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Hypercrosslinked polymers (HCPs) are a type of porous organic polymer that have been rapidly developed
over the past few decades. These polymers are primarily synthesized through Friedel-Crafts alkylation
over Lewis acid catalysts such as ferric chloride and aluminum chloride, leading to the formation of
porous materials by cross-linking. HCPs can be prepared through strategies such as post-cross-linking of
polystyrene-type polymer precursors, self-cross-linking of specific aromatic monomers, and cross-
linking by external agents with aromatic monomers. Among these methods, the external cross-linking
approach has been utilized in fields such as gas storage, adsorption, catalysis, separation, and energy
storage due to its mild synthesis conditions, good stability, high yield, broad availability of monomers, and
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tunable structure. In this paper, recent research progress in the preparation of HCPs by external cross-
linking methods, with a focus on the formation mechanisms, structural regulation, and applications, is
reviewed. Additionally, the drawbacks and challenges while projecting future developments in HCPs are

rsc.li/rscapplpolym highlighted.

1 Introduction

Porous organic polymers (POPs), a branch of porous materials,
have been intensively developed in recent decades due to the
characteristics of a high specific surface area, tunable pore
structure and excellent chemical stability.' POPs mainly
include covalent organic frameworks (COFs),>™* conjugated
microporous polymers (CMPs),>® polymers of intrinsic micro-
porosity (PIMs),””® and hypercrosslinked polymers (HCPs).>"°
However, the synthesis of CMPs, COFs and some other organic
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porous materials requires the use of noble metal catalysts,
complex monomer units, or severe reaction conditions."
Therefore, the low-cost controllable synthesis of organic
porous materials remains a challenge.

Hypercrosslinked polymers (HCPs) are a class of polymer
consisting of light elements such as C, H, O, and N, connected
by stable covalent bonds which are highly crosslinked porous
organic polymers based on the Friedel-Crafts alkylation cata-
lyzed by Lewis acid (e.g., FeCl; or AlCl3). The synthesis of HCPs
utilizes the concept of “cross-linking” commonly used in
materials science, where the polymer network is designed with
a rigid structure to prevent the polymer chains from contract-
ing tightly, thereby forming permanent pores between the
molecular chains.’®" The polymers generally possess a stable
pore structure and high degree of designability, allowing
precise control of the specific surface area (SSA), pore struc-
ture, functional groups, and even the morphology. Over
decades of development, various monomers with diverse struc-
tural properties have been used, resulting in an increasing
variety of HCPs that have been widely utilized in the fields
such as gas adsorption and storage, catalysis, and energy
storage.'>'*"17

Currently, there are three primary methods for the syn-
thesis of HCPs: the post-crosslinking, self-crosslinking, and
external crosslinking methods. Different synthesis strategies
result in HCPs with varying structures.

The post-crosslinking method, first reported by Davankov
in 1980,'® usually led to a stable pore structure and high SSA
(600-2000 m* g~ ")."° The pore size decreased as the degree of
cross-linking increased. Many studies had focused on post-
crosslinking method for HCPs.>”** High specific surface area
divinylbenzene-based HCPs and CMP-based hyper-crosslinked
polymers (KCMPs) could be prepared by multi-step
crosslinking.>®*® Furthermore, specific elements could be
introduced to the polymer skeleton or micro/nano-particles to
improve the functionalization of the polymer.?”?® The func-
tional groups, such as alkyl groups,”® amine groups,*>*" nitro
groups,**** phenolic hydroxyl groups,®* and carboxyl groups,*?
could increase the polarity of the polymer, thereby enhancing
the adsorption properties of the polymer. Although hypercros-
slinked resins possess a high SSA and good stability, the syn-
thesis processes are complicated, involving a long time and
high precursor requirements. Precise design of the precursor
is often necessary to obtain the crosslinked network structure.
The structure and performance of the product are significantly
affected by the precursor. Therefore, the method has certain
limitations for practical applications which restricts the rapid
development.

