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ABSTRACT: Herein we demonstrate a facile, reproducible, and template-
free strategy to prepare g-C3N4−Fe3O4 nanocomposites by an in situ growth
mechanism. The results indicate that monodisperse Fe3O4 nanoparticles
with diameters as small as 8 nm are uniformly deposited on g-C3N4 sheets,
and as a result, aggregation of the Fe3O4 nanoparticles is effectively
prevented. The as-prepared g-C3N4−Fe3O4 nanocomposites exhibit
significantly enhanced photocatalytic activity for the degradation of
rhodamine B under visible-light irradiation. Interestingly, the g-C3N4−
Fe3O4 nanocomposites showed good recyclability without loss of apparent
photocatalytic activity even after six cycles, and more importantly, g-C3N4−
Fe3O4 could be recovered magnetically. The high performance of the g-
C3N4−Fe3O4 photocatalysts is due to a synergistic effect including the large
surface-exposure area, high visible-light-absorption efficiency, and enhanced
charge-separation properties. In addition, the superparamagnetic behavior of the as-prepared g-C3N4−Fe3O4 nanocomposites
also makes them promising candidates for applications in the fields of lithium storage capacity and bionanotechnology.

■ INTRODUCTION

Semiconductor photocatalysis has emerged as a most promising
new technology in the past few years for the production of
clean energy and environmental remediation because the use of
catalysts and solar energy is most economical.1−3 A significantly
efficient, stable, inexpensive, easily separable semiconductor
material that is capable of light harvesting is also essential for an
economical use of catalysts.4 Therefore, intense research
activity has recently been focused on the development of an
efficient semiconductor material with unique properties apart
from TiO2, which can directly split water or degrade
environmental pollutants using solar energy.4−8 More recently,
graphitic carbon nitride (g-C3N4) was found to be a typical
metal-free polymeric semiconductor material with a suitable
band gap to absorb visible-light radiation and unique
properties.9 Therefore, it is promising to consider graphitic
carbon nitride as an alternative candidate for solar light
harvesting and conversion because of its many interesting
features, including visible-light adsorption ability and ease of
large-scale preparation, which is always preferred for practical
applications. Also, chemical functionalization or doping of g-
C3N4 is easy because of its intrinsic organic nature, thus
allowing its electronic band gap structure to be tuned, and
contrary to many other organic semiconductors, graphitic
carbon nitride has high thermal and chemical stability against
oxidation reactions and is stable in atmosphere up to 500
°C.10−14 To date, a large number of articles concerning the

synthesis of g-C3N4 and its derivatives have been published. For
example, loading some cocatalysts onto the surface of the
catalyst and doping g-C3N4 with nonmetals such as B, C, and S
can evidently promote the separation efficiency of photo-
induced electron−hole pairs.15−18 Another feasible strategy to
improve its photocatalytic performance is to form a composite
with a metal or another semiconductor by designing an
appropriate textural porosity.12,14,19−22 Unfortunately, the
performance of the present g-C3N4-based photocatalysts does
not meet the needs of practical applications because of the
inconvenience of recycling these catalysts due to their highly
dispersive nature, the fact that conventional separation
techniques may lead to loss of catalyst, and the lack of a facile
and environmentally friendly strategy to prepare g-C3N4-based
photocatalysts with desired properties. Therefore, the develop-
ment of a highly effective visible-light-driven photocatalyst for
the production of clean energy and environmental remediation
is still being sought.
On the other hand, Fe3O4 nanoparticles have attracted much

interest because of their magnetic properties, which have led to
their applications in drug delivery systems,23,24 lithium storage
capacity,25 wastewater treatment,26 magnetic resonance imag-
ing,27,28 and protein separation.29 Interestingly, Fe3O4 can be
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considered as a conductor because its conductivity is as high as
1.9 × 106 S m−1, which is different from the other
semiconductor characteristics of most metal oxide materials.30

