Accepted Manuscript
Facile microwave synthesis of a Z-scheme imprinted ZnFe2O4/Ag/PEDOT with
the specific recognition ability towards improving photocatalytic activity and
selectivity for tetracycline
Ziyang Lu, Zehui Yu, Jinbo Dong, Minshan Song, Yang Liu, Xinlin Liu,
Zhongfei Ma, Hang Su, Yongsheng Yan, Pengwei Huo
PII:
DOI:
Reference:

S1385-8947(17)32238-6
https://doi.org/10.1016/j.cej.2017.12.115
CEJ 18276

To appear in:

Chemical Engineering Journal

Received Date:
Revised Date:
Accepted Date:

14 September 2017
20 December 2017
22 December 2017

Please cite this article as: Z. Lu, Z. Yu, J. Dong, M. Song, Y. Liu, X. Liu, Z. Ma, H. Su, Y. Yan, P. Huo, Facile
microwave synthesis of a Z-scheme imprinted ZnFe2O4/Ag/PEDOT with the specific recognition ability towards
improving photocatalytic activity and selectivity for tetracycline, Chemical Engineering Journal (2017), doi: https://
doi.org/10.1016/j.cej.2017.12.115

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Facile microwave synthesis of a Z-scheme imprinted ZnFe2O4/Ag/PEDOT with the specific
recognition ability towards improving photocatalytic activity and selectivity for tetracycline

Ziyang Lu,a,b Zehui Yu,a Jinbo Dong,c Minshan Song, d Yang Liu,e Xinlin Liu,f Zhongfei Ma,a
Hang Su,c Yongsheng Yan*,b and Pengwei Huo*,b

a. School of the Environment and Safety Engineering, Jiangsu University, Jiangsu, Zhenjiang
212013, PR China
b. School of Chemistry & Chemical Engineering, Jiangsu University, Jiangsu, Zhenjiang 212013,
PR China
c. Zhenjiang Water Corporation, Jiangsu, Zhenjiang 212003, PR China
d. School of Science, Jiangsu University of Science and Technology, Jiangsu, Zhenjiang 212003,
PR China
e. Key Laboratory of Functional Materials Physics and Chemistry of the Ministry of Education,
Jilin Normal University, Jilin, Changchun 130103, PR China
f. School of Energy and Power Engineering, Jiangsu University, Jiangsu, Zhenjiang 212013, PR
China

Abstract
The Z-scheme imprinted ZnFe2 O4/Ag/PEDOT was synthesized by the microwave
polymerization method and surface imprinting technique, which possessed good partial hollow
spherical structure, good light response ability, good magnetic separation performance, good
photocatalytic stability and reproducibility. More importantly, due to the introduction of
Ag/PEDOT into the surface imprinted layer, Z-scheme structure was formed to enhance the
photocatalytic activity based on Ag acted as the mediator, meanwhile, owing to the existence of
the imprinted cavity in the surface imprinted layer, the selectivity had been significantly improved,
in a word, the as-prepared Z-scheme imprinted ZnFe2 O4/Ag/PEDOT achieved the goal for
simultaneously improving the photocatalytic activity and selectivity. Z-scheme imprinted
*
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ZnFe2O4/Ag/PEDOT possessed the highest photodegradation rate (71.77 %) for degradation of
tetracycline under the simulated sunlight irradiation of 120 min, which was approximately 4.74
times to that of ZnFe2O4, 1.42 times to that of Ag/PEDOT and 1.31 times to that of non-imprinted
ZnFe2O4/Ag/PEDOT, respectively. And the coefficient of selectivity of Z-scheme imprinted
ZnFe2O4/Ag/PEDOT relative to ZnFe2O4, Ag/PEDOT, non-imprinted ZnFe2O4/Ag/PEDOT was
1.84, 1.82, 1.79 in the single antibiotic solution and 1.78, 1.75, 1.67 in the binary antibiotic
solution, respectively. This work provided a new synthesis strategy for the imprinted
photocatalysts and also provided a new idea for the treatment of specific pollutants in the water
environment.
Keywords: Microwave polymerization method; Z-scheme structure; Surface imprinting technique;
Specific recognition ability; Improved photocatalytic activity and selectivity

1. Introduction
Recently, the problem of water pollution is becoming more and more serious along with the
rapid development of industry [1-5]. Tetracycline (TC), as one of the most widely used antibiotics,
produces more and more residues in the water environment, which is a serious threat to the
ecological environment and human health [6-9]. Therefore, finding a quick and effective method
to remove TC residues from the water environment has caused widespread concern [10]. Currently,
photocatalysis as a green technology which uses light energy and degrades pollutants to non−toxic
harmless substances, has aroused great interest among many scholars [11-15].
Nowadays, CdS, TiO2 and ZnO have been extensively studied as the common semiconductor
photocatalysts [16-22], which have their respective advantages. However, the poor reproducibility
also severely restricts the development and application of above common semiconductor
photocatalysts [23, 24], consequently, ZnFe2O4, as a potential candidate for photocatalysis, has
been widely used owing to its narrow band gap (1.9 eV), low toxicity, good stability and excellent
ferromagnetic properties for magnetic separation from the aqueous solution [25-29].
Nevertheless, the common defect of all above photocatalysts (such as poor selectivity) is also
evident, as we know, the produced h+, ·OH and ·O2- act non-selectively to destroy all organic
pollutants, and these photocatalysts can not selectively remove the specific pollutant (such as very
high toxic pollutant) in the presence of other pollutants (such as some low toxic or non-toxic

pollutants) [30-33], this defect greatly limits their functional application. In order to overcome
above defect, surface imprinting technique, as an effective approach for synthesizing materials
with the specific recognition ability towards the target molecule by using the imprinted cavity, is
introduced to improve the selectivity [34-38], because the surface imprinted materials possess the
excellent specific recognition ability to selectively adsorb the specific high toxic target molecule
to the imprinted cavity in the presence of other low toxic or non-toxic pollutants, and then the
specific high toxic target molecule adsorbed in the imprinted cavity can be further degraded to the
intermediates, afterwards, due to the fact that these degradation intermediates are still in the
imprinted cavity and it is not fast to go out of the imprinted cavity, these degradation intermediates
can be continued to be degraded. However, if the common photocatalysts are coated with a surface
imprinted layer, the selectivity will improve, but the photocatalytic activity will greatly reduce
owing to the cover of the surface imprinted layer [39], accordingly, how to improve selectivity
without reducing photocatalytic activity is a great challenge.
Based on above considerations, we find that conductive polymer (a typical organic
semiconductor) can be introduced into the surface imprinted layer as a functional monomer, such
as poly-3,4-ethylenedioxythiophene (PEDOT). PEDOT [40, 41], as a typical conductive polymer,
not only has good photocatalytic activity, but also can be used as the functional monomer for
synthesizing the surface imprinted layer. More importantly, compared with the traditional
imprinted photocatalytic method (coating the imprinted layer on the semiconductors), the
introduction of PEDOT into the surface imprinted layer not only can significantly improve the
selectivity, but also can effectively avoid the decrease of photocatalytic activity resulting from the
cover of the surface imprinted layer on the semiconductor photocatalysts. In addition, in order to
further enhance the photocatalytic activity, noble metal (silver, Ag) [42-46] is used to load on
PEDOT. Ag can be used as the mediator to form the Z-scheme photocatalyst [47-50], which can
effectively transfer the photo-generated electrons generating from PEDOT and photo-induced
holes generating from ZnFe2O4 under the light irradiation. In short, the introduction of Ag/PEDOT
as the functional monomer into the surface imprinted layer not only improves the selectivity, but
also enhances the photocatalytic activity. Up to now, no work has been reported in this respect.
What’s more, the conventional polymerization methods (such as: thermal polymerization [51,
52] and UV light polymerization [14, 53]) have their respective shortcomings of poor activity and

