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Abstract
We have successfully synthesized the composites of two-phase g-C3N4 heterojunction photocatalysts by one-step method. And
the reduced graphene oxide/two-phase g-C3N4 heterojunction photocatalyst was fabricated via a facile hydrothermal reduction
method. The characterization results indicated that the two-phase g-C3N4 was integrated closely, and the common phenomenon
of agglomeration for g-C3N4 was significantly reduced. Moreover, the oxidized graphene was reduced successfully in the
composites and the graphene was overlaid on the surface or the interlayers of g-C3N4 heterojunction composite uniformly. In
addition, we have carried out the photocatalytic activity experiments by H2 evolution and rhodamine B removal, tetracycline
removal under the visible light irradiation. The results revealed that the composite has improved the separation efficiency a lot
than the pure photocatalyst. The photocurrent test demonstrated that the recombination of electrons and holes were efficiently
inhibited as well as enhanced the photocatalytic activity. The 0.4% rGO loaded samples, 0.4% rGOCN2, own the best perfor-
mance. Its rate of H2 evolution was 15 times as high as that of the pure g-C3N4.

Keywords Homojunction g-C3N4
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Introduction

Photocatalytic decomposition of water is a most advanced
method to solve the global energy and environmental prob-
lems (Liu et al. 2017; Walter et al. 2010; Xu et al. 2016a; Xu
et al. 2017a). Over the past couple of decades, immense
amounts of metal-oxide, oxynitride, and sulfide semiconduc-
tor photocatalysts have been developed for efficient photocat-
alytic water splitting to the H2 and photocatalytic degradation

of pollutants to the non-toxic small-molecule compounds
(Hou et al. 2014; Hu et al. 2015; Wu et al. 2016; Yan et al.
2015). However, these catalysts mostly contain the toxic
heavy metals to limit their development extremely. Thus, the
metal-free photocatalyst was expected to research.

Recently, the metal-free polymeric graphitic carbon ni-
tride (g-C3N4) has attracted much attention to investigate
its ability for water splitting and environmental purifica-
tion under visible-light irradiation (Cao & Yu 2014; Shi
et al. 2014; Xu et al. 2014). The g-C3N4 photocatalysts,
with a two-dimensional (2D) nanosheet structure, possess
appropriate band gap, large surface area, and excellent
thermal and chemical stabilities, which made it become a
very potential material for photocatalytic applications
(Dong et al. 2013b; Venditti et al. 2015; Zhang et al.
2014). Unfortunately, there is a common drawback of high
electron-hole recombination rates in the semiconductor
materials. To form a heterojunction with other semicon-
ductor photocatalysts is one of the effective strategies to
resolve this problem. Many researches have been
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successfully investigated to enhance the photocatalytic ac-
tivities of g-C3N4 by the fabrication of heterojunctions,
which mainly focused on many complexes of metal-based
semiconductors and g-C3N4, for example, InVO4/g-C3N4,
TiO2/g-C3N4, Cu2O/g-C3N4, MoS2/g-C3N4, TaON/g-
C3N4, CdS/g-C3N4, and NaNbO3/g-C3N4 (Chen et al.
2014; Hu et al. 2015; Huang et al. 2013; Hurum et al.
2003; Liau et al. 2013; Song et al. 2015; Sun et al. 2003;
Sun et al. 2012; Wang et al. 2013; Wang et al. 2012; Yan
et al. 2010; Zhao et al. 2015). Very recently, the studies
showed that g-C3N4 with different band gap structure
could be synthesized by different precursors, such as urea,
thiourea, melamine, cyanamide, triazine, and more carbon-
and nitrogen-containing compounds (Hong et al. 2012; Wu
et al. 2016; Xu et al. 2013; Xu et al. 2016b; Xu et al.
2017b; Yuan et al. 2018). A few metal-free photocatalytic
heterojunctions from different phases of g-C3N4 had been
fabricated. Dong et al. reported that the junctions of two-
phase g-C3N4 from thiourea and urea can show the very
high charge-separation rate and the excellent photocatalyt-
ic activity for NO removal under visible light irradiation
(Dong et al. 2013b). Shalom et al. had synthesized a highly
efficient two-phase g-C3N4 junction photocatalyst from the
supramolecular complexes of cyanuric acid, melamine, and
barbituric acid for the hydrogen production (Shalom et al.
2014; Yuan et al. 2014). In addition, as an excellent elec-
tron transporter, graphene that contained the two-
dimensional network of Sp2-bonded carbon atoms has
been well used to improve the activity of single-phase g-
C3N4 photocatalysts (Shown et al. 2014; Su et al. 2012;
Xiang et al. 2012). Xiang et al. synthesized the graphene/g-
C3N4 with the high photocatalytic activities for H2 produc-
tion (Shown et al. 2014). The result indicates that the
graphene can act as an electronic conductive channel to
efficiently transfer the interfacial photogenerated charge
carriers and enhance the photocatalytic activities of g-
C3N4. However, to the best of our knowledge, no studies
on the fabrication and photocatalytic activities of
graphene/two-phase g-C3N4 heterojunction photocatalysts
have been reported until now.