Heterostructured catalysts composed of magnetic components,
including metal/Fe3O4, graphene/Fe3O4, WO3/Fe3O4, and
TiO2/Fe3O4, have shown improved performance due to their
unique properties and potential applications that could not be
achieved solely with a single-component catalyst.27−33 In this
context, these studies initially intended to integrate super-
paramagnetic iron oxide nanoparticles and g-C3N4 sheets into a
single hybrid nanocomposite as an efficient visible-light
photocatalyst because the high conductivity of Fe3O4 and
energy band structure matching (ECB = 1 V vs NHE) makes it a
good candidate for coupling with g-C3N4 and improving the
photocatalytic performance by enhancing the photoinduced
charge separation of electron−hole pairs and transport.
In this present work, we have developed a facile and

reproducible strategy for preparing g-C3N4−Fe3O4 hybrid
nanocomposites. The as-prepared nanocomposites were
structurally characterized by X-ray diffraction (XRD), thermog-
ravimetric analysis/differential thermal analysis (TGA/DTA),
FTIR spectroscopy, transmission electron microscopy (TEM),
UV−vis diffuse reflectance spectroscopy (DRS), X-ray photo-
electron spectroscopy (XPS), and fluorescence spectroscopy.
The results demonstrated that successful deposition of uniform
monodispersed Fe3O4 nanoparticles onto the surface of g-C3N4
sheets allows the diffusion of light by multiple pathways to
enhance light harvesting, and significantly enhanced photo-
catalytic activity was observed under visible-light irradiation. A
possible mechanism for the enhancement of photocatalytic
activity was also investigated. In addition, deposition of
magnetic nanoparticles onto the surface of the photocatalysts
proved to be an effective way to separate photocatalyst easily
from the photocatalytic system with an external magnetic field,
allowing them to be reused in multiple cycles. This approach
prevented the agglomeration of the catalyst particles during
recovery and can increase the durability of the catalysts.
Therefore, the goal of the present work was to design more
efficient g-C3N4-based photocatalysts by recycling and expand-
ing the light absorption further into the visible range while still
keeping a sufficient overpotential to carry out the desired
reactions, making Fe3O4 a valuable photocatalytic material for
its potential applications in environmental protection.

2. EXPERIMENTAL DETAILS
2.1. Materials. Melamine (Aldrich, 99.0%), ferric chloride

(Aldrich, 10% w/v; 99.9% metal-based), ferrous chloride
(Aldrich, 99.0%), NH3 solution (Merck, 25%), and rhodamine
B (Aldrich, 85.0%) were used as received. All other reagents
used in this work were analytically pure and used without
further purification.
2.2. Method. The g-C3N4 was prepared by direct heating of

melamine to 550 °C for 2 h in a N2 atmosphere.19 The g-
C3N4−Fe3O4 nanocomposites were prepared by an in situ
precipitation method (Figure S1 in the Supporting Informa-
tion). In a typical procedure, g-C3N4 (125 mg) was dispersed in
500 mL of ethanol/water (1:2) and ultrasonicated (PCI
Analytics, 12 mm probe, 33 Hz, 150 W) for 5 h at ambient
temperature. FeCl3·6H2O (1.838 g, 0.0216 mol) and FeCl2·
4H2O (0.703 g, 0.0108 mol) were dissolved separately in 20
mL of double-distilled water and added to the suspension of g-
C3N4. The mixture was stirred at 80 °C for 30 min, and then 10
mL of ammonia solution (NH4OH) was quickly injected into

the reaction mixture. The resulting mixture was stirred for
another 30 min, after which the reaction mixture was cooled
and washed several times with double-distilled water and
absolute alcohol. Finally, the as-obtained precipitate was dried
in air at 80 °C for further characterization. For comparison, free
Fe3O4 nanoparticles were also synthesized using exactly the
same procedure without adding g-C3N4. The as-prepared g-
C3N4−Fe3O4 photocatalysts with 7.5, 15.2, and 23.0 wt %
Fe3O4 were named as CNFO-7.5, CNFO-15.2, and CNNFO-
23.0, respectively. The pure g-C3N4 was named as CN, and
Fe3O4 was named as FO.

