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ABSTRACT: A novel organic−inorganic three-dimensional (3D) mesoporous
graphite carbon nitride/BiOI (MCN/BiOI) heterojunction photocatalyst with
excellent visible-light-driven photocatalytic performance was synthesized by a facile
solvothermal method and used for degradation of bisphenol A (BPA) in water. After
hybridization with MCN, a heterojunction was formed and the photogenerated
carriers could be effectively separated by the internal electric field built at the
heterojunction interface. The photocatalytic and photoelectrochemical performance of
BiOI were improved and much higher than pure BiOI and MCN. The best
photocatalytic performance was achieved with MCN proportion of 10%, and the kobs
was approximately 1.6 times of pure BiOI and 3.4 times of MCN under simulated solar
light irradiation, respectively. The photocurrent intensity generated by 10%-MCN/
BiOI electrode was about 1.5 and 2.0 times of those induced by BiOI and MCN under
visible-light irradiation, respectively. The superoxide radical species were predominant
in the reaction system.
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1. INTRODUCTION

Environmental pollution and fossil energy shortage are two of
the biggest challenges in the present world. Photocatalysis using
semiconductors is one of the promising technologies to achieve
efficient pollution remediation and clean hydrogen energy
supplies. TiO2 is very effective in photocatalytic degradation of
pollutants and hydrogen production. However, the application
of TiO2 is severely restricted due to its wide bandgap, which
could only be excited by UV light less than 387.5 nm and high
recombination of photogenerated hole-electron pairs.1 It is
important to exploit new photocatalysts with strong photo-
response in wide wavelength and high efficient charge
separation. Bismuth oxyhalides (BiOX, X = Cl, Br, I) are an
emerging family of promising photocatalysts which exhibit
excellent photocatalytic performance because of their layered
tetragonal crystal structure and suitable band gaps.2 Among
them, BiOI is an attractive p-type semiconductor,3 and displays
the greatest absorption in the visible light region as a result of
its smallest band gap (1.7−1.8 eV) comparing with other
bismuth oxyhalides (BiOX, X = Cl, Br).4 To exploit its
application in water treatment, much concern has been raised
to improve the photocatalytic performance of BiOI by
hybridizing it with other semiconductors to facilitate photo-
induced electron-hole separation. Until now, BiOI-based
heterojunctions coupling with other inorganic semiconductors,

such as TiO2/BiOI,
5 ZnO/BiOI,6 Bi2S3/BiOI,

2 Bi2WO6/BiOI,
7

AgI/BiOI,8 etc., have been successfully synthesized and they
display improved photocatalytic efficiency as compared to pure
BiOI.
In recent years, metal-free polymeric graphitic-like carbon

nitride (g-C3N4) has attracted considerable attention due to its
specific electronic properties and thermal and chemical
stability.9,10 Wang et al. firstly reported that g-C3N4 displayed
good visible-light-driven photocatalytic performance and can
produce hydrogen or oxygen by water splitting under visible
light.11 On the basis of this, mesoporous g-C3N4 (MCN) has
been synthesized and displays much higher H2 evolution
activity than bulk g-C3N4.

12 To further improve the photo-
activity of MCN, researchers have developed several
techniques, including morphology control (from nanoplates
to nanorods),13 doping with nonmetallic elements (B,14,15

F,14,16 P,17 and S18,19 ), deposition with metal atoms (Fe,20,21

Mn; Co; Ni; Cu,22 Pd,23 Pt,24 and Au25), and coupling with
inorganic semiconductors (TiO2,

26 ZnO,27,28 NiS,29

ZnWO4,
30,31 Bi2WO6,

32,33 BiPO4,
1 Ag3PO4

10).
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Fu et al. synthesized a BiOBr-C3N4 heterojunction by
depositing BiOBr nanoflakes onto the surface of C3N4, which
displayed enhanced photocatalytic degradation efficiency to
Rhodamine B as compared to pure BiOBr and C3N4.

