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ABSTRACT

Constructing all-solid-state Z-scheme junction is a very effective strategy to
design highly active photocatalysts for solar energy conversion and environ-
mental purification. We herein firstly construct 2D g-C3N,/g-C3Ny
Z-scheme homojunction by using a bottom-up approach, during which the
supramolecular complex is initially formed, followed by a facile thermal poly-
condensation. Based on the active species trapping experiments, Mott-Schottky
test and band edge position analysis, the prepared 2D nanosheet g-C3N4/g-
C3N4 homojunctions are found to be Z-scheme type, different from those
available reported ones with a type-II energy alignment. Benefiting from the
specific 2D morphology with large exposed surface area and Z-scheme junction
with efficient separation and high redox abilities of the photoinduced electrons
and holes, the obtained 2D g-C3N,/g-C3N, homojunctions are much more active
than the conventional g-C3N4/g-C3N4 homojunction (CN-MT) and bulk g-C5Ny
(CN-M) under visible light irradiation, validating by the high rhodamine
degradation rate of 0.833 h™', which is about 3.9 and 15.4 times higher than that
of CN-MT (0.214 h™") and CN-M (0.054 h™"), respectively. The present work
sheds light on design of novel Z-scheme photocatalysts with specific mor-
phology and thus further application in the field of environment or energy.
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and chemical stability, non-toxic and low cost.
Unfortunately, the photocatalytic performance of
pristine g-C3Ny prepared by direct pyrolysis of

Introduction

Semiconductor-based photocatalysis provides a

potentially green and ideal approach in alleviating
the shortage of energy and environmental contami-
nation [1-4]. As a representative visible light photo-
catalyst, graphitic carbon nitride (g-C3N4) has
attracted considerable attention due to its thermal

nitrogen rich precursors is far from satisfactory on
account of the intrinsic deficiencies, such as insuffi-
cient active sites and rapid recombination of pho-
toinduced charge carriers [1]. Therefore, various
strategies, such as doping [5], morphology
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controlling [6, 7] and heterojunction construction
[8-11], are developed to overcome these deficiencies.
Among these, heterojunction construction is gener-
ally considered as one of the most promising
approaches to enhance the photocatalytic activity by
boosting photocarrier separation and transfer. Up to
date, various g-CzNy-based heterojunctions, such as
g-C3N4/TiO; [12], g-C3N4/ZnO [13], g-C3N4/ carbon
[9], g'C3N4/C602 [14], g—C3N4/CdWO4 [15], g—C3N4/
CeO; [16] and g-C3N4/CeO,/ZnO [17], have been
developed by coupling with other semiconductor
photocatalysts, carbon nanomaterials, and noble
metal nanoparticles, to promote the interfacial charge
transfer. Despite the enhancing photocatalytic per-
formance of these g-C3Ny-based heterojunctions,
however, the introduction of these extraneous mate-
rials may influence the compatibility, and stability of
the resultant heterojunctions owing to the diverse
physicochemical properties from g-C3Ny [18].

It is noteworthy that the electronic band structure
of g-C3N, derived from different nitrogen rich pre-
cursors is slightly different and the band gap of
g-C3Ny reported ranges from 2.4 to 2.8 eV [19-23].
Therefore, homojunction construction by coupling
two components of g-CsN, with different band-gap
structure provides an alternative way. To date, vari-
ous g-C3N4/g-C3Ny homojunctions have been syn-
thesized through the pyrolysis of two different
precursors. For instance, g-C;N4/sulfur-doped
g-C3Ny isotype heterojunctions obtained with
dicyandiamide and trithiocyanuric acid as raw
materials demonstrates efficient charge separation
and significant enhancement in photocatalytic activ-
ity for hydrogen evolution [24]. The g-C3N4/g-C3Ny
homojunctions from wurea and thiourea show
enhanced photocatalytic activity for NO removal
under visible light irradiation due to the prolonged
lifetime of charge carriers driven by the band offsets
[25]. Tt is reported that the intrinsic deficiency of fast
charge recombination of pristine g-C3N; can be
greatly overcome by the formation of both type I
g-C3N4/g-C3Ny homojunctions obtained from mela-
mine and urea and type-II g-C3N4/g-C3N; homo-
junctions from dicyandiamide and urea, which lead
to highly enhanced photocatalytic activity [26]. These
reports fully verify the slight differences in the band-
gap structure of g-C3N, enable the formation of
homojunction at the interface of different compo-
nents, resulting in enhancement of photocatalytic
activity. However, g-C3N4/g-C3N; homojunctions
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obtained using the direct pyrolysis of the mixture of
precursors generally result in relatively low surface
areas and thus limited photocatalytic activity [27].
Recently, meso-g-C3N4/g-C3Ns nanosheets lami-
nated homojunctions with high surface area and high
visible light photocatalytic activity have been syn-
thesized via template-calcination strategy [8]. How-
ever, the tedious post-treatment and hazardous
chemicals used for the removal of template largely
restrict its practical application.

