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Application of imine covalent organic frameworks
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Abstract: Imine covalent organic frameworks (I-COFs), including imine-linked COFs and
hydrazone-linked COFs, are a new type of crystalline porous organic materials constructed by
the condensation of organic monomers by the Schiff-base reaction. Because they are composed
of lightweight elements linked by strong covalent bonds, I-COF materials possess the advanta-
ges of low skeleton density, large surface area, high porosity, abundant monomer species,
controllable pore size, functionalized structure, diverse synthetic methods, excellent adsorp-
tion performance, outstanding physical and chemical stabilities, etc. In recent years, interest in
the field of I-COF's has increased tremendously because of their exceptional performance and
broad applications in gas storage, gas separation, catalysis, sensing, photoelectric materials,
sample pretreatment, drug delivery, and other fields. To date, imine bonds are one of the most
widely used covalent bonds in COFs, and represent one of the most important ways to obtain
I-COFs with excellent chemical stabilities. The synthesis methods for I-COFs include solvother-
mal synthesis, microwave synthesis, mechanochemical grinding synthesis, and room-tempera-
ture synthesis methods. Solvothermal synthesis is the most extensively used method for the
production of I-COFs with high specific surface areas and good thermal stabilities. The
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microwave synthesis method is conducive to the rapid synthesis of COFs in industry, providing
a more time-saving, simpler, and safer route for large-scale preparation of I-COFs. The mecha-
nochemical grinding synthesis of porous solids has gained importance as an alternative to con-
ventional solvothermal synthesis, because the process is quick, environment-friendly, and
potentially scalable. The room-temperature method is characterized by mild reaction conditions
and rapid reactions. It is an energy-saving, economic, safe, and green synthesis method, which
has emerged as a hot spot in the preparation of I-COFs in recent years. Research progress over
the past years on the application of I-COFs in the field of materials science has undoubtedly
established the basis of its application in analytical chemistry. Owing to the excellent physical
and chemical properties of I-COF materials, they are suitable for use as separation and enrich-
ment media for trace target compounds in complex samples. The high specific surface area and
porosity, extended conjugate network skeleton, and -electron-rich nature of the materials
endow it with a high adsorption capacity. These materials are highly enriched in target analytes
by 7-7 interactions, acid-base interactions, donor-acceptor interactions, hydrogen bonding,
hydrophobic interactions, and other intermolecular interactions. Precise control of the micro-
porous structure of I-COFs was obtained by controlling the chain length, geometric structure,
doping elements, and substituent groups of the organic monomers. Selective enrichment of tar-
get trace substances was achieved by modifying the groups of I-COFs based on the principle of
host guest adaptation, molecular sieving, or microporous filling effect. At present, research on
the synthesis of I-COF materials is in the stage of rapid development, and many I-COFs with
excellent properties and great application potential have been synthesized, allowing widespread
application of I-COFs in sample pretreatment medium. This review summarizes the current
state-of-the-art on the main types and synthetic methods of I-COFs, as well as the applications
of I-COFs in solid-phase extraction, magnetic solid-phase extraction, dispersive solid-phase
extraction, and solid-phase microextraction. The prospects of I-COFs in sample pretreatment
are also presented.
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[FIAF A FL T PN SR AR S5 44, AR R | i ek bt LA e
AR M A B BRI R 96 £, BHES
COFs By & #2417 — M i J7 5. Bl )T, Das
ZEUST SR P A Bl B BIF S 2% ( liquid-assisted grind-
ing, LAG), VA 1,3,5- = F I AE AT K e 1,3,
5- = FH IR BE ()4 — iy F 628 —H e (Th) , 5,10,
15,20-PU (4-Z FEA I8 ) Nk 5 2, 5- 5 FEXT R —H
1y 5K 4% 1 LZU-1 (LAG) . TpTh (LAG) Al
DhaTph(LAG) ., X} T JC¥# MBS, LAG k1%
() COFs H. A T /& (1 4l B il 7= %, Wang %5 D)
1,3,5- =B ERZE =/ 5 4,4 - R KM (Azo)
AR R LAG TR SEI T TpAzo MBIl 45,
LA T R S X P S R A BB, B2 A
Azo IREHAIWEE 5 min, THHATEINA Tp,IRE
JEAFES 10 min B2 H BB AL, KKK (0.5
mL) ZHH ARG P P 5 min, FRRHR S W5
BEXRIILT LT 170 T 60 s, FRIGHLL
IR, B IR K A HLE RIS AR, B
TRAFEN W), 2075 % 1) TpAzo M KHELA
LR TE AR = fL B R R AR M, 5 J5 T SPE )i
ST, RS, AT 2SI 7 ik, 2 2, 6- 5
FEE R (DAAQ) 5 1,3, 5-= HIBEIE [a] 5 = 1) ly BAAA
A o) i £ 1 DAAQ-Tp (7 SC ik 5 /F DAAQ-
TFP) , bR} FIARE B U () 455 & B R g & e
Peng %5 LI 1,3,5- = B E AR =0 5 2,5- &
FEIEREIR 2,5- @ ELTE- 1, 4- TREIR M ROk, AR A
FREE =B 2E/1 ,4- N/ KRR B IR G 1R
FI(50 wL) %l B 52 07, 78 BF 4k b2 IR AF B8 45 ~ 60
min, A £ H NUS-9 Fl NUS-10, H =R 7351 h
80% F1 76% ., BifJEs 38 & 3845 1 I-COFs Lt 2 1H 2
BN H PG | KA B T-COFs ARHE L T8 1Y
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T AT REE
24 ERE