Herein, the reduced graphene oxide/two-phase g-C3N4

heterojunction photocatalyst was fabricated via a facile
hydrothermal reduction method. The photocatalysts were
characterized by XRD, FE-SEM, TEM, FTIR, XPS, PL,
UV-Vis DRS, and electron spin resonance (ESR). The
hydrogen evolution, RhB removal, and TC removal were
used to evaluate the activity of the as-prepared samples.
The ratio of precursor also has been researched.

Experimental section

All chemical reagents in this work were of analytical grade
and were used without further purification.

Preparation of photocatalysts

The urea and melamine were dried at 60 °C for 2 days to make
them dry completely, and all of the samples were synthesized
by thermal treatment. Firstly, urea and melamine were taken
place in alumina crucibles after grinding evenly with a reason-
able mass ratio in Table 1. The precursors were heated to
550 °C at a heating rate of 2.3 °C min−1 in a muffle furnace
and maintained for 4 h.

The graphene oxide (GO), AR grade, was purchased
from Aladdin. Reduced graphene oxide/CN2 (CNM or
CNU) samples were synthesized by hydrothermal reduc-
tion method. In a typical synthesis, 0.1 g CN2 was added
to the solution, which containing 40 mL distilled water
and 20 mL ethyl alcohol, and the solution was stirred.
The weight ratios of GO to CN2 were 0.2, 0.4, and
0.6%, and the corresponding samples were named as
0.2% rGOCN2, 0.4% rGOCN2, and 0.6% rGOCN2, re-
spectively. After ultrasonication for 2 h, the mixture solu-
tion was transferred into a 100 mL of Teflon-lined stain-
less-steel autoclave and was heated at 120 °C for 6 h.
Finally, the obtained products were washed several times
with distilled water and absolute ethanol and dried at
70 °C for 12 h after the autoclave was cooled to room
temperature naturally.

Characterization

All of the products were identified by X-ray diffraction
(XRD; Bruker D8 Advance diffractometer, 50 kV,
300 mA) using Cu-Kα radiation. The morphologies and
size of the obtained samples were characterized by the
transmission electron microscopy (TEM), and the TEM
images were visualized on a F20S-TWIN electron micro-
scope (200 kV). The UV-Vis spectra of the products were
obtained on a UV-Vis spectrophotometer (UV2450,
Shimadzu, Japan), and the BaSO4 was used as the refer-
ence. The high-resolution X-ray photoelectron spectros-
copies (XPS; Thermo Escalab 250Xi) were analyzed by
a PHI Quantum 2000 XPS system (Al Kα). The
photoluminescence spectra (PL) were obtained on a
F4500 (Hitachi, Japan) photoluminescence detector, and
the Fourier transform infrared spectroscopy (FTIR) was

Table 1 The mass ratio of urea
and melamine and symbol Urea/melamine 10/0 9/1 8/2 7/3 6/4 5/5 4/6 3/7 2/8 1/9 0/10

Symbol CNU CN1 CN2 CN3 CN4 CN5 CN6 CN7 CN8 CN9 CNM
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characterized on a Nicolet 6700 spectrometer using
pressed KBr disks. Raman spectroscopies (Lab-Ram HR
Raman spectrometer, JY-Horiba) were excited by a He-Ne
laser with wavelength of 780 nm. The ESR (Bruker
ECS106 X-band spectrometer) signals of radicals were
trapped by spintrap reagent 5, 5-dimethy-1-pirroline-N-
oxide (DMPO; Sigma Chemical Co.). Total organic car-
bon (TOC) analyses were conducted on a multi N/C 2100
(Analytik Jena AG, Germany) TOC analyzer.

