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Abstract: Metal-organic frameworks (MOFs) are a class of porous crystalline materials com-
posed of metal centers or clusters assembled with organic ligands. These materials possess ex-
cellent properties, such as large surface areas, high porosities, uniform pore sizes, and diverse
structures. Thus, MOFs have been widely applied in various fields, including catalysis, adsorp-
tion, sensing, sample pretreatment, and chromatographic separation. The applications of MOF's
as stationary phases for chromatographic separation and analysis have attracted considerable at-
tention from the research community in recent years. Compared with traditional chromatograph-
ic stationary phases, such as mesoporous silica, nanoparticles, and porous layers, MOFs pos-
sess flexible and tunable pore sizes and structures, thereby enabling precise control over their
intermolecular interactions. Furthermore, the wide range of functional ligands and topologies of
MOFs could potentially facilitate the separation and analysis of complex samples. These unique
advantages render MOFs highly suitable for constructing novel chromatographic stationary
phases.

This article focuses primarily on the construction methods of MOFs as chromatographic
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stationary phases, and provides an overview of the latest research advancements in their appli-
cations in several chromatographic separation techniques such as high performance liquid chro-
matography (HPLC), gas chromatography ( GC) , and capillary electrochromatography ( CEC).
The existing methods for the preparation and construction of MOFs-based chromatographic sta-
tionary phases are classified and evaluated. The construction methods for MOFs as stationary
phases for HPLC mainly include filling, precursor-doped polymerization, and post-modification.
The construction methods for MOFs as stationary phases for GC predominantly include in situ
growth, static coating, and dynamic coating. The stationary phases for CEC can be categorized
into packed columns, monolithic columns, and open-tubular columns. Compared with mono-
lithic and packed columns, open-tubular CEC ( OT-CEC) offers numerous advantages, inclu-
ding a more flexible and convenient preparation method, enhanced compatibility with various
separation media, and higher separation efficiency. Consequently, OT-CEC has emerged as an
important method for investigating the preparation of stationary phases for CEC. Several meth-
ods such as physical adsorption, covalent attachment, and electrostatic interactions have been
developed for the preparation and modification of MOFs-based CEC stationary phases, and ex-
tensive studies have been conducted to optimize the performance and applications of MOFs in
OT-CEC. However, the existing methods for constructing MOFs-based chromatographic station-
ary phases present certain limitations. Therefore, the selection of the appropriate MOFs, opti-
mization of their preparation methods, and examination of their performance in different sepa-
ration modes have become the focus of intensive research.

This review also summarizes the different analytical targets (e. g., chiral small molecules, bi-
omacromolecules, and nonchiral molecules) and corresponding separation effects achieved
using various MOFs-based chromatographic stationary phases. Finally, future studies focusing
on the development of MOFs as chromatographic separation media are discussed. Overall, this
review provides a valuable reference for the rational construction and practical applications of
advanced MOFs-based chromatographic stationary phases.
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S A AN IR Ay T A F AR O Bk . it —2D
PR MR R 5 ih v 25 it s H A RAT
FIPERY MOFs 4 )2 OT-CEC [ 5 A1+ #2385 )5 vk
HAEHEREE X,
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/'11
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MOFs precursor solution l

Cys pre-conditioned columns

e ”

Orgamc llgands

MOFs coated column

T GC 43 55 o 2 i SR FH 04 38 8 e v, PR b 2ok
MOFs < AH € 3 [8 A0 2 A R 4F i9 #4088 e
HPLC 1 CEC 43 B ¥ K K it i s A Ve i 72 A
UL R MOF's JHH €00 335 A R 0 33 [ a2 A 2 A I8 R
EF R e, HEl, QAT 2B EE ST
MOFs 73 B 4 Bid U T 4 K B 22 H v i)
HPLC ,CEC .GC 2} B3 .
2.1 MOFs 18 &% E EHA 2 i %R
211 FErfhaeY

AT JEVAT, -4 53 5 A AR W s 2 4 3 HL A T
B X, MOFs DJH A& 1 F AR A5 mT 57 1y
FLIE RSE 2R TR I A 2 R e 3 ¢
TP Bk A5 2 7 )32 % . Padmanaban
AL ) 46 T TP 18 i 9 UMCM-1 ( Chir-UMCM-
1), & UFFHF 1 MOFs 15 4 [ 2 Mk f7 HPLC F+
PE4rES . Tanaka %5 @ i A HLE AT &8
B BT ALY —FE (R) -CuMOF-35, Xf
12 Fp AR T B PR 19 JF 2 AR R, B 28— F 1k
MOFs [ & A8 7] F F & 8 F R 5 53 8. Yu
G USVRI F — A O 12 1 £ T —Fh F ¢ D-His-
ZIF-8@ SiO, #%-7e ok A M 8L, LTI B e | il
A PLRRSE 18 RN e &9 1) HPLC FHE5r 8,

