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Research progress of magnetic microporous organic networks

in magnetic solid-phase extraction
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Abstract: Recently, magnetic microporous organic networks (MMONs) have emerged as a novel
class of adsorbents in magnetic solid-phase extraction (MSPE). By integrating the unique properties
of microporous organic networks (MONs) and magnetic nanoparticles, MMONs exhibit advantages
such as designable structures, facile synthesis, diverse architectures, high specific surface area,
and excellent stability, garnering widespread attention in the field of sample pretreatment. The
current strategies for preparing MMONs mainly include in-situ growth, post-synthetic modification
(PSM), and composite preparation. Among these, the im-situ growth method can be further
categorized into direct in-situ growth, indirect in-situ growth, and co-doping methods. The direct
in-situ growth method is straightforward to operate, enabling the construction of MMONSs with well-
defined core-shell structures. It also allows flexible control over the functionality and shell thickness
of MMONSs by adjusting the type and concentration of monomers, making it the most commonly
used preparation method for MMONSs. In contrast, the indirect in-situ growth method involves the
introduction of an intermediate bridging layer, which complicates the synthesis process. However,
the intermediate coating layer and the MONs shell can work synergistically to enhance the extraction
efficiency of MMONSs for targets. Although PSM requires additional reaction steps and poses
challenges in controlling the modification rate and distribution of functional groups, it increases the

variety and quantity of modifying groups and molecules, thereby expanding the application range
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of MMONs in MSPE. Furthermore, MMON composites can integrate the respective advantages of
both MMONSs and polymers, further broadening the applicability of MMONs. Therefore, each of the
three methods mentioned above has its own advantages and disadvantages. Researchers can select
the appropriate synthesis method based on the specific requirements of MSPE to prepare the desired
MMONSs. This review also provides a detailed discussion on the applications of MMONs in the MSPE
of various organic pollutants, including pharmaceuticals, pesticides, endocrine-disrupting chemicals,
mycotoxins, food additives, and per- and polyfluoroalkyl substances, and elucidates the extraction
mechanisms (e.g. hydrophobic interaction, -7 stacking, electrostatic attraction, hydrogen-bonding
interaction, ion pair interaction, fluorine-fluorine interaction, and 7 -CF interaction) between
MMONSs and analytes. In response to the current challenges of MMONs, future research should focus
on the following areas: (1) Designing and expanding low-cost functional monomers to enrich the
variety and quantity of existing functional monomers, providing other effective PSM methods for
synthesizing functionalized MMONs, and introducing other functional composites to prepare MMON
composites. (2) Developing target-oriented structural design or functionalization strategies to
construct functionalized MMONs, with the aim of improving their selectivity toward specific targets.
(3) Advancing other advanced characterization and mechanism investigation techniques to un-
derstand the extraction mechanisms of MMONs and guide their structural design or functionalization.
In summary, this review aims to deepen the understanding of MMONs-based MSPE methods in the
enrichment and detection of various organic pollutants, while offering guidance for the synthesis
and application of MMONSs.

Keywords: magnetic microporous organic network (MMON) ; magnetic solid-phase extraction

(MSPE ) ; sample pretreatment; organic pollutant
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Fig. 1 Schematic diagrams of preparation methods for magnetic microporous organic networks (MMONs)

PSM: post-synthetic modification.
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Table 1 Applications of MSPE based on MMONSs in the detection of organic pollutants