IR RN IR | R N PR AR A
— PP RE AT e BONA BT AR
I-COFs # il £ i 4 4, Yang 551 il T —Fb
A B 7 (5 1) 5 IRV VR T i 4% 3R B COF, SR H
1,3, 5- = F ik 35 ) 4 =l FEK R e by LR, 7 =
T 30 min A BRI TpBD, 5% 5#A: (120 C
JNE 3 K ) FIAURA S 32 (45 min) AHEE, %05 Y
B U ) fe . AR fRT B, TpBD MRHE K A AL
VA SRR AR 25 ELAE R b 2R R T R e A
g, AT TR B Ak i i . P S, He
SEIPUR I S R WA B IR R R AR SR R
TpPa-1, BRI 46 R 285 4 L EL A e e 3R i
F R FLBR AN G 1, 7 v MSPE 1% Fff 570 2% B
S BfHPERE . Lin 20 3RGE R H 1,3,5-=-(4-
AFEIR I ) ZR RN X R R R B DU AR Ak = Bk
(Fe,0,) A%, 78 — H ZL TR ( DMSO ) ¥ 7 b % i
THGHE (5 min) AT Z-FE L5 Fe,0,@ COF,
MELEA R =R e, E AR T 2
JKET S R B KA AR T ), Lin 2500 3k
Fe2,5-TREMNAKZHES 1,3,5- = (42 HR
) HE AR IHAEIL I Fe, O, 9K T W%, B
RAYIMA = 0BT A b S IR 3
F, BF I 4 #% E TAPB-Dha (5 32 Bk 5 /E COF-
DtTb) , W B 570 52 B 1 /K SR i 2F 4 v 9 o LB A
I B E S, U U A I R BB AR, Se
(OTE), AL, 1,3,5-= (4-FHRAFEIE) K5 1,3,
5- = HIBERE A R = A5 R EEIR T AT
GrF BRI A A HLE 4R A M OEH(MICOFSs ) , £
MICOFs [Jf5 it B2 , 1 7] 2 S 90 i 42 1l 4 7
(R OCHE N 2, AR G AR ( LR . — IR S R AN
Xt R 2R R ) 75 B4R KT 90 TR i 3 K, i Sc
(OTE) , NIZ RN 30 min, 285 2 bk il £ 2
fiEfk COFs M KL 2k 12, R MG B
25, Zhao 28 S 1,3, 5- = HI BRI (A] 2K = ) A 2,
6- 28 B R A FRAA A6 T 2K -3-O- T W R B
R, WF ] A 4P MCMIPs-DAAQ #48} m 1 24 i it
FPIRE S B AE TS K -3-0-# 48 1F . Gao %51 1)
1,3,5-=(4-FFFEIL) KA 2,35, 6-PU G2 —H
i Ry TRk R FH 2 TR VA U PR B ] 4% T TAPB-
TFA-COF,, Hoidh & 2 e W F 5 0 4 Jim A DMSO
R 5 min, B N2 MA D (1.6 mL)