2.3. Characterization. XRD studies were carried out on a
Bruker D8 Advance diffractometer using Ni-filtered Cu Kα
radiation. TGA/DTA experiments were carried out on
PerkinElmer Pyris Diamond TGA/DTA system on well-ground
samples in an air atmosphere at a heating rate of 10 °C min−1.
The FTIR spectra were recorded in transmission mode from
4000 to 400 cm−1 on a Nicolate Proteǵe ́ 460 FTIR
spectrometer using KBr discs. TEM was done on a JEOL
JSM-6700F instrument. UV−vis DRS spectra were recorded on
a PerkinElmer Lambda 20 UV−vis−NIR spectrophotometer
equipped with an integrating sphere to record the diffuse
reflectance spectra of the samples, and BaSO4 was used as a
reference. Nitrogen adsorption−desorption isotherms were
measured using a Quantachrome NOVA 1200e analyzer.
Chemical compositions of the samples were analyzed by XPS
(Kratos Axis ULTRA system incorporating a 165 mm
hemispherical electron energy analyzer). The photolumines-
cence (PL) spectra of photocatalysts were recorded on a TSC
Solutions F96PRO fluorescence spectrophotometer at an
excitation wavelength of 365 nm.

2.4. Photocatalytic Activity. Rhodamine B (RhB), a
widely used dye, was chosen as a model pollutant to examine
the visible-light-driven photocatalytic activity of the samples.
The photocatalytic activity of the samples was evaluated via
degradation of RhB in an aqueous solution under visible-light
irradiation. The visible-light source was a solar simulator 300 W
Xe lamp (Asahi Spectra Co., Ltd.). The photocatalyst (0.025 g)
was added to an aqueous solution of RhB (100 mL, 5 mg L−1)
in a beaker at room temperature under stirring at 250 rpm
throughout the test under visible-light irradiation. Prior to
irradiation, the solution was stirred continuously for 30 min in
the dark to establish an adsorption−desorption equilibrium.
During photocatalytic processes, the sample was periodically
withdrawn, centrifuged to separate the photocatalyst from the
solution, and used for the absorbance measurement. The
concentration of RhB during the degradation process was
monitored using a UV−Vis spectrophotometer.

2.5. Detection of Reactive Species. The detection
process for reactive oxidative species was similar to the
experimental photodegradation process. Various scavengers
were added to the RhB solution prior to addition of the
photocatalyst. Furthermore, the PL spectrum with terephthalic
acid (TA) as a probe molecule was used to disclose the
formation of •OH radicals on the surface of g-C3N4 under
visible-light irradiation. In a brief experimental procedure,
photocatalyst (0.1 g) was dispersed in 40 mL of an aqueous
solution of TA (5 × 10−4 mol L−1) and NaOH (2 × 10−3 mol
L−1) at room temperature. The above suspension was subjected
to the photocatalytic activity evaluation of the photocatalyst
under visible-light irradiation, and the PL intensity was
measured using a fluorescence spectrophotometer at an
excitation wavelength of 365 nm.
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2.6. Electrochemical Impedance Spectroscopy (EIS).
EIS measurements were performed on an IM6e electrochemical
workstation (ZAHNER Electrik, Kronach, Germany) based on
a conventional three-electrode system consisting of carbon
paste as the working electrode, a platinum wire as the counter
electrode, and Ag/AgCl (3 N KCl) as the reference electrode.
The EIS measurements were performed in a 0.1 mol L−1

NaSO4 solution containing 5 mmol L−1 [Fe(CN)6]
3−/[Fe-

(CN)6]
4− over the frequency range from 0.01 Hz to 100 kHz at

0.24 V, and the amplitude of the applied sine wave potential in
each case was 5 mV.

3. RESULTS AND DISCUSSION
3.1. Formation of g-C3N4−Fe3O4 Nanocomposites. The

in situ growth mechanism has been widely employed to
synthesize a variety of carbon-based composites.19,23,29 A
similar strategy was used for the preparation of the g-C3N4−
Fe3O4 hybrid nanocomposites, as shown in Scheme 1. When
iron salts were mixed with ultrasonically dispersed g-C3N4
sheets, the iron ions were deposited on the surface of g-C3N4
via chemical adsorption. Furthermore, iron ions were converted
into Fe3O4 nanoparticles with controlled growth by using
ammonia as a precipitating agent at room temperature. Thus,
finely distributed and uniform Fe3O4 nanoparticles were
successfully deposited on the surface of the g-C3N4 sheets.
To minimize the surface energy, the as-prepared Fe3O4
nanoparticles led the heterojunction at the interface of the g-
C3N4 and Fe3O4 in the resulting composite system. The size of
the Fe3O4 nanoparticles in the hybrid nanocomposite was as
small as 8 nm. The in situ growth mechanism also avoided the
agglomeration of Fe3O4 nanoparticles.
3.2. Catalyst Characterization. To calculate the content

of Fe3O4 nanoparticles on g-C3N4 sheets, TGA was performed
on g-C3N4−Fe3O4 nanocomposites under an air atmosphere
from 50 to 800 °C. As can be seen from Figure 1, the
decomposition of g-C3N4 starts at 550 °C and is completed at
∼720 °C, which is attributed to the burning of g-C3N4.

