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A heptazine-based polymer photocatalyst with donor-acceptor configuration to promote exciton dissociation and charge separation
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Experimental Procedures
[bookmark: OLE_LINK4]Materials: Biphenyl was purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. Melamine, sodium hydroxide, ethanol, and dichloromethane from Sinopharm Chemical Reagent Co., Ltd. Phosphorus pentachloride was purchased from Adamas Chemical Reagent Co., Ltd. Aluminum chloride was purchased from Alfa Aesar. All chemicals were obtained from commercial suppliers and used without further purification unless otherwise stated.
Synthetic procedures:
[image: ]
Polymeric carbon nitride (PCN): Melamine (10 g) was heated in a porcelain crucible (20 mL) using a furnace at 550 ºC for 2 h with a ramp rate of 260 °C per hour under an ambient atmosphere. After being ground by agate mortar, 206 mg of the product was obtained as a powder.[1]
Potassium cyamelurate (heptazine-K): 5 g of bulk carbon nitride was refluxed in 100 mL of 3 M KOH solution for 6 h under reflux. The solution was filtered through a Buchner funnel while still warm and then cooled to 0 °C. The resulting white crystals were collected and washed with cold ethanol (6.14 g, yield: 80 % ).[2]
[bookmark: _Hlk101995023]Cyameluric chloride (heptazine-Cl): A mixture of potassium cyamelurate (1.91 g, 5.7 mmol) and PCl5 (4.33 g, 20.8 mmol) in POCl3 (35 mL, 375.5 mmol) were refluxed under an argon atmosphere at 110 °C for 6 h. The mixture was cooled to room temperature and then POCl3 was removed by the reduced pressure distillation. Then, H2O (50 mL) was added to the remaining product and was stirred for a few minutes. The yellow product was filtered under reduced pressure and washed with cold H2O. The product was then placed in a desiccator under reduced pressure for 24 h (1.21 g, yield: 77%).[3]
[bookmark: OLE_LINK5]Heptazine polymer (BPCN): Dichloromethane (25 mL), biphenyl (1.8 g, 11.7 mmol), and aluminum trichloride (15.8 mmol 2.11 g) were charged into a 50 mL round-bottomed flask, and then slowly adding of cyameluric chloride (2.20 g, 7.8 mmol) in batches. The mixture was allowed to react at room temperature for 30 minutes, followed by heating to reflux for another 12 hours. After cooling, the mixture was poured into a large amount of ice water with vigorously stirring, filtered, and dried to afford a solid. Further purifying by Soxhlet extraction with ethanol and dichloromethane sequentially to give the target as a purple-yellow powder (yield: 1.1 g). [4]
Characterization: X-ray powder diffraction (PXRD) patterns were generated by a Rigaku MiniFlex machine with Cu Kα1 radiation (λ = 1.5406 Å). The scanning emission microscope (SEM) images were observed on Thermos Fisher Verios G4 Field Emission Scanning Electron Microscope. Transmission electron microscopy (TEM) images were obtained using an FEI TECNAI G2 F20 field emission transmission electron microscope. The energy-dispersive X-ray spectroscopy was examined using an FEI Super-X energy dispersive spectrum. The Fourier transform infrared (FT-IR) spectra were obtained on a Nicolet 670 FT-IR spectrometer. X-ray photoelectron spectroscopy (XPS) data were monitored on a Thermo ESCALAB250 instrument with a monochromatized Al Kα line source (200 W). UV-Vis diffuse reflectance spectra (UV-Vis DRS) were collected on Varian Cary 500 Scan UV-visible system. Photoluminescence (PL) spectra were recorded on an Edinburgh FLS980 spectrophotometer. 1H NMR spectra were recorded on Bruker Avance 400 MHz NMR in CDCl3 at 25 °C. The solid-state 13C NMR experiments were performed on a Bruker AVANCE Ⅲ 500 NMR. Photocurrent performance was conducted with a BAS Epsilon Electrochemical System in a conventional three-electrode cell, using a Pt plate as the counter electrode and an Ag/AgCl (3 M KCl) electrode as the reference electrode. The working electrode was prepared on indium-tin-oxide (ITO) glass that was cleaned by sonication in ethanol for 30 min and dried at 353 K. The boundary of ITO glass was protected using Scotch tape. The 5 mg sample was dispersed in 1 mL of DMF by sonication to get a slurry. The slurry was spread onto pretreated ITO glass. After air-drying, the Scotch tape was unstuck, and the uncoated part of the electrode was isolated with epoxy resin. Gas chromatography-mass spectra (GC-MS) were taken at Thermo Trace 1300 gas chromatograph-mass spectrometer and a TR-5MS: column (0.25 mm × 30 m, Film: 0.25 μm). Analytical gas chromatography (GC) for the samples was carried out on a SHIMADZU GC-2014A TF/SPL (TDX-01 60/80 mesh, 2.0 mm x 3.2 mm x 2.1 mm-FID, TCD permanent gases, N2 carrier gas). Water contact angle measurements were conducted on Dataphysics-OCA20 machine.
Photocatalytic organic transformation: Reactions were irradiated using a simple photoreactor consisting of Eaglerise ELP8X3LS 3W blue LEDs (λ = 450 nm), which was connected to the HAAKE-FK cyclic water-cooling system. In order to ensure that the reactions are run near room temperature, a simple cooling fan was installed above the reactor to aid in dissipating the heat generated from both nonradioactive decay pathways of the excited state catalysts and the heat generated from the LEDs. An equilibrium temperature of 25 ℃ was measured with a standard alcohol thermometer. Reaction conditions: substrate (0.1 mmol), BPCN (10 mg), ethanol (2 mL), air, 450 nm LED (30 W), 25 °C, 1 h, determined by GC-MS.
Photocatalytic water oxidation half-reaction: Photocatalytic O2 production was measured in a Pyrex top-irradiation reaction vessel connected to a glass closed gas circulation system. For each reaction, 50 mg catalyst powder was well dispersed in an aqueous solution (100 mL) containing AgNO3 (0.01 M) as an electron acceptor. The reactant solution was evacuated several times to completely remove air prior to irradiation under a 300 W Xe lamp and a water-cooling filter. The wavelength of the incident light was controlled by using an appropriate long pass cut-off filter. The temperature of the reactant solution was maintained at room temperature by a flow of cooling water during the reaction. The evolved gases were analyzed by gas chromatography equipped with a thermal conductive detector.
Photocatalytic water reduction half-reaction: photocatalytic H2 evolution measurements were carried out in a Pyrex top-irradiation reaction vessel linked to a glass closed gas circulation system. Typically, 50 mg polymer was well dispersed in TEOA/H2O (10 mL/90 mL) and the H2PtCl6 aqueous solution (20 µL) was added (cal. 3 wt.% Pt). Then the mixture was evacuated several times to completely remove air, followed by irradiating under a 300 W Xe lamp and a water-cooling filter. The wavelength of the incident light was controlled by using an appropriate long pass cut-off filter. The temperature of the reactant solution was maintained at 12 ºC by a flow of cooling water during the reaction. The evolved gases were analyzed by gas chromatography equipped with a thermal conductive detector.
Details of theoretical calculations: Full geometry optimizations and harmonic vibrational frequency computations were performed by employing Gaussian 09 software at B3LYP/6-31G (d, p).