PRV W5 AR 5 4 e 0 Y %% B =R R v 2 h 45 5]
TAPB-TFA-COF , iZ A #HEL A 5 bb 2 1 AR R A1)
P Ap2ERE E Mk, AT /R DSPE W5, Guo %51
P 1,3,5- = (4-H BRI ) % (TFPB) FHEK R — i
PO RN U LN IR VAE R (R 2 B V) e X 1)
REWL 4 445 T i TFPB-BD & )2, fb -t &
JTFPB-BD ZF 4 )72 EL A e A PR R S5 %) 1 fff
PERE, T SPME /K™ f PR & 2 582K . H AT,
F RSN I-COFs Rt ikZz —, BN I-
COFs MRy Ab A= = He it T T RE

25 I, I-COFs MBI & M k RIGE 2, X R
Horm P A s AR T e, TR
FA i 45 5 52 1-COF's M4 RE S8 72 107 FH B9 i 42
FOR R

3 FBz2E COFs #HFEFmBrabIE R EI Rz A

H i, I-COFs #4441 & B 5% 1E A F- s % e
BB, AN HEREIR S W WS 18K COFs
G B, X R COFs A BHEFE St i Ak #2457 o i vz FH
WAt 7 F & MR IR Ik 8, 1-COFs (1A Bl
TRRREET SR FAS [F) 45 14 5 2 e 56 A 1A HLERAAR
AT AT E RO R S5 48 FFh S 1Y COFs & 84 i,
I-COFs #1 ki le R T AR | m LB R MR 7 T &
% v O R o 67 i, L AT 3@ 0k - A BKAE
SR A 2 E 5 PR FE R B AR AT ek
AR RS iR JE 45 COF's (1L IR 45 44 Fi Zh e 1k,
S SR B AR s ik B AR . H,
I-COF's 4R 87 U A< B Jot 7 [T AH 2 5 4 M [
AHAE R4 1 361 R A U [0 A ke A B AR Ry o A2
BTz, EAER, HT 1-COFs # kLY SPE |
MSPE \DSPE Fl1 SPME 7 fi if A 3 v i i FH 1 B
St LA 2,

3.1 [EHEER

[EAH 25 R A PR T PR LS | i s v
s S, BLY AR H ok S
KRR T 6 700 [T AR AR BB AR 1% G4, I-COFs A1
HA & RIS LR A M SR E A
FifE SPE #E3ECRE, SR 1,3, 5-= F I3 fa) 25 =
54 4 BE M 2,6- B KL I A AL ]
#11) TpAzo 1 DAAQ-Tp (J5 35 1 DAAQ-TFP) #f
KL AE R SPE WY B 550 il 3@ i ar-ar 1 FH KA A
SR F R A SRR BRI Ak &, T TR
GRFE T R BRI A S W) B o i, B IRER
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35 FE 1 BRI AT A B UM RE I R A,
. 304 Csee Z F MIP 5 COFs 456 1T L i 16 25 4 A e 22 iR
2] Caowe PRI MEREEL, Ji %7 (] 4 ) MICOF's W 51
Z 0] T SEME it 4 LR AR R S SRR R A8 TR LA e e R
g 5] B ARIRZ R | UL SPE-HPLC 2 5 F M R it v 4
Emé PR 46 Be, 2 PEYE Bl 0.1 ~ 200 ng/g (r>
§ %ﬁ ( a 0.998 1), LOD 24 0.011 ~0.018 ng/g, W 5% % M4
| o Vo [

[} W

2015 2016 2017 2018 2019 2020 2021
Year

E 2 I-COFs ##}# SPE ,MSPE DSPE #1 SPME
th iz AR RSt
Fig. 2 Statistics of the application of I-COFs materials
in SPE, MSPE, DSPE and SPME from January
1, 2015 to September 25, 2021 ( data from Web of
Science)

