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Fig. 1 Schematic diagram of PDIM synthesis.
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Fig. 2 (a) FTIR spectrum; (b) SEM image; (c) N, adsorption and desorption isotherm; (d) Pore size distribution of PDIM.
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Fig. 3 (a) Effect of initial MB concentration; (b) Effect of adsorbent dosage; (c) Effect of solution pH on MB adsorption by
PDIM. (Initial concentration of MB: 400 mg/L; adsorbent dosage: 1 g/L).
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Fig. 4 (a) Adsorption time of PDIM; (b) Fittings of pseudo-first-order and pseudo-second-order kinetic models; (c) Fitting of
intra-particle diffusion model; (d) Fitting of Langmiur model and (e) fitting of Freundlich isotherm model for MB adsorption by
PDIM; (f) The linear relationship between In K, and 7', (Initial concentration of MB: 400 mg/L; adsorbent dosage: 1 g/L; pH=7).
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Fig. 5 (a) Macroscopic color images; (b) UV-Vis absorption spectra of the MB/MO mixed dye before and after adsorption; (c)
Removal efficiency of PDIM for MB and MO in MB/MO mixed dye solution. (Initial concentration of MB and MO: 400 mg/L;

adsorbent dosage: 1 g/L; pH=7).
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Wide pH Range Dye Adsorption Performance and Mechanism of

Bisindole-based Porous Polymer

Zi-qi Wu'?, Ye-wei Xu'?3*, Min Zheng', Yang-qing Mao'?, Jia-li Zhu'2, Chun-yan Yang'-?, Bing Zhao'#,
Ming-ru Zhou*", Shu-en Liang*, Guan-jun Chang'*
(!School of Materials and Chemistry, ’Engineering Research Centre of Biomass Materials, Ministry of Education,
Southwest University of Science and Technology, Mianyang 621010)
(3Sichuan Guanmusi Yang New Material Technology Co, Mianyang 621010)
(*China Academy of Engineering Physics, Institute of Chemical Materials, Mianyang 621900)

Abstract The increasing environmental threat posed by cationic dye contamination in aquatic systems has
heightened the demand for innovative and efficient remediation strategies. In this study, a novel indole-based
porous organic polymer (PDIM), functionalized with electron-rich methylene groups, was designed and
synthesized to address this challenge. PDIM was synthesized via a one-step Friedel-Crafts alkylation reaction
using 3,3'-diindolylmethane as the monomer, 1,2-dichloroethane as the solvent, and FeCl; as a catalyst. By
optimizing the reaction conditions (80 °C for 18 h), PDIM achieved a hierarchical pore structure and a high
Brunauer-Emmett-Teller (BET) surface area of 459.82 m?/g, the majority of the pore sizes are concentrated
around 4.29 nm, providing abundant active sites for adsorption. Methylene blue (MB) was selected as a
representative cationic dye to systematically investigate the adsorption performance and mechanism of PMIM.
Compared to existing materials with pH limitations reported in the literature, PDIM demonstrates exceptional
adsorption capacity for MB across a pH range of 2—12. The maximum adsorption capacity reached 621.92 mg/g,
achieving 87% of the equilibrium value within 30 min and attaining adsorption equilibrium within 80 min.
Meanwhile, PDIM exhibited excellent selective adsorption of MB and maintained stable adsorption performance
under the interference of multiple co-existing ions. In addition, PDIM has good reusability. The adsorption
mechanism of PDIM was investigated using ultraviolet-visible (UV-Vis) spectroscopy, Fourier-transform infrared
(FTIR) spectroscopy, and density functional theory (DFT). The results revealed that the adsorption of MB by
PDIM is primarily driven by the synergistic effects of cation-z and z-7 interactions, and the introduction of
methylene groups effectively enhanced the non-covalent interactions between PDIM and MB. Furthermore,
PDIM exhibited excellent adsorption performance toward other cationic dyes over a broad pH range,
demonstrating its broad applicability in treating cationic dye pollution. This work not only provides a novel and
efficient adsorbent for cationic dye remediation but also opens a new avenue for designing pH-universal
functionalized porous materials, offering significant implications for advancing water treatment technologies.
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