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Abstract: Although Bi;MoOg (BMO) has recently received extensive attention, its visible-light photocatalytic activity remains poor due to its
limited photoresponse range and low charge separation efficiency. In this work, a series of visible-light-driven Y**-doped BMO (Y-BMO) pho-
tocatalysts were synthesized via a hydrothermal method. Degradation experiments on Rhodamine B and Congo red organic pollutants revealed
that the optimal degradation rates of Y-BMO were 4.3 and 5.3 times those of pure BMO, respectively. The degradation efficiency of Y-BMO
did not significantly decrease after four cycle experiments. As a result of Y** doping, the crystal structure of BMO changed from a thick layer
structure to a thin flower-like structure with an increased specific surface area. X-ray photoelectron spectroscopy showed the presence of high-
intensity peaks for the O 1s orbital at 531.01 and 530.06 eV, confirming the formation of oxygen vacancies in Y-BMO. Photoluminescence
(PL) and electrochemical impedance spectroscopy measurements revealed that the PL intensity and interface resistances of composites de-
creased significantly, indicating reduced electron—hole pair recombination. This work provides an effective way to prepare high-efficiency Bi-

based photocatalysts by doping rare earth metal ions for improved photocatalytic performance.

Keywords: photocatalysts; dye sensitization; bismuth molybdate; yttrium-doped

1. Introduction

Photocatalytic degradation is receiving increasing atten-
tion with the growing seriousness of environmental prob-
lems [1-3]. Efficient photocatalysts are essential for photo-
degradation. Therefore, developing and studying high-effi-
ciency and low cost photocatalysts for photocatalytic degrad-
ation technology is crucial [4-6]. Yu and Kudo [7] first pre-
pared two-dimensional Bi,MoOg (BMO) nanosheets with an
Aurivillius structure for photocatalysis under the assistance
of surfactants. In recent years, BMO has attracted consider-
able attention in the degradation of organic pollutants given
its advantages of low cost, nontoxicity, and narrow band gap
[8—10]. However, pure BMO has poor photocatalytic activ-
ity due to its fast carrier recombination. Various modifica-
tion methods, such as metal loading, heterojunction construc-
tion, and ion doping, have been explored to enhance the pho-
tocatalytic performance of BMOs [11-14]. Ion (Fe and Ni)
doping could effectively enhance the photocatalytic activity
of BMO [15-16]. Wang et al. [17] prepared B-BMO pho-
tocatalysts with nonmetal doping. They found that B** dop-
ing led to the generation of Bi’* and oxygen vacancies, which
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enhanced light absorption capacity to improve photocatalytic
activity. Dutta e al. [18] prepared a series of BMO pho-
tocatalysts by doping Mn*", Cu*', and Zn*". The photocata-
lytic performance of all doped BMO photocatalysts in the de-
gradation of organic pollutants in wastewater under visible-
light irradiation was significantly enhanced.

Recently, many researchers have focused on modifying
semiconductors through rare earth ion doping [19-20]. Xu
et al. [21] found that doping Eu into Bi;WOg¢ could change
the morphology of photocatalysts and thus improve pho-
tocatalytic activity. Jiang et al. [22] testified that for Ce-
doped BiVO,, Ce’* could act as hole traps to delay carrier re-
combination. Xu et al. [23] reported on the use of Y-doped
CeO, with small band gaps and oxygen vacancies for the ef-
ficient degradation of organic pollutants. Although Y has
similar properties as rare earth ions and has great potential in
photocatalysis, only a few studies on Y-doped-modified pho-
tocatalysts have been conducted. Since Y ion (104 pm) has
a slightly smaller ionic radius than Bi’* ion (116 pm), the
smaller Y** could replace the Bi’" position. Doping small
amounts of Y may improve the light absorption capacity of
BMO and increase carrier separation by forming oxygen va-
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cancies in BMO to obtain elevated photocatalytic activity.
Therefore, Y-doped BMO may also be a good photocatalyst
for the photocatalytic degradation of organic pollutants.
Herein, Y*"-doped BMO was prepared by using a simple
hydrothermal method. A series of characterization tests were
performed to explore the influence of Y** doping on the car-
rier separation efficiency, obvious morphology, optical capa-
city, and chemical composition of the synthesized photocata-
lysts. The photocatalytic degradation performance of Y-
BMO in the degradation of Rhodamine B (RhB) and Congo
Red (CR) organic pollutants under visible light was investig-
ated. Finally, radical trapping experiments showed that the
superoxide radical (-O,") and holes play the main roles in de-
gradation. The mechanism of the synergistic induction effect
of Y* doping on morphological changes and oxygen va-
cancy defects was proposed on the basis of all the results.

