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Preparation of Hypercrosslinked Porous Materials and Its Adsorption
Behavior for Tryptophan
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LI Silong!, JIANG Yanli', BAI Jianwei®
(1. Department of Chemistry, Harbin University, Harbin 150086, China; 2. College of Materials Science and Chemical
Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: A series of hypercrosslinked porous polymer materials with high specific surface area (HCP-PhH-3, HCP-PhH2-3,
HCP-PhH3-3) for tryptophan adsorption were synthesized by Friedel-Crafts alkylation reaction with benzene, biphenyl and
1,3,5-triphenylbenzene as the reaction monomer, dimethoxymethane as the crosslinking agent and 1,2-dichloroethane as the
reaction solvent. The structure of the hypercrosslinked porous polymer materials were characterized by nitrogen adsorption
and desorption analyses, thermal weight loss and infrared spectroscopy. The BET results showed that the hypercrosslinked
porous polymer materials exhibited extremely rich steric pore size structure, such as the specific surface area of HCP-PhH-3
up to 901.50 m?/g, and thermogravimetric analysis of these cross-linked polymers showed that they exhibited good thermal

stability. The adsorption behavior of HCP-PhH-3, HCP-PhH2-3 and HCP-PhH3-3 on tryptophan were studied by adsorption
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method. The experimental results showed that the order of adsorption amount of tryptophan was as follows: HCP-PhH-3 >
HCP-PhH2-3 > HCP-PhH3-3. The polymer material synthesized with benzene as monomer showed the greatest adsorption
capacity for tryptophan. After immersion in five different acidic and alkaline solvents, the polymers still showed good
adsorption of tryptophan, indicating that the hypercrosslinked porous polymer materials had excellent performance in carrying
out adsorption processes in different environments. The kinetic fitting and thermodynamic fitting of tryptophan adsorption by
HCP-PhH2-3 and HCP-PhH3-3 showed that the adsorption of tryptophan by the polymers were heat-absorbing process and
chemical reaction rate-controlled multilayer adsorption process. Finally, the possible relationship between the structures of
HCP prepared with different monomers and the adsorption capacity of tryptophan were also explored. This class of
hypercrosslinked porous polymer materials offered new options for material applications in the field of amino acid adsorption
and separation due to their simple synthesis process and excellent stability and relatively good tryptophan adsorption
capacity.

Key words: hypercrosslinked; aromatic skeleton; Friedel-Crafts reaction; porous material; tryptophan adsorption
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Fig. 1 Preparation process of porous aromatic crosslinked polymer
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Table 1 Feed ratio for synthesis of HCP-PhH by Friedel-Crafts alkylation

Sample n(Benzene)/mmol n(Diphenyl)/mmol n(Triphenyl benzene)/mmol n(FDA)/mmol n(FeClz)/mmol V(DCE)/mL
HCP-PhH-3 30 — — 150 150 30
HCP-PhH2-3 — 30 — 150 150 30
HCP-PhH3-3 — — 30 150 150 30
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HCI Table 2 Surface area and porosity of HCP-PhH
NaOH Sy S2 Vp ! Ve
Sample o y (em’g ™) (em™g ™
o o cm’-g cm’-g
THF (m>g?)  (m>g)
HCP-PhH-3 901.50 1027.20 0.40 1.23
DMF
HCP-PhH2-3 832.51 947.10 0.36 0.52
DMSO HCP-PhH3-3 693.47 773.90 0.29 0.44
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Wave number/cm™!

4 HCP-PhH3-3 AR FIALBE 24 h J5 1Y FT-IR 5

Fig. 4 FT-IR spectra of HCP-PhH3-3 treated for 24 h with different

solvents

1) Surface area calculated from nitrogen adsorption isotherms at 77.3 K using BET
equation; 2) Surface area calculated from nitrogen adsorption isotherms at 77.3 K using
Langmuir equation; 3) Micropore volume derived from the nitrogen isotherm at p/p(=0.050;

4) Total pore volume at p/py = 0.995
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Fig. 5 (a) Nitrogen adsorption-desorption curves and (b) pore size distribution curves of HCP-PhH
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Table 3 Kinetic parameters for tryptophan adsorption by HCP-PhH
5 Pseudo-first order kinetic Pseudo-second order kinetic
Adsorbent Gexp/(mmol-g ) . o Tl 1 1
ky/min ge /(mmol-g ™) R ky/((mmol-g ™)™ min ') ge/(mmol-g ) R
HCP-PhH2-3 0.190 5.02x107 7.65x107 0.949 0383 0.189 0.999
HCP-PhH3-3 0.168 3.62x10° 8.43x107 0.853 0.262 0.165 0.997

exp 18 theoretical

adsorption capacity
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Fig. 8 Thermodynamic simulation for tryptophan adsorption by HCP-PhH
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Table 4 Thermodynamic fitting parameters for tryptophan adsorption by HCP-PhH

Langmuir Freundlich
Adsorbent T/K
Gmax /(mmol-g™) b/(L-mmol ™) R K /(mmol-g™") n R
298 0.971 0.200 0.865 0.177 2.032 0.907
HCP-PhH2-3 308 1.117 0.230 0.898 0.213 2.011 0.928
328 1.327 0.252 0.906 0.257 1.968 0.930
298 1.125 0.177 0.811 0.187 1.985 0.938
HCP-PhH3-3 308 1.378 0.158 0.835 0.201 1.854 0.961
328 1.733 0.156 0.839 0.238 1.770 0.990
Gmax is theoretical adsorption capacity
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