long reaction time for thermal polymerization, poor activity and poor stability for UV light
polymerization. According to the literature survey and experimental result, microwave
polymerization [39, 54] is a facile and efficient method to synthesize the imprinted polymer and
supply these shortcomings of poor activity, long reaction time and poor stability, especially,
microwave polymerization is a good method for synthesizing materials with spherical structure.
To our knowledge, no literature has been reported about this Z-scheme imprinted
ZnFe2O4/Ag/PEDOT.
Therefore, in this work, based on ZnFe2 O4 as the carrier and Ag/PEDOT as the functional
monomer, the Z-scheme imprinted ZnFe2O4/Ag/PEDOT was synthesized via the microwave
polymerization method and surface imprinting technique. A series of characterizations and
influence factors were investigated to confirm the composition, structure, morphology and
performance. The corresponding adsorption, photocatalysis, selectivity and reproducibility were
also investigated. What's more, the photodegradation intermediates, specific recognition and
selective photocatalytic mode were thoroughly illustrated through getting insight into the
mechanism.

2. Experimental section
2.1 Materials
Zinc chloride (ZnCl2 , A.R.), ferric chloride hydrate (FeCl3·6H2O, A.R.), iron(III) chloride
(FeCl3, A.R.), ammonium acetate (A.R.), trimethylolpropane trimethacrylate (TRIM, A.R.),
2,2'-azobis(2-methylpropionitrile)

(AIBN,

98

%),

Aerosol

OT

(AOT,

96

%),

3,4-ethylenedioxythiophene (EDOT, 99 %), tert-butyl alcohol (t-BuOH, A.R.), triethanolamine
(TEOA, A.R.), benzoquinone (BQ, A.R.) and 5,5-diamethyl-1-pyrroline n-oxide (DMPO, 97 %)
were all supported by Aladdin Chemistry Co., Ltd. Nitrogen (N2) was supplied by INHONG GAS.
Tetracycline (TC, 99 %) and enrofloxacin hydrochloride (EH, 99 %) were purchased from
National Institutes for Food and Drug Control. Anhydrous ethanol (A.R.), n-hexane (A.R.),
ethylene glycol (A.R.), silver nitrate (AgNO3, A.R.), sodium borohydride (NaBH4, A.R.) and
dimethyl sulfoxide (DMSO, A.R.) were all supported by Sinopharm Chemical Reagent Co., Ltd.
Deionized water was used throughout this work.
2.2 Synthesis

2.21 Synthesis of ZnFe2O4
Briefly, 2 mmol of ZnCl2 and 4 mmol of FeCl3·6H2O were dissolved in 70 mL of ethylene
glycol, subsequently, 30 mL of ammonium acetate was added into above clarification solution
with vigorous mechanical agitation for 30 min at the room temperature. After reacting 72 h in a
Teflon-lined stainless steel autoclave at 210 oC, the autoclave was cooled to the room temperature.
Afterwards, the solid product was washed with anhydrous ethanol and deionized water for several
times. Finally, after drying under vacuum at 40 oC, ZnFe2O4 was obtained.
2.22 Synthesis of Ag/PEDOT
PEDOT was synthesized as follows: 3.8 g of AOT was dissolved in 15 mL of n-hexane,
afterwards, 0.47 mL 10.2 mol L-1 of FeCl3 solution was added into above mixed solution with
mechanical agitation to form the reverse micellar solution. Subsequently, 0.45 g of EDOT was
added into above solution, after ultrasonic for 10 min and further mechanical agitation for 12 h at
the room temperature, the solid product was washed with anhydrous ethanol for several times.
Finally, after drying under vacuum at 40 o C, poly-3,4-ethylenedioxythiophene (PEDOT) was
obtained.
In the following step, Ag/PEDOT was synthesized as follows: 1.45 g of PEDOT was added
into 320 mL 0.025 mol L-1 of AgNO3 solution with mechanical agitation for 60 min at the room
temperature. Subsequently, 380 mL 0.025 mol L-1 of NaBH4 solution was added into above mixed
solution drop by drop, after reacting 90 min under the mechanical agitation, the product was
washed with deionized water for several times and then dried under vacuum at 40 oC. In
consequence, Ag/PEDOT was obtained.
2.23 Synthesis of Z-scheme imprinted ZnFe2O4/Ag/PEDOT
Z-scheme imprinted ZnFe2O4/Ag/PEDOT was synthesized via the microwave polymerization
method and surface imprinting technique, the specific process was as follows: 0.01 g of
Ag/PEDOT and 0.1 g of ZnFe2O4 were added into 20 mL of DMSO with the magnetic stirring for
30 min at 90 oC, after adding 0.05 mmol of TC, the mixed solution was stored under a N2
atmosphere for 12 h without light. Afterwards, 0.5 mL of TRIM and 0.01 g of AIBN were both
added into above mixed solution, the polymerization reaction was carried out in the microwave
synthesizer (XH-300UL, Beijing XiangHu Science and Technology Development Lo., Ltd) at
700W and 60 oC. After reacting 1 h, the product was washed with anhydrous ethanol and

deionized water for several times. Subsequently, the molecular template (TC) was removed by
adding 200 mL deionized water into above solution under the simulated sunlight irradiation (250
W xenon lamp) for 2 h with the magnetic agitation at the room temperature under an air
atmosphere. Finally, the solid product was washed with anhydrous ethanol and deionized water for
several times, after drying under vacuum at 40 oC, Z-scheme imprinted ZnFe2O4/Ag/PEDOT was
obtained. The whole scheme of the synthesis approach was showed in Scheme. 1.

