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� A novel Bi/BiOI composite was firstly fabricated via a facile approach.
� The ratio of Bi in composites was adjusted by solvothermal temperature and duration.
� Metallic Bi promotes the separation of the photogenerated hole–electron pairs.
� The BOI-180-24 could remove BPA efficiently under simulated solar light irradiation.
� Photogenerated holes, superoxide radicals and singlet oxygen were active species.
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A novel 3D Bi/BiOI composite was synthesized by a facile one-step solvothermal method and used for the
degradation of bisphenol A (BPA) in water. The solvothermal temperature and reaction time affected the
chemical compositions, crystallinity and morphology of the prepared materials. The proportion of metallic
Bi in the materials increased as the solvothermal temperature and reaction duration increased. The pho-
tocatalyst prepared at 180 �C for 24 h (BOI-180-24) contained approximate 12.5% metallic Bi and dis-
played the best photocatalytic performance to BPA under simulated solar light irradiation. Metallic Bi
might transfer the photogenerated electrons to O2 to produce superoxide radicals. Simultaneously, it also
inhibited the recombination of the hole–electron pairs. As a result, the as prepared Bi/BiOI displayed much
higher photocatalytic degradation and mineralization efficiency to BPA than pure BiOI. About 92.8% of
40 mg L�1 BPA was degraded after 90 min reaction using 1 g L�1 BOI-180-24 as catalyst under simulated
solar irradiation, while 79.0% of TOC was removed at the same time. Photogenerated holes, superoxide
radical species and singlet oxygen were responsible for the photodegradation while the superoxide radical
species were more predominant in the Bi/BiOI photocatalytic reaction system. Only one intermediate (m/z
133) was observed by LC–MS/MS and a simple degradation pathway of BPA was proposed.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Bismuth oxyhalides (BiOX, X = Cl, Br, I) are a new family of
promising photocatalysts which exhibit excellent photocatalytic
performance because of their layered tetragonal crystal structure
and suitable band gaps. Among them, BiOI displays the greatest
absorption in the visible light region due to the smallest band
gap (�1.8 eV). To explore its application in water treatment, much
attention has been drawn to further improve the photocatalytic
activity of BiOI under simulated solar light irradiation. One of the
efforts is to dope BiOI with foreigner metal or non-metal elements.
Until now, many BiOI composites, such as Ag/BiOI [1], Pt/BiOI [2],
BiOCl/BiOI [3], BiOBr/BiOI [4,5], TiO2/BiOI [6,7], ZnO/BiOI [8], AgI/
BiOI [9], Bi2O3/BiOI [10] have been successfully synthesized and
they displayed improved photocatalytic efficiency as compared to
pure BiOI. Except for doping with foreign elements, self-doping
has been used to tune the properties of semiconductors [11]. Re-
cently, it was reported that the photocatalytic activity of BiOI could
be significantly enhanced by iodine self-doping [12]. However,
there is no report on the synthesis of Bi/BiOI so far.

Bisphenol A (BPA, 2,2-bis(4-hydroxyphenyl)propane) is an
important building block material and used extensively as the
monomer to manufacture polycarbonate plastic and epoxy resins,
such as food containers and utensils [13,14]. The total global pro-
duction capacity of BPA was about 3.7 million metric tons in
2003, and increased to 5.2 million metric tons in 2008 [15]. Due
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to its large production and wide application, a large amount of BPA
has been released into the aquatic environment. Unfortunately, it
could cause adverse effects to human beings and wildlife, such as
ovarian disease in women [16], thyroid hormone disruption [17],
and carcinogenicity in adult rodents [18] and is regarded as a rep-
resentative endocrine disrupting chemical (EDC). Thus, a great con-
cern has been raised to remove BPA from water by different
techniques, such as physical absorption [19], chemical remediation
[20,21], and microbial degradation [22]. Among these methods,
photocatalytic degradation is attracting widespread attention due
to its effective activity and low toxicity.