Synthesis of HCPs through different strategies has been the
focus of recent efforts. Consequently, researchers have gradu-
ally developed a method for preparing HCPs using precursor-
self-crosslinking methods. This innovation provided a new
approach for creating rigid porous polymers, with greater
diversity in polymer networks. Extensive research has been
conducted on the synthesis of hypercrosslinked polymers
(HCPs), utilizing halogenated compound monomers such as

© 2025 The Author(s). Published by the Royal Society of Chemistry
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pxylene,***”  a,a’-dichloro-p-xylene (DCX), 4,4-bis(chloro-
methyl)-1,1"-biphenyl (BCMBP),>® and 9,10-bis(chloromethyl)
anthracene (BCMA).*° However, this method presents certain
limitations in terms of monomer selection or the requirement
for specific catalysts and solvents. These requirements, while
enabling precise control over the polymer architecture and
functionality, inevitably escalate the cost of producing HCPs.
Additionally, monomers containing chloromethyl functional
groups will generate hydrogen chloride gas during the reac-
tion, causing damage to the environment and equipment.
Therefore, methods that do not require specific functional
monomers or can utilize polymers with multiple reactive
groups are necessary.

The external crosslinking method involves suitable cross-
linking agents that interlink aromatic monomers, to obtain a
porous polymer skeleton. Generally, aromatic compounds
such as benzene, biphenyl, triphenylbenzene, naphthalene,
anthracene, and phenanthrene are used as monomers. This
method, pioneered by Tan’s group in 2011, represents a new
strategy and leads to major breakthroughs in the development
of HCPs. In this method, aromatic monomers such as benzene
and biphenyl can be “woven” into a rigid network in a single
step by adding an external crosslinking agent, such as formal-
dehyde dimethyl acetal (FDA), catalyzed by a Lewis acid. The
process enables the generation of polymers with pore struc-
tures, functional groups, and desirable properties by connect-
ing different building blocks.**® Cooper et al. concluded that
the external crosslinking method broadens the choice of
monomers, significantly reduces the production costs and
offers advantages in material design.*"**

Due to the advantages of flexibility, diversity, a wide source
of monomers, and suitability for large-scale production, the
external crosslinking method has flourished in recent years.
Compared with the post-crosslinking and self-crosslinking
methods, the monomers used in this method do not require
specific functional groups. Additionally, the SSA and pore size
of HCPs can be adjusted by modifying the proportion of the
feed material, the type of crosslinking agent, and the mono-
mers. Moreover, the functionalization of HCPs can be realized
by using monomers containing functional groups, which pro-
motes the range of practical applications.

This paper primarily reviews the recent research progress
on the preparation of HCPs based on the Friedel-Crafts alkyl-
ation by the external crosslinking method, which focuses on
the formation mechanism, the structural modulation (pore
structure and heteroatomic groups) as well as the application
in gas adsorption, purification, separation, catalysis and
energy storage. Additionally, the drawbacks in the develop-
ment of HCPs and future prospects are proposed.

2 Mechanism of formation of HCPs

Some research on the formation mechanism of HCPs was
reported. The polymerization of HCPs is fundamentally based
on the Lewis acid-catalyzed Friedel-Crafts alkylation reaction
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via a one-step process. However, the Friedel-Crafts reaction
occurs multiply and randomly throughout the process. Due to
the complexity of the process, the study of the formation
mechanism is challenging.

Tan et al. regulated the structure of HCPs by adjusting the
content of DVB in the diethylenebenzene-vinylbenzyl chloride
(DVB-VBC) precursor.”* The results showed that as the DVB
content gradually increased within the range of 0-10%, the
pore size of the HCPs decreased. The pore size distribution
gradually narrowed. Thereby, they proposed a possible reaction
mechanism: for polymer precursors without DVB, solvents
completely dissolved the molecular chains, to form a dis-
ordered configuration. The chloromethyl functional groups on
the phenyl rings were more likely to interact with the phenyl
rings in distant molecular chains. During the crosslinking
reaction, distantly positioned phenyl rings connected to form
larger voids, eventually developing into large pore structures.
When the DVB content was high, DVB stabilized the initial
crosslinking process. The molecular chains were maintained
in an extended state, with the phenyl rings crosslinking only
with adjacent phenyl rings. As a result, the crosslinking struc-
ture was more uniform and the pore structure was more homo-
geneous. This provided guidance for the regulation of the pore
structure of HCPs. The exploration of polymer structures
remained a focus in materials science. By utilizing the non-oxi-
dizing catalyst SnCl, to copolymerize styrene-0.5% DVB and
chloromethyl ether, Davankov et al. further investigated the
structure and crosslinking degree of the polymers.** In the
hyper-crosslinked polystyrenes, the structure lacked carbonyl
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functional groups. Each phenyl ring in the polymer structure
connected to the adjacent phenyl ring through 3, 4, or
5 methylene units, forming an extremely rigid and highly
interconnected network.

