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Recent progress in constructions and applications of chiral
porous framework-based chromatographic stationary phases

LONG Shen, CHEN Jiayu, YUAN Chen’, HOU Xiandeng
(Analytical & Testing Center, Sichuan University, Chengdu 610000, China)

Abstract: Chirality, as an inherent property of nature, plays a central role in the complexity and
precision of biological systems. The stereochemistry of molecules profoundly impacts their phar-
macological activities, metabolic pathways, and toxicological effects. Enantiomers, which are mirror-
image forms of the same compound, often exhibit significantly different behaviors, making the
accurate separation and trace analysis of racemates crucial in modern pharmaceutical research, as
well as in the production of high-value chiral intermediates. The precise enantioseparation of
compounds has therefore become an essential component of drug development, environmental
monitoring, and chemical synthesis. Among various separation methods, chiral chromatography has
emerged as the most dominant technique due to its high efficiency, versatility, and rapid analytical
capabilities. Conventional chiral stationary phases (CSPs) have been primarily based on materials
such as polysaccharides, proteins, and synthetic polymers. However, recent advancements in
materials science have led to the development of chiral porous frameworks, particularly metal-
organic frameworks (MOFs) and covalent organic frameworks (COFs), which offer remarkable
advantages. These materials feature ultra-high surface areas, well-ordered porous structures, and
tunable chiral microenvironments, making them ideal candidates for the next generation of chiral
stationary phases in chromatography. This review provides a comprehensive summary of the recent

progress made by domestic scholars from 2023 to 2025 on the application of MOFs and COFs in
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chiral separation, specifically in high performance liquid chromatography (HPLC) , gas chroma-
tography (GC), and capillary electrochromatography (CEC). It begins by discussing the construction
strategies for these chiral porous frameworks, highlighting their synthesis and functionalization
methods. Next, it focuses on the preparation techniques for incorporating these materials into
chromatographic stationary phases, emphasizing the challenges and innovations involved in opti-
mizing their performance. The review then examines the practical applications of MOFs and COFs
in the separation of racemates, showcasing their use in the enantioseparation of pharmaceuticals,
agrochemicals, and natural products. The separation performance is evaluated based on key metrics
such as resolution, selectivity, and enantioselectivity. Comparisons with traditional commercial
columns highlight the superior performance of MOF- and COF-based stationary phases, including
their higher efficiency, broader selectivity, and better adaptability to a wider range of compounds.
Finally, the review discusses the future directions and challenges in the field. These include the need
for scalable synthesis methods, enhancing the stability of MOFs and COFs under practical chro-
matographic conditions, and improving the selectivity of these materials. Future research may also
focus on hybrid MOF-COF composites, further functionalization techniques, and the integration of
these materials with advanced detection technologies to broaden their applications. Indeed, this
review aims to provide an insightful summary of the current state of chiral separation materials,
particularly MOFs and COFs, offering a valuable resource for researchers in this field. We hope this
work will inspire future innovations, driving the advancement of chiral separation technologies to
new levels of precision and efficiency.

Keywords: chirality; chiral porous framework materials; chiral stationary phase; chiral separa-

tion; metal-organic framework (MOF); covalent organic framework (COF)
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Fig.1 Development of chiral porous framework materials in chiral chromatography

MOF': metal-organic framework; COF: covalent organic framework; LC: liquid chromatography; GC: gas chromatography; CEC:

capillary electrochromatography; HPLC: high performance liquid chromatography; JACS: Journal of the American Chemical Society ;

ACA : Analytica Chimica Acta; Nat Commun: Nature Communications; AM : Advanced Materials.
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Fig.2 Fabrication procedures of the “Wrapped in Net”
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CCOF': chiral covalent organic framework; TMC: trimesoyl
chloride; PIP: piprazine; CSP: chiral stationary phase.
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Fig.3 (A) Schematic illustration of the in-situ growth preparation of core-shell composite structures and (B) chromato-

grams demonstrating representative enantiomer separation

[34]

APTES: 3-aminopropyltriethoxysilane.
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Fig.4 (A) Schematic diagram of synthesizing chiral COFs based on dielectric barrier discharge (DBD) technology for enan-
tiomer separation, along with representative chromatograms demonstrating their application in chiral separation
using (B) GC and (C) HPLC'"¥!
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[65]

PDA : polydopamine; NPs: nanoparticles; PGMA : poly(glycidyl methacrylate).
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