The current study targeted to prepare a Bi/BiOI composite by a
facile one-step solvothermal method. The effects of solvothermal
temperature and reaction time on the compositions and morphol-
ogies of the photocatalysts were investigated and their photocata-
lytic activities to degrade BPA under simulated solar light
irradiation were compared. The possible reaction mechanisms of
Bi/BiOI to BPA were also explored by adding different scavengers
of reactive species in the photocatalytic system. The possible deg-
radation pathway of BPA was proposed by LC–MS/MS analysis.
2. Materials and methods

2.1. Materials and reagents

BPA (purity 99.5%) was purchased from Dr. Ehrenstorfer GmbH,
Augsburg, Germany. Other materials and reagents are provided in
Supporting information.
2.2. Synthesis and characterization of the photocatalysts

The photocatalysts were synthesized by a conventional
solvothermal method [23]. 20 mL of 0.15 mol L�1 (1.4553 g)
Bi(NO3)3�5H2O dissolved in glycol was drop-wisely added into
the same volume of 0.15 mol L�1 (0.4980 g) KI which was dis-
solved in glycol. The mixture was vigorously stirred at room tem-
perature for 30 min, then was transferred to a 50 mL Teflon-lined
autoclave, which was sealed in a stainless steel tank. A series of
catalysts were synthesized at different temperatures (100, 140,
180, 225 and 250 �C) for 24 h to study the impact of temperature,
which was defined as the temperature series; while another
series of samples were synthesized at 180 �C for different time
durations (1, 12, 24, 48, 72 h), which was defined as the time
series. The product synthesized at 180 �C for 24 h was labeled
as BOI-180-24. Other catalysts were labeled in a similar way.
The autoclaves were naturally cooled to room-temperature. The
solid products were washed three times with deionized water
and ethanol respectively, and dried at 80 �C in oven for overnight.
The characterization methods for the prepared samples are avail-
able in Supporting information.
2.3. Photoelectrochemical measurement

Photoelectrochemical measurement with a CHI 600D electro-
chemical system (Chenhua Instruments Co. Shanghai) was carried
out in a conventional three-electrodes, a single-compartment
quartz cell filled with 0.1 M Na2SO4 electrolyte (30 mL), and a
potentiostat. The ITO/photocatalyst electrodes served as the work-
ing electrode. A platinum black wire was used as a counter elec-
trode with saturated calomel electrode (SCE) as a reference
electrode. The photocurrents of the photocatalysts as light on
and off were measured at 0.0 V.
2.4. Sorption and degradation experiments

Batch experiments were conducted in a XPA-7 photochemical
reactor (Xujiang Electromechanical plant, Nanjing, China) to inves-
tigate the prepared materials’ photocatalytic activity to BPA. Simu-
lated sunlight irradiation was provided by a 350 W xenon lamp
(the color temperature of the light emitted was at about 6000 K,
Institute of Electric Light Source, Beijing) with light intensity of
5.8 mW/cm2. The reaction system was cooled by circulating water
and maintained at room temperature. In quartz test tubes, 0.0050 g
of catalysts were added followed by adding 10 ml of BPA aqueous
solution at 20 mg L�1. The solution was magnetically stirred during
the reaction. Before irradiation, the suspension was stirred in the
dark for 45 min to establish adsorption–desorption equilibrium
of BPA on the catalysts. Approximately 0.6 ml of aqueous sample
was withdrawn at certain time intervals and centrifuged under
8000 rpm before the analysis. Recycling tests were conducted to
evaluate the stability of photocatalyst, and the detailed informa-
tion is described in Supporting information.

2.5. Instrumental analysis of BPA

BPA was analyzed employing a high performance liquid chro-
matograph (HPLC) and possible intermediates were investigated
using a high performance liquid chromatograph coupled with mass
spectrometer (LC–MS/MS). More detailed instrumental conditions
are provided in Supporting information. UV–vis spectra of BPA
solution were performed on a HACH DR/4000 UV–vis spectropho-
tometer. Total organic carbon (TOC) was measured with a Analy-
tikjena mnlti N/C 3100 analyzer.
3. Results and discussion

