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Experimental section

Materials
All of the reagents were received from Aladdin industrial Inc. and used without

further purification.

Synthesis of tubular C;N,4 (TCN)

As reported in previous literature [, firstly, 1 g melamine and 1.2 g phosphorous
acid were dissolved in 100 ml deionized water at 80°C in constant temperature oil-
bath pans with strong stirring for 1h. Then the solution was transferred into an
autoclave with Teflon liner and heated at 180 °C for 10 hours. The mixture was
centrifuged, washed with deionized water and ethanol for several times until the
phosphorus species were removed out. Finally, the supramolecular precursors were
obtained after drying at 60 °C in the oven. The appropriate amount of precursor was
uniformly distributed in porcelain boat and placed in a muffle furnace, heated to 550
°C with rate of 2 °C/min and kept for 4 hours, the resultant sample was denoted as

TCN.

Preparation of ZIS/TCN composites

In detail, 100 mg TCN was dispersed into a mixed alcoholic solution that
contained glycerol (5 mL) and ethanol (15 mL). Then, certain amount of
Zn(CH3COO0),, In(NOs); and CsH;NO,S*HCI was added into the above solution
under stirring one by one, followed by stirring for another several minutes. Finally,
the obtained yellow solution was transferred to a 50 mL Teflon-lined stainless steel
autoclave, which was heated to 180 °C and maintained for 12 h. After cooling, the as-
synthesized brown products were rinsed three times with ethanol and dried at 60 °C
overnight. The obtained product named as ZIS-CN-x (x=1, 2, 3, 4, which represents
the mass ratio of ZIS to TCN).

Preparation of Znln,S, (ZIS)
For comparison, pure Znln,S,; was prepared using the same solvothermal method

without the addition of C;Ny4 tube.

Characterizations
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The crystal phases of the photocatalysts were analyzed by powder X-ray
diffraction (Bruker, Billerica, MA, USA) with Cu K (k = 0.15418 nm) radiation with
scanning angle ranged from 5 to 80°. The morphological of all the photocatalysts
samples were observed by scanning electron microscopy (Hitachi S-4800) and
transmission electron microscopy (JEOL-2100F). Fourier transform infrared (FT-IR)
spectra were collected on a Nicolet IS5 FT-IR spectrophotometer. The surface
chemical compositions of the pre-prepared samples were performed by X-ray
photoelectron spectra (XPS, Thermo ESCALAB250, Thermo Scientific, USA).
Photoluminescence (PL) spectra were measured by Hitachi F-7000 fluorescence
spectrophotometer. UV—vis diffuse reflection spectra (DRS) were recorded using
Lambda750 S with BaSO, as reference. The time-resolved fluorescence (TRPL) decay
spectra were measured by FS5 spectrofluorometer. UV—vis adsorption spectroscopy
was taken on a Metash UV-9000S UV-vis spectrometer. Brunauer—Emmett—Teller
(BET) specific surface area of the samples was obtained on a Belsorp-Mini II analyzer
(Japan). High performance liquid mass spectrometry data of all the products were
collected by Waters Xevo G2 QTof (Q-TOF/IT-TOF, USA). Total organic carbon

was measured using an Elementar vario TOC analyzer.

Photocatalytic degradation performance test

Typically, 10 mg of as-prepared photocatalyst was dispersed in 60 mL of
pollutant aqueous solution (rhodamine B, Methylene blue and tetracycline, 20 mg/L).
Prior to visible light irradiation, the suspension was magnetically stirred for 10 min in
the dark to ensure the establishment of an adsorption—desorption equilibrium between
the photocatalysts and pollutions. A 300 W Xenon lamp (CEL-HXF300) equipped
with UV-cut 400 nm filter was used as the visible light source. At regular irradiation
time intervals, aliquots (5 mL) were sampled and centrifuged to separate the
suspended catalysts. The concentration of residual pollutants was detected by a UV—
vis absorption spectrometer (UV-9000S) spectrophotometer at their characteristic
absorption wavelength. The degradation efficiency () and the apparent rate constant

(kapp) can be calculated by following formulas:

X 100%
0 (1)

n:



(2)

where: C, represents the initial concentration of contaminant solution, C is the
measured absorbance of contaminant solution after the reaction, and t is the reaction

time.