Scheme. 1 the whole scheme of the synthesis approach
2.24 Synthesis of non-imprinted ZnFe2O4 /Ag/PEDOT
The synthesis process of non-imprinted ZnFe2O4/Ag/PEDOT was consistent with that of
Z-scheme imprinted ZnFe2O4/Ag/PEDOT, but without the adding and the removal process of TC.
2.3 Characterization
XRD patterns were obtained with a D8 ADVANCE X-ray diffractometer (Bruker AXS Co.,
Germany). Fourier-transformed infrared (FT-IR) spectra of the samples were recorded on a
Nicolet Nexus 470 FT-IR (Thermo Nicolet Co., USA) with 2.0 cm-1 resolution in the range 400
cm-1 - 4000 cm-1, using KBr pellets. The morphology was observed by a JEM-2010 transmission
electron microscope (TEM, Japan) and a JSM-7001F scanning electron microscopy (SEM, Japan)
equipped with the energy dispersive spectroscopy analysis (EDS). X-ray photoelectron
spectroscopy (XPS) was measured with a PHI5300 spectrometer using Al K (12.5 kV) X-ray
source. Magnetic measurement was carried out using a vibrating sample magnetometer (VSM)
(7300, Lakeshore) under a magnetic field up to 10 kOe. The specific surface area, pore volume
and average pore diameter of the samples were measured by using a NOVA 4000e high speed
automated surface area and pore size analyzer (Quantachrome Co., USA). UV-vis diffused
reflectance spectra (UV-vis DRS) were obtained for the dry-pressed disk samples using 2450
spectrometer (Shimazu Co., Japan) equipped with the integrated sphere accessory for diffused

reflectance spectra, using BaSO4 as the reflectance sample. The degradation course of DM was
monitored by Thermo LXQ mass spectrometry (MS). The total organic carbon content (TOC) was
measured and analyzed by multi N/C 2100 TOC total organic carbon analyzer (Germany).
Electron spin resonance (ESR) spectroscopy was carried on a Bruker A300 ESR spectrometer at
room temperature.
2.4 Adsorption experiment
The adsorption performance was carried out in the dark at 30 oC with the magnetic stirring
(600 rpm/min). 0.02 g of sample was added into 100 mL 20 mg L-1 of TC solution, afterwards, the
sample analysis was carried out at interval of 10 min until 60 min, and the concentration was
measured with a UV-vis spectrophotometer 2450 (Shimadzu Co., Japan). The adsorption capacity
(Q) was calculated by using the formula:
Q=

C − C × V
m

1

Where C0 is the initial concentration of TC, C is the concentration of TC after adsorbing, V is
the volume of the TC solution, and m is the mass of the sample.
2.5 Photocatalytic experiment
The photocatalytic performance was carried out under an air atmosphere (the aeration rate
was 2 mL min-1) with the magnetic stirring (600 rpm/min) at 30 oC and the simulated sunlight
irradiation provided by a 250 W xenon lamp (the illuminance was 1.8×105 lux). Briefly, 0.02 g of
sample was added into 100 mL 20 mg L-1 of TC solution. After reaching the desired adsorption
time in the dark, the mixed solution was irradiated at interval of 20 min until 120 min, and the
concentration was measured with the UV-vis spectrophotometer 2450. The photodegradation rate
was calculated by using the formula:
Photodegradation rate = 1 −

C
 × 100%
C

2

Where C0 is the initial concentration of TC after adsorbing and C is the concentration of TC
after irradiating.
2.6 Selective experiment
The selectivity for degradation of the single antibiotic solution was carried out in accordance
with part 2.5, but before the start of the reaction, 100 mL 20 mg L-1 of TC solution was replaced
by 100 mL 20 mg L-1 of EH solution. The selectivity coefficient (kselectivity) was calculated by using

the formula:
For imprinted sample:
k 

!"#$%

=

photodegradation rate TC
photodegradation rate EH

3

For other samples:
k +#,$!- =

photodegradation rate TC
photodegradation rate EH

4

For the selectivity coefficient:
k -$/$0#1#2 =

k  !"#$%
k +#,$!-

5

The selectivity for degradation of the binary antibiotic solution containing TC and EH was
carried out also in accordance with part 2.5, but before the start of the reaction, 100 mL 20 mg L-1
of TC solution was replaced by 100 mL binary antibiotic solution which contained 20 mg L-1 of
TC and 20 mg L-1 of EH. The data were measured by HPLC (Shimadzu Co., Japan) (temperature
was 298 K, mobile phase was methanol–acetic acid (40/60, v/v) with a flow rate of 1 mL min-1,
and the wavelength λmax = 276 nm). And the selectivity coefficient (kselectivity) was also calculated
according to the equation (3), (4) and (5).
2.7 Mechanism experiment
The mechanism experiment of the Z-scheme imprinted ZnFe2O4/Ag/PEDOT was also carried
out in accordance with part 2.5, but before the start of the reaction, some quenchers (1 mmol) were
added into the TC solution, such as TEOA, t-BuOH and BQ.
2.8 Cyclic experiment
The reproducibility of the Z-scheme imprinted ZnFe2 O4 /Ag/PEDOT was investigated as
follows: After the first photocatalytic reaction (part 2.5), the sample was isolated by a magnet and
sonicated with anhydrous ethanol for 1 h to remove the residual TC and by-products. Subsequently,
the solid sample was washed with anhydrous ethanol and deionized water for several times, after
drying under vacuum at 40 o C, the solid sample was performed the next photocatalytic reaction.
Above procedure was repeated five times to confirm the reproducibility of the Z-scheme
imprinted ZnFe2O4/Ag/PEDOT.
2.9 Electrochemical measurements
The Mott–Schottky experiments were conducted to evaluate the band positions of the
Z-scheme imprinted ZnFe2O4/Ag/PEDOT. An electrochemical workstation (CHI600E/700E,

