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Recent advances in porous materials based silica stationary
phases for liquid chromatography

HUANG Zexin, TANG Sheng
(School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: Recent years have seen significant progress in nanoscience and materials chemistry,
driving the development of novel porous materials such as metal organic frameworks (MOFs) ,
covalent organic frameworks (COFs), and porous organic cages (POCs). MOFs form through
coordination bonds between metal ions and organic bridging ligands, COFs result from strong
covalent linkages connecting predesigned organic building blocks into extended crystalline networks,
and POCs are three-dimensional cage-like organic molecules with well-defined intrinsic cavities.
Nowadays, the use of porous materials as stationary phases in high-performance liquid chroma-
tography (HPLC) continues to draw sustained research interest. By precisely designing the building
blocks of porous materials, researchers can flexibly modulate separation selectivity in terms of pore
size, pore morphology, and interlayer stacking patterns, thus enabling the efficient separation of
complex samples, particularly for positional isomers and chiral compounds. Despite their con-
siderable promise for chromatographic applications, the direct use of porous materials as stationary
phases is constrained by inherent limitations. A primary challenge lies in synthesizing pure porous

materials with both regular morphology and uniform particle size. Irregular particle shapes combined
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with broad size distributions typically result in high column pressure and low column efficiency,
which severely restricts the practical application of porous materials in HPLC. To overcome these
limitations, combining porous materials with silica gel (SiO,) supports has become a widely adopted
strategy. As the most mature stationary phase support in HPLC, SiO, offers excellent mechanical
strength, chemical stability, and a readily functionalizable surface, thereby providing a robust
structural platform for porous materials. By immobilizing porous materials onto the silica surfaces,
their mechanical robustness and packing uniformity can be significantly improved while retaining
their selective adsorption capability, thus promoting their reliable use in chromatographic appli-
cations. Furthermore, in order to further enhance separation efficiency and selectivity, researchers
have proposed the co-modification of silica gel with porous materials and other functional com -
ponents such as ionic liquids, hydrogels, and carbon dots, aiming to construct multifunctional
composite stationary phases. The key advantage of this strategy lies in the synergistic integration
of multiple separation mechanisms, including hydrophobic effects, hydrogen bonding, 7 -7 in-
teractions, and chiral recognition, through material hybridization, thereby achieving higher per-
formance and selectivity in separating complex systems. Moreover, this composite approach ef-
fectively mitigates the limitations of single-component materials, for example, by improving the
aqueous stability of MOFs or extending the applicability of COFs in the analysis of polar compounds,
thereby significantly broadening the application scope of stationary phases. This review systematically
summarizes the research progress in silica-based composites incorporating advanced porous materials
for HPLC in the last five years, and offers a comprehensive overview of prevalent synthetic
methodologies used to fabricate these composite stationary phases. Furthermore, the review ad-
dresses the major challenges currently facing the field and provides perspectives on future devel-
opments.

Keywords: porous framework materials; high-performance liquid chromatography (HPLC) ;
stationary phase; metal organic frameworks (MOFs) ; covalent organic frameworks (COFSs) ;

porous organic cages (POCs)
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Table 1 Typical porous materials based silica stationary phases developed in the past five years

