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ABSTRACT:

In the present work, based on Fe;O,/g-CsN, as the support,
2-mercaptobenzothiazole (MBT) as the template molecule, pyrrole as
functional monomer, we synthesized the significantly efficient, stable,
magnetic conductive imprinted photocatalysts (MCIPs) through
suspension polymerization method. Moreover, the MCIPs not only
exhibited higher photodegradation capacity to MBT under visible light
irradiation, but also possessed good selectivity. The specific surface areas
of the resultant MCIPs were approximately four times to that of pure
g-C;N,. Furthermore, the result indicated that h™ was the major reactive
species in the photocatalytic reaction system. The photodegradation
mechanism was also discussed through analyzing the mass spectrum
(MS), and the result demonstrated that MBT was degraded to H,O, CO,
and other small molecules step by step. In addition, after five cycles,
MCIPs still showed higher photocatalytic efficiency, indicating that the
as-prepared MCIPs had excellent photochemical stability and a better

application prospect in water treatment.

Keywords: selectivity, conductivity, magnetic, molecularly imprinted

polymers, g-C;Ny, 2-Mercaptobenzothiazole
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INTRODUCTION

In recent years, much attention has been paid to the environmental
problems, a number of organic pollutants in contaminated water, such as
the high toxic, persistent and malodorous [1-2]. Especially the
contaminants of mercaptan, which was common in waste water, emitting
a strong foul odor and threating the health of people [3]. Inhalation of low
concentrations of MBT (a kind of mercaptan) vapor can cause headache,
nausea; High concentrations can cause fatal respiratory paralysis, this
serious problem indicate that selective removal [4-6] MBT from waste
water is necessary and important. Therefore, many traditional methods to
remove the pollutants from the aquatic environment had been used, such
as filtering method, adsorption and microbial degradation. Unfortunately,
all of these ways cannot remove the pollutants completely. Nowadays,
photocatalytic technology received significant attention, due to its
attractive applications in environmental cleaning and energy conversion.
Nevertheless, the common properties of photocatalytic technology and
photocatalysts materials can not be identified and selective degradation of
special molecules.

In order to solve the problem above, many photocatalytic materials
have attracted particular attention to remove of organic pollutants in
waste water [7], Currently, g-C;N, as one of the most promising

photocatalysts has been concerned by many researchers [8-9], the high
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stability in aqueous solutions, easy preparation and visible light

responsive semiconductor with a moderate band gap (Eg =2.7¢V) [10-14].

Unfortunately, the pure g-C;N, as visible-light photocatalys has three
main drawbacks. 1) Difficult to collection of the sephotocatalysts [15]. 2)
The poor selectivity of g-CsN4 to remove the target molecule from
complicated pollutants. 3) Lower visible-light photocatalytic efficiency.
Thus far, a simple way to simultaneously address these issues has yet to
be achieved.

In order to overcome above basic disadvantages of g-CsNy, 1) Fe;0,
nanoparticles as the magnetic materials loaded on g-C;N4nanosheets, on
the one hand, due to its good magnetic properties for improving the
recycle efficiency [16], On other hand, the excellent conductive as high
as 1.9x10°Sm ' [17, 18], which transfer electron-holes pairs rapidly. 2)
for enhanced the selectivity of g-C;N,, surface imprinting technology is
used [19], which is the most attractive and widely used method for
preparing imprinted polymer with the ability of recognizing the target
molecule. Therefore, surface imprinting technology can modify the
surface of g-CsN4 and improve the ability of selective recognition MBT
then achieve the goal of photodegradation MBT. 3) While using
imprinting technique and modifying g-CsN, by special polymers [20] will
improve the selectivity and also reduce the catalytic activity, active site
will be covered, therefore, requires the formation of imprinting layer have
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special requirements. The imprinting layer should synergy to catalyst,
enhanced the catalytic activity and selectivity. That is why polymeris
more important for synthesis imprinted layer. In particular, PPy showed
great optical properties, unique electrical, excellent stability, and
photocatalysis [21-23]. Furthermore, PPy is also an efficient holes
transporter and better electron donor with visible light excitation, which
proposed that polypyrrole has the ability to oxidize the pollutants. Some
works have been carried out to investigate the photocatalytic activity of
PPy-modified TiO,, PPy/Bi;,WO¢ composite and found that the
modification of PPy can effectively enhance the photoactivity [24-26].
According to our knowledge, no method was proposed to enhance the
selectivity and catalytic activity for g-C;N,4 on degradation of MBT until
now. Therefore, our group using the surface imprinting technology, which
is the high polymer preparation with specific recognition of target
molecular technology, applied an easy method to synthesize MCIPs for
selective degradation of MBT. In present work, the MCIPs were
successfully prepared based on Fe;O04/g-C3N,as the support, MBT as the
template molecule, pyrrole as functional monomer. And further
characterized by X-ray diffraction (XRD), fourier-transformed infrared
spectra  (FT-IR), transmission electron  microscopy (TEM),
high-resolution TEM (HRTEM), scanning electron microscope (SEM),
Brunauer—-Emmett—Teller (BET) method, thermogravimetric analysis
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(TGA), elemental analysis, vibrating sample magnetometer (VSM),
photoluminescence (PL), element analysis. In addition, a series of
influencing factors were optimized (such as the amount of functional
monomer, the polymerization time). Afterwards, the experiments of
adsorption, photocatalytic degradation and selectivity were also
investigated. Finally, the mechanism for degradation of MBT over the
MCIPs was also discussed.