Generally, the molecular cooperative self-assembly
is regarded as an effective bottom-up strategy to
fabricate specially shaped micro-/nano-materials
since the direction and saturation hydrogen bonding
leads the molecules to align in a particular order
[28, 29]. The well-known supramolecular precursors
emerged as potential materials for the preparing of
g-C3Ny4 are melamine—cyanuric acid complex with up
to three hydrogen bonds between cyanuric acid and
melamine, which may form various morphologies
according to the solvent from which it is aligned and
precipitated [30]. These results indicate that the
molecular self-assembly provides an effective
approach for the synthesis of g-C;N4 with specific
morphologies. Up to date, g-C3N, with different
morphologies, such as hollow spheres [31], 3D
macroscopic assemblies [32], hollow pancake-like,
sheet-like and tube-like morphology [30], hierarchical
nanostructures [33], are synthesized; and all of these
g-C3Ny samples display high photocatalytic activity.

Motivated by the above analysis, herein, 2D
g-C3N4/g-C3Ny  homojunctions are prepared by
heating the supramolecular precursors formed
through the molecular self-assembly among mela-
mine, cyanuric acid and thiourea. The prepared
g-C3N4/g-C3Ny  homojunctions show nanosheet
morphology with high exposed surface area. More-
over, the active species trapping experiments and
band edge position estimation analysis confirm the
Z-scheme mechanism, which is beneficial for the
effective charge separation in the heterojunction. As a
result, the prepared 2D g-C3N4/g-C3N,; homojunc-
tions exhibit markedly improved photocatalytic
activity for the degradation of RhB under visible light
irradiation, which is 3.9 times higher than the con-
ventional g-C3N4/g-C3N, homojunctions synthesized
by the thermal polycondensation of melamine and
thiourea as precursors. This work provides a facile
and economic approach for the construction of
Z-scheme g-C3N;/g-C3Ny  homojunctions  with
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specific morphology and thus paves the way to their
photocatalytic application.

Experiment section
Preparation of g-C3N,/g-C3N,

Melamine (0.015 mol), cyanuric acid (0.02 mol) and
thiourea (0.05 mol) are added in 50 mL of deionized
water to form suspension. The suspension is stirred
under heating until water completely evaporated to
form supermolecule precursors. The supermolecule
precursors are milled and heated to 550 °C at a
heating rate of 2 °C/min in a muffle furnace for 2 h in
air. The obtained g-C3N4/g-C3N4 homojunctions are
designated as CN-MCT. For comparison, the con-
ventional g-C3N4/g-C3N, homojunctions are synthe-
sized by calcining the melamine and thiourea of same
content under the identical condition and the product
is labeled as CN-MT. The g-C3;N4 nanosheet is pre-
pared from melamine-cyanuric acid complex alone
with the same synthesis process and is designated as
CN-MC. In addition, 0.02 mol melamine or 0.02 mol
thiourea is directly calcined alone under the identical
condition and the obtained products is marked as
CN-M and CN-T, respectively.