9 This
weight loss region could be seen in the g-C3N4−Fe3O4 hybrid
composite samples. The residual weight fractions of the
different nanocomposites (CNFO-7.5, CNFO-15.2, and
CNNFO-23.0) were found to be 7.5, 15.2, and 23.0%, which
are considered to be the contents of Fe3O4 in the g-C3N4−
Fe3O4 nanocomposites.
Figure 2 shows the XRD patterns of pure Fe3O4, pure g-

C3N4, and the hybrid composites CNFO-7.5, CNFO-15.2, and
CNFO-23.0, which were used to elucidate the phase and
structural parameters. The observed diffraction peaks of pure
Fe3O4 are in good agreement with those reported in the
literature for pure face-centered-cubic Fe3O4.

23,26 For g-C3N4, a
strong peak at 2θ = 27.5° corresponding to the characteristic

interplanar stacking peak (002) of an aromatic system was
observed.9 The diffraction peak (002) is a characteristic peak of
g-C3N4 that was also present in pattern of the g-C3N4−Fe3O4
nanocomposite. It was also seen that the crystal phase of Fe3O4
did not change after hybridization with g-C3N4, but the
diffraction peak positions for Fe3O4 were located at slightly
lower angles than those for pure Fe3O4, suggesting a strong
interaction between Fe3O4 and g-C3N4. Moreover, no other
impurity phase was seen, indicating the g-C3N4−Fe3O4 to be a
two-phase composite.
Figure 3 shows the FTIR spectra of pure Fe3O4, pure g-C3N4,

and the g-C3N4−Fe3O4 hybrid nanocomposites. The broad
Fe−O band in the region from 550 to 650 cm−1 is clearly
visible at all compositions.28 In the FTIR spectrum of g-C3N4,
the broad band around 3100 cm−1 is indicative of the N−H
stretching vibration, and the peaks at 1243 and 1637 cm−1

correspond to C−N and CN stretching vibrations,
respectively. The peak at 808 cm−1 is related to the s-triazine
ring vibrations.9,19 The characteristic peaks of g-C3N4 and
Fe3O4 are retained in the g-C3N4−Fe3O4 hybrid nano-
composite samples. However, a broad band around 3300−
3600 cm−1 and a band at 1658 cm−1 are observed,
corresponding to OH stretching vibrations of adsorbed water
molecules, and another peak at 1384 cm−1 corresponds to the
H−O−H bending band of the adsorbed H2O molecules on the
surface of the products. The IR bands due to adsorbed water
arise from water released as a decomposition product that later
gets adsorbed during the measurement.
Figure 4 shows the UV−vis DRS spectra of pure Fe3O4, pure

g-C3N4, and the g-C3N4−Fe3O4 hybrid nanocomposite

Scheme 1. Schematic Representation of the in Situ Deposition of Fe3O4 Nanoparticles on a g-C3N4 Sheet

Figure 1. TGA curves of pure g-C3N4, pure Fe3O4, and the as-
prepared g-C3N4−Fe3O4 photocatalysts.
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samples. The pure g-C3N4 sample showed an adsorption edge
of 450 nm, corresponding to a band gap of 2.76 eV, which
signifies its photocatalytic activity under visible-light irradiation.
The absorption of the g-C3N4−Fe3O4 nanocomposites within
the visible-light range significantly increased, and a red shift in
comparison with the pure g-C3N4 appeared. These results are
attributed to the interaction between the g-C3N4 sheet and the

Fe3O4 nanoparticles in the composite system. The enhanced
light absorption of the g-C3N4−Fe3O4 nanocomposite led to
the generation of more photoinduced electron−hole pairs
under visible-light irradiation, which subsequently resulted in
enhanced photocatalytic activity.
Figure 5 shows TEM images of pure Fe3O4 and pure g-C3N4

samples. The pure g-C3N4 consists of a sheet structure (Figure

5a), whereas the pure Fe3O4 nanoparticles have sizes ranging
from 50 to 200 nm (Figure 5b). No distinctive morphological
features appeared for Fe3O4 nanoparticles, and they were highly
agglomerated. Figure 6 shows TEM and high-resolution TEM
(HRTEM) images of g-C3N4−Fe3O4 hybrid nanocomposites.
The TEM image (Figure 6a) reveals that Fe3O4 nanoparticles

Figure 2. XRD patterns of pure g-C3N4, pure Fe3O4, and the as-prepared g-C3N4−Fe3O4 photocatalysts.