3.1. Characterization of the prepared catalysts

The XRD patterns of the catalysts prepared at different reaction
temperatures and durations are shown in Fig. 1. As shown in
Fig. 1(a), the diffraction peaks of the catalysts prepared at low tem-
peratures, such as 100 and 140 �C, are consistent with those of BiOI
[JCPDS No. 73-2062], suggesting that pure BiOI crystal phase was
formed. As the temperature increased to 180 �C, another phase ap-
peared, with the diffraction peaks consistent with metallic Bi
[JCPDS No. 85-1329], indicating that a part of BiOI molecules disso-
ciated at high temperatures and the composite of Bi/BiOI was
formed. With the increase of temperature, the characteristic peaks
of BiOI became weak and eventually disappeared at 250 �C. Simul-
taneously, the peak intensity of metallic Bi increased gradually
with the increase of reaction temperature. The characteristic peaks
observed for metallic Bi are assigned to the diffraction planes of
(003), (012), (104), (110), (202), (116), and (122), while the
characteristic peaks of BiOI correspond to the diffraction from
the (012), (110), (020), (122), and (124) planes. Similar situation
occurred in the time series. At reaction time of 1 h, only the diffrac-
tion peaks of BiOI were observed, suggesting that BiOI was formed
in the short duration of the reaction. As the reaction continued to
12 h, obvious peaks of Bi appeared, implying the formation of Bi/
BiOI. The peak ratio of Bi to BiOI increased gradually from 12 h to
72 h. The peak intensity of BiOI in the range of 1–24 h increased
gradually, indicating the formation of better crystallites. The rela-
tive mass fraction of metallic Bi in the samples was estimated
according to the following equation [24]:

Wt ¼
Ii=RIRi

PN
i¼1Ii=RIRi

ð1Þ
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Fig. 1. XRD patterns of the prepared materials at different reaction temperatures (a) and durations (b).

Fig. 2. The TEM images of the prepared materials at different conditions.
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where Wi is the mass fraction of phase i (%), Ii is the strongest inte-
gral intensity of phase i, RIRi value from MDI Jade 5.0. In the temper-
ature series, the estimated content of Bi was 12.5% and 68.9% in the
samples prepared at 180 and 225 �C. It was difficult to estimate the
content of metallic Bi in other samples due to the very low peak
intensities of Bi or BiOI. In the time series, the content of metallic
Bi was estimated to be 0, 8.3, 12.5, 17.6 and 26.7% in the composites
prepared for 1, 12, 24, 48 and 72 h.

Morphologies of the prepared samples were characterized by
TEM (Fig. 2) and SEM (Fig. S1). The images of TEM and SEM dem-
onstrated the morphology evolution with the solvothermal tem-
perature and reaction time. When the temperature was at 100–
180 �C, the catalysts were mainly present as 3D hierarchical micro-
spheres which were assembled by nano-sheets. The microsphere-
like morphology was partially deformed at 180 �C. When the tem-
perature further increased to 225–250 �C, the microsphere disap-
peared and mixed morphology of irregular flake-like and bulk
particle dominated. The morphology of the prepared samples
was affected by the reaction time in a similar way, as shown in
Fig. 2 and Fig. S1. During the reaction for 1–12 h at 180 �C, regular
microspheres were formed with diameter around several lm. As
the reaction continued to 24 h, the microspheres were deformed.
When the reaction time extended to 48–72 h, the spherical struc-
tures were destroyed completely and nano-sheets morphology ap-
peared. In addition, the white spherical spots corresponding to Bi
nanoparticles generated due to the decomposition of BiOI were ob-
served by FE-SEM (Fig. 3), which are anchored on the surface of
BiOI microspheres. The EDX of the photocatalysts (Fig. 3) show that
the ‘‘Bi’’ nanospheres contain almost pure metallic Bi.

The IR transmittance spectra of all samples are demonstrated in
Fig. 4. The broad absorption bands at 3445 cm�1 in Fig. 4(a) and
3443 cm�1 in Fig. 4(b) are corresponding to the stretching vibra-
tion absorption of hydroxyl function groups [25]. The presence of
the sharp and strong absorption peaks at 1577–1622 cm�1 in
Fig. 4(a), 1625 cm�1 in Fig. 4(b) are ascribed to the bending vibra-
tion absorption of free water molecules [26]. A band corresponding
to symmetrical A2u-type vibrations of the Bi–O bond (512 cm�1)
was observed, and was in good agreement with the published re-
sults [25,27]. In addition, the absorption peaks at 793 cm�1 in
Fig. 4(a) and 772 cm�1 in Fig. 4(b) are assigned to the asymmetrical
stretching vibrations of Bi–O bonds [28,29]. Moreover, these peaks
of Bi–O became smaller with the increase of temperature and time,



Fig. 3. The FE-SEM-EDX images of the prepared material at 180 �C for 24 h.
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Fig. 4. FT-IR spectra of the prepared materials at different reaction temperatures (a) and durations (b); UV–vis DRS of the prepared materials at different reaction
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indicating the decomposition of BiOI due to the dissociation of Bi–
O bond.