Characterization

The Fourier-transform infrared (FTIR) spectra of the
samples are recorded on a Bruker spectrometer. The
power X-ray diffraction (XRD) patterns of the prod-
ucts are performed on a Siemens D-5000 Advance
X-ray diffractometer using Cu Ko radiation
(4 =0.154 nm). Morphologies of the samples are
recorded by an S-4800 field emission scanning elec-
tron microscopy (FESEM). The Brunauer-Emmett—
Teller (BET) surface area of the samples is deter-
mined according to the nitrogen adsorption method
with the surface analyzer system (Quadrasorb-evo,
Quantachrome). The optical absorption properties of
samples are evaluated using a UV-VIS diffuse
reflectance spectrophotometer (TU-1901, HITACHI,
Tokyo, Japan). The photocurrents and Mott-Schottky
measurements are taken on a CHI 660E electro-
chemical workstation (shanghai Chenhua, China)
using a standard three-electrode cell with Pt wire as
counter electrode and standard Ag/AgCl in satu-
rated KCl as reference electrode. The working
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electrode is prepared by dip-coating, i.e., 5 mg sam-
ples is mixed with 0.5 mL C,HsO and 10 pL nafion
solution to form slurry, which is then dip-coated onto
a l1cm x 1 cm FTO glass electrode and dried at
80 °C. 0.5 mol/L NaySO, solution is used as the
electrolyte.

Photocatalytic activity test

A low-power 50 W compact fluorescent lamp
equipped with a UV cutoff filter (A > 400 nm) is used
as the visible light source. The photocatalytic activity
of the prepared samples is measured by decoloriza-
tion of RhB (10 mg/L, 40 mL) under visible light
irradiation with 10 mg of the synthesized samples.
Prior to visible light irradiation, solutions suspended
with the samples are sonicated for 15 min in the dark
for guarantying the adsorption—-desorption equilib-
rium of RhB on the surface of the samples. During
visible light irradiation, 5 mL suspension liquid is
withdrawn every 1 h and immediately centrifuged to
remove the particles. Then the photocatalytic activity
is tested by analyzing the normalized concentration
(C/Cp) variations at the maximum absorption wave-
length (554 nm) of UV-Vis spectra of residual RhB
with a UV-Vis spectrophotometer at room
temperature.

The active species trapping experiments

To investigate the active species generated during
photocatalysis, the active species trapping experi-
ments are performed by adding 0.05 mM scavengers
including ethyl alcohol (C,HsO), isopropyl alcohol
(C3HgO) and 1,4-benzoquinone (C¢H4O,) for the
holes (h™), hydroxyl radicals (OH) and superoxide
radical (O,), respectively. Specific experimental
process is the same to the photocatalytic activity
experiment.

Result and discussion
Characterization

The chemical structures of samples are analyzed by
FTIR spectroscopy to ascertain the formation of
supramolecular precursors and g-C3N4/g-C3Ny
composite. Figure 1a displays the FTIR spectra of
precursors. It can be found that the triazine ring
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Figure 1 FTIR spectra of a T, M, MC and MCT; b CN-T, CN-
MC and CN-MCT. T: thiourea, M: melamine, MC: supermolecule
precursor derives from melamine and cyanuric acid, MCT:
supermolecule precursor derives from melamine, cyanuric acid
and thiourea. CN-T: g-C3N, derives from thiourea, CN-MC:
g-C3N, derives from supermolecule precursor MC, CN-MCT:
2-C3N,/g-C5N, derives from supermolecule precursor MCT.

