly turbid solutions causing a shield-
reflection effect from light which reduced the number of photons
to interact with 2Eu-Bi2WO6 catalyst.

In the photocatalytic reactions, the pH value of the solution is
an important factor. A satisfactory explanation of the pH effect is
not easy because there are many factors that appear in this pro-
cess, such as electrostatic interaction between the catalyst surface
and the pollutants, the ionization state of the surface of the cata-
lyst, and generated charged radicals. The pH dependence of pho-
todegradation of 2,4,5-T on 2Eu-Bi2WO6/H2O2/Vis light system
was investigated. We found that 2,4,5-T degradation decreased with
increasing pH in the solution from 2.2 to 8.4, as shown in Fig. 4(c).
At low pH, the surface of the 2Eu-Bi2WO6 catalyst can be proton-
ated leading to increasing electrostatic interactions between the
2Eu-Bi2WO6 surface (positive charge) and the 2,4,5-T (negative
charge) [28,29].

Fig. 4(d) shows the photodegradation efficiency for 2,4,5-T on the
2Eu-Bi2WO6/Vis system in the presence of various concentrations
of H2O2 at pH 2.2. Interestingly, the photodegradation of 2,4,5-T
significantly increased by increasing the amount of H2O2 (from 0
to 0.2%). Approximately 82.4% of the 2,4,5-T was degraded on 2Eu-
Bi2WO6/H2O2/Vis system using 0.2% H2O2 solution within 6 h.

H2O2 mainly acts as an electron scavenger and generates hydroxyl
radicals (OH•) simultaneously [30]:

H2O2+e−→OH•+OH− (1)

Fig. 5. (a) Reusability of catalyst on 2,4,5-T photodegradation over 2Eu-Bi2WO6 /H2O2/Vis system (b) The rate constant, k for the photodeg-
radation of 2,4,5-T on 2Eu-Bi2WO6 /H2O2/Vis system with the addition of O2

•− and OH• radical scavengers and (c) The proposed
mechanisms of 2,4,5-T photodegradation on 2Eu-Bi2WO6 /H2O2/Vis system.
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However, beyond adding 0.2% of H2O2, the efficiency of 2,4,5-T
was decreased, presumably due to excessive amount of H2O2 act-
ing as an OH radical scavenger. The generated OH• radicals may
react with excessive H2O2 to form hydroperoxyl radicals (OOH•).
The oxidation potential for OOH is much lower than that for OH•

to decrease the free available radicals for 2,4,5-T oxidation, lead-
ing to low degradation efficiency [31,32]:

H2O2+OH•
→H2O+OOH• (2)

4. Reusability and Mechanism
The practical application of a photocatalyst requires its stability;

therefore, the 2Eu-Bi2WO6 sample was evaluated for stability and
reusability. The reuse stability of the catalyst over 2Eu-BiW2O6/H2O2/
Vis system on the 2,4,5-T degradation was carried out with an ini-
tial 2,4,5-T concentration of 100 mg/L, at pH 2.2 with a solid/liq-
uid ratio of 0.1 g/L and 0.2% H2O2 concentration. After 1 h of
dark adsorption and 6 h of visible light irradiation, the catalyst was
separated by centrifugation and then added to fresh solution of
2,4,5-T. The process was repeated five times. The results in Fig.
5(a) show that the photocatalytic performance of 2Eu-Bi2WO6 in
the 2Eu-BiW2O6/H2O2/Vis system is highly recyclable with only
negligible decrease (~4%) after five cycles.

To understand the involvement of free active radical species in
the degradation of 2,4,5-T on the 2Eu-Bi2WO6/H2O2/Vis light sys-
tems, ethanol as an OH• radical scavenger and ascorbic acid as a
superoxide anion (O2