MMON Analytes Linear range/( ug/L) LODs/(pg/L) EFs Ref.
Fe,0,@MON-NH, EDCs 0.05-1000 0.015-0.03 172-197 [14]
Co@NC-MON-2NH, EDCs 0.03-500 0.009-0.15 151-196 [15]
Fe,0,@PDA@NMON EDCs 0.18-500 0.055-0.09 92.6-98.4 [16]
MMON-SO,H-NH, drugs 0.15-1000 0.05-4.5 82.1-99.6 [24]
EDA-Fe,0,@0H-COOH-MON-TEPT pesticides 0.001-0.75 0.00003-0.00022 94.8-103.5 [25]
MMON-SO,H@S0,Na pesticides 0.1-500 0.03-0.09 97.8-99.7 [26]
Fe,0,@MON pesticides 0.001-20 0.27-3.1 - [27]
Fe,0,@MON-TBPM-DEBP EDCs 0.03-0.4 80.4-98.8 [29]
Fe,0,@FMON pesticides 0.10-1000 0.01-0.02 85.6-98.0 [30]
MCD-MON EDCs 2.0-1000 0.6-1.0 87.9-98.0 [31]
Fe,0,@CD-MON EDCs 2.0-400 0.5-1.0 183-198 [32]
MMON-COOH-2CONH drugs 3-10000 1-3 93.9-99.4 [33]
[PBA],,-MCD-MON-0.04 pesticides 0.2-500 0.05-0.5 92.5-96.1 [34]
0.25 IL-MMON pesticides 1.0-1000 0.3-1.3 94.6-99.9 [35]
Fe,0,@CD-MON-PBA drugs 0.5-1000 0.1-0.5 92.3-98.0 [36]
Fe,0,@MON-NH,@F, PFAS 0.002-2 0.00054-0.00147 - [37]
Fe,0,@MON-NH,@CM-3-CD drugs 20-1000 1.4-2.3 - [38]
iMMONSs drugs 0.0005-0.2 0.00002-0.000128 500 [39]
Pyr-T-DPM Me CMP - - - [40]
Fe,0,@N-CMP pesticides 0.1-200 0.3-0.5 - [41]
Fe,0,@MON-PEI, drugs 0.14-400 0.042-0.149 97.0-98.2 [42]
MMON-PANI drugs 0.2-1000 0.07-1.7 98.6-99.9 [43]
FMMON pesticides 0.1-1000 0.03-0.05 96.2-99.7 [44]
MMON-20H pesticides 0.00003-0.0006 - [45]
MMON-DBB-2 EDCs 1.0-3.6 98.8-99.2 [46]
MMON-B EDCs 0.50-1200 0.10-0.15 432-482 [47]
MMON-SO,NH, EDCs 1-1000 0.3-1.0 80.3-85.6 [48]
Fe,0,@Ui0-66-NH,@MON mycotoxins 0.15-0.87 - [49]
Fe,0,@MON-NH,-SO,H mycotoxins 10-5000 - - [50]
Fe,0,@MON-NH,-OH mycotoxins 5-2500 1.4-35 95 [51]

LODs: limits of detection; EFs: enrichment factors; EDCs: endocrine-disrupting chemicals; PFAS: per- and polyfluoroalkyl sub-

stance.
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Fig.2 Schematic diagram of preparation of Fe,0,@FMON for the extraction of benzoylurea insecticides (BUs) B
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Fig. 3 Schematic diagram of preparation of 0.25 IL-MMONSs for extraction of phenoxycarboxylic acid herbicides (PCAs) P!
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Fig. 4 Schematic diagram of preparation of MMON-SO,H-NH, for extraction of fluoroquinolones (FQS)[
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Bf e (105.6~124.1 mg/g) . LM, Xu %550 5l o &
T —Fr AL MCD-MON A T 3 55 7K £ &£ dh ok
Sz & OB 28 EDCs 1Y = s AR IS R .
FRTE BB CD DL Rt 4,47 - P IL R
A 1 F 5 S AE AL Ir A 9 MCD-MON i Fe,0,
BRI R JZIRIE A . R RTE AT U 2 EDCs
AL F w0l R Ei oK L R AR A - AE A
AR TR 2 EDCs WAL, [, 525
F1%) M FR 28 B AT 3 2ok A 5T SRR Y v BE R Fe, O, JH 1 i
fF8 4 . {02, 3% MCD-MON B3 4 fH 48 K, A
AR KR A . S, Al AE Y HGE
T — g PR ¢ MMON F T 7K b & B i bR T 4G
W Ay MMON A # WS FEMW m-m &
B K AE A A5, T A A B H bR S o

