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Abstract. A solvothermal method was employed to prepare BiOBr microspheres, which ﬁrstly combined
with peroxydisulfate (PDS, S2O82-) to synergistically remove tetracycline (TC) from water under visible
LED (Vis-LED) light illumination. About 80.3% of TC (20 mgL-1) was degraded by BiOBr/PDS/Vis-LED
system within 90 min, whereas 28.0%, 28.8% and 65.1% of TC was removed by PDS/Vis-LED, BiOBr/PDS
and BiOBr/Vis-LED system, respectively. The degradation of TC in BiOBr/PDS/Vis-LED system obeyed the
pseudo-second-order kinetic with a reaction rate constant at 3.6 9 10-3 Lmg-1min-1. The inﬂuence of
some key parameters (PDS dose, initial solution pH, reaction temperature and inorganic anions) on TC
removal in BiOBr/PDS/Vis-LED system was studied. PDS was activated by photo-induced e- to produce
SO4-, and PDS also assisted O2 and e- to generate O2-. The trapping experiments and ESR analysis
indicated that SO4-, OH, h? and O2- contributed to TC degradation. According to the detected intermediates, the possible degradation pathways of TC were established. Furthermore, the catalytic performance of
BiOBr/PDS/Vis-LED system for TC degradation in the actual water matrix was studied.
Keywords. Tetracycline; BiOBr microsphere; Peroxydisulfate; Sulfate radical; Degradation pathway.

1. Introduction
As a common broad-spectrum antibiotic, tetracycline
(TC) has been widely employed to treat bacterial
infection and stimulate the growth of animals and
plants.1,2 Studies have proven that TC cannot be
completely absorbed by organisms, most of which are
eliminated via the digestive system and inevitably
discharged into the surrounding water environment.3,4
Residual TC in water environment has an adverse
impact on aquatic species and enhance the resistance
of bacteria,5 thereby posing a potential threat to the
ecosystem and human health. The antibacterial property of TC prevents it from being degraded by the
traditional sewage treatment technology.6 Heterogeneous photocatalytic technology is considered to be an
effective method to remove TC from wastewater.7
TiO2 is the most widely used catalyst in the ﬁeld of
photocatalysis because it is stable, inexpensive, lowtoxic, and eco-friendly.8 Actually, under UV light

irradiation, TiO2 is often employed to remove antibiotics from water.9 It is undeniable that the fast
recombination of photo-induced electron-hole pairs
signiﬁcantly decreases the photocatalytic activity of
TiO2.10 Since peroxydisulfate (PDS, S2O82-) is an
excellent electron acceptor, therefore the researchers
introduced PDS into the TiO2 photocatalytic systems
to promote the separation of electron-hole pairs and
simultaneously generate strong oxidizing SO4- radicals (Eq. 1).11,12 Thus, it can be concluded that PDS
can enhance the photocatalytic performance of TiO2
for organic pollutants degradation. For instance, Ding
et al., reported that the degradation efﬁciency of
ibuprofen was remarkably enhanced when PDS was
introduced into the UVA-LED/TiO2 process because
PDS could inhibit the recombination of electron-hole
pairs.13 Similary, the presence of PDS can also
improve the photocatalytic performance of TiO2 for
sulfaclozine degradation under UV light irradiation.14
As we all know, TiO2 with large bandgap can only be
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excited by UV light, which accounts for less than 5%
of solar spectrum. Nowadays, various visible lightdriven photocatalysts have been developed to make
full use of solar light.15