B By T 0. 41 ng/mL MR, B AR S
FAih 4> B 0. 18 ng/g Fl 0.34 ng/g MR
ik %) Wang %Y fifi i COF-LZU1 14 SPE M
B7R) , 45 5 2 T A B DR AR T L AT I ) B3 A
Bz, fepRE & R MUK I AL A, HoAS
PR AR ng/L S LT K-, 5L ARRE 19 D e 5L A
JEAR R COF's BRI B 6 28 1 1) B B3 A%, Ji 250
&3 COF 5 4- G R B B i -0 7 s i ;L
MA T BB E) NH, @ COF, i1 751 AH-NH,
AE HERMR A 25 )-COOH P A M EAEI, 5 24
% COF FI7 FH WL Kt 5140 Lt , NH, @ COF SPE 1 ff
FIXF R IR I A 25 1 2 U T /55, NH, @ COF-SPE
454 HPLC WH B, TR LA 1 F 7 i v
FEl°A 0.2~ 100 ng/mL(7r>0.999), LOD >4 0.010 ~
0. 060 ng/mL, iZ J5 % Y1 i T 358 KA 6 F
RIRAAR LG o kil . 5 H AT REM RN A AT LA
#2155 COFs M Ak 2 e P RN, FHAE 7, Li 50>
A3 2o 75 7 R 2 i 2N A AL B 2R e AR 2R (OR
- AR IR P LN IR TR 46 /K HIh g ) B A 4
¥}(COF@ PS-GMA ) fF g £ 41 4% N SPE 1) W [ 44
BEXTPREDK A AR SRR PR 25 4T T & ik,
ZERL R . COF@ PS-GMA #1 %} 23 i 7-7 1E
SCEL AR A RUE 4 45 A HPLC BEF 0 M R
B VR R PR KR A e i 7 R ES ARSI R 24
I-COF's Ak b 5L A R 2 19 Ty g 5k AT S 30 H AR IR
YRR E L RN K, P16k fk -COFs #f
RHR RN VO B A SGEE, A THRRAEY
(molecularly imprinted polymer, MIP) Jf& X} 5t —

MICOF's R M 2 2435 Jit e - v sl 4 RO 400
HB5TE .

TE 2 A HUAT DL o 4 A ol B2 R AR BURIOR  FR
AU LKA = TP U R P RS g o ML B A%
AT — Rl G R4 COFs, T 78 4R I [ AR A%
PRk, I COFs 5 485 sk Pk L5 A7
IR RGBS T o PR = A s 4R, 5 3 B
FHI W B AR 1 gk COF's HA BEUF (0 76 BUME BE
W55 B, COFs 5 H AR/ Hr ¥ 2 18] /) #E B 3 32
BT - VEF BKAE F AN SV F 55 2 S b )
Y FH 3l 1 7R 28 A8 B SE 4 HPLC 16 S8 T B0
FIA A it v 5 21 Gk i) w8 R L ek v 43 B
K, Liu 2805 B — 5 2,4, 6- =K 31,3,
5- =Wt HR (CTp) M JEEH %5 T CTpBD COFs,
t T COFs )= b2 1w FL LA K B 48 v (1)-COOH . 3
HRES 48 B 7 kA FiAE VB T2k SPE Wt
FIFEBUYR 48 BT, R FH I 8h i 4 4R 5 v 8
G5 B R TR A AR AE S U AR T, ik
AL B 0.05 ~25 wg/L, LOD N 2.1~21.6
ng/L, 5 e T T KEERE b 2R &8 58 1
I 43T, CTpBD COFs A4  Hh 4 2 M D i L A1 ( -
COOH) & Bl & | e Fik#tE M EFEHA R,
VEREELA B35 R AL AR RE 1 19 COF's #48}, J2&
K COF's 12k [ A A BUH A 1) S
3.2 ®EMEEIMEEERL