2. EXPERIMENTAL SECTION

2.1. Materials.

All chemicals were used without further purification, distilled water
was used in the whole experiments. Melamine (AR), iron (III) chloride
hexahydrate (FeCl;-6H,O, AR), iron (II) chloride tetrahydrate
(FeCl,-4H,0, AR), 2-mercaptobenzothiazole (MBT), and
trimethylolpropanetrimethacrylate (TRIM, AR) were all supported by
Aladdin Chemistry Co., Ltd. Polyethylene glycol 4000 (PEG 4000, CP),
trichloromethane (AR), NH4OH solution (25.0%), pyrrole (CP),
p-benzoquinone (BQ, AR), isopropanol (IPA, AR), triethanolamine (OA,
AR), ethanol (C,HsOH, AR) were all purchased from Sinopharm
Chemical Reagent Co., Ltd. Azodiisobutyronitrile (AIBN, CP) was
obtained from Shanghai No.4 Reagent & H.V. Chemical Co., Ltd.

2.2. Preparation of g-C;N,.
The pure g-CsN, sample was synthesized by heating melamine. Briefly,

6
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10 g melamine was heated from room temperature to 500°C with the
heating rate of 4°C min"' and kept at 500°C for 2 h. Afterwards, the
product was further heated to 520°C with the heating rate of 4°C min™
and kept at 520°C for another 2 h. After cooling to room temperature, the
powder of g-C3N, was obtained and grinded for further use.

2.3. Preparation of Fe;0,/g-C;N,.

The Fe;04/g-CsNynanocomposites were prepared by Santosh Kumar’s
method with mild changes [19]. Firstly, g-CsNy (2.2g) was dispersed in
600mL of ethanol/water (1:3) and ultrasound (PCI Analytics, 12 mm
probe, 33 Hz, 150 W) for 5 h at ambient temperature. Secondly,
FeCl;-6H,O (2 mmol) and FeCl,-4H,O (1 mmol) were dissolved
separately in 20mL of double-distilled water and added to the suspension
of g-C;N, stirring at 80°C for 30 min. Subsequently, 10 ml NH,OH
solution was quickly injected into the reaction mixture, and stirred for
another 30 min. Finally, the Fe;0,/g-CsN, was washed several times with
water and ethanol, then dried in vacuum and collected by magnet.

2.4. Preparation of MCIPs.

lg Fe;04/g-CsNy and 1g PEG were added into three flask containing
100 ml deionized water with stirring 30 min. Meanwhile, 0.3 mmol MBT
(template molecule), 0.1 ml TRIM (cross-linker) and 0.3 mmol AIBN
(initiator) were dissolved into 15 ml trichloromethane which contained
6mmol pyrrole, sonicated 10 min for dissolved completely. Afterward, the
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mixed solution was added into the above solution. The reaction has been
stirring for 24 h under protection of nitrogen at 75°C. Finally, after the
solid product was washed by soxhlet extraction with methanol and glacial
acetic acid and dried by vacuum drier, MCIPs were obtained. No
imprinted catalysts (MCNIPs) was prepared by the same procedure for
MCIPs only absence of MBT. In order to understand preparative
procedure of MCIPs composites easily, the synthesis route and