2. Experimental
2.1. Synthesis of BMO and Y**-doped BMO

Bi(NOs);-5H,0 (2 mmol) and (NH4)sM0,0,,-4H,0 (0.14
mmol) were dissolved in HNOj; (2 mol/L) and deionized wa-
ter, respectively. The two solutions were mixed under con-
tinuous stirring. A certain amount of Y(NOs); solution
(atomic ratio of Y : Bi = 0.5at%, 1.0at%, 1.5at%, 2.0at%, or
3.0at%) was slowly added to the above solution. Then, the
pH of the solution was adjusted to 9 with NH;-H,O. After 1 h
of stirring, the solution (approximately 80 mL) was kept in a
100 mL Teflon-lined steel autoclave at 180°C for 12 h. After
cooling, a light-yellow BMO (Y-BMO) sample was ob-
tained via centrifugation, washing, and drying. The resulting
sample was recorded as xY-BMO (x is 0.5, 1.0, 1.5, 2.0, or
3.0). Through the same method, pure BMO (BMO) was pre-
pared without the addition of Y(NO3);.

2.2. Characterization

The phase structure of the prepared samples was determ-
ined through X-ray diffraction (XRD, D/Max RB, Rigaku,
Japan) and X-ray photoelectron spectroscopy (XPS, ESCAL-
AB 250Xi, Thermo Fisher, USA). The morphology of the
photocatalysts was detected by scanning electron micro-
scopy (SEM, S-4800; Hitachi, Japan) and high-resolution
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transmission electron microscopy (HRTEM, F-20, FEIL
USA). The light absorption properties and photolumines-
cence (PL) spectra of the samples were recorded by an ultra-
violet—visible (UV—Vis) spectrophotometer (T9s, Persee,
China) and fluorescence spectrophotometer (F-4500, Hitachi,
Japan), respectively.

2.3. Photocatalytic degradation experiment

The photocatalytic activity of the synthesized samples in
the degradation of RhB (20 mg/L) and CR (20 mg/L) was
evaluated under 400 W Xenon lamp illumination (A > 420
nm). First, 30 mg of the photocatalyst was dispersed in 30
mL of RhB or CR solution under strong agitation. The solu-
tion was stirred in the dark for 2 h to achieve adsorption—de-
sorption equilibrium. A total of 3 mL of solution was ac-
quired at a certain time point and then centrifuged to elimin-
ate solid residue. Subsequently, the concentrations of CR and
RhB were tested by using a UV—Vis spectrophotometer (T9s,
Persee, China) at 496 and 553 nm, respectively. The degrad-
ation ratio (C/C,) was used to assess photocatalytic activity
(C: concentration at a certain time; C: incipient concentra-
tion).

2.4. Electrochemical measurements

Electrochemical impedance measurement was performed
by using a three-electrode workstation. A calomel electrode,
platinum wire, and conductive glass (sample prepared by sur-
face coating) were used as the reference, auxiliary, and work-
ing electrodes, respectively. A 3 mg sample was homogen-
eously dispersed in an appropriate amount of ethanol by ul-
trasound. Then, the suspension was uniformly coated onto in-
dium tin oxide conductive glass with a diameter of 6 mm.
Na,S0, (0.5 mol-L ") was used as an electrolyte.