HKUST-1

CE separation 4 6 3 10 12|

Substituted benzenes 1-5

1
Zn** l mIM Fe?* l BTC 7t l BDC RJ\M\‘
MIL-100(Fe)
4 6 8 10 12
1-5
Bare
b3a,
ZIF-8 HKUST-1 MIL-100(Fe) Ui0-66 A S P

B 6 ICISG 3B FT#l%& MOFs i& BAE 4]
Fig. 6 Schematic of the preparation of MOFs coated columns using the immobilized
cysteine-triggered in situ growth (ICISG) strategy!*!
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B T AL &2 4, MOFs [& % A 7EJE T4
LAY HPLC 4355 43 B U A 3R A5 T 732 .
Ding 45" R RS 4> T A 412 5 il 45 T A
Iy FLEE # ) Ui0-66/NH-MA@ CLM Z&1k & 404
R BB AE 8 ik R 7 43 B e P AR T 45 2 EE AL
w2y BNy TG R Z K B A RS R T,
TR RAF M EIE, Qu % @ il MOFs #
JEAKAE SI0, KL , Il & T HA WKL
ESEHY I SI0, @ dSiO,-ZIF-8 #%-7% 5 4tk (i
FE TR T o (R BERTAE W) FimR vk (ORI A
Y1) BT s B4 AT . SiAES il 4 T B MOF-
808@ SiO, -5 45 MK}, Iff HHI/E HILIC [5E
AR RERE TR JH A  A% T BB P AR R A R
SRR IKME A T ) R B A R AT Y A3 B B M R AR
£, tAh, MOFs 4 HIAE CLC [ &40, T2 ik |
BRI AT R ALY K00 8 b, skAkvk
L ) 4 £ 1 IRMOF-3@ vancomycin-pMSA £
FLZFE BN IS8 T BSA RN AL i
FREEVEME CLC Wiy 8, 3R 1 545 T MOFs ¥iAH

3 [ R AR Y 3 BT R AT R 42
2.2 MOFs SHH&EEERMN I LR
221 FErftaed

5 HPLC Al SHH 6 335 26 0F 5% [ 22 40 5 53 A
W2 (B VE FE B N AZ G AR 90 s i | L s 245
SR B8 4 S e [ 22 AH 5 4 B B 2 8] AE VR Y
J¥ . Sharafutdinova %5 #i % T [ { Cu},(trz),| - 4
Cl - SH,0], stk F B A&, I HH T £ Fh
TGN GC F1E 08 b, = 2RI
WS A ¥ — F 4 MOFs #8F Co-L-GG
SR EREMERNEE - HT GC FHaE.
% Co-L-GG & 2 F-1E GC ¥R 7E 7 min N L3N 43
BRI AEY MRS Y RS TS Y,
FEI A S 0 T B RKRE
222 FFHMED

Bt da S A RN A 27 Tl o ) 3 2R R, H i
CA KT GC H AR el HEA 740 85 43 M 1 4H 56
8, Read %' 1 ¥ HKUST-1 Hl ZIF-8 %5
MOFs FH1E— 4 il — 2 St B <M 3% (wGC Al
WGCxuwGC) [E AT , IR LB T = 45 & VR4 e
FE P 5y 55 . Wang % & T — R AL

% 1 MOFs EE1H7 HPLC #7827
Table 1 Application of MOFs-based stationary phases in HPLC

Material Analytes Type Form Ref.
MIL-47 ethylbenzene and styrene packed dry-packed [4]
MIL-53( Al) xylene, dichlorobenzene, chlorotoluene and nitrophenol isomers packed slurry-packed [5]
HKUST-1-poly ( MAA-co-EDMA ) benzenediols, xylenes, ethylbenzene and styrene monolithic post-modification [10]