vibration of melamine at 816 cm ™! shifts to 770 cm ™"

in the MC and MCT. Furthermore, MC and MCT
exhibit several bands between 1300 cm™' and
1600 cm ™', which correspond to the characteristic C-
N heterocycles [27]. The variations in the spectra and
the appearance of C-N heterocycles confirm the for-
mation of complementary hydrogen bonds between
the two components and the successful formation of
supermolecule [30, 34]. In order to produce the
desired g-C3N; and g-C3N4/g-C3N4 photocatalyst,
the precursors are heated at 550 °C for 2 h and the
FTIR spectra of the products are shown in Fig. 1b. It
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can be observed that the characteristic peaks of mel-
amine disappear, while peaks corresponding to the
out of plane breathing vibration characteristic of tri-
azine units appear at about 807 cm™!, and the
vibration peaks appeared at ~ 1200, 1237, 1316, 1401,
and 1635 cm™' can be assigned to the typical
stretching vibration modes of C=N and C-N hetero-
cycles, proving the formation of g-C3;N4 photocata-
lyst. The broad band in the range 3000-3600 cm ™" is
related to secondary and primary amines and their
intermolecular hydrogen bonding. And the band at
2377 cm™' can be attributed to the physically
adsorptive CO; [16, 25]. These results indicate that
the products present similar characteristics and retain
the basic structure of g-C3Ny.

The formation of supermolecule precursors and
g-C3N4/g-C3Ny structure are further verified through
XRD measurement. As can be observed from Fig. 2a,
it is clear that new peaks emerge in MC and MCT
compared to that in melamine and thiourea, which
suggests new hydrogen-bonding formation between
melamine and cyanuric acid and the formation of
supermolecule in MC and MCT [30]. The XRD pat-
terns of CN-MT, CN-MC and CN-MCT are displayed
in Fig. 2b. All samples show similar XRD patterns
that could be ascribed to the typical g-C3Nj structure.
The two characteristic diffraction peaks at around
20 = 13° and 27.4° can be indexed to the (100) and
(002) planes of g-C3Ny, respectively, which is in good
agreement with previous reports on g-C3Ny [35, 36].
Compared with the peaks of CN-MT and CN-MC at
20 = 27.4°, a minor change is observed with respect to
CN-MCT, the (002) peak of CN-MCT shifts to a slight
higher angle of 27.7°, which demonstrates the tighter
packing aggregates in CN-MCT nanosheets
[8, 37, 38].

The morphologies of samples are characterized by
SEM images. As can be observed in the SEM images
shown in Fig. 3, bulk CN-M and CN-MT display
aggregated morphology, consistent with the structure
characteristic of g-C3N, prepared by direct poly-
merization method [38] (Fig. 3a, b). In contrast, the
typical morphology of CN-MC and CN-MCT syn-
thesized by calcining the supramolecular precursors
appears as nanosheets with a crinkly structure
(Fig. 3c, d). The formation of 2D nanosheets is in
favor of enhancing the photocatalytic activity in
terms of providing high exposed surface area and
abundant reactive sites, as well as short diffusion
length for decreasing the recombination probability
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Figure 2 XRD pattern of a T, M, MC and MCT; b CN-MC, CN-
MT and CN-MCT. T: thiourea, M: melamine, MC: supermolecule
precursor derives from melamine and cyanuric acid, MCT:
supermolecule precursor derives from melamine, cyanuric acid
and thiourea. CN-MC: g-C;N4 derives from supermolecule
precursor MC, CN-MT: the conventional g-C3N,/g-C3N, derives
from melamine and thiourea, CN-MCT: g-C3N,/g-C5N, derives
from supermolecule precursor MCT.

of photoinduced charge carriers [39]. It is interesting
that 2D g-C3N4/g-C3N,4 homojunctions (Fig. 3d) with
intimate interface will further lead to the effective
charge transfer. The morphology variation may be
related to the intermolecular interaction. According
to Figs. 1a and 2a, the specific formation process of
ultrathin nanosheets is tentatively illustrated in
Fig. 4. As thiourea is added into the suspension of
supramolecular aggregates formed through hydro-
gen bonding between melamine and cyanuric acid,
part of the hydrogen bonding between melamine and
cyanuric acid will be broken and will form new
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hydrogen bonding between thiourea and cyanuric
acid as illustrated in Fig. 4. Moreover, the gases
produced owing to thiourea decomposes during
calcination provide a dynamic gas template, facili-
tating the formation of ultrathin nanosheets [40].