2

S2 O2
8 þ e ! SO4 þ SO4

ð1Þ

As a visible light-response photocatalyst, bismuth
oxybromide (BiOBr) has recently received extensive
attention because the layered structure of BiOBr is
convenient for the separation of photo-induced electron-hole pairs.16–18 Nevertheless, the visible lightdriven catalytic performance of pure BiOBr needs to
be further improved.19,20 Recently, a variety of
strategies, such as impurity doping, surface metallization, carbon modiﬁcation, and construction of
heterojunctions, have been used to enhance the photocatalytic performance of BiOBr for antibiotics
degradation.17,21 In addition to these strategies, it is
expected that the photocatalytic behavior of BiOBr in
the degradation of antibiotics can also be enhanced
with the assistance of PDS.
In this study, BiOBr microspheres were
solvothermally prepared and the degradation of TC
by BiOBr/PDS system under visible LED (Vis-LED)
light irradiation was ﬁrstly evaluated. The inﬂuence
of operating factors such as solution pH, PDS
dosage, reaction temperature and coexisting anions
on TC degradation was studied. The mechanism for
the degradation of TC by BiOBr/PDS/Vis-LED
system was discussed and the possible photo-degradation pathways of TC were also established.
Finally, TC degradation in different real water
matrices (river water, secondary efﬂuent and tap
water) by BiOBr/PDS/Vis-LED system was carried
out.

2.2 Synthesis of BiOBr
BiOBr microspheres were fabricated through a facile
solvothermal route. Firstly, 0.001 mol of Bi(NO3)35H2O and 0.001 mol of NaBr were dissolved in 30 mL
of ethylene glycol, and then the transparent solution
were transferred to a Teﬂon-lined autoclave and
heated at 140 °C for 16 h. The faint yellow precipitate
was collected by centrifugation, washed with ethanol
and water, and then dried at 80 °C.
2.3 Characterization
The purity of BiOBr sample was analyzed using X-ray
powder diffraction (XRD, Rigaku D/Max-2500 X-ray
diffractometer). A scanning electron microscope
(SEM, Zeiss Merlin, Germany) associated with an
energy dispersive X-ray spectroscopy was used to
characterize the morphology and element distribution
of BiOBr catalyst. A UV–visible spectrophotometer
was used to record the UV–visible diffuse reﬂectance
spectrum (UV-vis DRS) of BiOBr. The X-ray photoelectron spectroscopy (XPS) measurement was conducted on a Thermo Scientiﬁc X-ray photoelectron
spectrometer (ESCALAB 250Xi). An electrochemical
analyzer (CHI660E) was used to detect the photogenerated current density. The Pt wire was used as the
counter electrode, and the Ag/AgCl electrode was
served as the reference electrode. BiOBr microspheres
(60 mg) and 5 wt% Naﬁon ethanol solution (1 mL)
were mixed to form a slurry, which was dip-coated
onto an FTO glass to fabricate the working electrode.
The electrolyte was the Na2SO4 aqueous solution
(0.5 M). To investigate the effect of PDS on the photoelectrochemical property of BiOBr, a certain amount
of PDS was added to the electrolyte.

2. Experimental
2.4 TC degradation experiment
2.1 Chemicals and reagents
Bismuth nitrate pentahydrate (Bi(NO3)35H2O),
sodium bromide (NaBr), ethylene glycol, sodium
nitrate (NaNO3), sodium chloride (NaCl), sodium
hydrogen carbonate (NaHCO3), sodium dihydrogen
phosphate (NaH2PO4), potassium peroxodisulfate
(PDS, K2S2O8), sodium sulfate (Na2SO4), tert-butanol
(t-BuOH), ammonium oxalate (AO), ascorbic acid
(AA), methyl alcohol (MeOH) and tetracycline (TC)
were purchased from Macklin Co. Ltd. (Shanghai,
China).
The
5,5-dimethyl-1-pyrrolidine-N-oxide
(DMPO) were purchased from Sigma-Aldrich Co.