3. Results and discussion
3.1. Structural analysis

Fig. 1 illustrates the XRD spectra of all samples. Fig. 1(a)
shows that BMO (JCPDS Card No. 21-0102) has ten very
typical diffraction peaks at 10.9°, 28.2°, 32.5°, 33.1°, 46.7°,
47.1°, 55.4°, and 56.6° that correspond to the (020), (131),
(200), (060), (202), (260), (331), and (191) crystal planes, re-
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Fig. 1. (a) XRD patterns of the pure Bi;MoO,; (BMO) and Y**-doped BMO (Y-BMO) samples; (b) comparative analysis of (131),
(200), (060), and (220) in the XRD patterns of the pure BMO and Y-BMO samples.
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spectively. However, finding the diffraction peaks of Y in Y-
BMO samples is difficult due to the low Y content. Diffrac-
tion peak intensity is mainly related to the crystallinity of the
samples, and ion doping could reduce crystallinity. Com-
pared with that of BMO, the diffraction peak intensity of Y-
BMO samples has decreased visibly, demonstrating that Y
doping reduced the order degree of cations. This phenomen-
on also indicates that Y** has successfully replaced Bi*" in the
BMO lattice [24]. Fig. 1(b) presents that for all samples, the
crystal planes at 28.3°, 32.5°, 33.1°, and 34.5° have shifted.
The diffraction peaks tend to shift to low angles, indicating
that Y’* is incorporated into the crystal and causes lattice ex-
pansion [25]. Moreover, in contrast to the weakened peak in-
tensity of the (131), (200), and (060) crystal planes, the peak
intensity of the (220) crystal plane at 34.5° has increased, in-
dicating that the crystal phase may preferentially grow in the

Int. J. Miner. Metall. Mater., Vol. 30, No. 9, Sep. 2023

[110] direction after Y*" doping.

To further explore the change in the crystal phase, the
crystal parameters of Y-BMO and pure BMO were estim-
ated in accordance with the XRD crystal data (Table 1). The
cell parameters of the Y-BMO samples gradually increase
with the increase in Y content, likely due to the distortion of
the octahedral MoOs structure and the shifting of the oxygen
atoms in the top (Bi,0,)>* layer [26-28]. Simultaneously, the
XRD analysis shows that after Y doping, the crystal phase of
BMO does not change. The radius of Y** (104 pm) is smaller
than that of Bi’* (116 pm), and the smaller Y** could replace
the Bi’* position of the BMO. In accordance with Vegard’s
law [29] and as confirmed by the experimental results, the
lattice volume of the Y-BMO samples should be between the
lattice volumes of BMO (0.488683 nm3) and Y,MoOq
(0.913900 nm®) [30].

Table 1. Crystal parameters of the Y-BMO and pure BMO samples

Lattice parameters

Lattice volume, ¥/ nm®

Sample

a/nm b /nm c/nm

Pure BMO 0.5502 1.6199 0.5483 0.488683
0.5Y-BMO 0.5502 1.6213 0.5483 0.489105
1.0Y-BMO 0.5506 1.6226 0.5487 0.490211
1.5Y-BMO 0.5506 1.6227 0.5488 0.490330
2.0Y-BMO 0.5509 1.6227 0.5490 0.490776
3.0Y-BMO 0.5513 1.6240 0.5490 0.491526

Y>MoOgq 1.6350 1.1019 0.5349 0.913900

3.2. Morphological characterization

SEM, TEM, and HRTEM were applied to further explore
the effect of Y** doping on the micromorphology of BMO.
Fig. 2 shows the SEM images of pure BMO and 1.5Y-BMO.
The synthesized BMO presents an irregular thick layer with
uneven size and good dispersion. After Y** doping, the layer-
like sample has obviously thinned and shows flower-like ag-
glomeration. Fig. 2(c) shows that compared with that of
BMO, the specific surface area of the flower-like 1.5Y-BMO
has significantly increased. This increase may improve pho-
tocatalytic activity. Fig. 3 exhibits the TEM and HRTEM im-
ages of the BMO and 1.5Y-BMO samples. Both samples
have obvious diffraction spots. Nevertheless, the 1.5Y-BMO
sample has a thinner lamella than the pure BMO. The lattice
spacings of pure BMO are 0.275, 0.274, and 0.260 nm, which
correspond to the (002), (200), and (220) crystal planes of
BMO, respectively. Compared with those in the BMO

10.0kV 9.3mm x22.0k SE(U)

10.0kV 9.2mm x7.00k SE(U)

sample, all lattice fringes have increased, and the diffraction
fringes of the (220) crystal plane are more obvious in the
1.5Y-BMO sample. The aforementioned results and XRD
results confirm that doping Y’* into the BMO lattice causes
lattice deformation. Growth occurs in the [110] direction
when the doping amount reaches a certain level, thus making
the crystal morphology change from a thick sheet into a
flower-like structure. HRTEM results suggest that the lattice
volume of doped samples increases due to the special effect
of the dominant growth direction in the BMO lattice after Y**
doping [10,31-33]. Meanwhile, the TEM mapping results
also prove that Y has been successfully incorporated (Fig. 4).