TP [ A 2 T EL A R TR B PR e 1
P4 15 1 1-COFs AR} e 26 i BUK B
PELF L5 T D ReAL 2 W &S WL 2 A AR Bk
., MK, E T 1-COFs #4 R}  wE: # BU A 5 F o
FN 2 B B e, Li &L 1,3, 5-= k3
[ 2R = I PR e A LR SR BRI S D
A RE 4 T #%-7¢ 7] #2111 Fe,0,@ TpBD, H] T
W B R 25 5 24 358 K B o I U 2805 e W, T
TpBD HA 5 (1K) 55 /K 2k A =F & 1 55 K L A+ REx)
XU A FUOSUEY AF R385 9 2 ok g, Fo ek
W B 25 4 1) 3k 160. 6 mg/g Fl 236.7 mg/g, He
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SIS 2R R ACHA IR S, W LB A SO Y
% Fe,0,@ TpPa-1, H1 T TpPa-1 & % N.O JLE
K oar-m HHE, MORLXT 2 3855 18 (PAHS ) A 380
fEfE ), 857 T MSPE HPLC-FLD /43 H7 35 455 7K R
H 6 i PAHSs (195 1%, 5 FLAh % M A Rk A A I 7 1
ML, %07 1 LOD & fik, Lin %L1 1,3,5-=
(4-FHEHI) G 2, 5- 5 B0 — o qk
i ¥4 W T TAPB-Dha @ Fe,O, ( J5 3C#ik 5 1
COF-DtTb@ Fe 0, ) , I T A BUAE WA it v (19 A AL
WA 255% B8, 857 T MSPE LC-MS/MS J3 b7 7 1,
S AT AR 20T N TR B RO, 2
HAE KA EME(S50 £%5) AEAKR LOD (0. 001
~0.01 wg/L), i, Li & 4l 7 —Fh T Zr*
IR 22 (] BC A FH R BE R i 850 SR A DL A
25 AT SC LIRS Fe, O, MRER% ,1,3,5-=H
PSR () A = 1y IDEOR e N (4- R ) BRI A &
JG 1 COFs M5t )2, R F— 581 & Uik R U Ak 1k i
4 COF (Fe,0,@ COF-PA) ; fiff Fe,0,@ COF-PA
Y 7rOCL, # 31 J5 & it & T Fe,0,@ COF@
7', BAMRHEE mor S ST
XA LA 24 (R S B P o A0 B, T R [ A A
B SCR % - N Y JBE ARG I Ty 32k 1 T s 1o P T 5
Feat b 7 TR HLBE A 25 5% B8 2 I E | O v A Y
FRAS  DSCRAT, Ahap JETTE 2 il & e g ok &
B RHRZTE B 2R 5 I, Pang 7Y DI YTTE
244 T COF-( TpBD)/Fe, O, , I T/3 & & £ 0k
FES AR R — H IREER LA (PAEs) , 456 GC-
MS/MS 43 H kil , R R BEAR T JE T80, B A5 7 1%
B T ORMRE S R Y 15 B PAES 1943 B 20 BT
MIP X #h# n dE $PE COFs & 4 4k B Ay & B AE
1, Zhao 25" #f i B 57 MCMIPs-DAAQ 7] 15 4%
W BRI i R A T R -3-O- I AR, B R AT
(A BGEREE , HL R R B A S py A e P, T Al
FH10 1%,

Z I Z= A R 1 43 B R B U
BRI — 2 et R R R
Y INE SO & i Nk = Do AR R OIS A N R
I-COFs #1 ¥t T b fe e M iy R mi B R fLE5 14
AR LA SAE TS AE M S0 i, HAT e 2l ak A= 9 43
TFU 7E 0 5 %% B BH, Lin 250 % 4%-5 45 6 1
Fe,0,@ COF E & MBI H THEEALYH M TN ZE
JK, R HEBE 25 1 T, 45 SR % W . Fe,0,@ COF Xf 7%
W H B 2 IR A S 30 E SR 1, i v] IR

COF Yy fL 42 R~F A & HE B 25 1 B K43 F. Gao
AEIPL1, 3, 5- B SE IR RNE 9K e Ry BAA A
Fe,0, 44K Wik % I i £ T #%-5¢ % Fe,0, @ Bta-
BD (J5i Sk B /E Fe,0, @ TbBA) ¥ K}, i1 BHE 5
() A R ol A BB R PR 1 5 4 i /K 1 22 K [] s R
SPHEBH AR 1 T, 45/ HPLC-Q-TOF/MS i, 5% 81
T NI SR 29 A B K P 2 K = R By B
G307 o BEEAL B IA N SR B RN 22 I o 1Y) B
B 22—, 5 AR T 2 0 22 o A 2 it R A O
TRYIRHDC R i AR 118 VR 6 700 0 5 585 RO AR o
U AL B Ty 3 % AR 0T % R 3 AR 4 A G I OG
Wang %51 R I P 46 % 71 il & T Fe,0, @
TpPa-1, T & & 35 K PE W B AR, Bt & J& 1Y) MSPE
I AT LA TG A i rh Rz I 31 37 A4k, LOD
2 28 fmol ; A LV il gk ek rh Al 4 114 0%
FE R 228 ASBERK, 55 R SR KR B 0 AR}
tHLt,Fe,0,@ TpPa-1 HA W & & £ rkfE, ik
5T 387~ I-COFs MRME 2R 11 o1 20 2 G B 2 A R 4f
(R T 55 o HERVE A W3 28 e A R N A AE Y
— TR PR RR IR Ay, 21V 25 1 B 5 A
5, Romero %" F £ L A T e AL DUk 15 3
FABIH R REYE G R BORL, B4 5 1,3, 5- = HI k3
(B2 = FN 3, 3- RO e AR I N B
i JEA A K 45 B R M mTpBD-Me, & & #8H, H
T MSPE W [ 51 B B v A= 5 28, ) IX) T 40 1A 44
1% (OA) FIEEHE 7 E-1 ( DTX-1) b f5e R Bk 25 2 3
72 812 mg/g 1 830 mg/g, 5 FHICHE M R ALB
JIR AR B BE A EE , OA AT DTX-1 il W 25 4 43 3]
N T 29 500 1751300 15, 45 REKB], COFs #4 KL r]
DL R A 4 a2, AE B I O T HL A R
;T
3.3 SEEHEZER