34

However, the low- dimensional nanoscaled materials tend to
aggregate during synthesis, resulting in a reduction of surface
area and photocatalytic performance.35 3D hierarchical
heterojunction materials have a high surface-to-volume ratio,
and are considered favorable for photocatalytic performance.36

It is hypothesized that 3D p−n heterojunction of BiOI and
MCN would give rise to an inorganic−organic composite with
good visible-light absorption and efficient photocatalytic
performance.
Herein, the primary objective of current study was to

synthesize novel 3D MCN/BiOI heterojunction photocatalysts
by a facile solvothermal method. The resultant photocatalysts
were characterized comprehensively by means of XRD, FE-
SEM, HR-TEM, XPS, N2 adsorption/desorption, UV−vis DRS,
FT-IR, and so on. The photocatalytic performances of the
composites were evaluated by photocatalytic degradation of
bisphenol A (BPA), which is regarded as a representative
endocrine disrupting chemical, and photoelectrochemical test,
respectively. The interaction between MCN and BiOI as well as
the photocatalytic mechanisms were investigated and discussed
systematically. The reusability of the composites was also
investigated.

2. EXPERIMENTAL SECTION
2.1. Synthesis and Characterization of Photocatalysts. The

MCN was synthesized as reported previously with a few
modifications.37 The detailed procedure was given in Supporting
Information. MCN/BiOI was synthesized by a conventional
solvothermal method. Twenty milliliters of 0.15 mol L−1 (1.4553 g)
Bi(NO3)3·5H2O dissolved in glycol was drop-wisely added in the same
volume of 0.15 mol L−1 (0.4980 g) KI which was dissolved in glycol.
Then, a certain amount (0.02, 0.04, 0.06, 0.10, 0.16, 0.24 g) of MCN
was added in the above mixed solution. The mixture was vigorously
stirred at room temperature for 60 min and was transferred to a 50 mL
of Teflon-lined autoclave, which was sealed in a stainless steel tank and
maintained at 140 °C for 24 h. The autoclaves were cooled to room-
temperature naturally. The solid products were washed three times
with deionized water and ethanol respectively, and dried at 80 °C in
oven for overnight. The nominated mass ratio of MCN to BiOI (x%)
of the as-prepared composites was 2, 4, 6, 10, 16, and 24%,
respectively. The resultant products were then referred as x%-MCN/
BiOI.

The prepared samples were characterized by means of FE-SEM,
HR-TEM, XRD, XPS, FT-IR, UV−vis DRS, and N2 adsorption/
desorption. The detailed information about the characterization
methods is provided in the Supporting Information.

2.2. Photoelectrochemical Measurement. Photoelectrochem-
ical test with an Autolab PGSTAT302N electrochemical system
(Metrohm Ltd., Switzerland) was carried out in a conventional three-
electrodes, a single-compartment quart cell filled with 0.1 M Na2SO4
electrolyte and a potentiostat. The ITO/photocatalyst electrode served
as the working electrode. A platinum wire was used as a counter

Figure 1. Photocatalytic degradation of BPA by BiOI, MCN, and MCN/BiOI (photocatalysts, 1.0 g/L; BPA initial concentration, 20 mg/L; pH
6.28): (a) under simulated solar light irradiation (λ > 290 nm); (b) under visible light irradiation (λ > 400 nm); (c) photocurrent responses; and (d)
EIS Nyquist plots of MCN, BiOI, and 10%-MCN/BiOI (λ > 400 nm).
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electrode with Ag/AgCl (saturates KCl) as a reference electrode. The
photoreponses of the photocatalysts were measured at 0.0 V as visible
light (λ > 400 nm) was switched on and off. Electrochemical
impedance spectra (EIS) were recorded at 0.0 V. A sinusoidal ac
perturbation of 10 mV was applied to the electrode over the frequency
range of 0.01 to 1 × 104 HZ.
2.3. Degradation Experiments. Batch experiments were

conducted in a XPA-7 photochemical reactor (Xujiang Electro-
mechanical plant, Nanjing, China) to investigate the photocatalytic
performanc of the prepared materials. Simulated solar light and visible
light irradiation was provided by a 350 W xenon lamp (λ > 290 nm
Institute of Electric Light Source, Beijing) without/with a 400 nm
cutoff filter, respectively, and light intensity of 5.8 mW cm−2, the
emission spectrum of the lamp is shown in Figure S1 in the Supporting
Information. The reaction system was cooled by circulating water and
maintained at room temperature. In quartz test tubes, 0.0100 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. Detailed information is given in the Supporting Information.