PAHs & ZHFATENAE SEEE Y BA
A 5 80 KUK, 7™ g M A BB . He 251
38 T A T Fe,0,@PDA@NMON #J MSPE J5 % ,
FH 0 A 55 7K R v (9 R f A 2 1 & OH-PAHS,
Fe,0,@PDA@NMON £ 8 1t 55 19 #4700 A2
PE b TR B R A AR R o R B R S
FE M ORI IR R R 3 AL Sk JIr BiE g Y
OH-PAHs 5 fiff F iy 4 it 1wk (&8t & -7 1EH
£ 5 . [A B, Fe,0, #1 NMON 2 [d] § PDA &2 ]
i OH-PAHs 5 fiff J iy $2 1L 08 2 (1 ik S8 K ar-
 AE R, U R B T 0T H AR 0 & e M RE . BT
A7 T EAE 0.18~500 wg/L YU Y £k 1 B UL A
HBR N 0.055~0.090 wg/L. fix 28, 16 2 FlUR K KE 5
Rl Ty KGN 3 R v B R 0.29~0.80 wg/L Y OH-
PAHs 531 .

PGRs A BRI IEMEMIEMN 2 H T
HEAR ) A B AR A R AR VR R R R 7 & . PGRs 5%
AT g1 AR Py oy 2K L R oM R R B T g
B 5 S o hE S5 P30 o LT PGRs 7 ¥R L AN 95 PR 1Y 25
FRRAE , He 55 % I & 80T #41% Co@NC-MON-
2NH, & &%, H T & 3% 'h PGRs 1Y = 4L MSPE,

Co@NC-MON-2NH, EA K b i f | R 4rwi bk
RasE Mk, i ad SR - B K S 2 R AL
PGRs F B 38 2% F1 7 o Fr 7 1 FH 100 i SR
i o' PGRs i MSPE-HPLC-UV J5 ¥ £& 1 38 Bl
0.03~500 pg/L, 1§ % B 4 1.5%~7.7%, K i R 4
0.009~0.150 pg/L,# 7~ T Co@NC-MON-2NH, & &
Wi Ve Sk BT B9 MSPE WE B 500 9 W 1, 9F b T g fk
MMONS () il % & 4t 7 B B % . &3, Li 5L
TEB 580 00K 1,17-(2,5- -1, 4-1F % 3 ) X
(N,N,N-=H 5 H & )Rt 4) (DBB ) i iof B4 A7
AR ES T — FOR ) 2 2 2 MMONs (MMON-
DBB-2) , 35 HAE Sy w55 2800 1 W B 590 FH = Pk R
e M MSPE & A 5 i) PGRs. 1% W Fff 51
¥k T E A MONSs [ (1 - 1F IS 46, 5 A
75 g b FE A AR R T R A Y B T RS B S R A
PE AL A, 38 3 3 284 J) Z ) B ) 52 BT
PGRs 1 & 2 2 BL . i T E B /n T 2= & 6 Al
MMONSs 7 MSPE 4t 5 B &7 59 i JH ¥ 77, i it Ao
& JSHT B B B 7 ) MMONs #2488 T 38 i& % .

AT A R B T ME VR B v A,
W\ TMAMN W ARG, WA FE2BWRS
A 9 ME 30 R KT SR A O e L FE R R ZLIR
Jii Ko H A R S L DRI o G A A 2% A W R i v
WMEB F WK A EEE X, Xu FPHGE T
b ) 5 PR A N - S5 M G CD-MON 1
B 77 (Fe,0,@CD-MON) [ i 55 (|8 5) , Jf- 45 5 LC-
MS/MS 438t U 22 1L 95 PR WA b o i) 4 o B
o BT ok B R 4R 2k E [ (2.0~400
we/L) 7 B 4 N T (183~198) K K6 M BR (0.5~1.0
pg/L) 5 5E 5 R (1.5~3.0 wg/L) | W B 50 & 2 (3
mg) M B4 Rl E B Al PR (A 8 W) SRR %
TARUESE T3 5 R 8 2 & i Fe,0,@CD-MON
AR AT PR R R R T H m AUE R 2 A R R
9 2R 1 I FH