Photocatalysis evaluation

RhB and TC were used as the model organic pollutant to
evaluate the photocatalytic activity of the obtained sam-
ples under visible light irradiation, respectively. The
photodegradation of RhB and TC were carried out in a
photochemical reactor, where the 100 mg sample and
100 mL of 10 mg/L (equal to 10 ppm) RhB or TC solu-
tion were contained. To exclude the influence of physical
adsorption, the reactor was kept in the dark for 60 min to
reach the adsorption equilibrium. Then, a 250-W xenon
lamp as the light source was located about 8 cm to one
side of the containing solution, which has a glass filter to
remove the UV light, like our previous report (Hong et al.
2016), as is shown in Scheme 1.

The photocatalytic degradation ratio of the samples was
calculated by the following formula:

DR ¼ 1‐Ai=A0ð Þ � 100%

In this equation, DR is on half of the photocatalytic degrada-
tion ratio, A0 is the initial absorbency of RhB or TC after reached
absorption equilibrium, while Ai is the absorbency after the pho-
tocatalytic reaction. At each time interval, photocatalysts were

separated by centrifugation at 10,000 rpm for some minutes,
and the light absorption of clear solution for the different samples
was measured by an UV-Vis spectrophotometer.

Photocatalytic hydrogen productions

The photocatalytic H2 production was tested using a Lab-H2

photocatalytic system. A Xe lamp (λ > 400 nm) was applied
as the light source and parallel placed with the reactor. In a
typical photocatalytic H2 production experiment, 0.1 g
photocatalyst was dispersed in 200 mL 25% methanol aque-
ous solution with vigorous stirring and stirred continuously to
ensure uniform irradiation of the catalyst suspension during
the whole process. Before irradiation, the system was
vacuumized to remove the dissolved oxygen in water. The
generated gas was collected once an hour, and the amount of
hydrogen content was analyzed by gas chromatograph (GC-
14C, Shimadzu, Japan, TCD, with argon as a carrier gas).

Scheme 1 The glass filter of the
equipment

Fig. 1 XRDpatterns of CN2, X% rGOCN2 (X = 0.2, 0.4, 0.6) composite
photocatalysts

14488 Environ Sci Pollut Res (2018) 25:14486–14498



Results and discussion

XRD analysis

In order to determine the crystal structure, the obtained sam-
ples were carefully checked by XRD. The CNU, CNM, and
the composite patterns were shown in Fig. 1. The strong

interplanar stacking peak of aromatic systems around 14.3
and in-plane repeat units around 27.6° can be observed, cor-
responding to the (100) and (002) planes of g-C3N4, respec-
tively (Wang et al. 2009). And the results confirmed that the g-
C3N4 was synthesized successfully. In addition, the image
shows that the obvious difference of the intensity and the peak
intensity of CN2 was located between CNU to CNM. This

Fig. 2 TEM image CN2 (a) and
0.4% rGOCN2 (b)

Fig. 3 High-resolution C1s spectrum of GO (a) and 0.4% rGOCN2 (b). High-resolution N1s spectrum (c). High-resolution O1s spectrum (d)
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result indicates that the XRD of the composites was affected
by CNU and CNM simultaneously, and the two kinds of ma-
terial are also contained in the samples at the same time.
However, the XRD patterns of X % rGOCN2 (X = 0.2, 0.4,
0.6) shows only diffraction features of g-C3N4, as shown in
Fig. 1. The reasons for the results mainly because the rGO in
those samples were well dispersed in the samples and the
contents were quite low (Fan et al. 2015; Lee et al. 2012; Xu
et al. 2010). Moreover, there are no significant differences in
the intensities and widths of the XRD peaks between X %
rGOCN and the g-C3N4, which demonstrated that the phase

structure and crystallite size of the composites have not been
changed after loaded graphene.