3. RESULTS AND DISCUSSION

3.1. Photocatalytic and Photoelectrochemical Per-
formance. Panels a and b in Figure 1 compare the
photocatalytic performance of pure BiOI, MCN, and their
hybridized composites to degrade BPA under simulated solar
light and visible-light irradiation, respectively. The following
pseudo first-order reaction kinetic model might be used to
describe the degradation reaction process:

Figure 2. SEM images of (a) MCN and (b) BiOI; (c) SEM and (d) HRTEM (inset, FFT pattern) of 10%-MCN/BiOI.

Figure 3. UV−vis diffuse reflection spectra of the prepared materials (inset at left corner: the band gaps of the MCN, BiOI, and 10%-MCN/BiOI).
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= −C C k tln( / )t, ,BPA BPA 0 obs (1)

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 experimental data very well with regression
coefficient R2 > 0.9867 in all cases. The reaction rate constants
kobs were calculated from the corresponding slope of the fitting
line, and are shown in Figure 1 (inset). Figure 1a demonstrates
that all of the MCN/BiOI composites exhibited higher
photocatalytic performance than pure MCN and BiOI under
simulated solar light irradiation. The photocatalytic perform-
ance was enhanced gradually with increasing the proportion of
MCN. The maximum kobs (0.0135 min−1) was achieved with
10% of MCN in the composite, and it was approximately 1.6
times of pure BiOI (0.0085 min−1) and 3.4 times of MCN
(0.0040 min−1) under the same conditions. This could be
explained by the effective separation of photogenerated hole-
electron pairs due to the formation of heterojunctions between
MCN and BiOI in the composite. However, as the proportion
of MCN further increased, the degradation rate decreased
gradually, though it was still higher that of pure BiOI. Although
MCN is favorable for separation of photogenerated hole-
electron pairs, more MCN in the composite might reduce the
photoabsorption of visible light. As a result, the photocatalytic
performance of MCN/BiOI decreased as the proportion of
MCN further increased. Similar results were also reported for
C3N4/ZnO,

27 C3N4/Zn2WO4,
31 and C3N4/Bi2WO6.

33 Com-
pared with pure BiOI, the mechanical mixture of MCN (10%)
and BiOI did not show any increase in the catalytic
performance, suggesting that the close interaction between
MCN and BiOI in the hybridized composite might promote
the charge separation, and enhance the photocatalytic perform-
ance.
The photocatalytic performance of BiOI hybridized with

MCN was also investigated under visible light irradiation, and
the results are shown in Figure 1b. Similar to the results with
simulated solar light irradiation, the 10%-MCN/BiOI also
displayed the highest photocatalytic performance, which is
much higher than that of pure MCN and BiOI. Almost 90.0%
of BPA at 20 mg L−1 was photodegraded by 1.0 g L−1 10%-
MCN/BiOI after irradiation with visible light for 4 h, whereas
the removal rates of pure MCN and BiOI were 34.0 and 78.7%,
respectively.
The photoeletrochemical performance could be investigated

by photocurrent response and EIS.27 The photoresponses of
ITO/MCN, ITO/BiOI, and ITO/10%-MCN/BiOI electrodes
in on-off cycles under visible light irradiation were investigated
and the results are shown in Figure 1c. The photocurrent
intensity generated by 10%-MCN/BiOI electrode was about
1.5 and 2.0 times of those induced by BiOI and MCN under

visible light irradiation, respectively. This result supports the
hypothesis that the formation of heterojunction promotes faster
charge separation and thus an increased photocurrent. The
interface charge separation efficiency is an importance factor for
photocatalytic performance, and was examined by EIS. The EIS
Nyquist plots of MCN, BiOI and MCN/BiOI without and with
irradiation are demonstrated in Figure 1d. A smaller arc radium
in the EIS Nyquist plot implies a more effective separation of
the photogenerated hole-electron pairs and a faster interfacial
charge transfer.38 Figure 1d illustrates that the impedance arc
radius of 10%-MCN/BiOI was much smaller than pure MCN
and BiOI under visible light irradiation, implying that the
hybridization of MCN changed the charge distribution of BiOI
and made charge transfer easier.33 This further supports that
the photogenerated electron-hole pairs were more effectively
separated in the composite and there was a more efficient
interfacial charge transfer between the electron donor and
electron acceptor.

