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Abstract: To address the limitations of most current adsorbents that exhibit high selectivity, a
novel universal adsorbent—conjugated microporous polyanilines (CMPAs)—is synthesized via
Buchwald-Hartwig coupling reactions. First, the adsorption performance of this series of
adsorbents is investigated for anionic dye acid red G (ARG) and cationic dye Methylene Blue
(MB). Subsequently, the effects of pH, adsorption time, initial concentration, and temperature
on adsorption performance are systematically examined, and the adsorption mechanism is
elucidated through pre-and post-adsorption characterization. Finally, the adsorption efficiency of
CMPAs on mixed dyes is evaluated. Results demonstrate that the CMPAs exhibit excellent

adsorption performance for both ARG and MB, with adsorption capacity varying with solution
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pH. The adsorption behavior follows pseudo-second-order kinetics and the Freundlich model.

Comparative analysis reveals that the imine nitrogen content of the adsorbent is the key

determinant of adsorption capacity, while the specific surface area and pore size distribution create

a synergistic effect by influencing the accessibility of active sites and molecular mass transfer

efficiency. At 318 K, the maximum adsorption capacities reach 1 416 mg * g ' for ARG and 235

mg * g ' for MB, primarily relying on electrostatic interactions, hydrogen bonding, and n-=

interactions for the simultaneous adsorption of dyes. Notably, the adsorbent demonstrates

universal applicability in simultaneously removing both anionic and cationic dyes from mixed dye

systems. After 10 adsorption-desorption cycles, the adsorption efficiency remains above 99% ,

indicating exceptional stability and reusability.

Keywords: conjugated microporous polyaniline; adsorption; mixed ionic dyes; anionic dye acid

red G; cationic dye methylene blue
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Table 2 Comparison of adsorption capacity of ARG and MB adsorbents

W iF % JE 5] WS/ (mg » g ) 2 B 5T % ot 5] B/ (mg g 1)

PANI/TiO, 454, 551 PANI 12. 512

PANTopt 491, 208 PANI/mATP 81. 108"
PANI/PBG 368. 5920 CH-Mt/PANI 111. 005"

ARG MB

Ppy 26. 82847 T-CMP 128. 3251

Ppm 396. 821%™ CMC/SCMP 294, 841

CMPA-IN 1416.00 CMPA-IN 235. 00

2.2.4 BMHENFER AR H R . HOAG Bl IR B T R AR, 3R B

A Freundlich FF R e AL L& 25 R iF R M BERSRE TESS E;T  CAMR KR,
CMPAs W fft ARG Al MB #4124 S8 W% 3. AG<<—40kJ + mol " &/ WL Fff iof 72 77 75 1k 24 W Bt
FA, AH > 0 WM R AR L AS >0 AG >— 20 kJ » mol ' % /&% W Ff 5T F2 17 16 ¥ 3
FEUUE - [ LAY A RS, AG < 0 3 B WL M BEE

%3 CMPAs & H# ARG #9# h & K%
Table 3 Thermodynamic parameters of ARG adsorbed by CMPAs

Mz jf 551 R /K AG/(k] « mol™) AH/(k] *« mol™") AS/(J e mol™!' « K™D
288 —28.1 21. 259 170. 92
298 —29.8 21.159 170. 92
CMPA-TN
308 —31.5 21.159 170. 92
318 —33.2 21.159 170. 92
288 —28.2 20. 317 168. 30
298 —29.8 20. 317 168. 30
CMPA-IN
308 —31.6 20. 317 168. 30
318 —33.2 20. 317 168. 30
288 —28.5 12.252 141. 49
298 —29.9 12.252 141.49
CMPA-AN
308 —31.3 12.252 141. 49
318 —32.7 12.252 141.49

£ 4 CMPAs B M MB # # 5 4 5 3
Table 4 Thermodynamic parameters of MB adsorbed by CMPAs

W i 551 B /K AG/ (k] + mol™") AH/(k] » mol™) AS/(J * mol™" « K™D
288 —17.7 31.468 170. 82
298 —19.4 31.468 170. 82
CMPA-TN
308 —21.1 31.468 170. 82
318 —22.9 31.468 170. 82
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gl ¥ /K AG/ (k] * mol™") AH/(k] » mol™ ") AS/(Jsmol ' + K™D

288 —17.1 19. 636 127.58

298 —18.4 19. 636 127.58
CMPA-IN

308 —19.7 19. 636 127.58

318 —20.9 19. 636 127.58

288 —20.7 22. 894 151.51

298 —22.3 22. 894 151.51
CMPA-AN

308 —23.8 22. 894 151.51

318 —25.3 22. 894 151.51

3.8 4 nLIEH . AG B 7E —33. 2~
—17.1 kJ = mol ™", 3 B YL o} i) Wiz [ 52 3] 49y 34 0%
Ak 2 W R %) 0 42 7
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79% T LRI ARG B R BR B & T MB, 7E pH
=10 & F, £ 30,60,120 min B} CMPA-TN XJ
ARG 2 BR R 4351 51% .81% .94 % . %t MB #y
EBRFRS BN 51%.86% .98 % , Al ). CMPA-TN Xf
PR gL B L BR R 2 R K. CMPA-IN Al
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Fig. 7 CMPA-IN adsorption effect of mixed dyes of the same
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Fig. 8 CMPA-TN adsorbed ARG and MB mixed dyes under

different pH conditions
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Fig. 9 Results of cyclic experiments on adsorption of dyes by

CMPAs
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Fig. 10 FTIR spectra before and after CMPA-IN adsorption
of dyes
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Fig. 11 XPS spectra before and after CMPA-IN adsorption of
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