Characterization of morphology and structure

The morphology of the obtained samples was viewed by
TEM. The TEM image of the CN2 (Fig. 2a) shows that the
thicker nanosheets and ultrathin nanosheets are easily found
and closely integrated, resulting in the formation of CN2 hy-
brids. In addition, compared with the agglomerates, the differ-
ent g-C3N4 in the CN2 composite was well exfoliated into
dispersed nanosheets. Thus, the mixture of urea and melamine
has a certain inhibition effect on the agglomeration of forming
g-C3N4. And the result can be further confirmed by the TEM
image of 0.4% rGOCN2 (Fig. 2b). As can be seen in this
figure, CNU and CNM are integrated closely, and the agglom-
eration of CN is significantly reduced. Moreover, the paper-
fold thinner sheet of rGO was found in the image, indicating
that the graphene is overlaid on the surface or the interlayers of
CN2 composite uniformly. As shown in the image, g-C3N4

and rGO were closely combined, and formed a structure like
the sandwich, which will greatly improve the transfer of
photogenerated charge, and then improve their photocatalytic
activity.

XPS analysis

The high-resolution XPS were carried out to study the surface
composition and elemental valence state (Dong et al. 2013a;
Dosado et al. 2015; Wang et al. 2014). In order to prove that
the graphene oxide sheets have been reduced into rGO during
the synthesis process, the C1s spectra of graphene (Fig. 3a) and
0.4% rGOCN2 (Fig. 3b) were researched. As can be seen from
the images, the C1s could be divided into four different peaks
at 284.7, 286.0, 287.9, and 289.6 eV, which were assigned to
the C–C/C = C, C–OH (hydroxyl), > C = O (carbonyl), and
O–C =O (carboxyl) groups, respectively (Chen et al. 2015).
The C1s peak intensities at 285.9 and 288.1 eV in 0.4%
rGOCN2 sample revealed obvious decreased, and the peak
at 289.6 eV was disappeared compared with that of pristine
graphene oxide, which indicates that the oxygen-containing
functional groups of hydroxyl, carbonyl, and carboxyl have
been removed completely or partially. Thus, this result can
explain that the graphene oxide sheets have been reduced
again. The high-resolution N1s XPS spectra of 0.4%
rGOCN2 were displayed in Fig. 3c. The binding energy at
398.4 eV could be attributed to Sp2 hybridized (N–C =N),
and the two peaks at 399.7 and 400.7 eVare related to amino
functional groups (C–N–H) and tertiary nitrogen groups
(N–(C)3), respectively (Hu et al. 2015; Huang et al. 2015).
The high-resolution O1s (527.8 eV; Fig. 3d) can be attributed
to the lattice oxygen species of the sample.

Fig. 4 Valence band XPS spectra of CNM (a), CNU (b), and 0.4%
rGOCN2 (c)
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Moreover, the valance bands of g-C3N4 samples from urea
and melamine were examined by VB XPS (Shi et al. 2014). It
can be seen that the VB of CNM (1.76 eV; Fig. 4a) was more
positive than that of CNU (1.41 eV; Fig. 4b). Synthesizing the
above results, the CB position of CNU and CNM can be
calculated to be − 1.15 and − 0.74 eV, respectively. Thus, the
VB of CNU is lower than that of CNM, while the CB bottom
of CNM is higher than that of CNU. In addition, the VB of
0.4% rGOCN2 sample (Fig. 4c) shows both VB of CNU and
CNM, which revealed that the two-phase g-C3N4 is also
contained in the samples at the same time (Akhavan 2010;
Venditti et al. 2015). On the basis of the above results, a band
structure scheme for the enhanced photocatalytic activity over
the g-C3N4 heterojunction can be obtained.