Shanghai CH Instrument Co., Ltd.) connected to a computer was used in this electrochemical
experiment. The potential range was −1 V to 0.5 V with potential steps of 0.05 V at a constant
frequency of 962 Hz. The as-prepared photoanode, Ag/AgCl electrode and Pt plate were employed
as the working, reference and counter electrode, respectively. 0.5 M Na2SO4 aqueous solution (pH
= 7.02) was adopted as the electrolyte.
2.10 Mineralization experiment
The mineralization experiment was carried out in accordance with part 2.5, but after the
photocatalytic reaction, the solution was measured with the total organic carbon analyzer, and the
mineralization rate was calculated by using the formula:
Mineralization rate = 1 −

organic carbon content after reaction
 × 100%
total organic carbon content

6

3. Results and discussion
3.1 Characterization
Fig. 1 presented the XRD patterns of different samples. In Fig. 1a, the diffraction peaks
appeared at 2θ values of 38.2 °, 44.4 °, 64.5 ° and 77.4 ° could be indexed to the face-centered
cubic Ag, which was corresponding well with the JCPDS standard card 65-2871 data file [55, 56],
and the diffraction peaks at 38.2 °, 44.4 °, 64.5 ° and 77.4 ° could be marked by the indexes ((111),
(200), (220) and (311)), this result demonstrated that Ag had been successfully loaded on PEDOT.
Meanwhile, in Fig. 1b, all the diffraction peaks (2θ = 30.1 °, 35.4 °, 37.1 °, 43.1 °, 53.4 °, 56.9 °
and 62.5 °) were matched well the typical cubic spinel ZnFe2O4 (JCPDS standard card 22-1012),
and these diffraction peaks correspond to the indexes ((220), (311), (222), (400), (422), (511) and
(440)), respectively [57, 58]. Moreover, compared with ZnFe2O4, an additional diffraction peak at
38.2 ° was observed in the XRD patterns of Z-scheme imprinted ZnFe2O4/Ag/PEDOT (Fig. 1c),
which was belong to the strongest diffraction peak of Ag, above results demonstrated that the
crystalline structure of Ag and ZnFe2O4 was not changed during coating the surface layer.

Fig. 1 XRD patterns of Ag/PEDOT (a), ZnFe2O4 (b) and Z-scheme imprinted
ZnFe2O4/Ag/PEDOT (c)
In order to further prove the formation of the Z-scheme imprinted ZnFe2O4/Ag/PEDOT,
FT-IR spectra of different samples were employed, which was shown in Fig. 2. Compared with
ZnFe2O4, six additional absorption peaks (1716 cm-1, 1641 cm-1, 1331 cm-1, 1197 cm-1, 1076 cm-1
and 1973 cm-1) were observed in Z-scheme imprinted ZnFe2O4/Ag/PEDOT, because of the
existence of PEDOT and the surface imprinted layer. Briefly, the absorption peak of -C=O was
observed at 1716 cm-1 [53], the absorption peak at 1641 cm-1 was attributed to C=C in TRIM [53]
or C=C in the thiophene ring of PEDOT [59], the absorption peak of C-C and C=C in the
thiophene ring of PEDOT was observed at 1331 cm-1 [60], the absorption peaks of C-O-C were
observed at 1197 cm-1 and 1076 cm-1 [59, 60], and the absorption peak of C-S was observed at 973
cm-1 [60]. All above absorption peaks demonstrated that PEDOT and the surface imprinted layer
were successfully formed in the as-prepared imprinted Ag/PEDOT/ZnFe2O4, and the Z-scheme
imprinted ZnFe2O4/Ag/PEDOT had been successfully synthesized.

Fig. 2 FT-IR spectra of ZnFe2O4 (a) and Z-scheme imprinted ZnFe2O4/Ag/PEDOT (b)
XPS spectrum of the Z-scheme imprinted ZnFe2 O4/Ag/PEDOT was further investigated to
confirm the elemental composition. It could be clearly seen in Fig. 3 that Ag 3d5/2 and Ag 3d3/2
were both existed in the sample, which pointed out that the as-prepared sample possessed Ag. At
the same time, Fe 2p3/2, Fe 2p1/2, Zn 2p3/2, Zn 2p1/2 and O 1s were also observed in the sample,
which demonstrated that ZnFe2O4 was successfully synthesized. In addition, C 1s and N 1s
indirectly indicated that PEDOT was also successfully synthesized. Therefore, above results also
proved that Z-scheme imprinted ZnFe2O4/Ag/PEDOT had been successfully synthesized.

Fig. 3 XPS spectrum of the Z-scheme imprinted ZnFe2O4/Ag/PEDOT
TEM images and SEM images were employed to investigate the morphology of different
samples, which were displayed in Fig. 4. It can be easily found in Fig. 4a and Fig. 4c that ZnFe2 O4
possessed good partial hollow spherical structure with the average diameter of approximately 470
nm. Compared with ZnFe2 O4, after coating the surface imprinted layer, an additional
inhomogeneous covering layer was clearly observed on the surface of ZnFe2O4 in Fig. 4b, which
indicated that the surface imprinted layer had been successfully coated on the surface of ZnFe2O4,
besides, Z-scheme imprinted ZnFe2O4/Ag/PEDOT still possessed good partial hollow spherical
structure and the average diameter was approximately 480 nm. Moreover, the elements of Zn, Fe
and O in Fig. 4e proved again that ZnFe2 O4 had been successfully synthesized, and compared with
Fig. 4e, the additional elements (C, S and Ag) were observed in Fig. 4f, which indirectly proved
again that Ag/PEDOT and the surface imprinted layer were both existed in the Z-scheme
imprinted ZnFe2O4/Ag/PEDOT.

Fig. 4 TEM images, SEM images and EDS spectra of ZnFe2O4 (a, c and e) and Z-scheme
imprinted ZnFe2O4/Ag/PEDOT (b, d and f)
In order to further prove that the imprinted cavities were indeed existed in the surface
imprinted layer, the N2 adsorption−desorption experiments were conducted and displayed in Fig. 5.
According to relevant literatures [61, 62], the Z-scheme imprinted ZnFe2O4/Ag/PEDOT belonged
to the typical IV type N2 adsorption-desorption isotherm and H1 type hysteresis loop, indicating
that the Z-scheme imprinted ZnFe2O4/Ag/PEDOT possessed the mesoporous structure. The BET
specific surface area of Z-scheme imprinted ZnFe2 O4/Ag/PEDOT was 181.53 m2 g-1 and its
average pore diameter was 3.04 nm. Therefore, the N2 adsorption−desorption experiments fully
proved that the imprinted cavities had been formed and existed in the surface imprinted layer of
Z-scheme imprinted ZnFe2O4/Ag/PEDOT.

Fig. 5 N2 adsorption-desorption isotherm (A) and corresponding pore size distribution curve (B) of
the Z-scheme imprinted ZnFe2 O4/Ag/PEDOT
Fig. 6A displayed the UV-vis DRS spectra of different samples. As shown in Fig. 6A,
PEDOT and ZnFe2O4 both had good light response ability, and after coating the surface imprinted
layer, the Z-scheme imprinted ZnFe2O4/Ag/PEDOT still exhibited good absorption in different
light range. Besides, the band edge of PEDOT and ZnFe2O4 could be estimated according to the
following equation, and the data were shown in Fig. 6B, Fig. 6C and Fig. 6D.
2

Ahνn =k=hν-Eg ?