3PS [ A 27 B2 4 MR O 700 3 2 BT R AR AR
Hh SRR R G T T W 5 ) 5 3 B =2 [ ) 4 A
AT LA E ARG BT 5 W BT 551 T8 S8k 380 e o~ A
T 98/ 2 B o) S i 8 B o v T A AR T
IR T — A BRAE TR0 | S RO DBE 50 =
/b, I-COFs #4145 1 9 BRAL 27 4 RE £ = v] LIAE
SR — T B AR A 3 B TR A U B 54

FIFGR(S) F4 @ FmER, Wit A+
WRIGZE A 1-COFs A1 kL] 2 bRk #: A 5 4 8 &
¥, Ding &' R« AR L7 SR L T —FhR
Bk T BE Ak 14 i 48 COF-LZU 8 |, H: K 114 o e 6 45 #g 1E
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i 55 40 %

RPN AT T AR IR | 5] B AL B B Ik i 141 4 o Hg™
ZAR A7 LB S5 A T4 TR B P A%
FUREIN | 456 e B ) e s 2 M, COF-LZU8 W] [ i 512
PUIE B 1 A% K I AN 2% B K AR P ) Hg™ . Sun
FOUR R A RS S w5 T B A LA
LM HLE 2L, AT B JE e 2, 5- — S MR X R
THEER1,3,5-= (4 F L) KN FERE RS
R E AL B AR COF-V, BB A R T
5% COF-V 5 1,2-2 BB A« -7 o SO
1335 HE 2 A 19 COF-S-SH, Hg™ W% it B 5% 6 9,
COF-S-SH * Hg™ HATAE H 58 1) 35 7, W B 45 4t
ik 1350 mg/g, HHE B )%, COF-S-SH H-A # &
B R B (K, =2.3x10°mL/g) , 7T DL B A %%
b Hg™ MR 5 mg/L FEIKE] 0. 1 wg/L, 1%k %
AL TR K Pl 8232 R (2 pg/L) . XAk
SR ICRE F1 AT IH T COF-S-SH fLiA % 1 % 4
Sy AR B L B RE P 1 R BE SR A S5 TP A FL i pk
&5, TRl 4B 7% T COFs 1E b 3R 5516 & W% KA1 )
f R T 1, Xiong 451 $ T —Fh A Y
WG RREARE 2 T 560 1,3, 5- = H ok 5k (] 2 = 19y 1 2-Tk
i XoF % i Ay B AR #% 1 COF-SO,H, 4R J5 FH & /K
X} COF-SO,H #1724 1£15 %[ NH; ] [ COF-SO; | £
FLIRZ BR300, FH -l v i BRH AT 5, 25 SR e B R &Mk
COF-SO,H 14l W Fff %5 1 °& 360 mg/g, 1fii [ NH; ]
[ COF-SO; ] 9 il W i i 1% 851 mg/g, 24 1k W it 541
PR T AR RE . IR ATR TR AL
5 FTC AN A FH P 1) W2 o s S ok A g 7, AR S
R e PERIBE PR DL K A IAE IR %, ik
W5 R, 7€ I-COFs 4B 5] AR 1) 2 fig 2k 141
RTERE R E ENEERNER, [ ER
I-COFs MBME S & 2 770 B8 & 4y B A R 471
KRG 5, Gao %) LI7E = I F #l 4 i TAPB-
TFA-COF {4 DSPE W2 Bt b4 L T #3255 e fb &
VI3 B 5 45, TAPB-TFA-COF 454 vh ok 2 i 4
W F BT e S HbRa i Z 8 AR 1Y) -
YER EEEVE A F-F VR, 57 1 430 R 22 -
1R TR A 80 - AW A R ARG DU 25 5K FH 0 BT K R vh
6 FPHHEETT WRIL G W, J7 1 B &G H BRARR G 2 s
BT, Garai % 41 4% (9 Pl COF's ( CX4-BD-1 FlI
CX4-BD-2) ‘B 4 b5 1 B0 HA AR 1= 9 2 1 971 FL
T , 76 LA e R o) 22 B T T B P S AR R
T H A>T R/NGnAT, 5% PH B T Ye bt B