FTIR and Raman spectrum analysis

In order to confirm the molecular structure of the CN and the
change of GO, the obtained samples were characterized by
FTIR spectra. From the spectra (Fig. 5a), it can be seen that
the CN2 photocatalysts own the absorption bands in the re-
gion of 810–879 and 1200–1650 cm−1, corresponding to

breathing mode of the triazine units and the typical stretching
modes of C–N heterocycles, respectively (Martha et al. 2013;
Shalom et al. 2014). Thus, the results reveal that the molecular
structure was in accordance with the previous reported in the
literature. For the GO, CN2, and the 0.4% rGOCN2 FTIR
spectra, the absorptions at about 1049, 1400, 1623, 1718,
and 3432 cm−1 can be attributed to the C–O stretching vibra-
tions, C–OH group stretching, C–OH bending vibration, the
C = O stretching of COOH groups, and stretching vibration of
O–H, respectively (Chen et al. 2015). Compared with the pure
graphene, the rGO in CN2 shows obvious different in its
spectra. The typical absorption peaks at 1049, 1718, and
3432 cm−1 decrease noticeably in intensity or even disappear.
In addition, the peaks at 1400 and 1623 cm−1 were
superimposed with g-C3N4, which result in the disappearance
of the characteristic peak. Thus, the result indicated that the
oxygen-containing and functional groups have been removed
completely or partially.

Raman analysis was also carried out to further investigate
the structure for the prepared samples. As shown in Fig. 5b,
four absorption peaks at 472, 708, 770, and 1233 cm−1 are
observed in the spectra of CNU and CNM, corresponding to

Fig. 5 FTIR spectra (a) and Raman spectra (b) of different samples

Fig. 6 a UV-Vis diffuse
reflectance spectra of CN2, X %
rGOCN2 (X = 0.2, 0.4, 0.6)
composite photocatalysts. b The
estimated band gap energies of
CNM and CNU
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the characteristic peaks of g-C3N4 (Hou et al. 2013). The
intensities of CNU were lower than the CNM obviously, and
intensities of CN2 in the middle of the two pure g-C3N4,
which indicate that the two kinds of material are also
contained in the samples at the same time again. Moreover,
the pure GO shows that two characteristic peaks at 1354 and
1589 cm−1 can be indexed to the disordered carbon band (D
band) and graphite carbon band (G band), corresponding to
the first-order zone boundary phonons and the in-plane vibra-
tion of Sp2 carbon atoms, respectively. Thus, the D band can
represent the carbon materials defect degree and the G band
can represent the level of Sp2 hybridization of graphite. For
the 0.4% rGOCN2 composite, all characteristic peak of g-
C3N4 and graphite can be found in the Raman spectra, which
demonstrated that the composite contained g-C3N4 and graph-
ite at the same time. In addition, compared with GO, the D
band the G band shifts to 1307 and 1586 cm−1 from 1354 and
1589 cm−1, which matches the value of pristine graphite
(1586 cm−1), indicating the reduction of graphene-oxide
(Xiang et al. 2011).

Optical absorption studies

The optical property of the obtained sample was charac-
terized by UV-Vis diffuse reflectance spectroscopy, as
shown in Fig. 6. The different sample shows different
absorption edges, which revealed that those samples pos-
sess different band gaps. The CNU and CNM exhibit a
noticeable difference in its absorption onset at a wave-
length of approximately 200–530 nm. As shown in Fig.
6b, the band gap energies of CNU and CNM were esti-
mated as 2.50 and 2.56 eV. Thus, the heterojunction can
be formed due to their different band gap energies, va-
lence, and conduction band position of those two g-
C3N4 semiconductors, and this conclusion will be further
demonstrated below. However, once the junction was
formed, the composites will show different absorbance
with different proportions of urea and melamine. In addi-
tion, the pure g-C3N4 shows a quite similar absorption
onset at 530–700 nm. With loading the GO into the
CN2 composite, the 0.4% rGOCN2 samples showed an
enhanced absorption at UV region and quite obvious en-
hancement in the long-wavelength region.