The BET surface areas of CN-T, CN-MC and CN-
MCT are evaluated from the adsorption data. The
bulk CN-T has the lowest surface area of 17.2 m*/g,
whereas CN-MC and CN-MCT have much larger
surface areas of 53.2 m*/g and 60.9 m?/g, respec-
tively. The large surface area of CN-MC and CN-
MCT can be attributed the preassembled
supramolecular precursors, which is beneficial for
inhibiting the aggregation of the products and is
consistent with the SEM images (Fig. 3).

Optical property

As we all known that the optical absorption of
semiconductors is closely related to their electronic
structure. The coupling of CN-T with CN-M or CN-
MC will greatly affect the optical property of CN-M
and CN-MC. In this circumstance, the optical
absorption spectra and band structures of the as-
prepared samples are analyzed by UV-Vis absorp-
tion spectroscopy. As shown in Fig. 5, all samples
feature intrinsic semiconductor-like absorption spec-
tra. The CN-M and CN-T exhibit absorption edge at
about 470 nm, which can be attributed to the intrinsic
band gap of g-C3N,4, whereas the absorption edge of
CN-MC and CN-MCT samples displays an obvious
blue shift to around 430 nm and 447 nm, respec-
tively. This phenomenon arises from the well-known
quantum confinement effect owing to the formation
of ultrathin nanosheets as verified by SEM images.
The difference in the energy band gap between CN-T
and CN-MC provides the potential for the construc-
tion of novel g-CzNy-based homojunctions with a
well-matched band structure. The absorption edge of
CN-MCT is centered at CN-T and CN-MC, and the
corresponding energy band gap of CN-MCT
(2.76 eV) locates between CN-T (2.58 eV) and CN-
MC (291 eV) (in the inset of Fig. 5). These results
confirm the integration of CN-T and CN-MC in the
CN-MCT homojunctions [27].
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Figure 3 SEM images of a CN-M: g-C3N; derives from
melamine, b CN-MT: the conventional g-C5N,/g-C3N, derives
from melamine and thiourea, ¢ CN-MC: g-C3N, derives from

Photocurrent study

The photocurrent with or without light irradiation is
widely used to investigate the separation efficiency of
photoinduced charge carriers in the photocatalysts.
As shown in Fig. 6, it can be seen that fast pho-
tocurrent responses are observed in all the studied
electrodes under visible light irradiation. It is worth
noting that the photocurrent intensity of CN-MCT
homojunction electrode is significantly higher than
that of CN-MT and CN-MC, indicting the better
interfacial charge transfer and higher efficiency in the
separation of photoinduced separation of elec-
tron/hole pairs owing to the 2D nanosheet mor-
phology and the formation of the intimate interface in
g-C3N4/g-C3N, homojunctions.

Photocatalytic performance and stability
for RhB degradation

The photocatalytic performance of samples is tested
by RhB degradation under visible light irradiation.
Relevant experiment results are shown in Fig. 7, the
decrease in RhB concentration is negligible in the
absence of photocatalyst after 4-h visible light irra-
diation. It is clear that all the photocatalysts show
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supermolecule precursor MC, d CN-MCT: g-C;N,4/g-C3N, derives
from supermolecule precursor MCT.

adsorption capacity; the RhB concentration decreases
about 30% in the presence of CN-MCT after reaching
adsorption—desorption equilibrium in dark. This
adsorption capacity is larger than that obtained with
other photocatalysts, which can be attributed to the
high exposed surface area of CN-MCT as confirmed
by the BET surface area evaluation. The high
adsorption capacity of CN-MCT toward RhB mole-
cules is in favor of their photocatalytic degradation. It
can be observed from Fig. 7a that the residual RhB
can be further decomposed under visible light irra-
diation. The photocatalytic activity of CN-M and CN-
T is relatively low due to the high recombination rate
of photoinduced electrons and holes, only about 20%
and 30% of RhB is degraded by CN-M and CN-T,
respectively, after 4-h visible light irradiation. In
contrast, CN-MT and CN-MC exhibit much higher
photocatalytic efficiency and about 60% and 88% of
RhB is decomposed, respectively, confirming that
both the construction of g-C3N,/g-C3Ns homojunc-
tion (CN-MT) from melamine and thiourea and
morphology controlling through molecular self-
assembly (CN-MC) are the effective strategy to
enhance the photocatalytic activity. It is worth noting
that RhB is degraded completely after 4-h visible light
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Figure 4 Schematic illustration for the formation of CN-MCT nanosheets. CN-MCT: g-C3N,/g-C3N4 derives from supermolecule