3.3. XPS analysis

The XPS results of 1.5Y-BMO were studied. Fig. 5(a)
shows that the spectra of the 1.5Y-BMO samples exhibit Bi,
Mo, O, and Y signals. As shown in Fig. 5(b), the peaks loc-

©

—=— BMO
6 —— 1.5Y-BMO

Quantity adsorbed / (cm* g™)
~

O n 1 1 1 1 n
0 02 04 06 08 1.0
Relative pressure (p/p,)

Fig.2. SEM images of pure BMO (a) and 1.5Y-BMO (b) and the N, adsorption—desorption isotherm (c) of BMO and 1.5Y-BMO.
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Fig. 3. TEM and HRTEM images of pure BMO (a, ¢) and 1.5Y-BMO (b, d). The insets in (a) and (b) are the corresponding diffrac-

tion spots.

ated at 164.1 and 158.9 eV belong to Bi 4f;, and Bi 4f;), re-
spectively, and are allocated to Bi*" [34]. Fig. 5(c) shows the
high-resolution Mo 3d XPS spectra of 1.5Y-BMO samples.
The signal peaks at 232.3 and 235.4 eV belong to Mo 3ds,
and Mo 3d;, of Mo(VI), respectively [35]. In Fig. 5(d), the O
Is intensity peaks at 530.1 and 531.0 eV belong to the oxy-
gen vacancies anion and O* of 1.5Y-BMO [36]. The forma-
tion of vacancies could result from the distortion of the octa-
hedral MoOy structure and the induction of local electric
charge imbalance [37]. In Fig. 5(e), the peaks located at
164.4 and 159.1 eV belong to Y 3d;, and Y 3ds;, [38], re-
spectively. The absence of a diffraction peak at 156.8 eV for
the 3ds, of Y** [39] indicates that Y** has been doped into the
lattice through Bi—-O-Y formation [28]. These results are in-
dicative of the successful preparation of Y-BMO and the
presence of oxygen vacancies in Y-BMO materials, which
would contribute to the improvement in photocatalytic per-
formance.

3.4. Optical properties

The optical properties of the BMO and Y-BMO samples
were studied by using the diffuse reflection spectrum tech-

Fig. 4. TEM image maps of 1.5Y-BMO: (a) TEM image of 1.5Y-BMO; (b) Bi; (¢) O; (d) Mo; (e) Y.

nique [40]. Fig. 6(a) shows that the incorporation of Y** has
greatly broadened the light absorption range of BMO. The
edge in Y-BMO has distinctly right-shifted relative to that in
pure BMO. With the increase in Y content, the light response
range of the Y-BMO sample has gradually expanded. This
finding indicates that Y*" doping could effectively improve
the light absorption performance of semiconductor materials.
The band gap energy (E,) values of all samples could be es-
timated by using the Kubelka—Munk equation:

Ahy = a(hv - Ey)?,

where A4, h, v, @, and E, represent the absorption coefficient,
Planck constant, optical frequency, ratio, and optical energy
gap value of the light absorption edge, respectively. The
value of n is 1 or 4. The E, of pure BMO, 0.5Y-BMO, 1.0Y-
BMO, 1.5Y-BMO, 2.0Y-BMO, and 3.0Y-BMO samples are
2.72,2.70,2.68, 2.65,2.62, and 2.52 eV, respectively. The Y
dopant could narrow the band gap of BMO due to the intro-
duction of impurity levels [41—43]. These results suggest that
the introduction of Y** into the BMO crystal lattice could in-
crease light absorption, thus enhancing photocatalytic de-
gradation efficiency.
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Fig. 5. XPS spectra of 1.5Y-BMO: (a) full spectrum; (b) Bi 4f; (c) Mo 3d; (d) O 1s; (e) Y 3d.
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Fig. 6. (a) DRS spectra of pure BMO and Y-BMO samples; (b) band gap energies of the corresponding photocatalysts.