The UV–vis diffuse reflectance spectra of the catalysts prepared
at different reaction temperatures and durations are also depicted
in Fig. 4. As shown in Fig. 4(c), in the temperature series, the cata-
lyst prepared at 100 �C displayed high photo-absorption capacity
in the range of UV light to visible light around 630 nm. As the
temperature increased to 140 �C, the light absorbance increased
in the UV range while decreased slightly in the Vis range. This
could be due to the different crystallinity and morphology. As
the temperature further increased to 180 �C, the absorbance in
the near infrared and visible light was greatly enhanced. This could
be due to the appearance of metallic Bi in the catalyst, which
showed very dark color. Another reason for the high absorption
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capacity of BOI-180-24 might be due to the surface plasmon reso-
nance (SPR) of metallic Bi nanoparticles. It is well accepted that no-
ble metals such as Au, Ag and Pt display plasmonic properties,
which may increase the light absorption of the doped materials
[30–37]. Recently, Toudert et al reported that as a non-noble metal,
Bi also displays SPR property in near ultra-violet and Vis range if
the particle size of metallic Bi is larger than 100 nm [38]. In the
present study, the particle size of metallic Bi was about 100–
200 nm (from the FE-SEM), and the emitted light wavelength
was 300–1500 nm. With oscillations in the electromagnetic field,
the weakly bound electrons of the metallic Bi nanoparticles re-
spond collectively, resulting in the SPR [39]. This would help to im-
prove the light absorbance of the composite. Due to the increase of
metallic Bi in the samples prepared at high temperatures, such as
225–250 �C, the light absorbance in UV range decreased slightly
while it was still very strong in the near infrared and visible light
due to their dark color. In the time series (Fig. 4(d)), the catalyst
prepared at 1 h demonstrated high optical absorbance capacity in
the range of UV light to visible light about 630 nm. The catalysts
prepared for longer reaction time 12–72 h displayed similar
spectra, which showed high absorption in both UV and Vis ranges.
For a crystalline semiconductor, their optical band gap could be
calculated from the classic Tauc approach by using the following
equation ahm = A(hm � Eg)n/2 [40], where a, m, Eg, and A are the
absorption coefficient, the light frequency, the band gap, and a con-
stant, respectively. Eg of BOI-180-24 sample could be estimated
from the intercept of tangents to the plots was 2.06 eV from the
Fig. 4(d, inset).

XPS was conducted to further investigate the chemical states of
Bi element in the composite of Bi/BiOI, as shown in Fig. 5. The XPS
of Bi element in the catalyst were fitted into a doublet correspond-
ing to Bi 4f7/2 and Bi 4f5/2. The Bi 4f7/2 peak of Bi/BiOI was consisted
of two components, which were attributed to metallic Bi and Bi3+

respectively. However, the peak at 156.7 ev ascribed to metallic
Bi was lower than that of pure metallic Bi (156.9 eV) [41] while
the peak of Bi3+ (158.8 eV) was lower than that of pure BiOI
(159.0 eV, Fig. 5a, lower panel). In the O 1s spectrum of Bi/BiOI
(Fig. 5b, up panel), two peaks could be separated. The peak at
529.5 eV was attributed to the Bi–O bonds in [Bi2O2] slabs of BiOI
[8] and the peak at 530.6 eV was originated from I–O bonds in BiOI
[2], which shifted toward lower energy after the formation of
heterojunction structure of the composite. The binding energies
of I 3d5/2 (618.6 ev) and I 3d3/2 (630.1 ev) of Bi/BiOI displayed
consistent binding energy as compared with pure BiOI (Fig. 5c,
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lower panel). These results indicate that the composite was not a
simply physical mixture of metallic Bi and BiOI. There is an
interaction between them and this interaction is of importance
for electron or hole transferring and enhancing photocatalytic
performance.