Kim et al. synthesized HCPbPh via Friedel-Crafts polyalky-
lation catalyzed by FeCl;, using biphenyl as monomer and FDA
as crosslinker. The possible polymerization mechanism was
proposed (Fig. 1a).*” In DCE solvent, the FeCl, first formed an
electron-deficient center on the FDA carbon atoms. The gener-
ated carbocationic species was subsequently attacked by the
benzene rings in bPh, producing methanol as byproduct.
These highly active intermediates were then converted into
methylene bridge bonds through reactions with other bPh
molecules, leading to the formation of a rigid hypercrosslinked
polymer network. Xu et al. proposed that HCPs could be
rapidly synthesized through electron donation induction,
where donor groups on the monomer generated numerous
electrophilic sites, thereby significantly enhancing the cross-
linking of BCMBP monomers.*® High-SSA HCPs could be pre-
pared with the assistance of ball milling. The mechanism for
rapid polymerization includes donor groups generating
additional active sites for fast self-crosslinking, and solvent
enhancing the SSA of the crosslinked network while ball
milling facilitates uniform reactions to accelerate the overall
reaction rate. Liu et al. constructed HCPs from waste PS and
further elucidated the mechanism of the crosslinking reaction
(Fig. 1b).*® The benzene rings in the PS skeleton formed an
intermediate through reaction with FDA under the Lewis acid
catalyst FeCl;, producing methanol as a byproduct. The inter-
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Fig. 1 (a) Synthesis pathway: polymerization of HCP via FDA as crosslinker.*> Copyright 2021, Elsevier. (b) Proposed mechanism of polystyrene-
based hypercrosslinked polymer.#® Copyright 2020, Elsevier. (c) Solvent knitting polymerization: MALDI-TOF analysis of the samples obtained after

30 min.*’ Copyright 2022, American Chemical Society.
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mediate then underwent substitution with hydrogen atoms on
another PS unit, completing the crosslinking reaction. Due to
the robustness and fast kinetics of the Friedel-Crafts alkyl-
ation reaction, the hypercrosslinking reaction yielded a high-
SSA porous nanostructure with excellent stability.

Moreover, the reasons for the formation of nanopores have
not been definitively elucidated and are infrequently reported
in the literature. In 2022, Patra’s group synthesized an HCP
(SKTP) using tris-benzene building units via a solvent-knitting
reaction. The HCP exhibited a wheel-like topology and an
“internal free volume” of 31 A*.*” The molecular structure of
the oligomers was determined using MALDI-TOF analysis of
the reaction mixture after 30 minutes (Fig. 1c). The optimized
oligomeric model structure was employed. The results
suggested that the cross-linking reaction occurred at the p
position of the tris-benzene. Further simulation studies indi-
cated that pores of 0.6 and 0.9 nm were formed. The cross-
linking bridge bonds between polymer chains resulted in
voids ranging from 1.4 to 2 nm. The simulated structure
aligned with the pore size analysis obtained from N, adsorp-
tion/desorption, corroborating the rationale for the formation
of the pore structure in HCPs.

— e e e e e e e e e e e e e e e e e

Crosslinking agent: dimethoxymethane (FDA)
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3 Structural modulations of HCPs

In recent years, researchers have conducted extensive studies
on the synthesis of HCPs using the external crosslinking
method, by utilizing crosslinking agents of formaldehyde
dimethyl acetal (FDA), p-methoxybenzene, and other
compounds.'®*** Moreover, HCPs could be prepared by
using monomers with aryl ring structures and their deriva-
tives, with formaldehyde dimethyl acetal (FDA) as crosslinking
agent. The molecules of constructed monomers using FDA as
crosslinker were shown in Fig. 2. The approach significantly
expanded the range of monomers available for the preparation
of HCPs, advancing the development of HCP synthesis.