precursor MCT.

irradiation in the presence of CN-MCT, indicating
that the synergistic effects of the two strategies
greatly improve the overall performance of the pho-
tocatalysts and lead to the highest photocatalytic
activity owing to the high exposed surface area and
improved separation and transfer of photoinduced
charges.

To directly compare the photocatalytic activity of
samples, the linear relationship of In (C;/Cy) versus

@ Springer

time is exhibited in Fig. 7b. The rate constant k value
is calculated by the following formula.

—1In(C;/Co) = kt

where Cj is the equilibrium concentration of RhB
after 15 min dark adsorption; C, is the concentration
of RhB after irradiation for t h. The corresponding
k values of samples for CN-M, CN-T, CN-MT, CN-
MC and CN-MCT are calculated to be 0.054, 0.108,
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supermolecule precursor MCT.
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Figure 6 Photocurrent for the CN-MT, CN-MC, CN-MCT
electrodes under visible light irradiation ([Na;SO4] = 0.5 M).
CN-MT: the conventional g-C3;N4/g-C3N, derives from melamine
and thiourea, CN-MC: g-C3N, derives from supermolecule
precursor MC, CN-MCT: g-C3N,/g-C5N, derives from super-
molecule precursor MCT.

0.214, 0.456 and 0.833 h™!, respectively. The rate
constant of CN-MCT homojunctions is 1.8, 3.9 and
15.4 times higher than that of CN-MC, CN-MT and
CN-M, respectively. These results suggest that the
formation of 2D g-C3N4/g-CsNy homojunctions
through  the thermal polycondensation of
supramolecular precursors can greatly enhance the
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Figure 7 Changes of RhB concentration versus reaction time
a and the apparent rate constants b over the CN-M, CN-T, CN-
MT, CN-MC, CN-MCT. CN-M: g-C3N, derives from melamine,
CN-T: g-C3N, derives from thiourea, CN-MT: the conventional
g-C3Ny/g-C3N, derives from melamine and thiourea, CN-MC:
g-C3N, derives from supermolecule precursor MC, CN-MCT:
g-C3N4/g-C5Ny derives from supermolecule precursor MCT.

photocatalytic performance on the degradation of
organic pollutants under visible light irradiation. The
3.9-fold enhancement in the photocatalytic activity of
CN-MCT homojunctions compared with the con-
ventional g-C3N4/g-C3N4 homojunction CN-MT can
be attributed to two factors: (1) the more effective
charge transfer over 2D g-C3N,/g-C3N, homojunc-
tions with intimate interface as illustrated in Fig. 3d
and (2) the high surface area and abundant exposed
reactive sites provided by the 2D nanosheets. This
indicates that the construction of g-C3;N4/g-C5Ny
homojunctions through supramolecular approach
provides a promising strategy to produce novel
morphology and simultaneously optimize the charge
transfer process.
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Besides the higher photocatalytic activity, the
photocatalytic stability and reusability of the photo-
catalyst is significant for its practical applications.
Thus, the stability of photocatalyst CN-MCT is also
evaluated by repeating the RhB degradation for four
times. It can be observed from Fig. 8 that CN-MCT
almost retains its high photocatalytic activity after
four times of cycling tests under visible light irradi-
ation, confirming the robust photostability of CN-
MCT homojunctions.