preparation process were described in Scheme. 1

N

1,25-500°C,2h 1. Fe'' &Fes
P iy

NHL:
NN e 2o o
PN 2.520°C,2h 2-CaNy 1,0, 30min
LN N NH

2, NH3 H2Q

melamine 1,0, 30min

Imprinted cavitiy of MBT

Scheme. 1 Schematic Representation of MCIPs

2.5. Adsorption experiments.

In order to compare the adsorption capability of MCIPs and g-C;N,to
MBT, the adsorption capacity was detected as below. 0.1 g photocatalyst
was added into catalytic reactor which equipped with 100 ml 10 mg L™
MBT aqueous solutions. 8 ml solution were sampled with an injector in
10 min interval, after stirring for 60 min in the dark at 30°C, the solution
was filtered and the concentration of MBT was measured by UV—vis
spectrophotometer.

2.6. Photocatalytic activity and selectivity experiments.
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In order to study the photocatalytic activity of g-C;N4 MCIPs and
MCNIPs on degradation of MBT, the reaction should reach
adsorption-desorption equilibrium. The adsorption procedure was
consisted with section 2.5. After the reaction reached the
adsorption-desorption equilibrium, the xenon lamp (300 W) and the
aeration were both turned on, maintained the reaction time for 1 h. Next,
the absorbance of the sample was measured by Ultraviolet
spectrophotometer after magnetic separation. In order to investigate the
selectivity, another contaminant (danofloxacin mesylate) was chosen, and
the experiment steps were as same as above.

2.7. Circulation experiment.

The reusability of MCIPs was very important from a practical
application point of view. Therefore, five groups of successive MBT
degradation experiments were produced. First step, the photodegradation
experiment was carried out according to section 2.6. Subsequently, the
sample was collected with a magnet and washed with ethanol. After
drying, the sample was used as the second cycle experiment. Afterwards,
the remaining four cycle steps were the same as the first step.

2.8. Characterization.

In order to analyze the performance of catalyst, lots of

characterizations had been done as follows: The X-ray diffraction (XRD)

were used to characterize the crystal structure, and the patterns of the
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photocatalyst were obtained with a D/max-RA X-ray diffractometer
(Rigaku, Japan) which equipped with Ni-filtrated Cu Ka radiation (40kV,
200mA) at 5-80° with a scanning step of 0.02°/0.2s. Both the scanning
electron microscope (SEM) images and X-ray energy diffraction
spectrum (EDS) were performed with JSM-7001F scanning electron
microscopy (JEOL Ltd., Japan). The transmission electron microscope
(TEM) images were examined with JEM-2100 transmission electron
microscopy (JEOL, Japan). Fourier transform infrared spectra (FT-IR)
were recorded on a Nicolet Nexus 470 FT-IR (America thermo-electricity
Company) with 2.0 cm™ resolution in the range 400cm™'-4000 cm', using
KBrpellets. Themagnetic was carried out by using a vibrating sample
magnetometer (VSM) (HH-15, Jiangsu University). Specific surface
areas were obtained by the Brunauer-Emmett-Teller (BET) method and
examined with a NOVA 2000e analytical system (Quantachrome Co.,
USA). Thermogravimetric analysis (TGA) was carried out by thermal
analyzer (NETZSCHGeratebau GmbH, Germany) in the air atmosphere
up to 800 from room temperature with a heating rate of 10.) min™'. The
elemental content of each sample were analyzed by Elemental analyzer
(EA-1112A, Thermos, Italy). The photoluminescence (PL) emission
spectra of samples were detected with a fluorescence spectrophotometer
(Cary Eclipse Spectrophotometer, VARIAN, USA) using a xenon lamp as
the excitation source at room temperature. The degradation mechanism of

10
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tetracycline aqueous solution was detected by the Thermo LXQ mass

spectrometry (MS).

3. RESULTS AND DISCUSSION
3.1.1 XRD analysis

Fig. 1 showed the XRD patterns of pure g-CsNy4, Fe;04/g-CsNjand
MCIPs. Characteristic peaks of g-CsN, was actually seen at 20=27.4° and
13.1° corresponding to the PDF #50-1250 date file [27], which was also
appeared in Fe;04/g-CsN, and MCIPs, this result indicated that the
structure of g-C;N,4 did not change by adding Fe;O4 and PPy, or other
materials. Moreover, six distinct typical peaks (20=30.2°, 35.5°, 43.2°,
53.4, 57.3° and 62.6°) were observed in Fig. 1b and Fig. 1c, which were
attributed to the magnetite of Fe;O4 nanoparticle [16]. However, the
diffraction peaks of PPy were not detected in Fig. 1c, it's difficult to judge
whether MCIPs had been successfully prepared from XRD pattern, but
this was proved by the characterization of FT-IR, SEM, TEM and

elemental analysis.
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Fig.1 XRD patterns of the samples: g-C5Ny (a), Fe;04/g-C3N4 (b) and MCIPs (c)