The N2 adsorption/desorption isotherms were used to investi-
gate the porous structure of the photocatalyst prepared at 180 �C
for 24 h (BOI-180-24 displays the highest photocatalytic perfor-
mance, which will be discussed later), and shown in Fig. S2. The
isotherm of the BOI-180-24 was identified as type IV according
to the international union of pure and applied chemistry (IUPAC)
classification with a distinct hysteresis loop observed in the range
of 0.87–1.00 P/P0, indicating its mesoporous property. In addition,
the pore size distribution obtained from the isotherms in Fig. S2
(inset) reveals that there were a number of pores less than
50 nm in the sample (BOI-180-24), corresponding to mesoporous
structure (the adsorption average pore size by BET is 21.75 nm).
The BET specific surface area (SBET) of the BOI-180-24 was
47.99 m2 g�1, and the single point adsorption total pore volume
of pores at P/P0 = 0.9790 was 0.2609 cm3 g�1.

3.2. Photocatalytic performance of the prepared catalysts under
different conditions

Fig. 6 shows the photocatalytic degradation of BPA by the phot-
ocatalysts prepared at different reaction temperatures Fig. 6(a) and
durations Fig. 6(b). The following pseudo first-order reaction ki-
netic model may be used to describe the degradation reaction of
BPA:

CBPA;t=CBPA;0 ¼ e�kt
obs ð2Þ

where CBPA,t is the concentration of BPA in aqueous phase (mg L�1),
CBPA,0 is the initial concentration of BPA (mg L�1), kobs is the pseudo
first-order rate constant (min�1) and t is the reaction time (min).
The pseudo first-order reaction kinetic model fitted the experimen-
tal data very well with regression coefficient R2 > 0.9629 in all cases.
A linear fitting of ln(C/C0) and t would give the reaction rate con-
stant kobs. The degradation rate constants (kobs) of BPA by the phot-
ocatalysts prepared at different temperatures and durations are also
shown in Fig. 6 (inset). In the temperature series, the kobs was small
(0.0123–0.0161) with the catalysts prepared at 100 and 140 �C, but
it suddenly increased to 0.0398 with the catalyst prepared at 180 �C,
and then decreased to extremely small (0.0008–0.0020) with the
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catalysts prepared at higher temperatures 225 and 250 �C. In the
time series, the kobs was 0.0056, 0.0113, 0.0398, 0.0261, and
0.0222 min�1 with the catalysts prepared at 1, 12, 24, 48 and
72 h, respectively. The photocatalytic efficiency increased as the
solvothermal reaction time increased from 1 to 24 h, and decreased
slightly as the reaction time increased from 24 to 72 h. It is apparent
that the degradation efficiency was affected by the dosage of metal-
lic Bi in the catalysts. As shown in Fig. S3. The degradation efficiency
in 60 min irradiation increased gradually from 33.2% to 90.3% as
metallic Bi content increased from 0% to 12.5% and then decreased
to 72.7% as the content increased to 26.7%. As the metallic Bi con-
tent further increased, the degradation of BPA was negligible. The
highest degradation efficiency was achieved by the catalyst BOI-
180-24, which contained around 12.5% Bi. About 90.3% of BPA at ini-
tial concentration 20 mg L�1 was photodegraded by 0.5 g L�1 BOI-
180-24 with simulated solar light for 60 min. It is well known that
doping a certain amount of metal elements into a photocatalyst
might improve the migration efficiency of photogenerated electrons
and suppress the recombination of hole–electron effectively. In the
present study, metallic Bi could act as electron trap and facilitate
the separation of photogenerated hole–electron pairs on BiOI and
enhance the photodegradation [1,42]. However, as the doping
amount of metallic Bi increased, they could behave as recombinant
centers. It was widely reported that over abundance of metal or
non-metal impurities would become the recombination centers of
electrons and holes, and finally resulting in the decrease of degrada-
tion rate [43,44]. Besides, metallic Bi is not reactive under solar light
irradiation. As the doping amount of metallic Bi increased, the pho-
toactive sites decreased, leading to reduced photocatalytic
efficiency.