3.2. Characterization of Prepared Catalysts. Figure S2
in the Supporting Information presents the XRD patterns of
MCN, BiOI, and MCN/BiOI composites. The peak at 27.4° in
pure MCN reveals the graphite-like structure, and is indexed as
(002) characteristic peak, corresponding to the interlayer
stacking of conjugated aromatic systems.12 The diffraction
peaks of the prepared BiOI are consistent with that of JCPDS
No. 73-2062, suggesting that pure BiOI crystal phase was
formed. The XRD patterns of BiOI do not show significant
change when it was hybridized with MCN, indicating that
hybridization of MCN did not give rise to the development of
new crystal orientations. The presence of MCN in the
composites could be easily identified by Fourier transform
infrared and XPS spectra, which will be discussed later.
The morphology and the microstructure of the prepared

photocatalysts were characterized by FE-SEM and HR-TEM, as
shown in Figure 2. As Figure 2a shows, the MCN exhibits an
aggregated morphology and stacking pimple-like structure with
a size of several micrometers resulting from the gases
discharging from the thermal polycondensation of cyanamide
(CN-NH2). Figure 2b demonstrates that BiOI is mainly present
as 3D hierarchical microspheres with an average diameter of 2-3
μm, which are assembled from two-dimensional nanosheets.
After hybridization with the MCN polymer, the BiOI
microspheres were well interwoven among MCN (Figure 2c),
forming a 3D hybridized structure, which would facilitate the
transfer of photogenerated carriers and improve the photo-
catalytic performance. The HR-TEM image of MCN/BiOI in
Figure 2d reveals that a lattice spacing of MCN crystallites was
0.326 nm, corresponding to the interlayer structural packing
indexed for the (002) crystallographic plane of hexagonal g-
C3N4 [JCPDS No. 87-1526].39 In addition, another lattice
spacing was identified as 0.282 nm, which is characteristic of the
(110) crystallographic plane of tetragonal BiOI [JCPDS No.
73-2062].40 This indicates that a MCN/BiOI heterojunction
between MCN (002) and BiOI (110) might be formed in the
composite. In addition, the fast Fourier transform (FFT)
patterns in Figure 2d (inset) further demonstrates the
coexistence of hexagonal g-C3N4 and tetragonal BiOI,
respectively.
The optical properties of BiOI, MCN, and MCN/BiOI were

investigated by UV−vis diffuse reflectance spectra. As shown in
Figure 3, BiOI presented strong photoabsorption from the UV
light to visible light shorter than 632 nm. In comparison with it,
the photoabsorption of MCN was weaker in the range of <600

Table 1

(a) Pearson Absolute Electronegativity (PAE) of Constituent Atoms of the
Photocatalysts

C N Bi O I

PAE 6.27 7.30 4.69 7.54 6.76
(b) Energy Band Structure Parameters of MCN, BiOI, and MCN/BiOI

photocatalysts Εg (eV) X (eV) EVB (eV) ECB (eV)

MCN 1.38 6.84 3.03 1.65
BiOI 1.75 6.21 2.58 0.83

ACS Applied Materials & Interfaces Research Article

dx.doi.org/10.1021/am5002597 | ACS Appl. Mater. Interfaces 2014, 6, 5083−50935086



nm, but displayed an absorption edge at about 735 nm,
indicating a smaller band gap. Recently, Yan et al. also reported
that mesoporous graphitic carbon nitride not only possessed
high BET surface area but also exhibited redshift in absorbance
edge up to 800 nm.41 As BiOI was hybridized with MCN, the
absorption edge of 10%-MCN/BiOI composite shifted red in
the range of 600−1000 nm as compared to pure BiOI, whereas
the absorption intensity in the visible light region was higher
than that of pure MCN. For a crystalline semiconductor, the

optical band gap could be calculated from the classic Tauc
approach by using the following equation: αhν =
A(hν−Eg)n/2,

