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A Low Bandgap Aza-Fused Conjugated Microporous Polymer for
Photocatalytic Dye Degradation
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(Hefei National Laboratory for Physical Sciences at the Microscale, CAS Key Laboratory of Soft Matter Chemistry,
Department of Polymer Science and Engineering, University of Science and Technology of China, Hefei 230026, China)

Abstract: Semiconductor photocatalysts can directly use sunlight to produce clean and renewable energy, offering a
potentially viable solution for addressing energy and environmental crisis. Recently, conjugated microporous polymers have
emerged as a very promising class of materials in solar energy conversion. However, they generally exhibit low catalytic
efficiency and insufficient catalytic stability. Moreover, they lack the capability to utilize long-wavelength photons in the near-
infrared region. In this work, aza-fused conjugated microporous polymer (aza-CMP) is synthesized via condensation of
1,2,4,5-benzenetetramine and cyclohexanone. The as-obtained aza-CMP exhibits a band-gap as low as 1.22 eV, ensuring that
it can absorb both visible light and near-infrared photons. Meanwhile, results show that aza-CMP can effectively drive the
degradation of various organic dyes such as Congo Red, Rhodamine B, and Methyl Orange under visible and near-infrared

light irradiation. In contrast, other photocatalysts such as P25-TiO,, g-C3Ns, and Ag-TiO, are unable to oxidize organic dyes
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under near-infrared light irradiation, suggesting that aza-CMP is very efficient in absorbing visible and long-wavelength
photons for photocatalytic oxidation of organic pollutants. In addition, multiple cycling experiments confirm that aza-CMP is
very stable during the catalytic process, which can retain its structure and high catalytic activity after multiple cycles.
Mechanistic investigations further reveal that the active species toward photocatalytic degradation of organic dyes are the
photogenerated holes and singlet oxygen. Furthermore, the pathways of the photocatalytic degradation of organic dyes are
unveiled by using liquid chromatography-mass spectrometry (LC-MS), clearly demonstrating the capability of aza-CMP in
oxidizing organic dyes into small molecules. This study potentially provides new prospects in the design and synthesis of
conjugated polymers for various photocatalytic applications.
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Fig. 1 (a) Chemical structure, (b) solid-state *C-CP/MAS NMR spectrum, (c¢) FT-IR spectrum, (d) N, adsorption-desorption isotherms, (e)
corresponding pore size distribution obtained by the NLDFT method, (f) electronic band structure of aza-CMP
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Fig.2 (a) SEM and (b) TEM images, (c) high-resolution TEM image and the corresponding SAED pattern, (d) XRD pattern of aza-CMP
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Fig.3 (a, b, c) Photocatalytic degradation curves (760 nm> 12> 420 nm) using various photocatalysts; (d) Degradation rate constants k
calculated from Fig.(a—c); (e) Photocatalytic degradation of CR using a flow device
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HE— 2 FH ESR SR G MR £ R, S5 R a1E 6(c) iR, 4 H TEMP 1E R H iy JE 4 70 B, O Bl 25
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Fig. 4 (a, b, c) Photocatalytic degradation curves (4>>800 nm) using various photocatalysts; (d) Degradation rate constants k calculated from
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Fig. 5 (a) Photocatalytic degradation of CR for consecutive cycles using aza-CMP as the photocatalyst under visible light irradiation;
(b) Solid-state *C-CP/MAS NMR spectra of aza-CMP; (c) FT-IR spectra and (d) XRD patterns of aza-CMP before and after
photocatalysis
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Fig. 6 (a)UV-Vis spectra of aza-CMP photodegradation DPBF in oxygen atmosphere; (b) Curves for degradation of DPBF using aza-CMP;
(¢) ESR spectra of 'O, captured by TEMP spin probes ; (d)aza-CMP photocatalytic degradation curves of CR in the presence of hole

scavengers
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