Currently, the structural modulation of HCPs primarily
involves two aspects: the modulation of the SSA and the incor-
poration of functional groups (or specific elements). Various
methods were adopted. One was modulating the microstruc-
ture of HCPs by changing the reagents (monomers, cross-
linkers, and solvents) and the ratio of reactants in the syn-
thesis system. Another approach was to introduce heteroa-
tomic groups, which employed modification strategies to
prepare HCPs with distinct functions.

“x
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Fig. 2 Monomers for external crosslinking reaction (1,2-dichloroethane as solvent, FDA as crosslinking agent, FeCls as catalyst).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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In the case of the simplest compound, benzene, the specific
surface area of HCPs can be directly modulated by grafting
functional groups through monomers. For example, when FDA
is used as the cross-linking agent and 1,2-dichloroethane
(DCE) as the solvent, the SSA of HCPs with aniline as
monomer was only 7 m* g~ ".*> However, when the functional
group is trimethyl silane, the SSA was 1299 m* g~*, which is
essentially comparable to that of the benzene monomer HCPs
(1289 m*> g™").>* Furthermore, when the ratio of benzene to
aniline was regulated for the cross-linking reaction, the
specific surface area of HCPs gradually decreased with the
increase of aniline addition. This suggests that by changing
the above conditions, the structure of HCPs can be further
designed for the purpose of optimizing the structure of HCPs.

3.1 Specific surface area and pore structure modulation

The most commonly reported cross-linking agent was FDA.
The data on the SSA, pore structure, and application of HCPs
prepared using FDA as cross-linking agent, FeCl; as catalyst,
and 1,2-dichloroethane (DCE) as solvent were summarized in
Table 1. It was evident that HCPs with SSA ranging from 3 m?
g~ to approximately 1400 m* g~* could be simply constructed
by selecting different monomers.

3.1.1 Monomers. HCPs with diverse structures can be effec-
tively constructed by utilizing different monomers. For example,
Li et al synthesized HCPs with abundant porosity and high
thermal stability using a,o-dichloro-pxylene (DCX) and a,o-
dibromo-p-xylene (DBX) via a cross-linking reaction (Fig. 3). The
SSA was 1418 and 1219 m* g~ with corresponding total pore
volumes of 1.815 and 1.789 cm?® g™, respectively.”® Due to the
abundant porosity, HCPs were modified by polyvinyl alcohol
(PVA) and coated with polypyrrole (PPy) and silver nanoparticles
as a sunlight-absorbing layer. The resulting material, Ag/PPy-
PVA-HCPs, demonstrates excellent surface wettability,
thermal conductivity, and high optical absorption.

HCPs were constructed from a variety of monomers. In
external crosslinking reactions, monomers ranging from the
simple aromatic ring monomer, benzene, to phenyl deriva-
tives, polycyclic aromatic hydrocarbons, and complex hetero-
cyclic compounds can be used. Monomers or substituent
groups of the monomers might affect the structure of HCPs.
Ghaemi et al. prepared HCPs with mesoporous structures
using benzene as monomer, achieving an SSA of 572 m”> g/,
which served as an effective adsorbent for CO,.”° Li et al.””
modulated the morphology of HCPs based on Jiang’s work'°
by using toluene as monomer and formaldehyde dimethyl
acetal (FDA) as cross-linker. HCPs with benzene as monomer
exhibited morphologies of nanoparticles and nanotubes with
an SSA of 773 m” g~" and pore volume of 0.96 cm® g~". In con-
trast, HCPs with toluene as monomer were nanotubes whose
SSA and pore volume were 719 m> g~' and 0.58 cm® g7,
respectively. Yao et al used a series of phenyl compounds
as monomers (benzene, chlorobenzene, toluene, phenol, etc.)
to prepare HCPs via FDA crosslinking.'®® The results showed
that the absence of substituent groups on the benzene mono-
mers reduced the steric hindrance, leading to higher reactivity.

low
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This increased the degree of cross-linking and consequently
the SSA of the HCPs. It was evident that monomers with
different substituent groups affected the SSA and microstruc-
tures of HCPs. Wang et al. modulated the SSA of HCPs by FDA
crosslinking using substituted and unsubstituted phenyl-
boronic acids (PBAs) as monomers.®' The product derived
from unsubstituted PBAs achieved an SSA higher than 909 m?
g~'. However, the SSA of HCPs prepared by substituted PBAs
with different groups as monomers drastically decreased
(<80 m* g7"), thereby reducing the adsorption properties of the
material. Therefore, it was crucial to maintain both the func-
tionalized and porous structures of HCPs simultaneously.

