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Application progress of hypercrosslinked porous organic
polymers in cartridge-based solid phase extraction

QIN Tongtong, GAO Li, ZHAO Wenjie
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Abstract: Hypercrosslinked porous organic polymers ( HCPs), a novel type of porous materi-
als synthesized via the Friedel-Crafts reaction, are widely used in gas storage, heterogeneous
catalysis, chromatographic separation, and organic pollutant capture. HCPs have the advanta-
ges of a wide monomer source, low cost, mild synthesis conditions, and easy functionalization.
In recent years, HCPs have shown great application potential in solid phase extraction. Given
their high specific surface area, excellent adsorption properties, diverse chemical structures,
and easy chemical modification, HCPs have been successfully applied to the extraction of dif-
ferent types of analytes with efficient extraction performance. Based on the chemical structure
of HCPs, their target analytes, and the adsorption mechanism, HCPs can be classified as hy-
drophobic, hydrophilic, and ionic species. Hydrophobic HCPs are usually constructed as ex-
tended conjugated structures by overcrosslinking aromatic compounds as monomers. Common
monomers include ferrocene, triphenylamine, triphenylphosphine, etc. This type of HCPs
shows good adsorption effects on nonpolar analytes such as benzuron herbicides and phthalates

through strong 7-7 and hydrophobic interactions. Hydrophilic HCPs are prepared by introducing
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polar monomers or crosslinking agents, or by modifying polar functional groups. This type of
adsorbent is commonly used to extract polar analytes such as nitroimidazole, chlorophenol, tet-
racycline, etc. In addition to hydrophobic forces, polar interactions, such as hydrogen-bonding
and dipole-dipole interactions, also occur between the adsorbent and analyte. Ionic HCPs are
mixed-mode solid phase extraction materials formed by introducing ionic functional groups into
the polymer. Mixed-mode adsorbents usually have a dual reversed-phase/ion-exchange reten-
tion mechanism, which helps control the retention behavior of the adsorbent by adjusting the
elution strength of the eluting solvent. In addition, the extraction mode can be switched by con-
trolling the pH of the sample solution and eluting solvent. In this manner, matrix interferences
can be removed while the target analytes are enriched. Ionic HCPs present a unique advantage
in the extraction of acid-base drugs in water. The combination of new HCP extraction materials
with modern analytical techniques, such as chromatography and mass spectrometry, has been
widely used in environmental monitoring, food safety, and biochemical analyses. In this re-
view, the characteristics and synthesis methods of HCPs are briefly introduced, and the appli-
cation progress of different types of HCPs in cartridge-based solid phase extraction is described.
Finally, the future outlook of HCP applications is discussed.

Key words: hypercrosslinked porous organic polymers ( HCPs) ; cartridge-based solid phase