S ti
Stationary phase Target analytes ceparation Ref.
modes
[Zn,(D-Cam),(4,4’-bpy) ], benzene isomers, chiral compounds (alcohols, amines, epoxides, ketones, and es- NPLC [14]
@Si0, ters)
MIP-202@Si0, positional isomers, chiral enantiomers, sulfonamides, nucleosides/bases, B vita- NPLC, HILIC [15]
mins
2D MOF-FDM-23@silica sulfonamides, alkaloids, antibiotics, amino acid compounds HILIC [16]
d-MOF-818/PAM@silica nucleosides/bases, alkaloids, antibiotics, alkylbenzenes HILIC, RPLC [17]
HP-UiO-66@Si0, aromatic alcohol homologues, xylene isomers RPLC [18]
[BCMIM |Cl-Zr-MOF@SiO, PAHs, phthalates, phenyl ketones, sulfonamides, positional isomers RPLC, [19]
HILIC, NPLC
MIL-88A/Eutectogel@SiO, positional/enantiomeric isomers, antibiotics, nucleosides/bases, B vitamins, ben- HILIC, NPLC [20]
zoic acids
Fe-CD/MOF-808@SiO, positional/enantiomeric isomers, PAHs, sulfonamides, nucleosides RPLC, [21]
HILIC, NPLC
COF-TpPa-1@Si0, alkylbenzenes, anilines, phenols, nucleoside bases, PAHs HILIC, RPLC [22]
Si0,@COF sulfonamides, nucleosides, anilines, positional isomers, alkylbenzenes HILIC, RPLC [23]
GSH-COFs@SiO, nucleosides/bases, benzoic acids, anilines, phenols, alkylbenzenes, PAHs HILIC, RPLC [24]
ZIV-COF@Sio, nucleosides, sulfonamides, PAHs, positional isomers, benzoic acids HILIC, [25]
RPLC, IEC
3D-IL-COF@Sio, nucleosides/bases, sulfonamides, antibiotics, vitamins, phenyl ketones, PAHs, al- HILIC, [26]
kylbenzenes, phthalate esters, benzoic acid RPLC, IEC
TFB-DABD-COF@SiO, steroid hormones, bisphenols, alkylphenols, phthalate esters, PAHs, nucleosides HILIC, RPLC [27]
CCOF17 and CCOF18 amino acids, esters, lactones, amides, alcohols, aldehydes, ketones NPLC [28]
PIL/COF )y, 14pp@SiO, alkylbenzenes, nucleosides/bases, sulfonamides, anilines, phenols HILIC, RPLC [29]
Si0,@NH,-Ui0-66@CTF alkylbenzenes, PAHs, anilines, organophosphorus pesticides HILIC, RPLC [30]
AmCDs-CON@SiO, PAHs, steroid hormones, phthalate esters, aromatic ketones, nucleosides/bases, B HILIC, RPLC [31]
vitamins
NHG-COF@SiO, nucleoside/bases, sulfonamides, B vitamins, PAHs, alkylbenzenes, phenyl ke- HILIC, [32]
tones, positional isomers, benzoic acids RPLC, IEC
SMIP-COF@SiO, B vitamins, sulfonamides, alkylbenzenes, phenyl ketones, PAHs HILIC, RPLC [33]
RCC3-Cl0@silica alkylbenzenes, polyphenyl rings, phenols, anilines, sulfonamides, nucleosides, fla- RPLC [34]
vonoids
RCC3-CN@SiO, alkylbenzenes, phenolic compounds, acid compounds, sulfonamides, nucleosides RPLC, HILIC [35]
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Table 1 (Continued)
. Separation
Stationary phase Target analytes Ref.
modes

CC19-R-based-CSP racemates (4-chlorobenzhydrol, cetirizine, 1,2-diphenyl-1,2-ethanediol, methyl NPLC [36]
mandelate, ethyl mandelate, 2-methoxy-2-phenylethanol, 4,4’-dimethylbenzoin,
fipronil )

RCC3-R-based-CSP racemates ( 1-phenylethylamine, 4,4’-dimethylbenzoin, 3-(benzyloxy)propane-1,2- NPLC [37]
diol, 1,1’-bi-2-naphthol)

NCI1-R-based CSPs alcohols, diols, esters, ethers, ketones, epoxides, organic acids, amines NPLC [38]

PAHs: polycyclic aromatic hydrocarbons; HILIC: hydrophilic interaction liquid chromatography; NPLC: normal phase liquid chro-

matography; RPLC: reversed-phase liquid chromatography.
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DEM: deep eutectic monomer; EDC: 1-ethyl-3- (3-dimethylami-

nopropyl) carbodiimide hydrochloride; NHS: N-hydroxysuccinimide;
RT: room temperature.
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