3.1.2 FT-IR

The FT-IR spectra of pureg-CsN4, Fe;04/g-C3N, and MCIPs were
shown in Fig. 2. A series of peaks at 1650 cm™-1200 cm™ ( 1251, 1325,
1419, 1571, and 1639 cm™') were corresponded to the typical stretching
modes of CN heterocycles [28-29], such as C-N and C=N stretching [30,
31]. The peak near 808 cm’' was attributed to the typical bending
vibration of s-triazine units [32]. The broad peaks from 3400 cm ™' to 2800
cm ' in all three materials were the stretching vibrational modes of
primary (=NH) and secondary (-NH) amines [33]. In the spectrum of
Fe;04/g-C;Ny and MCIPs, the peak at 550 cm'-650 cm’ was
corresponded to the Fe-O [34, 35]. The results showed that Fe;O, has
been successfully loaded on the surface of g-C;N,. With regard to the
MCIPs, as reported in the literature [36], PPy exhibits the characteristic

12
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absorption bands at 1575, 1468, 1298, 784 and 678 cm '. They were
assigned to pyrrole ring stretch, C-H in-plane deformation and C-H
outer-bending vibrations, respectively. Some characteristic absorption
bands also appeared in the FT-IR spectrum of MCIPs, however, these
characteristic bands became stronger (1575 cm™) or unclearly (784 cm™,
678 cm™) in the spectrum, which might due to the overlap of the FT-IR
spectra of g-C3Ny4, low concentration of PPy in the composites and the
possible interplay of PPy with g-C3Ny. In brief, according to the FT-IR

spectra fully proved the existence of g-CsNy, Fe;O, and PPy.

Transmittance (%)

3500 . 3000 . 2500 . 2000 . 1500 . 1000 . 500
Wave number (cm'])
Fig. 2 The FT-IR spectra of g-C3N4 (a), Fe;04/g-C3N4 (b) and MCIPs (¢)
3.1.3 SEM analysis
The SEM spectra of g-CsNy, Fe;04/g-CsNy and MCIPs were showed
in Fig. 3. It could be seen that the surface of g-CsN, was relatively

13
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smooth, but after coating Fe;O,, the surface of g-C;N4 became uneven
and bulge. Moreover, the materials on the surface of g-CsN4 can be seen
clearly. Above results indicated that Fe;O4 was successfully loaded on the
surface of g-C;N,. In addition, the image of MCIPs was different with
that of Fe;O4/g-C;N,. The significant change on the surface of MCIPs
could be seen obviously by comparison to Fe;0,4/g-C;N,, this must caused
by the covered imprinted layer. The EDS images of different samples
were also presented in Fig. 3. Compared with Fe;O4/g-C3Ny, the C
content of MCIPs increased and the Fe content of MCIPs decreased,
which was due to the introduction of surface imprinted layer. In addition,
compared with the BET surface areas of the pure g-CsN, and MCIPs
showed in Fig. S1, the BET surface area of the pristine g-CsN4 was about
5.8 m*> g . After PPy was coated, the BET surface area of MCIPs
increased to 20.2 m”> g, the changed of BET surface area might be
related to a large number of Fe;O4 nanoparticles and imprinted cavities.
Moreover, the increased BET surface area was consistent with results of

SEM, and proved that the perfection of imprinting once again.

14
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Fig. 3SEM and EDS images of g-C3Ny (a, ), Fe;04/-C3Ny (b, by) and
MCIPs (c, ¢1)

3.1.4 TEM analysis

Fig. 4 showed the typical TEM images of pure g-C;Ny4, Fe;04/g-C5Ny,
and MCIPs, and high-resolution TEM (HRTEM) of Fe;04/g-C;N,. It can
be seen that the big sheet structure of g-C;N, was covered by small
particles of Fe;O,, whereas the Fe;O, nanoparticles have sizes ranging
from 5 nm to 10 nm and they were not agglomerated (Fig. 4b). Fig. 5(d)
showed HRTEM image of Fe;O,/g-CsNy. It was clear that the lattice
plane with spacing of 0.25 nm, confirmed the g-C;N, sheet could serve as
a support to bind with Fe;O4nanoparticles. Compared with the image of
MCIPs (Fig. 4c), it seemed that a thin layer aggregated on the surface of
Fe;04/g-C3N,4 and the spherical Fe;O4 could not be seen clearly, the
changed of this two images must caused by the covered PPy. And the

result was in accordance with SEM image. Therefore, the TEM image
15
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further evidence that PPy were successfully assembled onto the surface of

F6304/g-C3N4.