NH,-MIL-101-( GMA-co-EDMA) polycyclic aromatic hydrocarbons and non-steroidal anti-

inflammatory drugs
NH,-UiO-66-modified pGMA
flavonoids

IRMOF-3@ vancomycin-pMSA  neutral compounds, aromatic acids, phenols and bovine serum OT-CLC

albumin pancrease digestion fluid
(R)-CuMOF-35
D-His-ZIF-8@ SiO,
Si0, @ dSiO,-ZIF-8
MOF-808@ SiO,
ZIF-8-PEI-CA
Zrs0,(OH)((H,0),(L),
MIL-101@ c-PANI
Co-MOF-74-L-Tyr
UiO-66-DATA(DBTA) @ SiO,

troger bases racemic compounds
amino acid derivatives and drugs

alcohol and phenolic racemes

Ui0-67@ SiO,
MOF-235@ PEG@ silica
MIL-53( Al)

Si0, @ dSi0,-Ui0-66

[ Cu(S-mal) (bpe) ],

aromatic hydrocarbons, alkylbenzenes, phenols, anilines and

secondary alcohols, sulfoxides, lactones and other racemes
alcohols, phenols, amines, ketones and organic acids racemes packed
xylene isomers, basic and acidic compounds

antibiotics, carbohydrates and other hydrophilic substances

alcohol, ketones, esters, organic acids and amines racemes

small molecule basic alpha-amino acid enantiomers

Amino acids modified MIL-101 RS-ibuprofen, RS-mandelic acid and RS-1-phenylethanol
polycyclic aromatic hydrocarbons and thiourea compounds
alkaloids, nucleosides and nucleobases and sulfonamides
alkyl benzene, xylene, ketones, phenols and alkaloids
xylene isomers, aromatics, biomolecules and acid
alcohols, acids, ketones and phenols racemic compounds

monolithic in-situ polymerization [ 11]
post-modification

OT-CLC  post-modification [13]

in-situ polymerization [ 14 ]

packed composites-packed  [45]

composites-packed  [46]

packed composites-packed  [47]
packed composites-packed  [48]
packed slurry-packed [49]
packed composites-packed [ 50]
packed composites-packed [ 51]
packed slurry-packed [52]
packed composites-packed [ 53]
packed dry-packed [54]
packed composites-packed [ 55]
packed composites-packed [ 56]
packed slurry-packed [57]
packed composites-packed [ 58]
packed slurry-packed [59]

OT-CLC: open-tubular capillary liquid chromatography.
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SN FR R TR 34 422 57 #1952 R 1Y MOFs, - 1)
FH GC BEUSEL T €5~ C6 Bl AR R i b s
Jr I HLAR Y B PERE . XSRS AE SRR AN
S5F9 AU ) MOF AR 35 A AN [ 2 oy B il
R AMPEE, b, T Ar MOFs 31
Jra A ] DL SE B AR A W0 S 3 GC 4 B, Tao
ST g T L ot A A L R A 4k Zr-
BTB-FA 242K Fr, 4% AT by [ 2 AH W H T HUOR
SEARE) GC 70, 455 Won, A T 3 AR
MOFs 75245, AEF il Zr-BTB-FA 445K H- 1% 2 FE 1
VeBEMEAN B Rk e B i E 4R T, Tang %' @i
ANF EFEARAAEAE 0975 FHLH, A T A RHERR
B Zr BORE 2R K R, ARHL A P 9 oK FL 45
g [ AR ARATT AR ) S A AR SR L A 5 1 GC 43
BOR, WL THL 2 AL E 9K [ A7 R
MOF #EHMERU X E 2, 28 1Tk, MOFs 7&
YR M E ZRET ) GC 4383 b s 4 A g H
(RN IV 1o 2% 2 B4 T MOF's “CRH (3 [ 5 AR Y
B SN G Y DOE 3
2.3 MOFs B &g EEHN TR E
231 FHANALTFHAEY

5 HPLC.,GC # t, CEC H- A B & 1Y 4 55 5%
R A [ AR R SR S B, TR e e B LT
£ MOFs 43 & A o8 h 43380 177 32, Sun
SEUTVR R A K R R i 46 T HKUST-1 %2
FE, P8 R) 22 i H s i ) FR L B- 3RS (CM-B-
CD) FHEREN, I L T ZFF 291 CEC