By copolymerization of benzene with heterocyclic com-
pounds using FDA crosslinking, it was possible to tune the
functional and structural properties of the HCPs. Liu et al. pre-
pared HCPs-bipy samples using benzene and 2,2'-bipyridine as
monomers through Friedel-Crafts alkylation and Scholl coup-
ling reactions.®” The as-synthesized HCPs exhibited an SSA of
1027 m”> g, about twice that of the Friedel-Crafts alkylation
product. Additionally, porous HCPs could be prepared using
substituted polycyclic aromatic naphthalene as monomer. Kim
et al. prepared porous polymers using 2-naphthol (p2NPh-OH)
as monomer and obtained solid acid catalysts through further
functionalization with sulfonic acid.'®> The SSA of p2NPh-OH
reached 408 m” g~'. While that of p2NPhO-SO;H was reduced
to 180 m? g™, indicating that the functional groups in HCPs
could reduce the SSA.

Cabello et al. prepared HCPs by FeCls-catalyzed crosslinking
of biphenyl monomers with FDA, with the catalyst retained in
the final material.'®® They further prepared magnetic
hybrid  hypercrosslinked  polymer-derived  carbon@MOF
(C-BHCP@MIL-100(Fe)) through a hydrothermal reaction. By con-
trolling the conversion ratio of the iron particles to MIL-100(Fe)
through the reaction time, the SSA of C-BHCP@MIL-100(Fe) was
controlled between 314-687 m> ¢! and the pore volume was
between 0.43-0.488 cm® g~'. Longer reaction times resulted in a
higher SSA and pore volume. Increasing the conjugation degree
of phenyl monomers significantly enhanced the efficiency of
HCPs in photogenerated carrier separation and conversion.
HCPs with different conjugation degrees could be prepared by
Friedel-Crafts alkylation using benzene (BE), diphenyl (DP), p-ter-
phenyl (TP), or p-quaterphenyl (QP) as monomers. The SSA of
HCPs tended to decrease as the degree of conjugation increased.
HCPs constructed with DP as the monomer had the highest SSA
(743.1 m* g™'), much larger than HCPs with QP as the monomer
(558.9 m*> g™ !). HCPs with BE as monomer showed the highest
microporous content (45.1%). Thus, the structure of HCPs could
be effectively modulated using monomers with different conju-
gation degrees.”

Horike et al. synthesized HCPs with various structures via a
low-cost, solvent-free ball milling approach, thereby avoiding
the use of conventional toxic solvents.'”* Additionally, they
prepared HCPs by modified ball milling based on the Scholl
coupling reaction using FDA-free reagents. Under optimized
conditions, HCPs with SSAs of 626 m”> g ' and 782 m” g
were obtained with benzene and triphenylbenzene as mono-

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Summary of the preparation of HCPs by an external crosslinking method
SBET
No. HCPs Monomers (M?¢™)  Vinicro: Vit Applications Ref.
1 HCP Catechol 3 — Water treatment 53
2 MPD-HCP m-Phenylenediamine 77 — Water treatment 54
(AlCLy)

3 NH,-HCPs m-Phenylenediamine 77 — CO,/N, separation 55
4 HCP-P Phenol 183 —:0.227 Cs" adsorption 56
5 HCPs Phenothiazine 209 — Iodine capture 57
6 SSHCP-1 Cassava starch and styrene 222 0.08:0.21 Water treatment 58
7 TBHCP-OH 2,6,14-Triaminotriptycene and phenol 235 —:0.066 CO, capture 59
8 HCP-4 4-Ethylphenol 247 0.02:0.23 CO, capture 60
9 PPT Tris(2-thienyl)phosphine and thiophene 282 — Nitroarene reduction 61
10  N-HCPTs Triphenylamine 370 — Energy storage 62
11 FePc-POP Firon(u) phthalocyanine and biphenyl 427 — Heterogeneous catalyst 63
12 SA-MMNPs Fe;0,@poly(styrene-co-sodium acrylate) 485 0.09:0.64 Water treatment 64
13 PHCP Pitch 531 0.151:0.455 Ag" adsorption 65
14  HPOP-3 Meso-Hydrobenzoin (MHB) and 1,1,2,2- 552 —:0.496 Water treatment 66