K
1000l o

Fig. 4 TEM images of g-C3Nj (a), Fe304/g-C5Ny (b) and MCIPs (c),
HRTEM of Fe304/g-C3N, (d)

3.1.5 Elemental analysis

The elemental content of different samples was shown in Table 1.The
C/N molar ratio of g-C5;N,4 was 0.734, which was closed to the theoretic
value of g-C;N,, this result proved that g-C;N, was successfully prepared
by calcination melamine [37-39]. In addition, compared with the pure
g-CsNy and MCIPs, the content of N, C, and H decreased from
59.82546%, 37.13942% and 2.03588% to 53.97383%, 35.88362% and
1.31395%, respectively, through the calculation, the content of Fe;O,
nearly 10%, this was consistent with initial dosage, meaning that Fe;O4
was also introduced onto the surface of g-CsN,. Furthermore, after the

16
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Fe;04/g-C3N4 was modified by imprinting layer, the content of N, C and
H were significant increased in MCIPs, this result indicated that the
surface of Fe;04/g-CsN4 was successfully imprinted.

Table. 1 Results for the elemental composition of different samples by

elemental analysis

Samples N (%) C (%) H (%)
g-C3Ny 59.82546 37.13942 2.03588
Fe304/g-C3Ny 53.97383 35.88362 1.31395
MCIPs 55.09838 37.14768 1.92486
3.1.6 TG analysis

The TG curves of g-C3N, and MCIPs were shown in Fig. 5, the g-C5N,
was stable from the room temperature to 505°C, however, the weight
decreased rapidly in the temperature range from 505°C to 720°C,
indicating that the g-C;N, started combustion in the air and almost all of
g-C;N, generated gas when the temperature reached 720°C [40].
According to the curve of Fig. 5b, a slight weight loss of MCIPs (5.4%)
could be seen from room temperature to 200°C, this might due to the
evaporation of water. Furthermore, with the temperature increasing from
200°C to 505°C, the weight loss of MCIPs (5.9%) must attribute to the
loss of organic residues from imprinted layer on the surface of
Fe;04/g-C3Ny4 [3]. The weight loss between 505°C and 720°C was

assigned to the decomposition of the g-C;N,4. The remaining mass (9.7%)

17
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was attributed to Fe;O,, also contained remnants of the small amounts of
ashes. Because of melting point of Fe;O4 was much higher than the
experimental temperature. Throughout the analysis, this completely

proved that both MCIPs and g-C;N,4 have good thermal stability.

100-

80+ a
_ b
S 60+
5
20 40
=

20+

LA R N
0 200 400 600 800

Temperature (C)
Fig. 5 The thermogravimetric analysis of g-CsN; (a) and MCIPs (b)

3.1.7 VSM analysis

The magnetic property test was measured by vibrating sample
magnetometer (VSM) system at room temperature, the magnetic
hysteresis loops of the sample Fe;O,/g-CsNyand MCIPs were showed in
Fig. 6. While the magnetization saturation (Ms) values of Fe;04/g-C3Ny
and MCIPs were 13.87 emu g' and 3.64 emu g, respectively. This
weakening magnetism of MCIPs might be caused by the effect of
incremental imprinted layer, the iron oxide in unit weight sample content

this could be reduced. However, from the photograph (inset) could be
18
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observed clearly that MCIPs were ecasily separated by a magnet,

indicating that the MCIPs still possessed excellent magnetic separation

performance.
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Fig. 6 Hysteresis loops of: Fe3;04/g-C3Ny4 (a) and MCIPs (b).Inset image was MCIPs
suspension water (left) and MCIPs were attracted by magnetic field (right)