Photoeletrochemical performance could be used to evaluate the
efficiency of photogenerated charge interface separation [45].
Fig. S4 shows a comparison of the photocurrents of the prepared
materials under visible light irradiation. The photocurrent inten-
sity generated by BOI-180-24 electrode was triple of that induced
by other samples (BOI-100-24, BOI-250-24, BOI-180-1, BOI-180-
72), suggesting more efficient separation of photogenerated
hole–electron pairs in BOI-180-24, and there was a more efficient
interfacial charge transfer between the electron donor and electron
acceptor.

3.3. Photocatalytic reaction mechanism

A series of batch experiments were performed to examine the
photocatalytic reaction mechanisms responsible for the degrada-
tion of BPA under simulated solar light irradiation by adding
different scavengers (KI as scavenger for hole and the surface hy-
droxyl groups (�OHads) [46,47], NaF as scavenger for �OHads [47],
methanol and ISO as scavengers for �OHbulk (�OH in the aqueous
suspension) [46,48,49], benzoquinone (BQ) as scavenger for super-
oxide radical species [50,51], and NaN3 as scavenger for singlet
oxygen [52,53]) in the reaction system.

Different concentrations of KI were applied to evaluate the con-
tribution of hole and �OHads in photocatalytic degradation of BPA,
as shown Fig. 7(a). The BPA removal rate decreased with increasing
KI concentration, indicating that photogenerated holes and �OHads

might contribute to the photocatalytic oxidation of BPA to a certain
extent. Because both hole and �OHads were generated on the surface
of photocatalyst, the photocatalytic oxidation of BPA might occur
on the surface of photocatalyst but not in the bulk solution.

F� is very stable against oxidation even by the valence holes
produced by Bi/BiOI due to the high redox potential of the couple
F/F� (3.6 V) [54]. Fig. 7(b) shows that photocatalytic degradation
of BPA was not significantly affected by NaF at different concentra-
tions. This suggests that �OHads did not play a pivotal role, while the
photogenerated holes played an important role in the photocata-
lytic degradation of BPA.

Isopropanol and methanol are usually employed as a diagnostic
tool of �OHbulk mediated mechanism because they are easily oxi-
dized by �OH and have poor affinity to semiconductor surface in
aqueous media [55]. Different concentrations of isopropanol and
methanol were dosed to assess their effects on the photodegrada-
tion of BPA. As shown in Fig. 7c and d, both isopropanol and meth-
anol did not show distinct inhibitory effects on the photocatalytic
efficiency. These results indicate the contribution of �OHbulk is neg-
ligible in the photocatalytic process. For Bi/BiOI, the standard redox
potential of the top valance band (1.59 V vs. NHE) of BiV/BiIII is
smaller than that of �OH/OH� (1.99 V vs. NHE) [56] and �OH/H2O
(2.27 v vs. NHE) [57]. Thus, the photogenerated holes on the sur-
face of BiOI were incapable of directly oxidizing adsorbed OH�

groups to �OH.
When BQ, which is a scavenger for superoxide radical species,

was added in the reaction system, the photocatalytic reaction
was significantly inhibited, as shown in Fig. 7(e). The removal effi-
ciency of BPA gradually decreased with increasing BQ concentra-
tion. Only 20.77% BPA was removed after 60 min of irradiation
when the concentration of BQ was 0.5 mM. Moreover, the inhibi-
tory effect was more obvious with the addition of BQ compared
to other scavengers. This result reflects that superoxide radicals
might be a predominant active species responsible for the photo-
catalytic reaction. Bi, as a trap of the photogenerated electrons,
could efficiently pass electrons to O2 in the solution to produce
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Fig. 7. Photocatalytic degradation of BPA by the BOI-180-24 under simulated solar light irradiation in the presence of different radical scavenging species. (a) potassium
iodide (KI); (b) sodium fluoride (NaF); (c) methanol; (d) isopropanol; (e) benzoquinone (BQ) and (f) sodium azide (NaN3).
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superoxide radicals (O��2 ), which may react with H+ to form HO�2. It
is reported that superoxide radicals, such as O��2 and HO�2, are very
active radicals for the ring cleavage of aromatic compounds [53].

