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Abstract: Environmental pollutants, such as heavy metal ions and organic contaminants, have emerged as a se-
vere global challenge. How to effectively detect environmental pollutants has become a scientific problem, which has
garnered extensive attention from a growing number of scientists and engineers. Conventional detection methods are
often hampered by high costs, poor portability, and operational complexity. Therefore, we need to design and devel-
op rapid, simple, highly selective and sensitive detection techniques for pollutant monitoring. Luminescent covalent
organic frameworks (LCOFs) , a class of porous luminescent materials interconnected by covalent bonds, possess
highly ordered crystal structures, excellent stability, and tunability, demonstrating significant potential in the field
of pollutant detection. This review begins by outlining the types, synthetic strategies, and procedure methods of
LCOFs. Furthermore, various applications in pollutant detection have been explored, with a detailed discussion on
their use in identifying heavy metal ions, antibiotics, persistent organic pollutants, endocrine disruptors, nitro-explo-
sives, and other environmental contaminants. Finally, the review highlights the critical role of LCOFs in environmen-

tal monitoring and offers perspectives on future development trends.

Keywords: luminescent materials; covalent organic frameworks; pollutant detection; research progress

Woim B8 : 2025-09-18; 1817 B : 2025-09-29

ESWE: TLIA AR A G (BK20201389) 5 1 = A1 H /K P47 Ml 45 (0 0k 22 16k B T BROT(CSJZD202407) 5 Y954 18 10 75 i T
(R2018Q03)
Supported by Natural Science Foundation of Jiangsu Province (BK20201389) ; Key Project of the Yangtze River Delta High-
Level Industry-Specific Universities Alliance (CSJZD202407) ; The Qing Lan Project of the Jiangsu Higher Education Institu-
tions of China (R2018Q03)



%1 TR, 45 0 ZOGIN A HLAE S AH BT 75 B WG v f) 1oz 4 5 30k Joe 145
1 2 = by T Utk e S A9 A A R v K nT 0 8 Y -

ULAFR , IREE TS G IR B H 45 7™ IR, 452K 05 4 W)
TEIRSEE v FR A7 IF AN R )2 B
T PR R AMEA OIS YW AE PR IR A B b R 22
SR AL 5 R A A A PR i A
BN 30 2238 i B A 1 ] e e 2
A B AR A B, 51 A2 A MBI T X Ik 7 I Y
B H, 5 B A RO R I BOR |, LU RE A2
S b M I P B R TS e W R S A R
T GE 1) o3 7 1, A 3% - B BT T I WO
TR, BARAEMERR L DT T R B A [H e A A
A% D IR R A 2 REUE A A
2 R BRE

G A A e SR I AR AT BILYS e
B8 BT VAL A AT e A5 T T A T2 Y
WS Horb, 5 G R A HLHEZE (MOFs) 4 B2
L, A HUREZR (COFs) A HE— 2 h et i 342 4%

RS PEAI AT B, O S A8 H R A L3, 775
Py 6 Uk 7 i Sk A . COFs BT A e iy fL 1B
LERL) X R EE AL DR 7 e W) 1 (4 R RS AR R A T
HA ST . AL, COFs i HA k5 1 6 3Pk
Jit, X 0 FAE R ARG I T T B4 P BE5E T R .
BRI I I A K IEEICH FUR At COFs(LCOFs),
e PR Z2 FLRE S 2O 5 RO T SRR AR 25 5,
ST R R R PRI O o i TR
AR o, R A8 M I A~ R A I A M ek 32
i DA ST AR A Iz B R

FUAT, & A& R C LR R Z R AE COFs MR
G W5 TIRE , L T E DL I RERR R 1Y COFs A4 B
TE 15 B WA I o i85 AR B/ o AR 23R B AE &R
Gt M B3R LCOFs 7575 He Wy I vb ) 07 1, 388 1 T
AVAGN LCOFs 15 b #2856 2, 3l B HAE AN TR
ST G WA ) v g St 2R 7 52451 ] I R A
A S B IO P T i 64 52 A B A, S A 05 0
ENROIE -9 R S S | o (= S
LCOFs 7 PR 555 6 0 451 4ak 1 )22 1o ) &