prie L e

TR T T A S — b T URR S iR 50 B AR 1Y
SERNZ AR , BB AH 1 10 e AR R A7 8 3% ) i
SRS A, H COF &4 b kR A AR 47 1 1 FH if
. Ge S5OGHE T —Fham Bl AAE I 4 98 K TR 1B
Zery A HLE 4L 5 AR (IBAs-AuNPs/COF)
JeH 2,4,6- = (4- A EERHE)-1,3,5- =M 2,5-—
AU X R — S A DL ARG COF, PRt 4 40
KAWURL ( AuNPs ) & 7 75 5% 2 W W& i ) COF I,
I e T Au-S HERE S A B Y R B Ol AR
(IBAs) i% $27F AuNPs [ 1fif, 13 5] IBAs-AuNPs/
COF, HT COF {5 iy W i PEBE LA B i 5 2 538
BeAA 2 (AR SR ARSI RE T, 76 S50 £ T3 it ( A
GIEERE 1 AR A E R ) FAER 551 T, IBAs-
AuNPs/COF # B REVE B4 5 30 & H2 A LS FF i
HEEE 3R IERCAYIRE{L COF J&4h )& I-COF's #4
BHEPEPEN T E 2GR, 8 SRR L 7E 40 s
ALk ETH AL S 2 AR 2 Bk A A
YER . SR, P AP0 RE S B R R 5 I BE T
o B IK O A H A S AT MS T
Vb, 76 VIS 55 il i FH v 2650 1) B R K 42 0 B8
BT H LER, -COFs # kR HAL % 1911k
PERE, A BAE AR AEY 7 T R A7 BT, Wang
S LSURRAR [ 2 4l B TR M vk (IMAC) JR
IR T - A e 5 AT D P O A S N T 4
FETE TpPa-2 COFs #4135 —F LT COF 1)
IMAC & & #8H(TpPa-2-Ti"" ) , %M EHH TRz 1k
BRI a4 AR T @ % 48 B 1 M R AR )7
1) FLIE 25 K0 T EL AT A0 S5 1) IO o A% 3 N SR MR, 1T
DI SZBRRE i (8 1 Hela 400 B RS 4 45) h iy
WRRR AL IR A7 2 R B A ek s 4 ORI IR T
R, BA F 5 R K Re i, 3 T AR TR
B AT LA AR A it v 00 27 K M R B3 i /K Pk
COFs I, Ma %§'% Ll TpPa-1 1}y —Fh 35 K P 1
W R AL BB AR 1gG AR T I N-WE IR, 45 SRR
TpPa-1 X N-BEK B A A5 m ik £k, #E 2 7
N-BERKVE BE Ry 1000 A5 19 45 14~ A 52 30 N-H K
e Bt 4, LR A% Tl 35 3 fmol /K-, [FIA,
TpPa-1 it B R A7 RS E Pk | AT 82 Al FH I A
It 75 i, 9T 2R WA, COFs Rk & 4= A= W A
i LA AR T
3.4 [EHEHER

[E] A T2 BB — AR A A V4 AL T
—IRARE ST BB R B A a7 oy e |
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EIRLR I BT KA By T AL A shAk o b S
M, WRJZR SPME AR 4% 0, 52 W 43 H7 J5  R
BN E P VE B G &, JE %, COFs SPME I
J2 IR T A HE BUAY 5 A AF 5T #4s . Zhang 451 R
YRR E A RN 22 L # & T COF-
SCUI SPME &2, 454 GC-MS I TE NS
HE S P 2K R W0 42 85 4 M. Guo %1% Hi 3 L)
1,3,5- = (4- B ke O A R ) 2R 55 008 % T g sk oAy B
A, 4- 32 HEOR T BRI R 87 70 ARV AR R AR B L
T OH-TPB-COFs, H| T SPME ¥k )2 # B & 4
PAEs, W HIA 5] A% T OH-TPB-COFs (145
s YIRS o 50% BF, OH-TPB-COFs ELAf
AP SR RGEF s RIHE TR 2 S5 08 Z [ 1 -
m VEH] EAE B KPR, B ¢ 7 X PAEs
FIAE IR, #5377 SPME-GC-FID 3 & 7K A rh
PAEs 77 1, J5 ¥ i 26 14 3 L 9 | T g 5 o 9
AT