O��2 þ hþ ! 1O2 ð3Þ

As shown in Eq. (3), the singlet oxygen (1O2), is also known as
one of the highly reactive oxygen species via the energy or electron
transfer of photogenerated hole and superoxide radical [50]. The
formation of 1O2 can be detected by direct method such as near-
infrared phosphorescence [58], or indirect method based on use
of probe reagent [53,59,60]. NaN3 is an effective scavenger of 1O2,
thus NaN3 at different concentrations (1, 5, 10 mM) was added in
the reaction system. The results (Fig. 7(f)) show that the photocat-
alytic degradation of BPA attenuated with increase in the concen-
tration of NaN3. 1O2 with high energy (22.5 kcal mol�1) can
degrade BPA directly [61]. It implies that 1O2 was generated in
the system under simulated solar light irradiation, and it made
contributions towards BPA degradation to a certain extent. Based
on above discussions, possible photocatalytic reaction mechanisms
are illustrated in Scheme 1 and include: photogenerated electrons
were transferred via Bi to O2 to produce superoxide radicals (O��2 ),
which might also react with the photogenerated holes to produce
singlet oxygen. The photogenerated holes, superoxide radicals
and the singlet oxygen could degrade BPA efficiently.



Scheme 1. The possible mechanism of the photocatalytic performance improve-
ment of Bi/BiOI.
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3.4. Mineralization and photocatalytic degradation pathway of BPA

The mineralization of organic pollutants is of great importance
in the treatment of organic pollutants [62–64]. To evaluate the
mineralization of BPA, TOC was monitored during the entire reac-
tion process. About 92.8% of BPA was degraded (BPA, 40 mg L�1;
photocatalyst, 1 g L�1; pH = 6.28) after 90 min reaction using BOI-
180-24 as catalyst under simulated solar irradiation, while 79.0%
of TOC was removed at the same time (shown in Fig. 8(a)). These
results suggest that the composite displays high efficiency to de-
grade BPA and to mineralize BPA to CO2 and H2O. Fig. 8(b) illus-
trates the UV–vis spectra of reaction solution during the reaction
process. The absorption peak at 276 nm diminished gradually as
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the reaction time increased, indicating that BPA was destroyed
during the reaction.

The probable intermediates formed in the degradation process
were identified by LC–MS/MS. Only one intermediate product at
m/z 133 was observed, which was identified as 4-isopropenyphenol
[15]. The mass spectra of m/z 227 (BPA) and m/z 133 (4-isoprope-
nyphenol) are illustrated in Fig. 8(c) and (d). The 4-isopropenyphe-
nol could be attributable to the attack of BPA by photogenerated
holes at the tert-butyl carbon. No hydroxylated products were iden-
tified by LC–MS/MS, supporting that hydroxyl radical is insignifi-
cant in the photocatalytic degradation. In addition, superoxide
radical species and singlet oxygen could also directly oxidize BPA.
Scheme 2 illustrates the simple degradation pathway of BPA by
BOI-180-24.
3.5. Stability of BOI-180-24 composite

The optical stability of Bi/BiOI composites for photocatalytic
reaction under simulated solar light was investigated by recycling
tests and the results are shown in Fig. S5. The results indicate that
the composite is stable without distinct photocorrosion after five
recycling runs.
4. Conclusions

A novel Bi/BiOI composite was fabricated via a facile one-step
solvothermal process. Low reaction temperature and short reaction
time favored the formation of pure BiOI, which would be gradually
decomposed to Bi as the temperature went up and the reaction ex-
tended. Thus, composites of Bi and BiOI could be synthesized and
their mass ratio could be tunable by adjusting the temperature
and the reaction duration. The photocatalyst prepared at 180 �C
for 24 h was a composite Bi/BiOI with the mass ratio of metallic
Bi in the composite approximate 12.5%. It displayed very high pho-
tocatalytic performance to BPA under simulated solar light irradi-
ation. The potential photocatalytic mechanisms of Bi/BiOI on BPA
were also elucidated: photogenerated holes, superoxide radical
species and singlet oxygen were responsible for the photocatalytic
oxidation. Especially, the superoxide radical species was regarded
as the predominant species to degrade BPA.
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