Mechanism for the enhanced photocatalytic
activity of CN-MCT composites

As is well known, the activity of photocatalyst largely
depends on the generation and separation of pho-
toinduced electron-hole pairs, as well as the subse-
quently produced OH and 'O, radicals, which are
usually regarded as the active species in the photo-
catalytic process. To study the degradation mecha-
nism of RhB, the trapping experiments are applied to
identify the main active species during the photo-
catalytic process in the presence of CN-T, CN-MC
and CN-MCT catalyst. As shown in Fig. 9a, the
degradation efficiency of RhB over CN-T photocata-
lyst decreases slightly upon the addition of C;HsO
and C3HgO compared that with no scavengers, sug-
gesting that holes and ‘'OH play minor role in the
degradation of RhB under visible light irradiation,
whereas the degradation efficiency of RhB decreases
significantly, as CcH4O, is added into the reaction
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Figure 8 Cycling runs for the photodegradation of RhB in the
presence of the CN-MCT under visible light irradiation. CN-
MCT: g-C3N4/g-C3N, derives from supermolecule precursor
MCT.
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Figure 9 Reactive species trapping experiments over the CN-T,
CN-MC and CN-MCT. CN-T: g-C3N, derives from thiourea, CN-
MC: g-C5N, derives from supermolecule precursor MC, CN-
MCT: g-C3N4/g-C3N, derives from supermolecule precursor
MCT.
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solution for scavenging ‘O*~ radicals, indicating that
‘O*" are the main active species for RhB pho-
todegradation in the presence of CN-T photocatalyst.
While in the presence of CN-MC photocatalyst, the
degradation efficiency of RhB shows slight decline as
C,HgO and CcH,O, is added, but decreases greatly as
C3H;O is added (Fig. 9b), indicating that the ‘'OH are
the main active species for CN-MC photocatalyst. It is
worth noting that the degradation efficiency of RhB
displays obvious decrease as CzHgO or CoH4O, is
added in the presence of CN-MCT photocatalyst
(Fig. 9¢), implying that OH and ‘O*" are the main
active species in the case of CN-MCT photocatalyst.

To estimate the band positions of photocatalyst and
further confirm the photocatalytic mechanism of CN-
MCT, electrochemical Mott-Schottky test is per-
formed to evaluate the band positions of photocata-
lyst. The positive slopes of Mott—Schottky results as
shown in Fig. 10 suggest that all the samples are
typical n-type semiconductors. The flat potentials as
represented by the x intercept of the linear region for
CN-T, CN-MC and CN-MCT are estimated to be
— 135 —13 and — 126V (vs. Ag/AgCl), which
corresponds to — 0.74 V, — 0.69 V and — 0.65 V (vs
NHE), respectively. As is widely accepted, the flat
potential of n-type semiconductor is lower 0-0.1 eV
than that of the CB potentials; therefore, the CB
potential of CN-T, CN-MC and CN-MCT are — 0.79,
— 0.74 and — 0.7 eV, respectively, as the difference is
set as 0.05 eV. According to the CB potential and the
band-gap values extrapolated by UV-Vis spectra as
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Figure 10 Mott—Schottky plots for the CN-T, CN-MC and CN-
MCT. CN-T: g-C;3N, derives from thiourea, CN-MC: g-C3N,4
derives from supermolecule precursor MC, CN-MCT: g-C3N,/g-
C;3N, derives from supermolecule precursor MCT.
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shown in Fig. 5, the VB potentials are estimated to be
1.79 eV, 2.17 eV and 2.07 eV for CN-T, CN-MC and
CN-MCT.