tetraphenyl-1,2-ethanediol (TPED)
15  HCPs-bipy Benzene and 2,2"-bipyridine 564 0.12:— Catalytic 67
16  HCP Benzene 572 0.096:0.871 CO, capture 68
17 An-CPOP-1 9,10-Bis(diphenylmethylene)-9,10- 580 —:0.44 CO, uptake and supercapacitor 69

dihydroanthracene
18 HCP Fluorene-9-bisphenol 640 —:0.39 Uranium(vi) adsorption 70
19 HCLRs Chloromethylated polystyrene 650 0.18:0.75 Water treatment 71
20  HCPs Fluorene-9-bisphenol 663 —:0.41 Water treatment 72
21  PCMOP-H1 Carbazole and phthalazinone 675 0.15:0.49 CO,, N,, CH, adsorption and selectivity =~ 73
22 HCPs Diphenyl 743 — Photocatalytic 74
23 Th-2 Thiophene 750 0.3:0.5 Water treatment 75
24  TSP-HCP-900 Carbazole 756 0.6: — Porous carbon for oxygen reduction 76

reaction
25 P3 9-Phenylcarbazole 769 0.14:0.63 CO, uptake 40
26  HCP-1 Benzene 773 —:0.96 Desalination and water purification 77
27  HCPs 4,4'-Bis(N-carbazolyl)-1,1"-biphenyl 784 0.34:0.45 Gas separation and storage 78
28  Poly-salen-c Salen-c and benzene 798 0.24:0.48 Catalytic 61
29 HCP Benzene 824 0.14: — CO, capture 79
30 HCPs Polystyrene 853 0.14:— Water treatment 80
31  PBA-HCP Phenylboronic acid (PBA) 909 —:1.30 Chlorophenol adsorption 81
32  HCPAs 1-(Benzyloxy)-4-ethylbenzene 948 0.16:0.55 Water treatment 82
33 HCP-5 Benzyl alcohol (BA), 2-phenylimidazole (PID) 992 0.12:1.06 CO, capture 83
34  TATHCP Triazatruxene 997 0.44:0.63 CO,, CHy, H, capture and catalytic 84
35 PHCP Pentiptycene 1074 — Water treatment 85
36 HCP-DH Hexaphenyldisiloxane 1084 — Water treatment 86
37  HCP-BZD Benzimidazole 1088 0.27:1.41 Water treatment 87
38  Ph- 1,1-Bi-2-naphthol-derived phosphoric acid 1098 0.45:1.26 Asymmetric organocatalysts 88
BNPPA-HCP

39  HCPbPh Biphenyl 1100 0.41:1.14 Pollutant adsorption and energy storage 45
40  Si-HCP-4d Triphenylsilane 1101 0.25:1.24 Hydrogen storage and water treatment 89
41  HCP-S5 p/i-Phenylalanine and benzene 1101 0.31:1.55 p/L-Tryptophan adsorption 90
42 TZ-HCP Benzene and 3,6-di(pyridin-2-yl)-1,2,4,5- 1139 0.2:0.91 Photocatalytic 91

tetrazine
43  HCP Benzimidazole and benzene 1140 0.23:1.28 Water treatment 92
44  A1Fe1M20 Anthracene 1173 0.36:0.55 H, adsorption 93
45  HCP-5 Styrofoam 1199 — Water treatment and CO, capture 94
46  HCPs Benzyl chloride 1249 0.197:1.017 CO, adsorption 95
47  HCP-TTDs 1,1,1-Trimethyl-3,3,3-triphenyldisiloxane 1285 — Water treatment 96
48  HCP-TPB 1,3,5-Triphenylbenzene and r-tyrosine 1309 — Determination of compounds 97
49  HCP-Rub Rubrene 1403 — Environmental detection 98

mers, respectively. The ssNMR results indicated that the
mechanochemical method resulted in a higher degree of
polymerization, leading to the formation of a porous structure.
This provided an environmentally friendly approach for devel-
oping porous materials.