3.5. Photocatalytic tests

The photocatalytic performance of the synthesized
samples in the degradation of RhB and CR under visible light
was tested. Before the photodegradation experiment, the
samples were dispersed in the pollutant solution in the dark
for 2 h to achieve adsorption—desorption equilibrium.
Fig. 7(a) shows the RhB photocatalytic degradation perform-
ance of the pure BMO and Y-BMO photocatalysts. All Y*'-
doped Y-BMO samples show significantly improved pho-
tocatalytic activity. Among these samples, 1.5Y-BMO has
the best photocatalytic degradation performance. After 90
min, 1.5Y-BMO has degraded more than 94% of RhB organ-
ic pollutants. The degradation efficiency of 1.5Y-BMO is 4.3
times that of pure BMO samples (22%). When the doping
amount of Y** exceeds 1.5at%, photocatalytic performance
decreases, likely because the additional Y** ions have be-
come the composite center of photogenerated carriers, and
the band gap of Y-BMO has narrowed. The following reac-
tion kinetics model was used to analyze the RhB photode-

gradation reaction of Y-BMO:

In(Cy/C) = kt,

where C, is the initial concentration of the RhB solution in
the dark, & is the apparent velocity constant, and C is the con-
centration at a certain time. As shown in Fig. 7(b), the k val-
ues of pure BMO, 0.5Y-BMO, 1.0Y-BMO, 1.5Y-BMO,
2.0Y-BMO, and 3.0Y-BMO are 0.0032, 0.0196, 0.0227,
0.0297, 0.0250, and 0.0210 min ', respectively. The pho-
tocatalytic reaction rates of all photocatalysts are signific-
antly higher than those of BMO, and the photodegradation
reaction rate of the 1.5Y-BMO samples is the highest. The
above results completely demonstrate that Y**-doped BMO is
an efficient photocatalyst. The degradation of CR was also
studied to further explore the photocatalytic performance of
the samples. The photodegradation process of CR was the
same as that of RhB. As inferred from Fig. 7(c), the degrada-
tion efficiency of the series of Y-BMO materials is signific-
antly higher than that of BMO. 1.5Y-BMO shows the max-
imum degradation efficiency (above 85%) after 150 min un-
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Fig. 7. RhB (a, b) and CR (c, d) degradation ratio and degradation kinetics curves of pure BMO and Y-BMO samples.

der visible-light. The maximum degradation efficiency of
1.5Y-BMO is equivalent to 5.3 times the degradation effi-
ciency (16%) of pure BMO samples. Similarly, the & values
of pure BMO, 0.5Y-BMO, 1.0Y-BMO, 1.5Y-BMO, 2.0Y-
BMO, and 3.0Y-BMO are 0.0012, 0.0075, 0.0088, 0.0124,
0.0101, and 0.0081 min ', respectively. The experimental
results show that Y-BMO materials have good photocatalyt-

10l@

1st 2nd 3rd 4th

(=]

0 60 120 180 240 300 360
Time / min

ic activity and could effectively degrade different organic
pollutants and dyes in a short time.

Photocatalyst stability is an important evaluation index in
environmental treatment applications. 1.5Y-BMO was used
to degrade RhB to evaluate the stability of the photocatalysts
(Fig. 8(a)). After four photodegradation cycle experiments,
the photocatalytic activity of 1.5Y-BMO remains above

b
®) —— Before
—— After

Intensity / a.u.