•−) radical scavenger were added separately to
the system. It was obvious that the addition of ethanol to the 2Eu-
Bi2WO6/H2O2/Vis system, the degradation efficiency of 2,4,5-T was
decreased remarkably, as shown in Fig. 5(b). Only 55% of 2,4,5-T
was degraded on 2Eu-Bi2WO6/H2O2/Vis system without OH• rad-
icals after lighting for 6 hrs, indicating the strong contribution of
OH• radicals. As seen in Fig. 5(b), the rate constant (k) for the deg-
radation of 2,4,5-T on 2Eu-Bi2WO6/H2O2/Vis system was reduced
from 0.2441 min−1 to 0.1014 min−1 when OH radical was removed
(decreased 2.4-fold). In addition, a large suppression of 2,4,5-T de-
gradation was noted upon the addition of ascorbic acid to the 2Eu-
Bi2WO6/H2O2/Vis system. The degradation of 2,4,5-T was reduced
from 82.8% to 50.7%, as such, O2

− radicals also served as the major
active species in this system. After lighting for 6 hrs, the rate con-
stant of 2,4,5-T degradation on 2Eu-Bi2WO6/H2O2/Vis system rad-
icals was 0.0815 min−1 in the absence of O2

•−. The result suggests
that both OH• and O2

•− radicals are major oxidizing species for the
degradation of 2,4,5-T on 2Eu-Bi2WO6/H2O2/Vis system.

From a photocatalytic point of view, we propose a mechanism
for photodegradation of 2,4,5-T using Eu-doped Bi2WO6 in this
work. As illustrated in Fig. 5(c), Bi2WO6 in 2Eu-Bi2WO6 was first
excited and produced photo-induced e−-h+ pairs under visible light
irradiation. Once photo-induced e− is generated, they jumped quickly
over Eu3+ ion to form Eu2+, as such, Eu3+ acts as an electron acceptor
center [18]. The generated Eu2+ can react either with H2O2 to pro-
duce OH• radicals or with O2 to produce O2

•− radicals and reverts
to the original state Eu3+. The enhancement of the photocatalytic
activity of 2Eu-Bi2WO6 is due to the photo-induced e− of Bi2WO6

captured further quickly by Eu3+ ions, thus preventing the recom-
bination of the photo-induced e−-h+. In addition, the photo-induced
h+ can react with H2O to generate OH• radicals as well as photo-

induced e− can react directly with O2 to generate O2
•− radicals. The

generated OH• and O2
•− radicals oxidize 2,4,5-T rapidly to CO2 and

water as degradation products.
The mechanism of 2,4,5-T degradation on 2Eu-Bi2WO6 /H2O2/

Vis system can be described by the following reactions:

Bi2WO6+hν →Bi2WO6 (eCB−, hVB+) (3)

Eu3++eCB−→Eu2+ (Major reaction) (4)

Eu2++H2O2→Eu3++OH•+OH− (5)

hVB++2H2O→OH•+H+ (6)

2H2O2→O2+2H2O (7)

Eu2++O2→Eu3++O2
•− (8)

O2
•−+2,4,5-T→degradation products (9)

OH•+2,4,5-T→degradation products (10)

CONCLUSION

Eu-doped Bi2WO6 samples were prepared by a facile one-step
hydrothermal method, and the photodegradation efficiency for
2,4,5-T was investigated under visible light. 2Eu-Bi2WO6 catalyst
exhibited very high photocatalytic activity for the degradation of
2,4,5-T with the degradation rate of 0.2441 min−1 in the presence
of H2O2. Eu3+ ions played thte role of electron acceptors and were
favorable for transferring photoinduced electrons from Bi2WO6 to
Eu3+ to result in separation efficiency of photoinduced electron-
holes. The mineralization of 2,4,5-T on 2Eu-Bi2WO6/H2O2/Vis light
system was confirmed by measuring TOC values. The addition of
radical scavengers demonstrates that the OH• and O2

•− radicals are
the main active species for 2,4,5-T degradation on 2Eu-Bi2WO6 /
H2O2/Vis system. The synergetic effect of Bi2WO6 and Eu3+ en-
hanced photocatalytic activity. This study highlights that 2Eu-
Bi2WO6 is a promising photocatalysts for environmental remedia-
tion under visible light.
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Fig. S1. Enlarged XRD patterns for selected 2θ ranges of the pristine and different doping level samples.
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Fig. S2. SEM images of Bi2WO6 doped 0 (a), 1 (b), 2 (c), 3 (d), and 4% (e) Eu3+.
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