Photocatalytic degradation of organic pollutants

The photocatalytic activities for photocatalytic degrada-
tion of organic pollutants of all the samples were evalu-
ated by photocatalytic degradation of rhodamine B (RhB)
and tetracycline under visible light irradiation. Table 2
shows the photocatalytic degradation efficiency for all of
the composites samples. The CNU and CNM show the
photocatalytic degradation efficiencies of 92.9 and Ta
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83.3% for RhB in 60 min, respectively. However, the
degradation effect was obviously improved, when CNU
and CNM were integrated in a certain proportion. And,
there exists an optimum ratio (urea:melamine = 8:2, CN2)
of precursor, which exhibits a best photocatalytic degra-
dation efficiency of 97.3% in 30 min. Similar to the re-
su l t s of RhB, the CNU and CNM show lower

photocatalytic degradation efficiencies of 62.0 and
51.9% for the tetracycline, and the optimum samples of
CN2 can get the best degradation efficiency of 80.0% in
60 min. Figure 7 presents a comparison of the degradation
efficiency of the CN2, and X% rGOCN2 (X = 0.2, 0.4,
0.6) samples. As can be seen in this figure, the photocat-
alytic activity of the samples has a significant influence
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Fig. 7 Photocatalytic degradation of RhB (a) and TC (b) using CN2, X % rGOCN2 (X = 0.2, 0.4, 0.6) composite photocatalysts; the pseudo-first-order
reaction kinetics of RhB (c) and TC (d); and the TOC experiments of RhB (e) and TC (f)
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by the graphene content. Compared with the CN2, the
0.4% rGOCN2 sample exhibits an obvious enhancement
for the photocatalytic activity under the visible light irra-
diation. With the rGO contents increasing, the photocata-
lytic activity was obviously improved, and the highest
degradation rate was obtained when the contents of
graphene increase to 0.4%. For this sample, the RhB can
be degraded completely in 20 min (Fig. 7a), and degrada-
tion efficiency can be reached to 93.2% for the tetracy-
cline in 60 min (Fig. 7b). And the absorbency of the
samples is low, smaller than 5%. In addition, the 0.4%
rGOCN2 composite shows high photocatalytic activity
than rGOCNU and rGOCNM samples. However, the pho-
tocatalytic activity was decreased with further increasing
the contents of GO for the CN2 photocatalyst sample. The
possible reason is that the superfluous GO will be covered
on the surface of CN2 and then reduce the numbers of
CN2 active sites available for photocatalytic reaction.
Figure 7c, d shows that the photocatalytic degradation of
RhB and tetracycline by the obtained samples fits the
pseudo-first-order kinetics, ln(C/C0) = kt, where K, C,
and C0 are the apparent reaction rate constant, the con-
centration at time t, and the initial concentration of the
contaminant, respectively. As can be seen from the two
figures, the time and − ln(C/C0) shows an obviously linear
relationship, which revealed the above degradation exper-
imental results again. The total organic carbon (TOC)

removal rates of the samples for degradation of RhB and
TC are shown in Fig. 7e, f. It can be observed that the
best removal of TOC was reached 0.487 and 0.433 after
photoreaction, indicating that the RhB and TC can be
good mineralized.

Photocatalytic hydrogen productions

To further investigate the performance of the samples, we
have executed hydrogen evolution experiments. As shown
in Fig. 8a, b, in the absence of cocatalyst, the CNM and
CNU show lower H2 evolution rate of 3.7 and 10.6 μmol/
g h, respectively. Even after loading of graphene, the hy-
drogen production rate can only reach 9.2 and 18.3 μmol/
g h for CNM and CNU, respectively. However, the CN2
showed obviously enhanced photocatalytic activity
(31.2 μmol/g h) as compared with pure g-C3N4, which
was caused by the formed junction between two phases
of g-C3N4. In addition, the H2 evolution rate will be fur-
ther increased with loading graphene, because of the
graphene can transfer to the interfacial photogenerated
charge carriers efficiently so that it can suppress charge
recombination and enhance photocatalytic activity effi-
ciently. The results indicated that the H2 evolution rate
has a gap compared with the Pt/samples. Fortunately, the
CN2 and 0.4% rGOCN2 samples, especially the 0.4%
rGOCN2 sample, still have a higher H2 evolution rate,

Fig. 8 Plots of photocatalytic H2 evolution amount (a) and comparison of the H2 evolution rate (b) in the absence of the cocatalyst for different samples

Table 3 The photocatalytic
activity of other similar work Catalyst Year Irradiation H2 evolution rate (μmol/g h) Ref