Photoelectrochemical measurements

The photocurrent measurements were measured by electrochemical workstation
(CHI 660D, Shanghai) with a conventional three-electrode system under visible light
illumination. Fluorine-doped tin oxide (FTO) conductive glass dip coated with the
samples were viewed as the working electrode, a Pt electrode was treated as the
assistance electrode, Ag/AgCl electrode was employed as the reference electrode, and
0.2 M Na,SO, was used as electrolyte solution. Nyquist plots were validated by an
amplitude perturbation of 0.2 V with the frequency range of 100 kHz to 0.1 Hz under
the open circuit potential. Mott-Schottky plots were determined in 0.2 M Na,SO, at

various frequencies.

Capturing experiment

Sacrificial —agents such as isopropanol (IPA, 1mM), disodium
ethylenediaminetetraacetate (EDTA-2Na, 1 mM), 1,4-benzoquinone (BQ, 1 mM) and
argon (Ar) were used to probe hydroxyl radicals (*OH), holes (h"), superoxide
radicals (*O;) and O, respectively during the photocatalytic degradation of pollutants.
In these experiments, 10 mg ZIS/TCN-3 was added to 60 mL of contaminant aqueous
solution (20 mg L), followed by the addition of scavenging agent, and the mixture

was illuminated for the degradation of target pollutant.



Figure S2. Scanning electron microscope image of ZIS
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Figure S3. SEM images of the different samples: a. ZIS/TCN-1, b. ZIS/TCN-2, c.

ZIS/TCN-3, d. 50%- ZIS/TCN-4.
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Figure S4. Schematic diagram of the spatial dynamic behavior of the charges across

the interface of TCN and ZIS.
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Figure S5. ESR spectra of TCN, ZIS and ZIS/TCN recorded for DMPO-+O?-,
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Fig. S6. N, sorption isotherms of ZIS, TCN and ZIS/TCN-3 with the inset displaying

the corresponding pore size distribution curves.



Table S1. Barrett-Joyner-Halenda (BJH) specific area and pore volume of different

samples.
Photocatalysts Sger (m? g1) Pore Volume (cm? g'!)
ZIS 43.9 0.12
TCN 21.6 0.15
ZIS/TCN-3 50.7 0.24

Table S2. Fitted parameters from time-resolved PL spectra of pristine ZIS, TCN and
ZIS/CN-3.

Photocatalysts T B, Ty B, T
ZIS 1.1209 0.066 5.5463 0.009 2.90
TCN 0.4125 0.123 3.9337 0.009 1.86

ZIS/TCN-3 1.4335 0.054 7.6442 0.012 4.80
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Figure S7. Photodegradation rate of tetracycline on different samples under visible
light.
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Figure S8. The corresponding kinetic analysis with the photocatalytic degradation
performances of tetracycline on different samples under visible light.



Table S3. The comparison of TC decomposition by ZIS/TCN-3 with C;Ny4-based

catalyst
. Catalyst Rat Ref
Photocatalyst Light source weighi {;g) Crc(mgeL1) con:t:n ¢ ﬁcire
300W, Xe lamp
Ag/g-C3Ny 50 20 0.0120 min-! [2]
(A >420 nm)
500W, Xe lamy
a-Fe,03/d-C5Ny P 20 20 0.0103 min-! [3]
(A >420 nm)
BiOl/g-CsNy/  300W, Xe lamp 50 20 0.0205 i (4]
. min
CeO, (A > 420 nm)
Cl-doped g- 300W, Xe lamp 50 0 0.020 Lrmin (5]
CsN, (A > 420 nm) '
300W, Xe lamp
ZnSn03/g-C3Ny 25 10 0.0131 min-! [6]
(A >420 nm)
300W, Xe lamp
WO5/g-C3N, 100 10 0.0213min"! [7]
(A > 420 nm)
300W, Xe lamp
TiOy/HCCN 50 10 0.0203 min™! [8]
(A > 420 nm)
300W, Xe lamp
LaNiO;/g-CsNy 50 20 0.0028 min"! [9]
(A > 420 nm)
LaMnOs/g- 300W, Xe lamp 50 20 0.0080 min [10]
CsN, (A > 420 nm) ‘
300W, Xe lam
(X-B1203/g-C3N4 P 50 10 00122rn1n'1 [1 1]
(A > 400 nm)
300W, Xe lamp This
ZIS/TCN-3 10 20 0.0226 min’!
(A >400 nm) work
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Figure S9. Total Organic Carbon (TOC) removal of the different samples during

photocatalytic degradation process.
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Figure S10. XRD pattern of fresh and used ZIS/CN-3 after five cycles.
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Fig. S11. Photocatalytic degradation of RhB and MB with the as-prepared ZIS/CN-3
heterojunctions as photocatalysts under visible light.

Table S4. Mass spectrometry information and proposed structures of the
photocatalytic products of tetracycline.
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