RNyl BN N = N R R U Gt
SR, B TS ) feff A 224 ot o 0 ) b 45 5 30™
AR ), A SR B D RN I ERLE .
W, T A R T TS IR P X R AR R e G
L 2023 4F AR A HGE 1= RS ORI R
JE 5 5 KL AL BB fk MMON (MMON-B) , i T & /i
HE L RBMF AR, MMON-B B3 &1
- K B S A A A, R e AR A R R
A 22 R R & 1 %R (86.4%~108.2% )
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‘ ~ TEPB
Sonogashira Coupling
Fe;0, Fe;0,@CD-MON

__________

EEE1 ¥ Desorption Separation

1 =
l_________' : - t tw’. *f"‘

E5 Fe,0,@CD-MONKHERERFEREH M RERD

Fig.5 Schematic diagram of preparation of Fe,0,@CD-MON for extraction of estrogens[32

]

SEAS R (0.10~0.15 wg/L) . ZHF5E /R T % i
& NI fiEfk MMONS 4 0] 151 .

e M T B e (AAs) 2 12 46 TRk, B
AT AE 0 B0 PR R EE R KUK, B 1994 4F DLk Bk [E
W 9 JE BIF 5% AL AL 51 O 3 L ) N 2R 0T RE BUR W) (2A
) o B A R A PR T AR T BT R R ff
k= R Rt S = (BN X ARV AG e - o K1
TG AAs WM EEB EREM T £ T
ZSUCRHE B R AR TS PO BT 2 i R A A
R Tz R A ST R R S R I R T A A%
YOBH Y AAs XA NS M BRI K B OCHE
%, Zhong G K T — B mE M Th g 1k
MMONs(MMON-SO,NH, ) , il i< 7 5 35 11 1) i i, 1%
Gl - AE (B K AR B SR 5 22 0 A BLAE T AR
BT X2 OB AAs B B AR I . % b R
PR I FL 2 T AR (304.4 m/g) B A G v )
(38.3 emu/g, <15 s) DL Je R 47 1% A2 M A n] o 42
HE(>8 ), ALY AAs 1 W B 5510 o
24 EESZE

T PR T 2 O% B DA AR R AR B A b AR i AR
W, a3 N5 3 s B TR fE AL HE A
T B KBRS . I, TR B A
AR R W AR P S TG R L E K, Hop &
HBEREFEEMTRE WMWEREGER, WEALT
A U AF9E B S . b It Li ML) Fe,O, A % |
MOF/MON h 5% J2 il & T — B B 4% - 7¢ #E Pk
Fe,0,@Ui0-66-NH,@MON & &%) . %W Bt 55 nT F

TEESYTZMEMERER IJFEA RIFMLs
FasEME m R HUE (0.15~0.87 wg/L) M ik Fetk . %05
R B PR TR R R S O R T
AR B, R W 5 AR et R R R KO 4R
T kAR . Bk, Wang &5 R R AL A KA
B H %& T -NH, Al -SO.H * I fig ft MMONSs
(Fe,0,@MON-NH,-SO,H) . 7£ %R F , 3% W b 5 %}
w & 5 2R B1 A B2 B i 43 518 69.5 mg/g Fil
39.3 mg/g, It b, 5 Welchrom AOZ., Welchrom
BRP FiI Cleanert ODS C18 3 Fh B b A U AH L , BT
4 M) Fe,0,@ MON-NH,-SO.H %I it 75 & 2 e 9
RO R AR O RE L B T AU BKAE R -
FHEAE LA B 43 F RUSH i 43 45 22 FopH B AR R AR 5K
S 2 BN 24 B [ JRRE b R R R R A R R
PEE ER B . R, B &S I R T 20
Folr 245 £ ] 54 o v R ki il R T R AR . MBS
Wang %557 T A Fe,0,@MON-NH,-OH > MSPE
W B 57 45 4 HPLC & i vk, P 2R & &
KA B AR R (ZEN) (130 52 o 7 8 57 19 7 9k 4 1 9
H 5~2500 pg/L, K R A 1.4~35 pg/L, W fff &t
215.0 mg/g, I W M N FH T 10 F i 25 7h ZEN [ 46
W B R 80.7%~106.0%.
25 2REESAKRENR