42 where α, ν, Eg, and A are the absorption
coefficient, light frequency, band gap, and a constant,
respectively. In the equation, n is a number characteristics of
the transition in a semiconductor (direct transition n = 1 and
indirect transition n = 4). Therefore, Eg could be estimated
from the intercept of a tangent to the plot. The energy band of

Figure 4. Schematic diagram of energy bands of p type BiOI and n type MCN and the transfer of photogenerated charges in the MCN/BiOI
heterojunctions under (a) simulated solar light (λ > 290 nm) and (b) visible-light irradiation (λ > 400 nm).
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MCN, BiOI, and 10%-MCN/BiOI was estimated according to
the following empirical equations:43

= − +E X E E0.5VB
e

g (2)

= −E E ECB VB g (3)

where EVB and ECB are the valence band (VB) and conduction
band (CB) edge potentials, respectively; X is the geometric
mean for absolute electronegativity of the constituent atoms
(see Table 1a). The X values for MCN and BiOI are 6.84 and
6.21 eV, respectively. Ee is the energy of free electrons on the
hydrogen scale (about 4.5 eV), and Eg is the band gap energy of
the semiconductor. The energy band parameters of MCN and
BiOI were calculated, and listed in Table 1b. For p-type BiOI,
the Fermi level lies above its valence band whereas that of n-
type MCN lies below its conduction band. When BiOI was
hybridized by MCN, a p−n heterojunction would be formed
and the charge carriers would diffuse in opposite direction to
form an internal electric field with a direction from n-type
MCN to p-type BiOI at the heterojunction interface, as shown
in Figure 4. The Fermi levels of MCN and BiOI would be
aligned under thermodynamic equilibrium conditions. Mean-

while, the energy band positions of MCN shifted downward
and that of BiOI shifted upward along with the Fermi level.3

Under simulated solar-light (λ > 290 nm) or visible-light
irradiation (λ > 400 nm), BiOI and MCN could be
simultaneously excited to generate electron-hole pairs. Accord-
ing to the band edge position, the excited electrons produced
by BiOI were injected into the CB of MCN, while the
photogenerated holes were effectively collected in the VB of
BiOI. Because of the formation of internal electric field, the
migration of photogenerated carriers was promoted.44 There-
fore, the photogenerated carriers could be effectively separated.
This explains the results that the composites displayed higher
photocatalytic and photoelectrochemical performance.
The N2 adsorption/desorption isotherms are demonstrated

in Figure 5. The isotherms of all measured samples were
characteristic of type IV with a hysteresis loop observed in the
range of 0.60-1.00 P/P0, suggesting their mesoporous proper-
ties. The BET surface area (SBET) of the MCN and pure BiOI
was 243.2 and 88.7 m2 g−1 respectively, while that of 10%-
MCN/BiOI was 97.5 m2 g−1, higher than pure BiOI but lower
than pure MCN. From Table S1 in the Supporting Information,
the SBET of the composite catalysts increased gradually with
increasing the proportion of MCN. In addition, the pore size
distribution in Figure 5 (inset) shows that the pores of all
measured samples were mainly distributed in the range of 0−50
nm, agreeing with the mesoporous structure. The BJH
adsorption cumulative volume of pores increased from 0.37
to 0.47 cm3 g−1 after MCN (0.87 cm3 g−1) hybridization.
The FT-IR spectra of pristine MCN, MCN/BiOI and pure

BiOI are demonstrated in Figure 6 to investigate their
compositions and structures. In the spectrum of pristine
MCN, the sharp peak at 808 cm−1 was attributed to the s-
triazine ring modes, which is in accordance with previous
studies.27,30 The four peaks at 1250, 1325, 1420, and 1572 cm−1

observed in MCN are assigned to the typical stretching modes
of CN heterocycle, whereas the peak at 1639 cm−1 could be
assigned to the CN stretching vibration mode.34,39,45 A wide
peak near 3175 cm−1 corresponds to the stretching mode of
terminal NH groups at the defect sites of the aromatic ring,45

whereas the sharp peak at 2180 cm−1 corresponds to the
stretching mode of CN structure (CN).46,47 After the
hybridization of MCN and BiOI, the intensity of these peaks
increased gradually with the increase of MCN content from 2

Figure 5. N2 adsorption−desorption isotherms of the prepared
materials. Closed symbols, adsorption; open symbols, desorption.
Inset: Pore size distributions of the prepared materials.