Structure and optical characterization
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Figure S1. (a) C 1s and (b) N 1s XPS profile of PCN and BPCN.
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Figure S2. PXRD patterns of PCN (black) and BPCN (blue).
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Figure S3. N2 sorption isotherms of PCN (black) and BPCN (blue).
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Figure S4. Water contact angles on the surface of PCN and BPCN.
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Figure S5. SEM images of (a) PCN and (b) BPCN.
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Figure S6. The bandgap of (a) PCN and (b) BPCN determined by the Tauc plot.
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[bookmark: OLE_LINK10]Figure S7. The determined flat-band potential of (a) PCN and (b) BPCN by the Mott−Schottky method.
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Figure S8. Steady-state PL spectra of PCN (black) and BPCN (blue).
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Figure S9. DFT calculated molecular orbital amplitude plots of HOMO and LUMO of BPCN.
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[bookmark: OLE_LINK11]Figure S10. The time-resolved PL spectra of PCN and BPCN.
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Figure S11. Transient photocurrent response profile of PCN (black) and BPCN (blue).
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Figure S12. EIS Nyquist plots of PCN and BPCN.
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Figure S13. (a) PXRD patterns and (b) FTIR spectra of the BPCN before and after the reaction.
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Figure S14. The wavelength-dependent of the AQY of BPCN.
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[bookmark: _Hlk109166121][bookmark: _Hlk109166241]Figure S15. Controlled experiments for the photooxidation of methyl phenyl sulfide over BPCN in the presence of different scavengers (Reaction conditions: substrate (0.1 mmol), EtOH (2 mL), BPCN (10 mg), air, scavengers (1.0 mmol), 450 nm LED (30 W), 25 °C, 1 h, determined by GC-MS).
[image: ]
Figure S16. EPR signal of (b) •O2- captured by DMPO and (c) 1O2 captured by TEMP of BPCN.
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Figure S17. Cyclic voltammetry of (a) ferrocene and (b) 1 mM solution of thioanisole measured in acetonitrile containing 0.1M TBAPF6 as electrolyte.



Table S1. Elemental analysis results of BPCN and PCN.
	Sample
	
	C (%)
	H (%)
	N (%)

	PCN
	Calcd.
	33.3
	1.9
	64.8

	
	Found
	33.7
	1.1
	65.2

	BPCN
	Calcd.
	70.4
	4.6
	25

	
	Found
	71.4
	3.3
	25.3





Table.S2. Photocatalytic selective aerobic oxidation of thioanisole over BPCN under blue LED (450 nm) illumination.

	Entry
	Catalyst
	Atmosphere
	Time (h)
	Conv . (%)
	Sel . (%)

	1
	BPCN
	Air
	1
	99
	99

	2
	-
	Air
	1
	Trace
	-

	3
	-
	O2
	1
	Trace
	-

	4
	BPCN
	Ar
	1
	Trace
	-

	5
	BPCN
	O2
	0.27
	99
	99


Reaction condition: substrate (0.1 mmol), EtOH (2 mL), 450 nm LED (30 W), 25 °C, 1 h, determined by GC-MS).
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