3.1.8 PL analysis

As well known that the PL spectrum originated from the radiative
recombination of the free electron-hole pairs and helped clarify the
migration and recombination processes of electron-hole pairs in a
semiconductor photocatalyst. It could be seen clearly in Fig. 7, the PL
intensity of MCIPs decreased significantly compared to pure g-CsNy, the
weaker intensity of the peak represented the lower recombination rate of
photoinduced electron-hole pairs in MCIPs. This could be attributed to
the easy transfer of carriers between PPy, Fe;O, and g-C;N,. Due to the

high conductivity of PPy and Fe;O,4 as well as the synergistic effect of
19
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PPy, Fe;0, and g-C;Ny4, reduced the recombination rate of electron-hole
pairs. Although the PL intensity of the MCIPs was slightly higher than
MCNIPs, nevertheless, MCIPs has higher activity for MBT, this also
indicating the imprinted cavities and recognition capability took an
essential role in enhancing photocatalytic performance and selective

photodegradation.

Intensity(a.u.)

410 450 500 550 600 650

Wavelength (nm)
Fig. 7 PL spectra of pure g-C3;N4 (a), MCIPs (b) and MCNIPs (c)

3.2 Visible-light photocatalytic activity of MCIPs
3.2.1 Adsorption experiments

The adsorption experiments were carried out in accordance with
section 2.5. The adsorbing curves of the MCIPs and g-C;N, were
showed in Fig. 8. In about 40 min, the solution almost reached
adsorption-desorption equilibrium, the adsorption amounts of MCIPs

were much greater than g—C;Ny. The difference adsorption ability could

20
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be attributed to the reason of large numbers of imprinting cavities in the
imprinted polymers surface, the increased BET surface area enhanced
adsorption ability. Another important reason, as the cavities consistent
with the target structure, leading to MCIPs contain high recognition and

adsorption more target pollutant.

1.2

Q(mg/g)

0.0 L N 1 N 1 N 1 N 1 s 1 N 1
0 10 20 30 40 50 60

T(min)

Fig. 8 Adsorbing results of MCIPs (a) and g-C3;N4 (b) on MBT

3.2.2 The investigation of different polymerization time

Fig. 9 presented the time course of MBT concentrations during the
photocatalytic progress. As polymerization time was a very important
consideration, in this case, a series of polymerization times were used to
synthesis different imprinted photocatalysts. The different polymerization
times also revealed the catalytic effect, with the appropriate
polymerization time, PPy was well embedded in the surface imprinted

layer, as a result of the effect of polymerization time were rather
21
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complicated, if the time was shorter, pyrrole could not polymerize well.
On the contrary, the long polymerization time might increase the bonding
degree of polymer, and the strong bonding obstacle the removal of
template molecules. Therefore, the following experiments, 24h was
chosen as the optimum polymerization time to prepare MCIPs. More
importantly, the different polymerization time will influence the degree of
polymerization for PPy. However, the different degree of polymerization
will affect HOMO and LUMO levels of PPy. Therefore, must find the
appropriate HOMO and LUMO levels of PPy and match the band gap of
g-C;N,, to achieve a synergistic catalytic effect, so we proved by

experiments, which 24 h was the most suitable time of polymerization

[41]

1.0
NS =

08 | \\ :::f,
I A\! ——e

$ 06 [ \

0.4 | Q’
0 10 20 30 40 50 60

T (min)

Fig. 9 Effect of polymerization time on degradation of MBT
(a) 6h, (b) 12h, (c) 24h, (d) 36h, (e) 48h
3.2.3 The investigation of different amount of pyrrole

22
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The dosage of pyrrole was another importance role in synthesis of
imprinted photocatalysts. As displayed in Fig. 9. The photocatalyst
exhibite highest photocatalytic activity when the dosage of pyrrole was 6
mmol. On the one hand, with so less dosage of pyrrole, that PPy could
not be polymerized on the surface of Fe;O4/g-C;N,4 incompletely and
resulting weaken transmitting ability for photogenerated electrons.
Meanwhile the imprinted cavities would also decreased and reduced the
recognize ability to MBT, further result lower photocatalytic activity. On
the other hand, as the amount of PPy increased, the imprinted layer
became thicker, since the superfluous PPy was generated, the thicker
imprinted layer will affect the absorption of light, limited for charge
transfer and parts of the g-C;N, semiconductor surface could not be
excited under visible light irradiation, thereby leading to lower
photocatalytic efficiency. Consequently, in the following experiment, the

adding dose of pyrrole was 6 mmol.
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CICy

0 10 20 30 40 50 60
T (min)
Fig. 10 Effect of the adding dose of pyrrole on degradation of MBT