7

Where A, h, ν, k and Eg were absorption coefficient, planck constant, light frequency,
proportionality constant and band gap, respectively [63, 64].
The value of n and E g was determined according to the literatures [65]. Briefly, plot (Ahν)2/n
vs hν and evaluated the band gap (Eg) by extrapolating the straight line to the hν axis intercept, as
shown in Fig. 6B, when n = 1, Eg of PEDOT and ZnFe2O4 was 2.21 eV and 2.03 eV, respectively.
Similarly, as shown in Fig. 6C, when n = 4, Eg of PEDOT and ZnFe2O4 was 0.45 eV and 0.55 eV,
respectively. Secondly, plot ln(Ahν) vs ln(hν-Eg), using the approximate E g value of 1.61 eV for
PEDOT and 1.77 eV for ZnFe2O4 in accordance of absorption spectra (Fig. 6A), afterwards,
determined the value of n with the slope of the straightest line near the band edge. As shown in Fig.
6D, the slope was 1.03 for PEDOT and 0.99 for ZnFe2O4, accordingly, the corresponding value of
n may be determined to 1 both for PEDOT and ZnFe2O4. Therefore, the band gap (E g) of PEDOT
and ZnFe2 O4 was 2.21 eV, and 2.03 eV, respectively, and PEDOT and ZnFe2O4 were both belong
to the direct transition absorption.

Fig. 6 UV-vis DRS spectra (A), plots of (Ahν)2 versus hν (B), plots of (Ahν)1/2 versus hν (C), plots
of ln(Ahν) vs ln(hν - 1.61) for PEDOT and plots of ln(Ahν) vs ln(hν - 1.77) for ZnFe2O4 (D) of
different samples (a. PEDOT, b. ZnFe2O4 and c. Z-scheme imprinted ZnFe2O4 /Ag/PEDOT)
The magnetization patterns at room temperature of different samples were displayed in Fig. 7.
It can be clearly seen that, compared with ZnFe2O4 (82.65 emu g-1), Z-scheme imprinted
ZnFe2O4/Ag/PEDOT also exhibited distinct magnetism and the magnetic saturation (Ms) value
was 69.36 emu g-1, indicating that the magnetism was not weakened markedly by the covering of
the surface imprinted layer. The photograph (inset in Fig. 7) also proved that the Z-scheme
imprinted ZnFe2O4 /Ag/PEDOT could be easily separated by a magnet, indicating that the
Z-scheme imprinted ZnFe2O4/Ag/PEDOT indeed possessed good magnetic separation
performance.

Fig. 7 Magnetization patterns at room temperature of ZnFe2 O4 (a) and Z-scheme imprinted
ZnFe2O4/Ag/PEDOT (b) (inset in B is the photograph of the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT separated from solution under a magnet)
3.2 Adsorption performance
The adsorption experiment was carried out in accordance with part 2.4. It can be easily found
in Fig. 8 that the adsorption capacity of all the samples increased significantly before 30 min, and
due to the fact that a lot of imprinted cavities were existed in the surface imprinted layer of
Z-scheme imprinted ZnFe2O4/Ag/PEDOT, and these imprinted cavities had a strong specific
recognition ability for TC, Z-scheme imprinted ZnFe2O4/Ag/PEDOT had a faster adsorption rate.
While when the adsorption time was more than 30 min, the reaction process of all the samples
followed the order of adsorption–desorption–adsorption, which reached the desired adsorption
state for photocatalysis. Besides, compared with ZnFe2 O4 and Ag/PEDOT, the Z-scheme
imprinted ZnFe2O4/Ag/PEDOT possessed the highest adsorption performance, and the adsorption
capacity fluctuated around 1.47 mg g-1 which was approximately 2.04 times to that of ZnFe2O4
and 1.48 times to that of Ag/PEDOT. Therefore, in the following experiments, 30 min was chosen
as the desired adsorption time.

Fig. 8 Adsorption of ZnFe2O4 (a), Ag/PEDOT (b) and Z-scheme imprinted ZnFe2O4/Ag/PEDOT
(c) (conditions: sample dose: 0.002 g L-1, TC concentration: 20 mg L-1, pH: 5.93)
3.3 Influence of different adding doses of Ag/PEDOT and different microwave
polymerization times on photocatalytic activity
The influence of different adding doses of Ag/PEDOT (0.001 g, 0.005 g, 0.01 g, 0.05 g and
0.1 g) and different microwave polymerization times (0.1 h, 0.5 h, 1 h, 1.5 h and 2 h) on the
photocatalytic activity of the Z-scheme imprinted ZnFe2O4/Ag/PEDOT were also investigated to
achieve a better photocatalytic activity. As shown in Fig. 9A, 0.01 g was the optimal adding doses
of Ag/PEDOT, and the photodegradation rate of Z-scheme imprinted ZnFe2O4/Ag/PEDOT
reached 71.77 %. When the adding dose of Ag/PEDOT was less than 0.01 g, it can be clearly seen
that the higher the content of Ag/PEDOT, the better the photocatalytic activity of Z-scheme
imprinted ZnFe2O4/Ag/PEDOT. While when the adding dose of Ag/PEDOT was more than 0.01 g,
due to the excessive Ag/PEDOT, the surface imprinted layer would become thicker, which would
make the transmission of the electrons and holes became slow, and this further resulted in the
lower photocatalytic activity. In addition, it can be easily found that in Fig. 9B that 1 h was the
optimal

microwave

polymerization

time

to

synthesize

the

Z-scheme

imprinted

ZnFe2O4/Ag/PEDOT. If the microwave polymerization time was less than 1 h, the polymerization
would not complete and the imprinted layer would not fully form, which would lead to the
decrease of the photocatalytic activity. While if the microwave polymerization time was more than
1 h, the polymerization degree would increase, which would lead to: (i) the thicker surface

imprinted layer, and the less distribution of the imprinted cavities on the surface, (ii) the more
stable bonding degree which was detrimental to the removal and re-binding of TC, both of the two
reasons would lead to a decrease in the photocatalytic activity. Therefore, in the following
experiments, 0.01 g was chosen as the adding dose of Ag/PEDOT, and 1 h was chosen as the
microwave polymerization time. What’s more, the corresponding plots of ln(Co/C) versus hν time
was displayed in Fig. S1, and the corresponding apparent rate constants (Table S1 and Table S2)
were calculated according to the equation (8) [66, 67]. It can be easily found that all the data in
Table S1 and Table S2 were in accordance with the above results.
ln C+ /C = kt
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Where Co is the initial concentration of TC after adsorbing, C is the concentration of TC after
irradiating, k is the apparent rate constant and t is the irradiation time.