extraction; adsorbents; adsorption mechanism
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Fig. 1 Schematic diagrams of preparation methods of hypercrosslinked porous organic polymers ( HCPs)
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a. HCPs synthesized by post-crosslinking of polymer precursors; b. functional monomers used for the self-polycondensation synthesis
of HCPs; c. HCPs synthesized by Scholl coupling reaction; d. HCPs synthesized by external cross-linking method.
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Fig. 3 Schematic structures of ionic HCPs
a. HXLPP-WAX; b. HXLPP-SAX; c. HXLPP-WCX; d. HXLPP-
SCX; e. HXLPP-SAX/WCX; f. HXLPP-WAX/SCX.
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Table 1 Application of different HCPs in cartridge-based SPE
Sorbent Monomer Synthesized method Analytes Mechanism Sample Ref.
HCPs styrene post-crosslinking sulfanilamides -7, hydrophobic river water [19]
Fc-NOP ferrocene one-step polycon- phenylurea -1, hydrophobic tap water, black tea [20]
densation herbicides drinks, peach juice
PPTPA triphenylamine one-step polycon- phenylurea 7r-7r, hydrophobic, water, milk, tomato [21]
densation herbicides hydrogen bonding juice
Ph-PPh;-KAP PPh,, benzene external crosslinking phenylurea -1, hydrogen bonding lake water, tomato, [22]
pesticides cucumber
Py-DMB-HCP pyrrole external crosslinking phenylurea 7r-7 , hydrophobic, soybean milk, [23]
pesticides hydrogen bonding tomato
HCTPA triphenylamine external crosslinking phenylurea -7, hydrophobic, watermelon, tomato, [24]
pesticides hydrogen bonding cucumber
PTPA triphenylamine external crosslinking chlorophenols -7, hydrophobic, peach juice, green tea [25]
hydrogen bonding beverage, tomato
HCP-TPS triphenylsilane one-step polycon- chlorophenols -7, hydrophobic, water, honey, [26]
densation hydrogen bonding white peach beverage
HCP-Kael-24h kaempferol one-step polycon- nitroimidazoles weak 7-7, hydropho-  water, honey, fish [28]
densation bic, hydrogen bonding meat
API-HCP apigenin one-step polycon-  chlorophenols hydrogen bonding, water, honey [29]
densation halogen bonding,
-1 stacking
HCP@ Tyr TPB, L-Tyr external crosslinking nitroimidazoles -7, hydrogen bond-  honey, chicken muscle [30]
ing, hydrophilic
PBA-HCP PBA external crosslinking chlorophenols  hydrophilic, hydrogen water, honey-pomelo [31]
bonding beverage
MPD-HCP MPD external crosslinking nitroimidazoles electrostatic, hydrogen water, peach juice, [32]
bonding, hydrophilic honey tea, honey
CTP¢.rp terphenyl, cyanuric one-step polycon- tetracycline hydrophilic, hydropho- bovine milk, egg, [33]
chloride densation bic, hydrogen bonding chicken liver
HXLPP VBC, DVB post-crosslinking polar pollutants hydrophilic, hydrogen ultrapure, mineral, tap [ 34]
bonding, polar and Ebre river water
HXLGp 2% DVB, 98% post-crosslinking polar pollutants hydrophilic, hydrogen tap, river water [35]
VBC bonding, polar
HXLPP-WAX-EDA 75% VBC, 25% DVB post-crosslinking acidic com- reversed-phase, weak Ebre river water, efflu- [36]
HXLPP-WAX- pounds anion exchange ent waste water
piperazine
HXLPP-WAX-EDA 75% VBC, 25% post-crosslinking acidic com- reversed-phase, weak ultrapure, river, [37]
DVB pounds anion exchange effluent sewage water
HXLPP-WAX VBC, DVB post-crosslinking homovanilic reversed-phase, weak human urine [38]
acid anion exchange
HXLPP-SAX, , 75% VBC, 25% post-crosslinking acidic pharma- reversed-phase, strong Ebre river water, sew- [39]
HXLPP-SAX, DVB ceuticals anion exchange age water
HXLPP-SAX-N VBC, DVB post-crosslinking fluoroquinolone reversed-phase, strong milk [40]
(CH;y) drugs anion exchange
HXLPP-WCX-MAA 10% MAA, 50% post-crosslinking basic pharma- reversed-phase, weak Ebre river water, waste [41]
VBC and 40% DVB ceuticals cation exchange water
HXLPP-SCX VBC, DVB post-crosslinking hypoxanthine, reversed-phase, strong serum [42]
xanthine and cation exchange
inosine
HXLPP-SAX/WCX, poly( divinyl- post-crosslinking acidic and basic reversed-phase, ion river water, effluent [43]
HXLPP-WAX/SCX benzene-co-vinyl- drugs exchange waste water
benzylchloride )

PPh; ; triphenylphosphine; TPB: triphenylbenzene; L-Tyr: L-tyrosine; PBA: phenylboric acid; MPD: m-phenylenediamine; VBC:
3

p-vinylbenzyl chloride; DVB: divinylbenzene; MAA . methacrylic acid.
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