In the presence of PDS, the photocatalytic activity of
as-prepared BiOBr microspheres was evaluated by
degrading TC in distilled water at 25 °C. The BiOBr
catalyst (0.1 g) was added into TC aqueous solution
(100 mL, 20 mg/L) and continuously stirred in darkness for 0.5 h. After that, a certain amount of PDS
(10 mM) was introduced into the above suspension
and a 10 W visible LED lamp (0.4 mWcm-2) was
turned on. At given time intervals, 2 mL of the suspension was sampled and separated using a 0.45 lm
syringe membrane. The H2SO4 or NaOH solution was
used to adjust the initial pH of TC solution. To study
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the removal of TC from the natural water body, the
distilled water was separately replaced by river water,
tap water and secondary efﬂuent while keeping other
conditions unchanged.
2.5 Analysis
The concentration of TC was determined at 359.5 nm
using a UV-visible spectrophotometer (UV-2000,
Mapada).22 A pH meter (PHS-25, China) was used to
measure the pH value of the solution. Using DMPO as the
spin-trapping reagent, the in situ generated SO4-, OH and
O2- in BiOBr/PDS/Vis-LED system were measured
using an electron spin resonance spectrometer (ESR, JES
FA200). The intermediates of TC were detected by a liquid
chromatography-mass spectrometer (LC-MS, Waters Co.,
Milford, MA, USA). The formic acid aqueous solution
(0.1%) was used as mobile phase A, and acetonitrile was
chosen as mobile phase B. The injection volume of the
mobile phase was 5.0 lL and the ﬂow rate was set to
0.4 mL/min. The gradient elution condition was as follows: 0 * 18.5 min, 98% A and 2% B; 18.6 * 19.5 min,
2% A and 98% B; 19.6 * 20.0 min, 98% A and 2% B.
Electrospray ionization (ESI) source was used and set in
positive mode. The capillary voltage was 500 V and the
desolvation temperature was 450 °C. N2 was used as the
desolvation and nebulizing gas.
3. Results and Discussion
3.1 BiOBr characterization
The XRD pattern of BiOBr sample is displayed in
Figure 1a. Obviously, the experimental XRD pattern is
consistent with the standard tetragonal BiOBr pattern
(JCPDS 09-0393) and no other peaks are observed,
conﬁrming the high purity of as-synthesized BiOBr.
The size and morphology of BiOBr sample were
analyzed using SEM. Figure 1b shows that BiOBr
sample is composed of microspheres with a diameter
of about 3 lm, which are assembled by nanosheets
(inset of Figure 1b). The EDS elemental mapping was
used to analyze the element distribution of the assynthesized BiOBr sample. As can be seen in Figures 1c–e, Bi, Br and O elements are uniformly distributed in BiOBr microspheres.
The UV-vis DRS was used to test the optical
property of as-obtained BiOBr. BiOBr microspheres
have a light response in the visible light range, and its
absorption edge is about 430 nm (Figure 2a). The band
gap (Eg) of BiOBr can be calculated by the KubelkaMunk function (Eq. 2):
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ahm ¼ Aðhm  Eg Þn=2

ð2Þ

In Eq. 2, a, h, m, and A are the absorption coefﬁcient,
the Planck constant, the optical frequency, and a
constant, separately. BiOBr is an indirect transition
semiconductor, thus the value of n is 4.23 The Eg of
BiOBr is 2.47 eV by extrapolation of the plot of
(ahm)1/2 and hm (Figure 2b). Moreover, the valence
band (VB) and conduction band (CB) edge potential
(ECB and EVB) of BiOBr microspheres can be calculated by the following empirical formulas (Eqs. 3 and
4):
ECB ¼ v  EC  0:5Eg

ð3Þ

EVB ¼ ECB þ Eg

ð4Þ

where v is the absolute electronegativity of a semiconductor, and EC is the energy of free electrons
(about 4.5 eV). For BiOBr, the value of v is 6.45.24 By
calculation, the ECB and EVB are 0.45, 2.92 eV,
respectively.
3.2 Photo-electrochemical performance
To investigate the photo-induced charge transfer in
BiOBr microspheres, the transient photocurrent
response and electrochemical impedance spectra (EIS)
of BiOBr microspheres were measured. Figure 3a
shows the instantaneous photocurrent response of
BiOBr with or without PDS after three cycles of
switching on and off the lamp. The transient photocurrent intensity of BiOBr microspheres slightly
decreased with the addition of PDS. This may be due
to the capture of photo-induced electrons by PDS,
thereby decreasing the number of charge carriers. A
smaller arc in the EIS Nyquist plot implies a lower
charge transfer resistance on the surface of a catalyst.25 As displayed in Figure 3b, the arc radius of
BiOBr decreased when the PDS was present, suggesting that the existence of PDS is beneﬁcial to
charge transfer. The photo-electrochemical measurement demonstrates that PDS can capture the photogenerated electrons and promote the charge transfer in
BiOBr/Vis-LED system.
3.3 Removal of TC by the different systems
To investigate the effect of PDS on the visible-light
driven photocatalytic performance of BiOBr, the TC
degradation in different systems was compared and the
results are presented in Figure 4. After 90 min, the
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Figure 1. The XRD pattern (a), SEM image (b) and EDS elemental mapping images (c–e) of BiOBr.