Fig. 9 Influence of different adding doses of Ag/PEDOT (A) and different microwave
polymerization times (B) for synthesizing the Z-scheme imprinted ZnFe2O4/Ag/PEDOT on the
photocatalytic activity (conditions: sample dose: 0.002 g L-1, TC concentration: 20 mg L-1, pH:
5.93)
3.4 Selectivity
The photocatalytic activity of photodegradation of the single antibiotic solution was
compared to investigate the selectivity of different samples, which was shown in Fig. 10. It can be
easily found that ZnFe2O4 possessed very poor photocatalytic activity, after the simulated sunlight
irradiation for 120 min, the photodegradation rate was only 15.14 % for TC and 19.91 % for EH.
While Ag/PEDOT had a relatively good photocatalytic activity, which may rely on the
photo-generated electrons transfer effect of Ag. Compared with Ag/PEDOT, the photocatalytic
activity of photodegradation of TC and EH with non-imprinted ZnFe2O4/Ag/PEDOT was better,

which fully proved that the Z-scheme structure indeed enhanced the photocatalytic activity.
What’s more, because that Z-scheme imprinted ZnFe2 O4/Ag/PEDOT had a lot of imprinted
cavities in the surface imprinted layer, and these imprinted cavities possessed strong affinity to TC,
accordingly, for photodegradation of TC, Z-scheme imprinted ZnFe2O4/Ag/PEDOT possessed the
highest photodegradation rate (71.77 %) under the simulated sunlight irradiation of 120 min,
which was approximately 4.74 times to that of ZnFe2O4, 1.42 times to that of Ag/PEDOT and 1.31
times to that of non-imprinted ZnFe2O4/Ag/PEDOT, respectively, besides, due to the relatively
large structural difference between TC and EH, the imprinted cavities can not efficient specific
recognition of EH, consequently, for photodegradation of EH, Z-scheme imprinted
ZnFe2O4/Ag/PEDOT possessed the relatively poor photodegradation rate.

Fig. 10 Selectivity for photodegradation of the single antibiotic solution with different samples
under the simulated sunlight irradiation of 120 min (a and b: ZnFe2O4; c and d: Ag/PEDOT; e and
f: Z-scheme imprinted ZnFe2O4/Ag/PEDOT; g and h: non-imprinted ZnFe2O4 /Ag/PEDOT) (a, c, e
and g: degradation of TC; b, d, f and h: degradation of EH) (conditions: sample dose: 0.002 g L-1,
TC concentration: 20 mg L-1, EH concentration: 20 mg L-1, pH of TC solution: 5.93, pH of EH
solution: 5.49)
The detailed photodegradation rates and coefficients of selectivity of different samples for
photodegradation of the single antibiotic solution were presented in Table 1. It can be clearly seen
that coefficient of selectivity (kselectivity) of Z-scheme imprinted ZnFe2O4/Ag/PEDOT relative to
ZnFe2O4, Ag/PEDOT and non-imprinted ZnFe2O4 /Ag/PEDOT was 1.84, 1.82 and 1.79,

respectively, which demonstrated that kselectivity mainly depended on the structure of TC, and
Z-scheme imprinted ZnFe2O4 /Ag/PEDOT possessed the imprinted cavities which can effective
selective photodegradation of TC in the presence of EH.
Table 1 Photodegradation rates and coefficients of selectivity for degradation of the single
antibiotic solution with different samples under the simulated sunlight irradiation of 120 min
(conditions: sample dose: 0.002 g L-1, TC concentration: 20 mg L-1 , EH concentration: 20 mg L-1,
pH of TC solution: 5.93, pH of EH solution: 5.49)
Sample

Antibiotic

Photodegradation

solution

rate (%)

TC

15.14

EH

19.91

TC

50.51

EH

65.86

Z-scheme imprinted

TC

71.77

ZnFe2O4/Ag/PEDOT

EH

51.26

Non-imprinted

TC

54.76

ZnFe2O4/Ag/PEDOT

EH

70.36

ZnFe2O4

Ag/PEDOT

kimprinted

kothers

kselectivity

—

0.76

1.84

—

0.77

1.82

1.4

—

—

—

0.78

1.79

The selective experiment in binary antibiotic solution containing TC and EH was carried out
to further investigate the selectivity of different samples. As displayed in Fig. 11 and Table 2, the
degradation trend of different samples in binary antibiotic solution was almost consistent with that
in the single antibiotic solution. However, the photodegradation rate of the same sample for
degradation of the binary antibiotic solution was much lower than that of the single antibiotic
solution, which was because regardless of the binary antibiotic solution and the single antibiotic
solution, the sample dose was the same (0.002 g L-1), while the antibiotic concentration was
different, the binary antibiotic solution contained two kinds of antibiotics, accordingly, the
photodegradation rate of the same sample for degradation of the binary antibiotic solution was
much lower than that of the single antibiotic solution. On the other hand, it can be clearly seen that,
for degradation of the binary antibiotic solution, the coefficient of selectivity (kselectivity) of

Z-scheme imprinted ZnFe2O4/Ag/PEDOT relative to ZnFe2O4, Ag/PEDOT and non-imprinted
ZnFe2O4/Ag/PEDOT was 1.78, 1.75 and 1.67, respectively. All above results further proved that
the Z-scheme imprinted ZnFe2O4 /Ag/PEDOT not only possessed high photocatalytic efficiency,
but also had the specific recognition ability for selective photodegradation of TC both in the single
antibiotic solution and the binary antibiotic solution.

Fig. 11 Selectivity for photodegradation of the binary antibiotic solution containing TC (a, c, e and
g) and EH (b, d, f and h) with different samples under the simulated sunlight irradiation of 120
min (a and b: ZnFe2O4, c and d: Ag/PEDOT, e and f: Z-scheme imprinted ZnFe2O4/Ag/PEDOT, g
and h: non-imprinted ZnFe2 O4/Ag/PEDOT) (conditions: sample dose: 0.002 g L-1, TC
concentration in the binary antibiotic solution: 20 mg L-1, EH concentration in the binary
antibiotic solution: 20 mg L-1, pH: 5.66)
Table 2 Photodegradation rates and coefficients of selectivity for degradation of the binary
antibiotic solution containing TC and EH with different samples under the simulated sunlight
irradiation of 120 min (conditions: sample dose: 0.002 g L-1, TC concentration in the binary
antibiotic solution: 20 mg L-1, EH concentration in the binary antibiotic solution: 20 mg L-1, pH:
5.66)
Sample

Antibiotic

Photodegradation

solution

rate (%)

TC

8.23

EH

10.90

ZnFe2O4

kimprinted

kothers

—

0.76

kselectivity

1.78

TC

28.23

EH

36.58

Z-scheme imprinted

TC

41.16

ZnFe2O4/Ag/PEDOT

EH

30.54

Non-imprinted

TC

31.63

ZnFe2O4/Ag/PEDOT

EH

39.28

Ag/PEDOT

—

0.77

1.75

1.35

—

—

—

0.81

1.67

3.5 Reproducibility
Fig. 12 displayed the reproducibility of the Z-scheme imprinted ZnFe2O4/Ag/PEDOT by 5
cycles. It can be easily found in Fig. 12A that Z-scheme imprinted ZnFe2 O4/Ag/PEDOT could be
used at least 5 cycles with a little loss of photocatalytic activity, demonstrating that the Z-scheme
imprinted ZnFe2O4/Ag/PEDOT had good photocatalytic stability and reproducibility. Besides, as
displayed in Fig. 12B, the XRD pattern of the sample after 5 cycles was nearly the same with that
of the initial sample, demonstrating that the crystalline structure of the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT was not changed during the photocatalytic reaction.