Figure 3. FTIR spectra of pure g-C3N4, pure Fe3O4, and the as-prepared g-C3N4−Fe3O4 photocatalysts.

Figure 4. UV−vis DRS spectra of pure g-C3N4, pure Fe3O4, and the
as-prepared g-C3N4−Fe3O4 photocatalysts.

Figure 5. TEM images of (a) pure g-C3N4 and (b) pure Fe3O4.
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were successfully deposited on the surface of the g-C3N4 sheet
by the in situ growth mechanism; almost no free Fe3O4
nanoparticles were found outside of the g-C3N4 sheet, which
also prevented the agglomeration of Fe3O4 nanoparticles. The
size of the Fe3O4 nanoparticles was found to be around 8 nm.
The HRTEM image (Figure 6b) confirms the heterostructure
in the g-C3N4−Fe3O4 nanocomposite system, where the g-
C3N4 sheet could serve as a support and surfactant to bind with
Fe3O4 nanoparticles in the resulting composite system. As the
content of Fe3O4 nanoparticles on the surface of g-C3N4 sheet
increased from 7.5 to 15.2 wt %, the density of Fe3O4
nanoparticles on the surface of g-C3N4 sheet increased (Figure
S2 in the Supporting Information). Both the UV−vis DRS
spectra and TEM results for the g-C3N4−Fe3O4 nano-
composites suggested the effective assembly of Fe3O4 nano-
particles on g-C3N4 sheets.
N2 adsorption−desorption measurements were performed to

investigate the Brunauer−Emmett−Teller (BET) specific
surface area of pure g-C3N4, pure Fe3O4, and as-prepared
CNFO-15.2. As can be seen from Figure 7a−c, the BET surface

area of CNFO-15.2 was found to be 72.73 m2 g−1, which is
much higher than the values for g-C3N4 (8.56 m

2 g−1) and bare
Fe3O4 (6.81 m2 g−1). Importantly, along with the apparent
increment in surface area, an increase in the pore volume from
0.11 cm3 g−1 for as-prepared g-C3N4 to 0.25 cm3 g−1 for
CNFO-15.2 was observed, which facilitated charge separation
in the composite system.
To investigate the chemical composition of the CNFO-15.2

composite, XPS measurements were carried out in the region
from 0 to 1200 eV. The survey XPS spectrum of CNFO-15.2
shows the coexistence of elements C, N, Fe, and O in the
sample (Figure 7d). The Fe 2p XPS spectrum of the CNFO-
15.2 composite shows two peaks at 710.0 and 724.1 eV,
corresponding to the Fe 2p3/2 and Fe 2p1/2 spin−orbit peaks of
Fe3O4, respectively (Figure 7d inset).

23,25 The peak at 532.7 eV
is attributed to O 1s, which belongs to the lattice oxygen of
Fe3O4. The predominant peaks at 284.5 and 398.2 eV
correspond to the C 1s and N 1s of g-C3N4, respectively.

3.3. Photocatalytic Activity. The photocatalytic activity of
the as-prepared nanocomposites for the degradation of RhB
under visible-light irradiation was evaluated (Figure 8). The
initial concentration of the RhB suspension was measured and
used as the initial concentration C0. The Y axis is reported as C/
C0, where C is the actual concentration of RhB at the indicated
reaction time. As can be clearly seen in Figure 8a, the decrease
in the concentration of RhB is faster and more prominent with
g-C3N4−Fe3O4 nanocomposites than with pure g-C3N4 or
Fe3O4 under the same experimental conditions. Without the
presence of a catalyst, the degradation of RhB was negligible
under visible-light irradiation, indicating the high stability of
RhB under visible-light irradiation. To disclose the adsorption
effect of the catalyst on RhB, the suspension was stirred for 30
min in the dark to achieve adsorption/desorption equilibration

Figure 6. Magnified (a) TEM and (b) HRTEM images of the as-
prepared g-C3N4−Fe3O4 photocatalyst.