HJM«L_W

10 20 30 40 50 60 70
20/(°)

Fig. 8. (a) RhB photocatalytic degradation cycle of 1.5Y-BMO; (b) XRD pattern of the 1.5Y-BMO samples before and after photo-
degradation; (c—g) Mapping of the TEM images of 1.5Y-BMO after photodegradation: (¢) TEM image of 1.5Y-BMO, (d) Bi, (e) O,

(f) Mo, and (g) Y.
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92%. The slight reduction in photocatalytic efficiency may be
due to the loss of the photocatalyst during recovery. In addi-
tion, the XRD patterns of 1.5Y-BMO before and after pho-
tocatalytic degradation have not obviously changed, as
shown in Fig. 8(b), indicating that the photodegradation pro-
cess will not affect the crystal structure of the doped materi-
als. The TEM elemental mapping (Fig. 8(c)~«(g)) and XPS

Int. J. Miner. Metall. Mater., Vol. 30, No. 9, Sep. 2023

(Fig. 9) of the samples after photodegradation were studied to
confirm the stable existence of the Y dopant within the BMO
lattice. The results definitely show the stable existence of Y
in BMO, which is in accordance with the XRD results. The
above results prove that the Y-BMO material has good
chemical stability during photodegradation. Therefore, Y-
BMO should be a potential visible-light photocatalyst.
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Fig. 9. XPS spectra of 1.5Y-BMO after photodegradation: (a) full spectrum; (b) Bi 4f; (c) Mo 3d; (d) O 1s; (e) Y 3d.

3.6. Photocatalytic mechanism

The above experiments showed that the Y-BMO pho-
tocatalysts could significantly improve visible-light catalytic
activity. The PL and EIS spectra of the synthesized pho-
tocatalysts were acquired to further explore the mechanism

underlying the enhancement in photocatalytic performance
[44-45]. As shown in Fig. 10(a), all samples have evident PL
signals at 470 nm. After Y** doping, the PL intensities of the
Y-BMO photocatalysts have reduced compared with those of
pure BMO, indicating that the carrier separation efficiency of
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Fig. 10. PL (a) and EIS (b) spectra of pure BMO and the Y-BMO samples; Mott—Schottky plots of pure BMO (c) and 1.5Y-BMO

(d); the valence band XPS (e) and cutoff energy region (f) of BMO.
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Y-BMO has significantly improved. In addition, in complete
line with the order of photocatalytic pollutant degradation ef-
ficiency, the order of the PL intensities of all synthetic
samples is BMO > 0.5Y-BMO > 3.0Y-BMO > 1.0Y-BMO >
2.0Y-BMO > 1.5Y-BMO. Among the samples, 1.5Y-BMO
has the lowest PL peak intensity, indicating that it has the
highest carrier separation efficiency. The PL peak intensities
of Y-BMO enhance when the doped Y** content exceeds
1.5at%, likely because the excessive doping of Y*' results in
the narrowing of the band gap of Y-BMO. The smaller the
radius of the Nyquist plot arc, the smaller the resistance of
charge transfer [46—47]. In Fig. 10(b), compared with those
of pure BMO samples, the radii of Y-BMO series samples
have significantly reduced. The radius of the 1.5Y-BMO
sample is the smallest. The aforementioned results indicate
that the doping of Y** could greatly promote the migration
and separation of photoexcited carriers in Y-BMO, likely due
to the presence of oxygen vacancies that could capture
photogenerated electrons in Y-BMO and prolong carrier life-
time [48].

Mott—Schottky and valence band XPS measurements
were performed to confirm the band alignment of pure and
Y-doped BMO. First, the flat bands of pure and Y-doped
BMO were determined by using Mott—Schottky measure-
ments. The positive slope of the linear plot illustrates that
pure and Y-doped BMO are n-type semiconductors. Thus,
the conduction bands (Ecg) of pure and Y-doped BMO are
approximately equal to their flat bands and are —0.36 and
—0.31 V, respectively (Fig. 10(c) and (d)). The valence bands
(Eyp) of pure and 1.5Y-BMO are calculated as 2.36 and 2.34
V, respectively, in accordance with the following formula:
E, = Evg — Ecs.

The valence band XPS spectrum of pure BMO was stud-
ied to confirm the Eyg of BMO. Fig. 10(e) and (f) shows that
the valence band XPS (VByps) and secondary electron cutoff
energies (E.y,x) of BMO are 2.35 and 16.72 eV, respectively.
The Ey of BMO is speculated to be 2.39 V [49], which is al-
most consistent with our Mott—Schottky results (2.36 V)
within the error range.