Fig. 12 Photodegradation rates (A) and XRD patterns (B) of the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT with different cycles (photocatalytic experimental conditions: sample dose:
0.002 g L-1, TC concentration: 20 mg L-1, pH: 5.93)
3.6 Mechanism
As everyone knows, the photocatalytic active species (such as h+, ·OH, and ·O2−) played a
very important role in the photocatalytic reaction [64, 68, 69]. Therefore, the corresponding
experiment of the Z-scheme imprinted ZnFe2 O4/Ag/PEDOT was carried out in accordance with

part 2.7, and the results were shown in Fig. 13. During the photocatalytic process, TEOA, t-BuOH
and BQ were used as the quenchers for h+, ·OH and ·O2 −, respectively. It can be clearly seen that
the photocatalytic activity was seriously affected by adding TEOA and the photodegradation rate
was only 20.75 %, indicating that h+ played a key role on the photocatalytic activity of Z-scheme
imprinted ZnFe2O4/Ag/PEDOT. In contrast, compared with that without quencher (71.77 %), the
photodegradation rate reduced to 59.86 % and 50.85 % by adding t-BuOH and BQ, respectively,
which demonstrated that ·OH and ·O2− played a small role on the photocatalytic activity of
Z-scheme imprinted ZnFe2O4/Ag/PEDOT.

Fig. 13 Photodegradation rates for degradation of TC with the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT in the presence of different quenchers under the simulated sunlight
irradiation of 120 min (conditions: sample dose: 0.002 g L-1, TC concentration: 20 mg L-1, pH:
5.93)
Interestingly, based on above data, we found that the role of ·OH was smaller than that
of ·O2−, which implied that h+ may not react with H2O/OH- to form ·OH, and the ·OH may be only
generated form ·O2−. In order to further confirm above conjecture, Mott–Schottky experiment was
conducted to evaluate the band positions of ZnFe2O4 and PEDOT (Fig. 14). It can be easily found
that, both the slope of linear C-2 potential curve was positive in Fig. 14A and Fig. 14B, indicating
that ZnFe2O4 and PEDOT were all belong to n-type material. Moreover, the flat band potential of
ZnFe2O4 and PEDOT was -0.98 V vs. Ag/AgCl and -0.67 V vs. Ag/AgCl, respectively. According
to the Nernst equation (Equation 9) [70], the flat band potential of ZnFe2O4 and PEDOT can be

calculated to -0.06 V vs. NHE and -0.37 V vs. NHE.
L
ECDE =EFG/FGH/ + 0.059 × pH + EFG/FGH/
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Where ENHE, EAg/AgCl and EθAg/AgCl were the converted applied potential (vs. NHE), the
applied potential (vs. Ag/AgCl) and the standard Ag/AgCl electrode potential at 25 oC (0.197 V),
respectively. The pH for the electrolyte was 7.02.
It is known that the conduction bands of n-type semiconductors are 0 eV - 0.1 eV higher than
the flat potentials [71]. Here, the voltage difference between the conduction band (CB) and the flat
potential was set to be 0.05 eV [71], therefore, the estimated positions of conduction band (CB) of
ZnFe2O4 and LUMO energy level of PEDOT were -0.42 eV vs. NHE and -0.11 eV vs. NHE,
respectively. According to the results of Fig. 6, the band gap (Eg) of ZnFe2O4 and PEDOT was
2.03 eV, and 2.21 eV, respectively. Therefore, the conduction band (CB) and valence band (VB) of
ZnFe2O4 were -0.42 eV and 1.61 eV, respectively, and the LUMO energy level and HOMO energy
level of PEDOT were -0.11 eV and 2.1 eV, respectively. Consequently, based on the VB position
of ZnFe2O4 and the HOMO energy level position of PEDOT, above conjecture that ·OH was only
generated form ·O2− had been confirmed.

Fig. 14 Mott-Schottky plots for ZnFe2 O4 electrode (A) and PEDOT electrode (B) in 0.5 M Na2SO4
aqueous solution (pH = 7.02)
More importantly, due to the existence of Ag between ZnFe2O4 and PEDOT and the energy
level positions of ZnFe2O4 and PEDOT, the Z-scheme structure may be formed in this
photocatalytic system. In order to prove the Z-scheme structure, the production of ·O2− and · OH
was further detected by the ESR technique. As shown in Fig. 15, no signal was found in the
spectrum of PEDOT, indicating that PEDOT can not generate · O2−. Moreover, the signal intensity

of Z-scheme imprinted ZnFe2O4/Ag/PEDOT were stronger than that of ZnFe2 O4, this result
indicated that ZnFe2O4 and Z-scheme imprinted ZnFe2O4 /Ag/PEDOT can not only generate ·O2−,
but also the amounts of ·O2− generated from Z-scheme imprinted ZnFe2O4/Ag/PEDOT were larger
than that from ZnFe2O4 [72]. The cause of the above results must be that the electrons (e-)
generated from the LUMO energy level of PEDOT was transferred to Ag and further combined
with the hole (h+) transferred from the VB energy level of ZnFe2 O4 to Ag. Because if the egenerated from the CB energy level of ZnFe2O4 transferred to Ag and further to PEDOT or the egenerated from the CB energy level of ZnFe2O4 transferred to PEDOT and further to Ag, due to
the fact that the reaction could not occur to generate ·O2− on the LUMO energy level of PEDOT,
the characteristic peaks with relative intensity corresponding to DMPO−·O2− of Z-scheme
imprinted ZnFe2O4/Ag/PEDOT would not be higher than that of ZnFe2O4, hence the conclusion of
this hypothesis was inconsistent with the results in Fig. 15. Similarly, due to the fact that ·OH was
only generated form ·O2 −, the ESR spectra of DMPO−·OH had the same trend with the ESR
spectra of DMPO−·O2−, the results were showed in Fig. S2. In addition, due to the positions of
valence band (VB) of ZnFe2O4 (1.61 eV) and HUMO energy level of PEDOT (2.1 eV), the hole
(h+) generated from the VB energy level of ZnFe2O4 can not transfer to the HUMO energy level of
PEDOT, and the h+ can not react with H2O/OH− to form ·OH both in the valence band (VB) of
ZnFe2O4 and HUMO energy level of PEDOT. Therefore, in this work, the electrons (e-) generated
from the LUMO energy level of PEDOT was transferred to Ag and further combined with the hole
(h+) transferred from the VB energy level of ZnFe2O4 to Ag. Obviously, the Z-scheme structure
had been formed.