PFASs j& — bt 3 I &0 )5 F #9601 BUAR
WA LAY, BT R 9 b 2 B2 1 IR B K
PTG ERe T N T T 5 s b
SKM , PFASs 7] DL7E BR 58 b 8 A A7 A, O Al i i &
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i % 44 %

Yyl Xk NS e 7 AR FEPE AL o ], Zhang PR
2057 L B AU 46 2 E Ak MON-NH,(Fe;0,@MON-NH,
@F,)1E 5 MSPE W B 5] , i ik 0% Fff %) 5 PFASs Z
6] ) & L 0 51 R UK (F-F . or-CF K & B 25 A 1 AR
FLIF R T — Rt 52 B, o o il e KRR LN IS
Ko N BB I G RE B T PRASs 197 ¥ . %7 Be bk
76 [l 98 (2~2 000 ng/L) (& 1 FRAIK (0.54~1.47 ng/L) ,
FE S A S B & o B b 2R B A (RT3 81.7%~
121.6%) .

3 ZitS5RE

A LE R VEAN B R T MMONS (1 & % 7 3 i H:
VB by 1 W B 90 7 22 B 2 2% B b s 20 MSPE A
HLS G 5 09 0 o AH BT At R R R D
MMONS FE A5 JURE 16 25 4 R AE PG 53 10 1k 2 5 3R
SE P R W R e R I % R R —
0l 1 T MSPE Z Fi 46 & W 1 37 2% il M % B 571 o
25 THEA WP R AW m R R A
() n] A DL B T 0 R A, T RE b
MMONSs i A 42 i £ & 19 SV - HERR (K I
R RE AR R AL S, AT RE 68 DN B A IR R A )
FE 5 55 52 2 I o b ok 5 PR b A DA 3E B PR 10 A M
945 JEIR & e BT ), 35 4k 25 \PAHs . 2] %) \.EDCs .
HL 1 7 R \PFASs A 5 7 45

SR, MMONSs [ & i P 58 48 T A0 ML EE BIF 5% 475
FEAE LA n) 80 £ g £ - (1) 18 2 i /b MMONSs (1)
AT E L H AT AR S B ELRP 2 IR ) g
BRSPS T H 2 W A PSM LR iR AT 4K
fiff P 3 — [m] B, AHL TR FH 38 2 19473 O % 3 - B
i "k 22 ) s MMONSs & & 47 1 PEI Al PANT i
o], FLAD 28 K R A P78 5 (2) 5t MMONSs HY P fig
PTHM S, H AT MMONSs [ 3£ 8 A 7 42 75 (3)
HUHRAF 52 T B AT bb 5 o — i 7 1

PRI, 6 b ) B, ok B 2% JE 7E DL R LA
J7 AT R AW SE - (1) 3T R 40 B AK AR 1 T R
BUR R B T RE B Y R 2 RN B 1 0 R A
Sy A5 1 K AR P W) H Al AR A R A AR 4 5 KR
HoA A7 850 PSM A BLE fig ik MMONSs 7735 5 51 A
o T BE M 1Y & A Wl % MMONs & 495 H i
MMONS 14 & BAT 5 (8 FH A 35 A 3 U7, 2R &
BT 10 ) 45 D7 vk A T BE 4k MMONs; (2) FF &
DL bR T 00 25 8 15 T Bk B Ak O k) 8 1)
fie ft. MMONSs, 442 7+ Hoxt B b5 9 19 sk B84 5 (3) &

i L Ath, 56 #E R AF AL IR 5E T B an B AL L AL
ZLAh A 54 2 i AF X MMONSs 1y € HUHL
FEHEAT IR ABESE , LI 95 5 MMONS (19 4544 15 11 51
Uifeft . S22 AR AL AT DL AT 58 N 51 6] JE
T MMONSs iy MSPE J5 ¥ 1 T & S MW %4 26 H
FR A, s MMONSs (194 55 0 4k 7 —
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