HCPs with a high SSA are advantageous in application. For
example, 1,1,1-trimethyl-3,3,3-triphenyldisiloxane (TTD) was
used to construct micro-mesoporous-structured HCPs with an

© 2025 The Author(s). Published by the Royal Society of Chemistry

SSA close to 1300 m”> g~', which exhibited good adsorption
capacity for Malachite green (2346 mg g '), Congo red
(2052 mg g™ '), and rhodamine B (1938 mg g™ ').°® Zheng et al.
prepared HCPs with an SSA greater than 1400 m”> g~ using
rubrene as monomer.”® The HCPs possessed an abundantly
microporous structure, strong hydrophobicity, and a large con-
jugated structure, making them ideal candidates for efficient
enrichment of polycyclic aromatic hydrocarbons (PAHs).
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Fig. 3 Synthesis of DCX-based hypercrosslinked polymer and its functionalization.’® Copyright 2021, Elsevier.

3.1.2 Crosslinking agents. The structure of HCPs could be
modulated by varying crosslinking agents. In addition to for-
maldehyde dimethyl acetal (FDA), 4,4"-bis(chloromethyl)-1,1'-
biphenyl (BCMBP), a,a-dichloro-p-xylene (DCX), and 1,4-
dimethoxybenzene (DMB) were also employed (Table 2).
Among them, BCMBP typically resulted in HCPs with an ultra-
high SSA (close to 2000 m* g™ ). It was also used to link mono-
mers, for the preparation of HCPs with enhanced-SSA-contain-
ing functional group-substituted monomers. The HCP
(SSHCP-3), synthesized with starch-graft-styrene copolymer as
monomer and crosslinked by BCMBP, achieved the highest
SSA of 818 m* g™, with an essentially equivalent micro-meso-
porous structure.® Additionally, BCMBP was used to link
benzene monomers with hydroxyl groups (-OH) at different
substituent positions (phenol, hydroquinone, and phloro-
glucinol), resulting in  hydroxyl-functionalized HCPs
(HCP-POL, HCP-HQ, and HCP-PG) with an SSA of 756, 1055,
and 773 m” g7', respectively.'® The HCP-HQ had the average
median pore width of 2.27 nm and the total pore volume of
0.51 cm® g™,

Huang et al. synthesized HCPs using a,a’-dichloro-p-xylene
(DCX) and a,a’-dibromo-p-xylene (DBX) as cross-linking agents,
with benzimidazole as monomer."'® The SSA of the syn-
thesized HCPs varied significantly depending on the substi-

Table 2 HCPs constructed with different crosslinkers

tution ions of the cross-linking agents. The SSA of the HCPs
prepared using DCX (HCP-Cl) reached 1063 m* g™, while that
of DBX (HCP-Br) was significantly lower (exact value missing).
Additionally, the microporous volume of HCP-Cl was substan-
tially higher than that of HCP-Br. The difference was attributed
to the higher stability of FeCl,” compared with FeCl;Br~ which
enhanced the cross-linking of DCX, offering new insights into
the regulation of the SSA and pore structure of HCPs.
Furthermore, they established a general strategy for the syn-
thesis of chloromethylated polystyrene (CMPS) based on
nucleophilic substitution and Friedel-Crafts alkylation.'*® The
OH-rich functionalized polystyrene was further modified using
cyanuric chloride (CC), DCX, 4,4'-bis(chloromethyl)-1,1'-diphe-
nyl (BCMBP), and formaldehyde dimethyl acetal (FDA) as
cross-linking agents, based on the Friedel-Crafts alkylation
reaction, yielding a polymer with a hierarchical porous struc-
ture. The polystyrene-based HCPs exhibited a high SSA
(601 m* g") and oxygen content of 13.04 wt% which showed
good adsorption properties for aniline in aqueous solution,
especially rapid diffusion of aniline in kinetic adsorption. This
general synthetic scheme was important for the preparation of
other functionalized HCPs.

Heterocyclic compounds are freq