Fig. 15 ESR signals DMPO−·O2− with visible light irradiation of ZnFe2O4 (a), PEDOT (b) and
Z-scheme imprinted ZnFe2 O4/Ag/PEDOT (c).
Combined with all the above results, the photocatalytic and selective mechanism of the
Z-scheme imprinted ZnFe2O4/Ag/PEDOT was proposed and presented in Fig. 16. Briefly, due to
the existence of imprinted cavity in the surface layer, TC can be specifically recognized and
further selectively photodegraded, similarly, owing to the relatively large structural difference
between TC and EH, the imprinted cavities can not efficient specific recognition of EH. Therefore,
the specific recognition and selective photodegradation was realized through the imprinted cavity.
And when the Z-scheme imprinted ZnFe2O4/Ag/PEDOT was exposed to simulated sunlight, the
electrons (e-) and holes (h+) were generated respectively in the corresponding energy level of
ZnFe2O4 and PEDOT. Subsequently, due to the existence of Ag between ZnFe2O4 and PEDOT,
the e- generated from the LUMO energy level of PEDOT and the h+ generated from the VB energy
level of ZnFe2O4 both transferred to Ag, consequently, the e- in the CB energy level of ZnFe2O4
were captured by dissolved O2 to generate ·O2-, and further generated ·OH, meanwhile, the h+
generated from the HOMO energy level of PEDOT directly oxidized TC to generate CO2, H2 O
and other molecules.

Fig. 16 Proposed photocatalytic and selective mechanism of the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT

3.7 Photodegradation intermediates analysis
The mineralization degree of photodegradation of TC with the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT was investigated in accordance with part 2.9. As shown in Fig. S3, the
mineralization rate was only 44.56 %, which was much lower than its photodegradation rate
(71.77 %), above result indicated that a lot of photodegradation intermediates were generated
during the photocatalytic reaction. In order to further investigate the photodegradation process in
depth, MS was employed to identify the photodegradation intermediates, which was displayed in
Fig. S4. Through an in-depth analysis and comparison of Fig.S4A, Fig. S4B and Fig. S4C, the
possible photodegradation intermediates were inferred. As displayed in Fig. 17, TC may first
occur the addition reaction and further lose the group of ‒CONH2 to form A (m/z = 455) and D
(m/z = 412), or first lose the group of ‒CONH2 and further occur the addition reaction to form B
(m/z = 402) and D (m/z = 412). Afterwards, B (m/z = 402) may lose the group of ‒N(CH3)2 to
form C (m/z = 359), and then occur the addition reaction to form E (m/z = 369). Meanwhile, D
(m/z = 412) may also lose the group of ‒N(CH3)2 to form E (m/z = 369). Subsequently, E (m/z =
369) may be fragmented into F (m/z = 343) by leaving the group of ‒C=O, and F (m/z = 343) may
be further fragmented into G (m/z = 285) by leaving the group of ‒CH2CH(OH)CH3. Nevertheless,
because the reaction time was short, TC was not completely degraded, while if the reaction time
was extended, all the photodegradation intermediates would be degraded to CO2, H2 O and other
molecules.

Fig.17 Possible intermediates analysis of photodegradation of TC with the Z-scheme imprinted
ZnFe2O4/Ag/PEDOT

4. Conclusions
In brief, the Z-scheme imprinted ZnFe2O4/Ag/PEDOT was synthesized based on ZnFe2O4 as
the carrier and Ag/PEDOT as the functional monomer by the microwave polymerization method
and surface imprinting technique, the optimal adding doses of Ag/PEDOT was 0.01 g and the
optimal microwave polymerization time was 1 h. The experimental results demonstrated that the
as-prepared Z-scheme imprinted ZnFe2O4/Ag/PEDOT possessed good partial hollow spherical
structure, good light response ability, good magnetic separation performance, good photocatalytic
stability and reproducibility. Moreover, based on the electrochemical analysis with the
Mott–Schottky experiments and UV-vis DRS spectra with the corresponding Kubelca-Munk
equation, and also combined with the results of photocatalytic experiments by adding different
quenchers, the photocatalytic mechanism was confirmed that due to the introduction of
Ag/PEDOT into the surface imprinted layer, Ag acted as the mediator, Z-scheme structure was
formed to enhance the photocatalytic activity. Accordingly, the photodegradation rate of Z-scheme
imprinted ZnFe2O4/Ag/PEDOT for degradation of TC under the simulated sunlight irradiation of
120 min was 71.77 %, which was approximately 4.74 times to that of ZnFe2O4 , 1.42 times to that
of Ag/PEDOT and 1.31 times to that of non-imprinted ZnFe2O4/Ag/PEDOT, respectively.
Meanwhile, owing to the existence of the imprinted cavity in the surface imprinted layer, the
selectivity had been significantly improved. The coefficient of selectivity of Z-scheme imprinted
ZnFe2O4/Ag/PEDOT relative to ZnFe2O4, Ag/PEDOT, non-imprinted ZnFe2O4/Ag/PEDOT was
1.84, 1.82, 1.79 in the single antibiotic solution and 1.78, 1.75, 1.67 in the binary antibiotic
solution, respectively. In a word, the as-prepared Z-scheme imprinted ZnFe2O4/Ag/PEDOT not
only possessed good photocatalytic activity, but also exhibited the superior specific recognition

ability for selective photodegradation of TC. This work provided a new synthesis strategy for the
imprinted photocatalysts and also provided a new idea for the treatment of specific pollutants in
the water environment.
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Highlights

► Z-scheme imprinted ZnFe2O4/Ag/PEDOT is obtained by microwave and surface imprinting
technique.
► The introduction of Ag/PEDOT enhances the photocatalytic activity by forming Z-scheme
structure.
► The existence of the imprinted cavity in the surface imprinted layer improves the selectivity.
► The aim for simultaneously improving the photocatalytic activity and selectivity is achieved.

Graphical Abstract

The as-prepared Z-scheme imprinted ZnFe2O4 /Ag/PEDOT achieved the goal for
simultaneously improving the photocatalytic activity and selectivity.