FHRIY, SRGME S HA L, HKUST-1 %2
FERT & 35 34 3% CM-B-CD (% F 1 ik £ P, Wang
SN LT RELE BB IR B K K3 y-CD WA Tk
MOFs i A S 45 51 B 40 9 BE I 1 D L
T 14 F P28 M 1 FFrEBE R CEC F 14
B, Gao 457 IS H- A% 5 il SN R HRKE L-Cys-
PCN-224 T MOFs & /K54 75 I JE e v B 40 58
WEBE [ FT& Y L-Cys-PCN-224 1% E A S T
17 BTt A 490 ) CEC F-1E474>. Ding 2
FETF IR A K R 5 T ZIF-90 1R 2 BN+, O
S5 S P ) LR T R, SEBE TR SRR |
FFCIE IR PSR LRI IR R /R ETF 2
Y CEC FHER 7, XM as £ RW, F 1
MOFs 4> B 4 i 5 CEC BB EA7 ) i Y 5.
232 A kAT

AWKy T R A= P R 1 B B A RO 4y, TR AR
ZHEBATE S R R CHETIRE . = Al A
YIRS FHELS AT K e PRIZ Wi R AL W = 2 45 4
HABXEENMME., FI, EYRS T8
MriEL 2l BT 4 IR T 0l 22— Geng 451 Fi A
FE AR AR DR ZIF-8 By 305 B AE B A0 Y BE
£ OT-CEC [ M, fEffEn 84T, % ZIF-8
%R B FRESLE 10 min PN SZIRTA 1 G 400
2 C A5 1 AR A B A AP R 2k
AYES . UEAM, iR CEC 43 B M e TR
Gy TRV 2R (100 43 B 7 T 3R B R AP RO,

% 2 MOFs EEH7E GC F Ry R
Table 2 Application of MOFs-based stationary phases in GC

Materials Analytes Type Form Ref.
ZIF-8-butyl methacrylate linear alkanes and paint thinners monolithic in situ polymerization [16]
monoliths
Zn,(bdc) (L-lac) diphenyl aromatic hydrocarbons derivatives oT static coating method [18]
ZIF-90 alkane isomers oT in situ growth [20]
Co-L-GG halocarbons, ketones, esters, epoxides, alcohols oT dynamic coating [61]
HKUST-1, ZIF-8 light-chain hydrocarbon mixtures (C1-C4) oT layer by layer deposition [62]
[Cu(sala) ], racemic, alkanes, alcohols, oT dynamic coating [66]
[Cd(LTP), ], racemic compounds, mixed alcohols, «,B-ionone oT dynamic coating [67]
SIFSIX-1, SIFSIX-3 alkane isomers, benzene series oT dynamic coating [68]
ZIF-8 cyclohexane, n-hexane, n-heptane, n-octane, n-decane oT dynamic coating [69]
HKUST-1 methane, ethane, propane, n-butane OoT dynamic coating [70]
MOF-5 xylene isomers oT in situ growth [71]
MIL-101( Al) -NH,-Xs ethyl toluene isomer oT covalently bonding [72]
Cd(D-Cam) ( tmdpy) aromatic and linear alkane derivatives OoT dynamic coating [73]
Ui0-66 straight-chain alkanes, branched alkanes oT dynamic coating [74]
MIL-101( Fe) alkanes oT dynamic coating [75]
ZIF-8( G-Z) branched alkane isomers and aromatic positional isomers oT static coating [76]
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AR 5 4H R F ik B 0 2 B % U2 7 0 A By MUK Bl £ L-
ML HALE5 R B NHP-UIO-66 A [ & 76 BN
FEEE, BR T RERAIT B Z RNy T B W4, i
NHP-Ui0-66 32 CEC [# %2 AH i X 22 Bk A 1 25
FRS ARy FHA R srEee™, R
MOFs M BHEA: ) K 43 F 1 CEC 43 & 4 Hr 43 2,
2R — e R T (A T R B 2R A
BF5T, A R HAE 2R A 2l 2 3 DR 2 2 DA HAt A
Yy = 25 45U HP 0 SR g AL
233 FEFHENLFHAY

MOFs ##HE & CEC [+ E 4% 32 W T
FEFE N F AL A W A B BT, AR
1" PDA ¥ BSA &2 T DUT-5 )2 T4
B WF5E T BSA S E A4 L SR T R 25 24
YIRMI BN, e CE &0 T, sl T4 3