Yy 7 2 1 45 SPME 14 J2 % (i 8 1 7 1%
Z— (B FRZ2 5 RE Y PR 35 RER
R e PR B B R 22 | BT AR Ak 2 B vk SR 0
WRIZ R M E B A B R AR, Wu T L
1,3,5- = H RS A RO 28 — Wk Bk A AL R AR 7E
22 0 I A6 M 1) AS 5 A 22 3R 1T T & T I SR A R 1Y
COF 182, 5 S AH € 1% F 74 4R K6 0 25 356 H 43 #r
PIBR HAGER R R 2558 88 . 3T COF 5 HAr o #r )
Z BB KAER - AR A28, COF 1R )2
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Table 1 Representative application of I-COFs in SPE, MSPE, DSPE and SPME

Extraction LCOFs Detection Sample matrix Analytical Enrichment Repeated LODs Ref.
technology technology substance factors times
SPE DAAQ-Tp HPLC-UV environmental water, BUs - 30 0.02-0.05 ng/mL, [40]
food 0.02-0.08 ng/g
MICOFs HPLC-DAD  plants cyano pyrethroids - 50 0.011-0.018 ng/g [47]
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Table 1 (Continued)

Extraction LCOFs Detection Sample matrix Analytical Enrich- RePeated LODs Ref.

technology technology substance ment factors times
NH, @ COF HPLC-DAD environmental water carboxylic acid - 50  0.010-0.060 ng/mL [52]

pesticides
COF@ PS-GMA UHPLC-UV wastewater NSAIDs - 20 0.13-0.82 ng/L [53]
HL-COP HPLC-UV food sudan dyes 305-757 - 0.03-0.15 pg/L [54]
CTpBD ICP-MS environmental water, metal ions 10 20  2.1-21.6 ng/L [55]
food
MSPE Fe;0,@ TpPa-1 HPLC-FLD environmental PAHs - - 0.24-1.01 ng/L [43]
samples

Fe,0,@ COF HPLC-Q-TOF/MS human serum peptides - 10 - [44]
TAPB-Dha@ Fe;O0, LC-MS/MS fatty milk OPPs 50 6 0.001-0.010 ng/L [46]
Fe,0,@ COF@ 7r*t  GC-FPD vegetables OPPs - 6 0.7-3.0 ng/kg [57]
COF-(TpBD)/Fe,0, GC-MS/MS beverage PAEs - 4 0.005-2.748 pg/L [58]
Fe,0,@ TpPa-1 Nano LC-MS/MS human serum digests N-glycopeptides - 5 28 fmol [60]

DSPE CX4-BD-1, CX4-BD-2 UV-vis environmental water cationic dyes - - - [20]
TAPB-TFA-COF HPLC-DAD environmental water NACs - 9 0.03-0.09 mg/L [49]
COF-LZUS ICP-OES water Hg® - 3 25.0 pg/L [62]
[NH;] [ COF-SO;] XPS seawater uranium ions - 6 - [64]
IBAs-AuNPs/COF  MALDI-TOF-MS human serum insulin B - 0.28 pg/L [65]
TpPa-2-Ti** LC-MS/MS tryptic digests phosphopeptides - - 4 fmol [66]

SPME TFPB-BD GC-MS aquatic products PCBs 4471-7488 180  0.07-0.35 ng/L [50]
COF-SCUI1 GC-MS/MS indoor air benzene homo- 276-887 100 0.03-0.15 ng/L [68]

logues

OH-TPB-COF GC-FID environmental water PAEs - 60 0.032-0.451 pg/L  [69]
Hydrazone COF GC-ECD vegetables, fruits pyrethroids 307-2327 150 0.11-0.23 pg/kg [70]
TpBD GC-MS/MS grilled meat PAHs 1069-10879 200  0.02-1.66 ng/L [72]
DAAQ-Tp GC-FID food packagings BPA - - 3 pug/L [73]

MSPE: magnetic solid phase extraction; DSPE . dispersive solid phase extraction; vis: visible spectrophotometer; DAD: diode array
detector; UHPLC. ultra-high performance liquid chromatography; ICP. inductive coupled plasma; ECD: electron capture detector;
FPD. flame photometric detector; FLD. fluorescence detector; XPS: X-ray photoelectron spectroscopy; OES: optical emission spec-
trometer; BUs: benzoylurea insecticides; NSAIDs: non-steroidal anti-inflammatory drugs; PAHs: polycyclic aromatic hydrocarbons;
OPPs: organophosphorus pesticide; PAEs. phthalate esters; NACs: nitroaromatic compounds; PCBs: polychlorinated biphenyls;

BPA; bisphenol A; “-"indicates data are not available from the corresponding reference.
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