To demonstrate the presence of oxygen vacancies in Y-
doped BMO, we carried out electron paramagnetic reson-
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ance (EPR) experiments (Fig. 11(a)). In contrast to pure
BMO, 1.5Y-BMO has an obvious typical signal peak, indic-
ating that 1.5Y-BMO has more oxygen vacancies than pure
BMO [50-54]. This finding also corroborates the above XPS
results. After Y*" doping, the octahedral MoOj structure has
become distorted, which would induce a local electric field
inside BMO crystals and oxygen vacancy formation. Con-
sequently, an oxygen vacancy energy level should form in
the band gap.

Active species play an important role in photodegradation
experiments. In the photodegradation RhB system, isopro-
panol (IPA, 10 mmol-L "), benzoquinone (BQ, 1 mmol-L™),
and sodium oxalate (Na,C,04, 10 mmol-L™") are used as trap-
ping agents to capture hydroxyl radicals (-OH), -O;, and
holes, respectively [31,55]. Fig. 11(b) shows that the pho-
tocatalytic activity of pure BMO is significantly inhibited by
the addition of BQ and Na,C,0, but is not obviously affected
by the addition of IPA. The above results show that -O; and
holes play the main role in the degradation process. In the
1.5Y-BMO system, holes and -O; are also the main active
species. ‘OH is not formed during photocatalytic degradation.
The aforementioned results suggest that the doping of Y**
does not alter the active species produced during photode-
gradation by BMO.

The above discussion shows that the morphology of BMO
changes, and BMO grows preferentially in the [110] direc-
tion due to Y** doping. This effect is beneficial to increasing
the surface area and surface-active sites of the photocatalyst.
Meanwhile, Y** doping leads to the formation of oxygen va-
cancy defects in BMO. This phenomenon could expand the
visible-light absorption range and improve the separation ef-
ficiency of photogenerated carriers. Therefore, we propose
the possible photodegradation mechanism of Y-BMO.
Fig. 12 shows that the position of the energy level of the oxy-
gen vacancies in Y-BMO should be below and close to the
conduction band (0.07 eV). Upon excitation by visible light,
electrons could migrate from the valence band of BMO to the
conduction band. Nonetheless, additional electrons could mi-
grate from the valence band of BMO to the oxygen vacancy
level due to the low energy required for transition. Oxygen
vacancy defects can adsorb O, on the catalyst surface, and
electrons in the oxygen vacancy level can react with O, in a
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Fig. 11. (a) EPR of BMO and 1.5Y-BMO (B—Magnetic induction intensity; g—Landé g-factor); (b) photocatalytic degradation of
RhB over BMO and 1.5Y-BMO with the addition of the scavengers IPA, BQ, and Na,C,0,.
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Fig. 12. TIllustration of the mechanism of organic photodegradation by Y-BMO.

timely manner to generate ‘O3, thus inhibiting photogener-
ated carrier recombination. This situation improves the utiliz-
ation rate of photogenerated electrons and holes, increases
the production of -O3, and retains more effective holes in the
valence band. The created -O; and holes in Y-BMO can dir-
ectly participate in the degradation of organic pollutants and
thus confer excellent photodegradation properties. The free
radical photocatalytic degradation of the Y-BMO photocata-
lyst is

Y-BMO +hv — e” +h*,

O,+e” — 03,

h* + pollutant — product,

-O; + pollutant — product.

4. Conclusions

A series of novel Y-BMO photocatalysts were prepared
through the hydrothermal method. In contrast to BMO, Y-
BMO possesses high RhB and CR degradation efficiency.
Among Y-BMO photocatalysts, the 1.5Y-BMO samples ex-
hibit the best degradation efficiency under visible-light. The
results of this work show that Y** doping has numerous ef-
fects: (1) BMO preferentially grows in the [110] direction,
and its microstructure changes from a thick sheet into a
flower-like structure with increased specific surface area. (2)
After Y** doping, the formed oxygen vacancy defects im-
prove the carrier separation efficiency of the semiconductor
to produce additional active substances for organic pollutant
photodegradation. The possible photocatalytic degradation
mechanism of Y-BMO was proposed after systematic stud-
ies. This study provides an effective strategy for modifying
Bi-based photocatalysts through doping rare earth metal ions
to obtain high-efficiency photocatalytic performance.
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