Figure 7. (a−c) Nitrogen adsorption−desorption isotherm plots for (a) pure Fe3O4, (b) pure g-C3N4, and (c) the as-prepared g-C3N4−Fe3O4
photocatalysts. (d) XPS spectrum of CNFO-15.2. The inset shows the high-resolution Fe 2p spectrum.
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before the photodegradation test. As shown in Figure S3 in the
Supporting Information, the g-C3N4−Fe3O4 nanocomposite
exhibited a much higher RhB adsorption capacity than pure g-
C3N4. The results indicated that the presence of the catalyst
and light is essential for the efficient degradation of RhB under
visible-light irradiation. As shown in Figure 8b, the plots of
ln(C/C0) versus irradiation time were linear, which indicates
that the photodegradation of the RhB went through a pseudo-
first-order kinetic reaction.31 The optimum photocatalytic
activity of g-C3N4−Fe3O4 at an Fe3O4 mass content of 15.2%
under visible-light irradiation is almost 7 times higher than that
of pure g-C3N4. The enhanced photocatalytic performance of
the g-C3N4−Fe3O4 nanocomposite may be attributed to the
synergistic effect between the interface of Fe3O4 and g-C3N4.
3.4. Photoluminescence. In order to disclose the effect of

Fe3O4 modification, PL spectral analysis was carried out to
reveal the migration, transfer, and recombination processes of
photoinduced electron−hole pairs in the composite system.
Figure 9a shows the PL spectra of pure g-C3N4 and the g-
C3N4−Fe3O4 nanocomposites with an excitation wavelength of
365 nm at room temperature. As can be seen in Figure 9a, the
main emission peak is centered at about 435 nm for the pure g-
C3N4 sample. The PL intensity of the g-C3N4−Fe3O4

nanocomposites is significantly decreased, which indicates

that the composite has a much lower recombination rate of
photoinduced electron−hole pairs.19

3.5. EIS. In addition, EIS measurements were conducted to
investigate the charge transfer resistance and the separation
efficiency of the photoinduced charge carriers. As can be seen
from Figure 9b, the diameter of the Nyquist semicircle for
CNFO-15.2 nanocomposite is smaller than those of g-C3N4

and Fe3O4 (not shown), which indicates that the CNFO-15.2
nanocomposite has a lower resistance than g-C3N4 and Fe3O4.
This result demonstrates that the introduction of Fe3O4 into g-
C3N4 can enhance the separation and transfer efficiency of
photoinduced electron−hole pairs,20 which is a favorable
condition for improving the photocatalytic activity.

3.6. Reusability. To study the stability of the as-prepared g-
C3N4−Fe3O4 photocatalyst, the used g-C3N4−Fe3O4 was
collected, and the reusability was further examined in six
successive RhB degradation experiments. As shown in Figure
10, g-C3N4−Fe3O4 retained over 90% of its original photo-
catalytic activity after six successive experimental runs, which is
also very important from a practical application point of view.
The PXRD pattern of the g-C3N4−Fe3O4 composite after six
successive experimental runs is presented in Figure S4 in the
Supporting Information. It can be seen that no new peak
appeared in the composite system. Therefore, the g-C3N4−

Figure 8. (a) Photocatalytic degradation of RhB over pure g-C3N4, pure Fe3O4, and the as-prepared g-C3N4−Fe3O4 photocatalysts under visible-light
irradiation. (b) Plots of ln(C/C0) vs time. The inset is a photograph showing the degradation of RhB over the g-C3N4−Fe3O4 photocatalyst.

Figure 9. (a) PL spectra of pure g-C3N4, Fe3O4, and the as-prepared g-C3N4−Fe3O4 photocatalysts at an excitation wavelength of 365 nm at room
temperature. (b) EIS profiles of CN and CNFO-15.2.
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Fe3O4 composite can be used efficiently in environmental
protection.
3.7. Magnetic Properties (Separation of the g-C3N4−

Fe3O4 Hybrid Nanocomposite after the Reaction). To
collect and reuse the photocatalyst in multiple cycles, its
preparation with good superparamagnetism is essential. Figure
11 shows images of the behavior of the g-C3N4−Fe3O4 hybrid

nanocomposite dispersed in water in a magnetic field under
neutral conditions. As can be seen from Figure 11, the g-C3N4−
Fe3O4 photocatalyst is strongly attracted to a permanent

magnet. Therefore, the g-C3N4−Fe3O4 photocatalysts can be
rapidly separated under an applied magnetic field.