C3N4-MU 2013 Vis (125 W) 10 Martha et al. (2013)

M-g-C3N4 2017 UV (150 W) 780.5 Zhou et al. (2017)

Pt-rGO/g-C3N4 (0.08%) 2017 LED (300 W) 874 Sun et al. (2016)

0.4% rGOCN2 – Vis (350 W) 55.8 Our work
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and besides, it has avoided using the high cost of precious
metals and increased the stability of the photocatalyst
(Chang et al. 2014). As is shown in Table 3, the photo-
catalytic activity of other similar works is compared to
our work. It is obvious that the activity of 0.4%
rGOCN2 is prior to the same work as Martha’s work.
The M-g-C3N4 and Pt-rGO/g-C3N4 (0.08%) reveal the
higher activity, but they are induced by the UV light and
LED light.

As is shown in Fig. 9a, the photocurrent of 0.4% rGOCN2
is larger than that of CN2 and pure g-C3N4. It indicates that the
separation efficiency of photoinduced carriers have been im-
proved a lot by the loaded rGO. The stability of photocatalyst
is very important for environmental application, since it can
promote significant reduction of the operational cost in pho-
tocatalytic process, thus making the application of
photocatalysis in TC removal to be foreseeable. After five
recycling runs, there is no obvious change in the photocata-
lytic degradation efficiencies of TC by 0.4% rGOCN2, as is
shown in Fig. 9b.

ESR studies

The experiment results were further confirmed by ESR.
As can be seen in the Fig. 10, the ESR spectra were
measured for the pure g-C3N4, CN2, and 0.4% rGOCN2
samples. The result revealed that the 0.4% rGOCN2 sam-
ples possess the higher intensity of the characteristic
peaks of superoxide radicals than the g-C3N4 and CN2
sample, which indicated that this sample was favorable
for the formation of higher redox (Hu et al. 2015).
Furthermore, the ESR signal of the DMPO-•O2

− is higher
than that of DMPO-OH•, as is shown in Fig. 10b. It indi-
cates that the main oxide active species is •O2

−.

Photocatalytic degradation mechanisms

A tentative mechanism for the enhanced photocatalytic activ-
ity of the 0.4% rGOCN2 sample was illustrated in Scheme 2.
Under the irradiation of visible light, the CNU will be excited
firstly to produce photogenerated electrons in the CB and
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transferred to the surface of CNU photocatalysts because its
CB was negative than CNM (Liu et al. 2017). And then, the
electrons can transfer to the CB of CNM driven by the differ-
ent band potential and the photogenerated holes will be trans-
ferred to the VB of CNU from the VB of CNM at the same
time, resulting in the aggregation of electrons in the CB of
CNM and photoexcited holes in the VB of CNU (Akhavan
2015; Wu et al. 2016; Yuan et al. 2018). In addition, the rGO
will accelerate the mutual transfer of photogenerated carrier.
The aggregation of electrons and holes can be speed up trans-
ferred by the rGO to the solution and then participate in the
reaction (Chang et al. 2014). Finally, the accumulated elec-
trons on the rGO can be involved in the photochemical reduc-
tion of water to generate hydrogen. Simultaneously, the holes
in the VB of g-C3N4 are trapped by the methanol as
scavengers.

Conclusions

In this work, the two-phase g-C3N4 heterojunctions were
synthesized by the precursor of urea and melamine with
different proportions, and an optimum ratio of the precursor
was funded. As a result, the sample of 0.4% rGO/two-phase
g-C3N4 heterojunction photocatalysts can degrade the rhoda-
mine B and tetracycline high efficiently, and it can improve
the photocatalytic activity of H2 evolution from water-
splitting under the visible light irradiation. In addition, the
rGO acting as electronic conductive channels in the compos-
ites can transfer the interfacial photogenerated charge car-
riers efficiently so that it has suppressed the charge recom-
bination and enhanced the photocatalytic activity. Moreover,

the samples still have a higher H2 evolution rate in the
absence of cocatalyst. The 0.4% rGO loaded samples,
0.4% rGOCN2, own the best performance. Its rate of H2
evolution was 15 times as high as that of the pure g-C3N4.
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