removal efﬁciency of TC by BiOBr, PDS and BiOBr/
PDS in the dark was 36.6%, 15.0% and 25.8%,
respectively (Figure 4a). Under visible light illumination, the removal efﬁciency of TC by BiOBr and
PDS within 90 min was 65.1% and 28.0%, respectively (Figure 4b). In the presence of PDS, 80.3% of
TC was removed by BiOBr after 90 min under visible
light irradiation (Figure 4b). Although PDS decreases
the photocurrent intensity of BiOBr (Figure 3a), PDS
can capture photo-induced electrons to generate the
strong oxidizing SO4- radicals (Eq. 1),26 thus
increasing the TC removal efﬁciency. Therefore, it can
be concluded that the presence of PDS could enhance

the visible-light driven photocatalytic performance of
BiOBr for TC degradation.
The ﬁrst and second kinetics (Eqs. 5 and 6) have
been usually used to describe the degradation of
organic pollutants in the photocatalytic process.27
lnðCt =C0 Þ ¼ k1 t

ð5Þ

1=Ct  1=C0 ¼ k2 t

ð6Þ

where C0 and Ct represent the concentration of TC at
time 0 and t. k1 is the ﬁrst-order rate constant and k2 is
the second-order rate constant. According to Eqs. (5)
and (6), the TC degradation kinetic model in BiOBr/
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Figure 2. The UV-vis DRS (a) and the bandgap energy (b) of BiOBr.

Figure 3. Cyclical on/off photocurrent response (a) and the EIS (b) of BiOBr under visible light irradiation.

PDS/Vis-LED system was monitored (Figure 4c and
4d), respectively. Obviously, the correlation coefﬁcient (R2) of the pseudo-second-order reaction was
superior to that of the pseudo-ﬁrst-order reaction
(Table 1), conﬁrming that TC degradation followed
the pseudo-second-order reaction kinetic.
3.4 Effect of various factors on TC removal
The effect of PDS dosage, initial pH of TC solution,
temperature and inorganic anions on TC removal in
BiOBr/PDS/Vis-LED system was studied (Figure 5).
In general, increasing the dosage of oxidant leads to
more reactive oxidizing species to be generated in
photocatalytic process.28 It can be found that increasing the dose of PDS (from 5 mM to 10 mM) can

slightly increase the removal efﬁciency of TC. However, when the dosage of PDS was further increased
(from 10 mM to 15 mM), the degradation efﬁciency of
TC was almost unchanged (Figure 5a) due to the
limited coverage of PDS on the surface of BiOBr and/
or the self-quenching (Eq. 7).10,29


2
S2 O2
8 þ SO4 ! S2 O8 þ SO4

ð7Þ

Without adjustment, the initial pH of TC solution is
6.35. Figure 5b shows the degradation efﬁciency of TC
by the BiOBr/PDS/Vis-LED system at different initial
pH. It can be found that the change of pH from 3.90 to
6.35 had no obvious effect on the degradation efﬁciency of TC. The pHpzc of BiOBr was about 4.34,30
thus BiOBr is negatively (positively) charged when pH
is above (below) 4.34. In the pH range of 3.3–7.7, TC
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Figure 4. (a) TC removal by the different systems in the dark; (b) TC degradation by the different systems under visible
light irradiation; the ﬁrst (c) and second (d) order kinetics on TC degradation by BiOBr/PDS/Vis-LED system.
Table 1. Fitting results of the degradation of TC by BiOBr/PDS/Vis-LED system.
Fitting formula
First-order dynamics
Second-order dynamics