3.8. Detection of Reactive Oxidative Species. In
general, reactive species including •OH and O2̇

•− are expected
to be involved in the photocatalytic process. To investigate the
role of these reactive species in the g-C3N4−Fe3O4 system, the
effects of some radical scavengers and N2 purging on the
photodegradation of RhB were studied. It can be seen from
Figure 12a that when N2 purging was conducted as an O2̇

−

scavenger, a dramatic change in the photocatalytic activity was
observed compared with the absence of scavenger, confirming
that the dissolved O2 has a clear effect on the photodegradation
process under visible-light irradiation. Meanwhile, a similar
change in the photocatalytic activity was observed upon the
addition of tBuOH as an OH scavenger. However, no change in
the photocatalytic activity was observed upon the addition of
ammonium oxalate (AO) as a hole scavenger compared with no
scavenger under similar conditions, indicating that the O2̇

•− and
•OH are the main reactive species in the g-C3N4−Fe3O4

system. Moreover, PL spectra were used to disclose the
formation of •OH. As can be seen in Figure 12b, the PL
emission peak of 2-hydroxyterephthalic acid was observed and
gradually increased with the irradiation time, which indicates
the formation of photoinduced •OH under visible-light
irradiation.

3.9. Mechanism of Enhanced Photocatalytic Perform-
ance. A schematic drawing illustrating the synergistic effect in
the photocatalytic degradation of RhB over the g-C3N4−Fe3O4
hybrid composite is shown in Figure 13. Under visible-light
irradiation, the photoinduced electrons can easily be transferred
from the conduction band (CB) of g-C3N4 to the CB of Fe3O4
because the CB level of Fe3O4 is lower than that of g-C3N4 (i.e.,
energy matching band structure is observed in the g-C3N4−
Fe3O4 hybrid composite system).9,30 Furthermore, because of
the high conductivity of Fe3O4, the rate of electron transport is
fast, which suppresses the direct recombination of photo-
induced electron−hole pairs in the g-C3N4−Fe3O4 hybrid
composite system. Thus, Fe3O4 acts as an acceptor of the
photoinduced electrons from g-C3N4. Therefore, because of the
presence of the g-C3N4−Fe3O4 interface, the chance of
recombination of photoinduced electron−hole pairs is further
successfully suppressed, leaving more charge carriers to form
reactive species. The electrons in the CB of Fe3O4 are good

Figure 10. Recyclability of the g-C3N4−Fe3O4 photocatalyst for the
degradation of RhB under visible-light irradiation.

Figure 11. Images showing the separation of the g-C3N4−Fe3O4
photocatalyst dispersed in water using a permanent magnet to provide
an external magnetic field.

Figure 12. (a) Effects of different scavengers on the degradation of RhB in the presence of the g-C3N4−Fe3O4 photocatalyst under visible-light
irradiation. (b) •OH trapping PL spectra of the g-C3N4−Fe3O4 photocatalyst with TA solution under visible-light irradiation.
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reductants that could efficiently reduce the O2 adsorbed onto
the composite catalyst surface into various reactive speices
(O2̇

•−, HO2
•, H2O2), subsequently leading to the formation of

•OH and oxidation of RhB into CO2, H2O, etc. Therefore, the
enhanced photocatalytic activity is achieved.

4. CONCLUSION
In summary, g-C3N4−Fe3O4 nanocomposites have been
successfully and directly prepared by a facile, effective, and
reproducible in situ growth mechanism. Monodispersed Fe3O4
nanoparticles with a size of about 8 nm are uniformly deposited
on the g-C3N4 sheets, which effectively prevents the Fe3O4
nanoparticles from aggregating together. The g-C3N4−Fe3O4
nanocomposite exhibits enhanced photocatalytic activity for the
degradation of RhB under visible-light irradiation. More
importantly, g-C3N4−Fe3O4 photocatalyst could be recovered
by an applied magnetic field and reused without loss of
photocatalytic activity even after six successive cycles. There-
fore, the g-C3N4−Fe3O4 nanocomposite is a promising
photocatalytic material for environmental applications as well
as water splitting.
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