PRGN 3 ol G0 T 2 T B 0 1 e el 3
2eorEs . Li SR AREAA: K145 T Bio-MOF-
1 et CEC A, %R 8§ RS b 4 25 B e 2 25 4
SRS/ FAL S YR I R0 o B e 1 O
R RS R E I E M A AR ST LI
#5817 MOFs 8- FAE CEC 43 8 4 5 Fl [ % 1k i
S 4 (IMER ) 2 A4 A4 R0 08 A2 0 FH 38 3t i A A
HAEF ¥ 2 T IE 58 75 i ( AChE) [# 7€ 7£ UiO-66-
NH, WRJ2H: b, s i 7 7 2 1 76 42 6 53 A 7
I Sk M A A A 1) CE-IMER M H:,
Ui0-66-NH,-CEC-IMER MM HA H @11 CEC 432
PERE , I 5 5 TG0 T A AR MR S AT
., %3 K45 T MOFs Hi 2% [ 1 AH ) F2 A K
SRR

% 3 MOFs E|E187 CEC HH#E ¥
Table 3 Application of MOFs-based stationary phases in CEC

Material Analytes Type Form Ref.
HKUST-1@ capillary propranolol, esmolol, amlodiene OT-CEC in situ growth (LPE) [77]
Fe-CD-MOF@ IPTS anisodamine, pseudoephedrine, synephrine, promethazine OT-CEC covalently bonding [78]
L-Cys-PCN-222 amino acids, fluoroquinolones and other 17 enantiomers OT-CEC covalently bonding [79]
NHP-UiO-66 organic small molecule, peptides, basic proteins OT-CEC physical coating (sodium silicate [ 82]

adhesion)
DUT-5 flavonoids and fluoroquinolones OT-CEC physical coating (PDA adhesion) [83]
Bio-MOF-1 NASIDs, chlorobenzene and other small biomolecules OT-CEC in situ growth [84]
ZIF-8 ( cZIF) polycyclic aromatic hydrocarbons, NASIDs MC-CEC covalently bonding [86]
HKUST-1 polycyclic aromatic hydrocarbons, phenols OT-CEC in situ growth (LBL) [87]
MOF-5 alkyl benzenes, aromatic acids, anilines OT-CEC in situ growth (LPE) [88]
MOF-180 alkyl benzenes, aromatic acids, anilines, chlorobenzenes OT-CEC in situ growth (LPE) [89]
ZIF-90 xylene, dichlorobenzene, chlorotoluene, NASIDs, aniline OT-CEC covalently bonding [90]
JLU-Liu23 epinephrine, isoprenaline, synephrine, terbutaline OT-CEC physical coating ( sodium silicate [ 91 ]

adhesion)
UiO-66-NH, chlorobenzenes, phenoxyacids, phenols OT-CEC in situ growth (LPE) [92]
ZIF-8 hydroquinone, resorcinol, catechol, hydroquinone, resorcinol OT-CEC physical coating ( PDA adhesion) [93]
ZIF-8 monoamine compounds OT-CEC physical coating (thermocuring) [94]

NSAIDs: nonsteroidal antiinflammatory drugs; MC-CEC: monolithic columns capillary electrochromatography; LPE: liquid-phase

epitaxy; LBL: layer-by-layer.

3 BEERE

5 L Jrik , MOF's ¥4 J2 A1 v 1 RE (.18 70 F [41
TE R BRI A5 52 e TE . SR, 7244 1E, MOF's
R [ AR R 7 V6 8 A 58 38 AT 2tk — 2
RARIBETE . K AL 6 % MOFs (531 [& %E AH
FAAETEZ 8RR, BLAR BORE 8K AR o R R A
LB R 22, 1 ) B R B A5 7 16 MOF's [ %
THREERS 1A R A0 A A BE AT LA SRR AR A L
BARRON IR, (R0 Z MRS E P8 22 HLAE I fiv B

fi, CRHIU S B 2 VTS ) ki MOFs 4
T [ A T DA S v U 2 AR E T (R A
RO BB AR, 5 B [ 2 MR T 2 4
Pk, R AL A 05 g A4 i MOF's 2335 i 7 AH
AT DAE— 242 T U 2 RS P N 5 R (HA R
MOFs #4 B} 1) 45 & M 1 2 LM 5 A2 il 48 S R B 2
ey, AT S 8000 2 1 PR A 2

JX4E MOFs R % 2 (HAH 2 %038 19 MOFs
MRHA FRIFE TR 22 , 45 5 15 WL AR S5 B AE 7K 5
Hofthizs 70 v & AR PHR S ) 8, A7 = B E % MOFs
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