Dynamical equation

k

R2

-ln(C/C0) = 0.373t ? 0.0161
1/Ct = 0.0036t ? 0.113

0.373 min-1
0.0036 Lmg-1min-1

0.805
0.963

exists as zwitterionic species.31 Therefore, no matter at
pH 3.90, 5.00 or 6.35, TC molecules can be easily
adsorbed by BiOBr, resulting in an ideal photocatalytic activity. TC exists as the anionic species at
pH [7.7. The surface of BiOBr is negatively charged
at pH 8.6 and 10.6, thus the electrostatic repulsion
between BiOBr and TC led to the decreased photodegradation efﬁciency. The inﬂuence of reaction
temperature on TC elimination in BiOBr/PDS/VisLED system was presented in Figure 5c. The degradation rate of TC only slightly increased as the
temperature raised (from 25 to 35 °C), demonstrating

that the effect of temperature on TC degradation in
this oxidation system is negligible. From another
aspect, PDS-assisted BiOBr microspheres could
effectively remove TC from water under visible light
illumination at room temperature. A variety of inorganic anions are present in natural water. Hence, it is
necessary to study the effect of inorganic anions on TC
degradation in BiOBr/PDS/Vis-LED system. Herein,
the impact of Cl-, HCO3-, H2PO4-, PO43- and NO3on the elimination of TC was investigated (Figure 5d).
The presence of NO3- could slightly increase the
photo-degradation rate of TC, and the other inorganic
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Figure 5. The effect of PDS dose (a), pH (b), temperature (c) and the different inorganic anions (d) on TC degradation by
BiOBr/PDS/Vis-LED system.

anions could obviously decrease the removal efﬁciency of TC. The generated SO4- radicals can react
with Cl-, HCO3- and H2PO4- to form Cl, HCO3 and
H2PO4 radicals, whose oxidizing powder is lower than
that of SO4- radicals.22,29,32–34

2
SO
4 þ Cl ! SO4 þ Cl

ð8Þ



2
SO
4 þ HCO3 ! HCO3 þ SO4

ð9Þ


2

SO
4 þ H2 PO4 ! SO4 þ H2 PO4

ð10Þ

collected and dried for reuse while keeping the other
experimental condition unchanged. After the third
cycle, the degradation efﬁciency of TC insigniﬁcantly
decreases from 80.3% to 65.3%. This indicates that
BiOBr microspheres possess a satisfactory potential
for reuse. The reason for the loss of activity can be
explained as follows: (1) the mass of BiOBr catalyst is
inevitably lost during the recovery process;35 (2) the
degradation intermediates of TC could cover a part of
the active sites of BiOBr.36

3.6 Catalytic mechanism for TC degradation
3.5 Investigation of reusability
The sustainable use of a photocatalyst can reﬂect its
application value. Herein, the three-cycle performance
of BiOBr microspheres for TC degradation in the
presence of PDS was explored, and the result is shown
in Figure 6. After each run, BiOBr catalyst was

The methyl alcohol (MeOH) can capture SO4- and
OH, while tert-butanol (t-BuOH) can only capture
OH.22 Thus, MeOH and t-BuOH were employed to
analyze the effect of SO4- and OH on TC degradation. In addition, the ammonium oxalate (AO) and
ascorbic acid (AA) were used as the scavengers of h?

98
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Figure 6. Cycling test in the degradation of TC by BiOBr/PDS/Vis-LED system.