(a) 0.075mmol, (b) 3mmol, (¢) 6mmol, (d) 7.5mmol, (¢) 9mmol

3.2.4 Selectivity experiment

The purpose of the present work was selectivity recognition for
template molecule. In order to test the advantage of MCIPs, the NMCIPs
and pure g-C;N, for degradation experiments were prepared under the
same conditions. Fig. 11 (A) showed the photocatalytic effect of MCIPs,
MCNIPs and g-C;N4on degradation of MBT for 60 min under the visible
light. Furthermore, we discussed why the degradation effect of MCIPs
was the highest and g-C;N; was the lowest. For g-CsNy4, the lowest
degradation must be caused by lack of conductive imprinting layer, no
surface imprinted cavities, and then loses the recognition capability to
MBT, while the degradation of the MBT was correspondingly decreased.

However, despite the fact that the MCNIPs had conductive imprinting
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layer, there were no imprinted cavities, result to the degradation effect
lower than MCIPs. The MCIPs bought out excellent activity toward the
template pollutants in this work, which was attributed to the conductive
imprinting layer and surface imprinting cavities forming by template
molecules, this fully demonstrated the superiority of MCIPs.

In order to further highlight the advantage of selectivity, another
experiment on degradation of danofloxacin mesylate was made, the
concentration curves were showed in Fig. 11 (B), the catalyst of g-C3;N,,
MCIPs and MNCIPs was as same as above, the photodegradation effect
of MCIPs on degradation danofloxacin mesylate, was decreased rapidly.
That was due to the different structures of danofloxacin mesylate, which
larger than the imprinted molecule, the absence of binding sites, leading
to lower selectivity. It was obvious that, the photodegradation effect of
MCIPs and MCNIPs was similar and higher than pure g-Cs;N4 on
degradation of danofloxacin mesylate, this also showed that the
conductive imprinted layer played a critical role, which was also promote
the transmission and separation of electrons and holes. Thus further
demonstrated that the importance of the imprinting cavities on target

pollutants degradation.
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Fig. 11The effect of degradation of MBT (A) and danofloxacin mesylate (B) with
MCIPs (a, d), MCNIPs (b, e), g-C5Ny (c, 1),

3.2.5 Photocatalytic stability

For MCIPs, besides the photocatalytic activity and selectivity were
demanded, the photocatalytic stability was crucially important for
practical applications. The recycling capability of the MCIPs was verified
by carrying out a five-run test of photocatalytic degradation MBT. Fig. 12
revealed that degradation rate was no obvious decreased after the five-run

test, which indicating that MCIPs had excellent photocatalytic stability.
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0.8
0.6
o
<
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0 60 120 180 240 300
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Fig. 12 Recyclability of MCIPs on degradation of MBT under visible-light irradiation
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3.3. Photocatalytic mechanism
3.3.1 Active species trapping and-O,, h" and ‘OH quantification
experiments

It was generally known that the ‘O, , h" and -OH were the major
reactive species for photodegradation. For detecting the active species of
MCIPs during photocatalytic reactivity, 1 mmol triethanolamine (OA a
quencher of h"), 1 mmol isopropanol (IPA a quencher of -OH), and 1
mmol benzoquinone (BQ a quencher of -O, ) [42-46] were added into
reaction solution during the degradation experiment, respectively. The
detection process was as same as the experimental photodegradation
process. The results were shown in Fig. 13. The degradation efficiency of
MBT was 85% when no scavenger was added. However, when adding
OA into the solution, the photodegradation rate of MBT decreased to 5%,
revealing that the photogenerated holes played such a central role for
degradation. When adding IPA into the reactions, the degradation rate of
MBT was hardly decreased, indicating that -OH were not the main active
species for degradation. Also, the effect of -:O, could not negligible, as
could be seen from the graph which adding BQ, also inhibited nearly half
of degradation rate. Therefore, the influence degree was h"™>-0, >-OH for
the MCIPs.