On the basis of the above experimental results and
discussion, the enhanced photocatalytic activity for
RhB degradation over CN-MCT is proposed. CN-
MCT displays 2D nanosheets with a crinkly structure,
which is different from the aggregated morphology
of bulk g-C3N, (Fig. 3), Moreover, CN-MCT has
much higher specific surface area (60.9 m*/g)
according to the nitrogen adsorption data and thus
provides more active sites for pollutant adsorption
and the reaction process. Under visible light irradia-
tion, both CN-T and CN-MC will be excited and
photoinduced electrons and holes will be produced
on their CB and VB, respectively. In the case of pure
CN-T, the photoinduced holes in the VB of CN-T
cannot react with the OH™ to generate ‘'OH radicals
owing to their weak oxidation ability with negative
VB potential of CN-T than that of OH™/'OH (1.99 eV
vs. NHE), while the photoinduced electrons in the CB
of CN-T will react with adsorbed oxygen to form O*~
radicals, which act as the main reactive species in the
RhB degradation process. While in the case of CN-
MC, the photoinduced holes in the VB of CN-MC
may directly oxidize the RhB molecules or react with
the OH™ to produce ¢OH radicals, which act as the
main reactive species; meanwhile, the photoinduced
electrons in the CB of CN-MC can react with adsor-
bed oxygen to from O®" radicals, which also take
part in the RhB degradation process. For the CN-
MCT homojunction with staggered band structure,
two transfer pathways of photoinduced charges,
traditional type-II heterojunction and Z-scheme sys-
tem [41], are generally proposed. If the photoinduced
charge transfers follow the traditional type-II mech-
anism, the photoinduced electrons will be injected
from the CB of CN-T to CB of CN-MC while the holes
will transfer from the VB of CN-MC to VB of CN-T.
In this case, the accumulated holes in the VB of CN-T
cannot react with the OH™ to generate ‘OH radicals
owing to the negative VB potential of CN-T than that
of OH™ /'OH (1.99 eV vs. NHE). So the photoinduced
holes will directly participate in the redox reaction
and play a major role in the photocatalytic system.
This is opposed to the above-mentioned trapping
experiments. Therefore, direct Z-scheme system may
be formed on CN-MCT heterojunction as shown in
Fig. 11. The photoinduced electrons in CB of CN-MC
transfer to the VB of CN-T and directly recombine
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Figure 11 Proposed
mechanism for the enhanced E
photocatalytic activity of the
CN-MCT. CN-MCT: g-C5Ny/
g-C3N, derives from

1
5]

1
—_—

supermolecule precursor
MCT.

(—}

Potention (eV)

[ 5]

with the photoinduced holes there. As a result, the
leaving behind electrons would be accumulated in
the CB of CN-T whiles the holes in the VB of CN-MC,
respectively. Such spatial separation of the photoin-
duced electrons and holes greatly inhibits the
recombination of electrons and holes. Moreover, the
leaving behind electrons and holes with high redox
ability will further react with adsorbed oxygen to
form ‘O*~ radicals and OH™/H,O to generate sOH
radicals, respectively. These ‘O*~ and eOH radicals
will act as the main active oxygen species for oxida-
tion of organic pollutants. The above trapping
experiment result (Fig. 9) further confirms the cor-
rectness of Z-scheme photocatalytic mechanism over
CN-MCT heterojunction. Therefore, the 2D nanosh-
eets with high exposed surface area and the
Z-scheme photocatalytic mechanism with efficient
spatial separation and higher redox ability of pho-
toinduced charge carriers lead to the enhanced pho-
tocatalytic activity over CN-MCT.

Conclusion

2D g-C3N4/g-C3Ny  homojunction photocatalysts
have been successfully prepared through facile cal-
cination of supramolecular complex which are
formed through the molecular self-assembly among
melamine, cyanuric acid and thiourea. The unique 2D
nanosheets provide high exposed surface area.
Moreover, the Z-scheme heterojunction of g-C3N4/g-
C3Ny possesses efficient spatial separation and higher
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redox ability of photoinduced charge carriers. As a
result, the obtained CN-MCT homojunction com-
posites show superior photodegradation efficiency of
RhB under visible light, and the high RhB degrada-
tion rate of 0.833 h™' is about 3.9 and 15.4 times
higher than that of the conventional homojunction
CN-MT and bulk CN-M, respectively. The
supramolecular aggregation provides an effective
and promising route for the rational design of active
g-C3Ny-based Z-scheme photocatalysts with specific
structure.
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