and O2-, respectively,37 to detect the contribution of
h? and O2- to TC degradation in the BiOBr/PDS/VisLED system. As shown in Figure 7a, the degradation
rate of TC decreased when t-BuOH was added, and the
degree of inhibition was further increased in the
presence of MeOH. In addition, the addition of AO
and AA can also inhibit TC degradation. These results
indicated that OH, SO4-, O2-, and h? all contributed
to the degradation of TC.
Using DMPO as the spin-trapping reagent, the ESR
was performed to further detect the generated active
oxygen species (OH, SO4- and O2-) in the BiOBr/
PDS/Vis-LED system. As shown in Figure 7b, without
light, no obvious signals were observed, suggesting
that BiOBr cannot activate PDS in dark. Under visible
light, the peaks for DPMO-OH and DPMO-SO4
adducts can be found, conﬁrming that both OH and
SO4- were formed in the BiOBr/PDS/Vis-LED system.38,39 The strong DMPO-O2- characteristic signals were also observed in BiOBr/PDS system under
visible light irradiation (Figure 7c).
Previous works reported that :Bi(III) in Bi-based
oxides could be oxidized to :Bi(V),40 which activated PDS to generate SO4-.41,42 The Bi 4f XPS
spectra of fresh and used BiOBr microsphere are displayed in Figure 8a. In the fresh BiOBr, two strong
peaks with binding energies of 164.00 and 158.69 eV
correspond to Bi 4f5/2 and Bi 4f7/2, respectively,

conﬁrming the existence of :Bi(III) in BiOBr.43 For
the used BiOBr, it can be found that the Bi 4f band
slightly shifts (0.15 eV) to high binding energy, suggesting that :Bi(V) was not formed.40 Thus, it can be
deduced that the generated SO4- comes from the
activation of PDS by photo-induced electrons on the
CB of BiOBr. The O1s XPS spectra of fresh and used
BiOBr are shown in Figure 8b. The peak at about
529.54 eV is assigned to the lattice oxygen in BiOBr,
and the peak at 530.88 eV is assigned to the oxygen in
hydroxyl group at the surface of BiOBr.21 Obviously,
the amount of hydroxyl group on BiOBr increased
after the degradation process, suggesting that the surface hydroxyl was not the trapping site for photogenerated holes.
As discussed above, the possible degradation
mechanism of TC in BiOBr/PDS/Vis-LED system is
illustrated in Scheme 1. The Eg of as-prepared BiOBr
is 2.47 eV, thus it can be excited by visible light to
generate e-/h? pairs (Eq.11). The e- on the CB of
BiOBr can be captured by PDS to form SO4- (Eq. 1),
thus inhibiting the recombination of e-/h? pair. The
h? on the VB of BiOBr can react with H2O to form
OH (Eq. 12) because the VB edge potential of BiOBr
microspheres (2.92 eV) is positive than Eh (OH/H2O)
(2.68 eV).44 It should be pointed out that SO4- cannot
be transformed into OH due to the pH of TC solution
is below 7.45 The CB edge potential of BiOBr
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Figure 7. (a) TC degradation in different conditions; (b) the ESR spectra in the BiOBr/PDS/Vis-LED/H2O system using
DMPO as spin-trapping agent; (c) the ESR spectra in the BiOBr/PDS/Vis-LED/MeOH system using DMPO as a spintrapping agent.

Figure 8. High-resolution XPS spectra of Bi 4f (a) and O 1s(b) of fresh and used BiOBr catalysts.
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(0.45 eV) is positive than Eh (O2-/O2) (-0.33),46
indicating that the e- on the CB of BiOBr cannot
directly react with O2 to form O2-. According to the
results of the quenching experiment and ESR analysis,
the O2- was present and participated in TC degradation. In BiOBr/PDS/Vis-LED system, O2- could be
produced with the assistance of PDS via the Eq. 13 and
14.47 In addition, the h? can also directly attack TC
molecules adsorbed on the surface of BiOBr
(Figure 7a). All in all, h?, O2-, SO4- and OH all
contributed to the degradation of TC (Eq. 15).
BiOBr þ hm ! hþ þ e

ð11Þ

hþ þ H2 O ! OH þ Hþ



2 
S2 O2
8 þ e ! S 2 O8

ð12Þ




S2 O2
þO2 ! S2 O2
8
8 þ O2

ð13Þ
ð14Þ


hþ =O
2 =SO4 =  OH þ TC ! degradation products

ð15Þ

3.7 Degradation pathways of TC
The intermediate products of TC in BiOBr/PDS/VisLED system were investigated by LC-MS. The possible degradation intermediates of TC are shown in
Figure S1 and Table S1 (SI), and six pathways of TC
decomposition are proposed, as shown in Figure 9. For