The photodegradation rate (n) was calculated by using the following

formula: C, was the initial concentration and C the concentration of
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reaction solution.

n=( - CC—O) x 100% (1)

NONE OA BQ IPA

Fig. 13 Effects of a series of scavengers on the photocatalytic efficiency of MCIPs

3.3.2 Photocatalytic mechanisms of the MCIPs

Fig. 14 showed the photocatalytic degradation process of degradation
of MBT with MCIPs. When the as-prepared composites were irradiated
under visible-light, both g-CsN, and PPy could easily absorb visible light.
As PPy was eminent electronic conductor [47], the polymer could absorb
photons and promote an electron from the ground state into an excited
state under visible-light irradiation. The lowest unoccupied molecular
orbital (LUMO) levels and the highest occupied molecular orbital
(HOMO) levels of PPy generate electrons and holes, respectively [26, 48].
Meanwhile, electrons ccould be excited to the conduction band and leave

holes in the valence band of g-C;N,. Afterward, the photogenerated
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electrons might injected to the conduction band of inner g-C;Nj.
Furthermore, the leaved holes of g-C;N, were transferred to the surface of
thick PPy layer. Therefore, the recombination rate of electron-hole pairs
in the composite system was reduced significantly. As there were a large
number of O, and H,O adsorbed on the PPy surface, which could react
with e, then generate O, and H,0,, and react with MBT, as same as the
(h"), then produced CO,, H,O and other smaller molecular. The possible
photodegradation mechanism and charge transfer processes were

displayed as follows:

0, B

Visible-light

i:' :

hole
PPy

electron

Fe;0,
MBT

other small molecules.

e @ 8

The imprintited cavitiy

Fig.14 Schematic illustration of degradation of MBT with MCIPs
under visible light irradiation.
g—C3N,+hv—-g—C3Ny(ht +e7) (2)
PPy + hv - PPy (h* +¢7) 3)
PPy(e™) —» g — C3N,(h*) 4)
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g — C3N,(h™) - PPy(e7) (5)
H,0 — H* + OH" (6)
2g — C3N,(e7) + 2H* + 0, - H,0, 7)
H,0, + e~ - OH + OH™ (8)
g — C3Ny(e™) + 0, > 03 ©)
-0;+2H™ +2e” - 2-0H (10)

PPy(h*) + MBT — other small molecules (majority)  (11)

-0, + MBT — other small molecules (12)
H,0, + MBT — other small molecules (13)
- OH + MBT — other small molecules (14
3.3.3 MS analysis

Mass spectrometry (MS) was widely used to discuss the possible
mechanism of photodegradation. As shown in Fig. S2 (in the supporting
information), could be found that as time went on, the characteristic peak
of MBT (m/z = 168) had became smaller and smaller. This illustrated that
MBT had been decomposed into other intermediate degradation products
then these substances were gradually decomposed to CO,, H,O and other
smaller molecular. According to MS, the mechanism was speculated as
follows:

In the MS, the peak of (m/z=168, m/z=139, m/z=108, m/z=125) were
analyzed in the processes of photodegradation. Firstly, the target were
attracted by active substance and lost group of —SH, was generated (A).
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The formation of (B) might due to the fact that (A) was quickly binding
with H in the solution, that was why the peak of m/z=168 became smaller.
As N=C was not stable, and broke the N-C double bond of (B).Thereby,
(C) was generated easily under the irradiation of light. Subsequently, the
group of -S-CHzin (C) might fracture, and formation of -CHj;
and -SH, then the two group occurrence of rearrangement, along with the
reaction, a small amount of (D) and (E) might generate. Finally, the (C),
(D) and (E) were further degradation to CO,, H,O and other small

molecules.

S S
—SH
N N
m/z=168 / (3) m/z=134

/ (B)lm/z=134\
SH | SNr—S—CH; CH;
NHz = _NH2 NH,

(C) m/z=139 (D) m/z=108 (E)ym/z=125

other small molecules

Fig. 15 The photodegradation mechanism of MBT over MCIPs

4. CONCLUSIONS
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In summary, a novel with ease preparation method, coupled with the
low cost and stability magnetic conductive imprinted g-C;N,4 has been
fabricated successfully in suspension polymerization. For the imprinted
catalyst, through a series investigation of factors, showed the optimized
photocatalytic activity and high adsorption capacity for the target
pollutants as well as outstanding recognizing behavior toward MBT when
the polymerization time was 24 h and the adding dose of pyrrole was 6
mmol. And the photodegradation rate for MBT with MCIPs reached
nearly 85% in 60 min under the visible light irradiation, the degradation
rate of MCIPs improved nearly 40% than pure g-C;N,. More importantly,
the intermediate products were analyzed by MS while proving that there
was no harmful substance generated in the degradative process. Moreover,
the PL improved separation of photogenerated electron—hole pairs and
higher efficiency of cavity recognition.
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