Figure 6. FT-IR spectra of the prepared materials.
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to 24%, indicating the successful incorporation of MCN in the
MCN/BiOI composites. For pure BiOI, a peak at 512 cm−1 in
the spectrum corresponding to symmetrical A2u-type vibration
of the Bi−O bond was observed, and is consistent with the
published results.40,48 The absorption at 772 cm−1 was assigned
to the asymmetrical stretching vibration of Bi−O bond.49,50 In
addition, the presence of the sharp and strong absorption at
1621 cm−1 and a broad peak at 3430 cm−1 were ascribed to the
δ(O−H) bending vibration and ν(O−H) stretching respec-
tively due to the adsorption of free water molecules on the
photocatalyst surface.2 It is obvious that the main characteristic
peaks of MCN and BiOI are almost present in all the MCN/
BiOI composites.

To further elucidate the interaction between MCN and BiOI,
we conducted XPS analysis to investigate the chemical states.
Figure 7 illustrates the XPS spectra of C1s and N1s for pristine
MCN and MCN/BiOI composites, as well as the O1s, Bi4f and
I3d spectra for pure BiOI and the composites. Panels a and b in
Figure 7 demonstrate that the C1s spectrum for both pure
MCN and the composite can be fitted with three components.
The component at 284.6 eV corresponded to C−C, which
originated from pure graphitic carbon presumably formed
during minor decomposition of the carbon nitride.51 The other
two peaks were attributed to CN or CN originating from
the defect-containing sp2-hybridized carbon atoms present in
graphitic domains,47,52 and the sp2-hybridized carbon in N
C−N2 coordination, which connected with three neighboring

Figure 7. XPS spectra for: C 1s of (a) MCN and (b) MCN/BiOI; N 1s of (c) MCN and (d) MCN/BiOI; O 1s of (e) BiOI and (f) MCN/BiOI; (g)
Bi 4f of BiOI and MCN/BiOI; and (h) I 3d of BiOI and MCN/BiOI. Note: all MCN/BiOI with MCN loading of 10%.
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N atoms in one double and two single bonds,53 respectively.
After hybridization, the peak at 288.1 eV for pure MCN shifted
to 288.5 eV and the intensity decreased significantly. In the N1s
spectra (Figure 7c, d), the peak at 398.6 eV is typically ascribed
to the nitrogen atoms sp2-hybridized to two carbon atoms
(CN−C).22 Because of the low proportion of MCN, the
peak of N1s of the composite was weak. The XPS of N1s in the
composite could be separated into three binding energies.
Except for the predominant characteristic peak at 398.6 eV, the
peak at 399.8 eV was ascribed to the tertiary nitrogen N(C)3
groups54 while the last peak at 404.8 eV might be resulted from
π-excitation.53 The O1s spectra in panels e and f in Figure 7
consisted of three components: the peak at 529.7 eV was
attributed to the Bi−O bonds in [Bi2O2] slabs of BiOI

6 and the
peak at 531.3 eV originated from I−O bonds in BiOI,55 which
shifted toward high energy after hybridizing with MCN,
whereas the peak at 532.9 eV suggests the presence of other
components such as OH, H2O, and O2 adsorbed on the
surface.6,56 The peaks of Bi 4f7/2 and Bi 4f5/2 were observed at
159.0 and 164.3 eV (Figure 7g), respectively, which are the
characteristic of Bi3+ ions in BiOI.4,5 However, the peaks Bi

4f7/2 and Bi 4f5/2 for MCN/BiOI composite at 159.2 and 164.5
eV are higher than those of pure BiOI. The I 3d XPS spectra in
Fig. 7h could be observed at binding energies of 618.6 eV (I
3d5/2) and 630.0 eV (I 3d3/2) corresponding to I− in BiOI.4 A
positive shift in the I− binding energies was also observed when
BiOI was hybridized by MCN. These results also imply that
heterojunction exist between MCN and BiOI, not a simply
physical adsorption. This interaction is essential for photo-
generated charge carriers transfer and enhancing photocatalytic
performance.