pathway I, the OH attacked the C=C bond in TC to
generate P1 (m/z=477), which was further cleaved by
the reactive species (O2- and SO4-) to form P2
(m/z=110).22,48 For pathway II, TC was demethylated
to generate P3 (m/z=431), and then P4 (m/z=183) and
P5 (m/z=123) were formed via the demethylation,
deamination and dehydroxylation reactions under the
attack of OH and h?.49 As for pathway III, TC was
attacked by OH to form P6 (m/z=461), and then P7
(m/z=459) was generated through the hydrogen
abstraction reaction.50 Next, OH radical continued to
attack P7 to form P8 (m/z=309) and P9 (m/z=213)
through the dealkylation, dehydroxylation, deamidation and dehydration reactions.51,52 In pathway IV,
P10 (m/z=361) was from P6 (m/z=461) through
demethylation, deamidation and dehydroxylation
reaction by h? and O2- attack. P1sthe active free
radicals (h? or O2-) to produce P11 (m/z=279). P11
was transformed to P12 (m/z=186) due to the loss of
-CH3OH and -CH3CH2OH groups,53 and then some
smaller fragments (P13 with m/z=159 and P14 with
m/z=105) were formed via the cleavage of carboncarbon bonds.54–56 For pathway V, under the attack of
OH and O2-, TC was transformed to P15 (m/z=280)
through the indirect addition or substitution reaction,
and then P15 was attacked by h? to form P16
(m/z=191).57 In pathway VI, the -C13H14O3 group on
TC was ﬁrstly lost to generate P17 (m/z=227). Next,
P18 (m/z=193) was formed through the elimination
reaction of the corresponding functional groups by
OH and O2- attack.58

3.8 Removal of TC from real water bodies

Scheme 1. The visible light-driven photocatalytic mechanism of BiOBr for TC degradation in the presence of PDS.

In order to evaluate whether the BiOBr/PDS/Vis-LED
system can be used to effectively remove TC from the
actual water bodies, its performance for TC degradation in different real water matrices (river water, secondary efﬂuent and tap water) was explored, and the
results are shown in Figure 10. It is obvious that an
inhibition to TC removal can be found in real water
compared to that in distilled water (Figure 10a). The
degradation efﬁciency of TC in river water, secondary
efﬂuent and tap water by BiOBr/PDS/Vis-LED system
was 68.3%, 67.7% and 71.2% after 90 min, respectively (Figure 10a). These three degradation processes
also obeyed the pseudo-second-order kinetic and the
constant in river water, secondary efﬂuent and tap
water was 1.58910-3, 1.78910-3 and 2.38910-3
Lmg-1min-1, respectively, which was lower than
that in distilled water (Figure 10b). The OH and
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Figure 9. The possible degradation pathways of TC in BiOBr/PDS/Vis-LED system.

Figure 10. The removal of TC from different real water matrices by the BiOBr/PDS/Vis-LED system.

SO4- radicals generated in BiOBr/PDS/Vis-LED
system can be consumed by the natural organic matter
and inorganic anions in actual water,59 thereby leading
to a decreased TC removal efﬁciency.
4. Conclusions
Under visible LED light irradiation, the photocatalytic
performance of BiOBr microspheres for TC degradation can be enhanced in the presence of PDS. TC

degradation in BiOBr/PDS/Vis-LED system obeyed
the pseudo-second-order kinetic model. Increasing
PDS dose and reaction temperature has little effect on
TC degradation, and a higher pH environment is not
conducive to the removal of TC. The presence of
NO3- ions can slightly increase the removal efﬁciency
of TC in BiOBr/PDS/Vis-LED system, while other
inorganic anions, such as PO43-, HCO3- and Cl-,
inhibits the degradation of TC to varying degrees. The
SO4-, OH, h? and O2- all participated in TC
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degradation. Six degradation pathways of TC were
proposed in BiOBr/PDS/Vis-LED system. Under visible light, the degradation efﬁciency of TC in actual
water by BiOBr/PDS system was lower than that in
distilled water due to the consumption of reactive
species by the natural matters.
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