3.3. Photocatalytic Mechanisms of MCN/BiOI. The
active species contributing to the oxidative reaction that were
generated from the light irradiation progress were investigated
by adding different scavengers, and the results are shown in
Figure 8. The photocatalytic performance was enhanced with
addition of KI as scavenger for photogenerated hole in the
solution,57,58 implying that scavenging h+ might improve the
electron-hole separation and increase the amount of free
electrons, generating more active radicals such as hydroxyl
radicals (•OH) and superoxide radical species (O2

• and
HO2

•).59 However, the photocatalytic performance of MCN/
BiOI did not change with the addition of CH3OH as scavenger
for •OH,60 indicating that it was not the major oxidative
species in the photocatalytic reaction system of MCN/BiOI.
When BQ, which is a scavenger for superoxide radical species,61

was added in the reaction system, the photocatalytic reaction
was significantly inhibited. These results indicate that super-
oxide radicals might be a predominant active species
responsible for the photocatalytic reaction. It is interesting
that the conduction band edge (+1.65 eV vs. NHE) of MCN is
more positive than the redox of superoxide radical formation:
E(O2/O2

•) = −0.33 eV vs. NHE.62 However, the electrons in
the valence band of MCN could be excited up to a higher
potential edge (−0.33 to −1.25 eV) under simulated solar light
irradiation with energy 3.36−4.28 eV (369 nm > λ > 290 nm),
and the reformed conduction band electrons of MCN could
reduce O2 to O2

• and HO2
• (from Figure 4a). It is reported

that superoxide radicals, such as O2
• and HO2

•, are very
active radicals for the ring cleavage of aromatic compounds.63

Under visible-light irradiation with energy 2.33−3.10 eV (531
nm > λ > 400 nm), the electrons in the valence band of MCN
could be excited up to a higher potential edge (0.695 to −0.07
eV). The reformed conduction band electrons of MCN could
reduce O2 to H2O2 by equation O2 + 2H+ + 2e− → H2O2
(0.695 eV vs. NHE64) as shown in Figure 4b. An et al. also
confirm that H2O2 is strongly involved in the photocatalytic
oxidation process.65,66

3.4. Stability of MCN/BiOI Photocatalyst. The recycle
experiments of the MCN/BiOI for photocatalytic reaction
under simulated solar light was investigated to evaluate the
optical stability of the catalyst and the results are shown in
Figure 9. The MCN/BiOI did not exhibit significant loss of
photocatalytic performance after four recycling runs, and about
83.6% of BPA could be degraded after four runs. The results
indicate that MCN/BiOI keeps its photocatalytic performance
without distinct photocorrosion during the oxidation of
pollutant. In addition, the XRD pattern of the 10%-MCN/
BiOI after four times reuse is shown in Figure S3 in the
Supporting Information. No significant differences in the
diffraction peaks were observed, indicating that the composite
of 10%-MCN/BiOI has a very stable crystal structure. These
results suggest that the composite of 10%-MCN/BiOI displays
very good stability and could be reused as a photocatalyst.

Figure 8. Effects of different reactive species scavengers on the
photodegradation of BPA by 10%-MCN/BiOI under simulated solar
light irradiation.

Figure 9. Recycling tests of 10%-MCN/BiOI under simulated solar
light irradiation.
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4. CONCLUSIONS
BiOI was successfully hybridized with mesoporous graphite-like
carbon nitride by a facile solvothermal method. The
heterojunction structure of n-type MCN and p-type BiOI
promoted the photogenerated charge separation, and hence the
photocatalytic performance of BiOI was enhanced for the
degradation of BPA under both visible light and simulated solar
light irradiation. The composite with 10% MCN displayed the
highest photocatalytic performance, and about 90.0% of BPA
(20 mg L−1) was photodegraded by the solids of 1.0 g L−1 10%-
MCN/BiOI after irradiation with visible light for 240 min.
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