2 EMAMAERMA G LR RE L
My KA
2.1 SRR HHEHH % 58 5 B

COFs J& —J& B % Fh 25 2 L A4 kL 1l 2 34 i
LT N, B AT R L R AR B L AL B R

R R Z LA MR EY . BRH M MES ) E
A v BE A VR ALK A R ) g B TR #E COFs (1
Mgl DL PE R H ET AR A LS A BT
) 4 B AT DL COFs 43 ki WL — 2 (1D)" 4k
(2D)"F1 =4k (3D) P = Fh 4548, W5 45 B A T
FI T COFs 19564 BRARE | 28 03 mT 8 ' 4 B0k o
1) COF's 5 3 38 FH b 2 A% JREY J fi 1™ v i
FEPIFA AL L A S N . COFs 2562
P A A HR e F 450 b 1 B RE Y, i 2 B 4y 7
A 390 B ) % 2 L 1) RN HE B A 5 R, LCOFs
A 57 5 HURN 3 12 SO I R R A A & s £
AL (I 1(a) ~ ()M, Bifi 2 038 & A5 1 I TR A
PR, ST T Z AL AL S e
(1CT)™" K& 255y F W i F % B (ESIPT)™ B
1755 (TPD) & S FI 86", DL 45 COFs i &t
PLINTO

MK SEHLH L, ICT 75 LCOFs B 42 & i 1
YR (D) FIEL T 32 1R (A) 25 F4 6 1, D-A 25 4 5% )i
FZEA, X AR 35 Y W 1 5 D' o 7 R 2 AR
o ESIPT MR T F2 56 | &0 3L R 3L = (0] 11 408
PEZE R, H 0 BRI =22 18] () & e IR 4, BT
RAE M FEE . TPTR BN 58616 A T g
fi i) B 2 AT 1B A 1~ DA TSI 300 5 24 B R S Y BR
i, HLA IR 2 TRl B i P 4 S AR SE AT
43 ALY A Z2 R 23 (8] 467 BHL A DR 2R Sk [W]R 45E . TPI
IR B 6% B 3k 5 5 O TP LB s e e 1, S RE 1Y
SR G DL R EUE . BEOL (RTP) 2K EE —
LMK HFMIEECR MG, i 7 AN
XoF B 1) 2% J A0 B RO IR AR O . A5 R S Tk g
(B AL , D-A AR T T BRI A 43 0 A BRI
PERE L o 2 B R B E T 4 AR b R
Py 5 1 9 A

COFs Y2V RE VA 2 = B AF A DI R SR . 2B
— PRI R AE COFs - 2t g ad fi bl A
17 G AT e SE A, X R )5 15 72 COF's &
Z DK ELAT R A O 0 M 1 S A A B R
F, AT 7 COF's i g 2= ERE . 58 —Fp IR
s W) 2 SR A B D RB A B T 1 ik E 4
JH) COFs 2 T i FLIE N &6 5| AJEDI BB L A, X
Toft 5 W% 0 10 16 R 5% 0 COF's i A 1 20 45 4 14 17 42
T HOG AR AR R AT E— 2P p R AL A .
it #E COF's 2 187 5 AL I8 PR 8 A A RF 22 19 L 2 T



146 x Jt 2% Eivd %475

TPE monomer (TFBE)

COF model compound (TMBE)

2D COF nanosheets (NUS-32) >

K1 COFsiAotlil . (a) B4 a1 ; (b) 2T N ; (o) B S TN T (DREFETELAIE); (e)
X F W5 () B 5 () 55 00 k2 o aod 3% 42 I RIHE 51 98 75 COF's Y2 PR ; (h) 5 COF S Ml 0 & 5k
A K 45 Bl A R e

Fig.1 Mechanism of luminescent COFs. (a)Excimer. (b) Intramolecular charge transfer. (¢) Excited state intramolecular proton
transfer. (d) Aggregation-induced emission (AIE). (e) Two-photon absorption. () Phosphorescence. (g) Connection, ori-
entation, and alignment to control the optical properties in reticular chemistry. (h) Various optical applications of COFs

induced by their photo absorption and emission properties
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Fig.5 (a) Fluorescent excitation and emission spectra of TMTA-PBA-COF. (b) Fluorescent emission spectra of TMTA-PBA-
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Fig.6

(a) The solid UV-Vis absorption spectrum and (b) solid-state fluorescence emission spectrum of TzDha (A,=432 nm)

and TzDha-AC (A,,=465 nm). (¢)The fluorescence emission spectrum of TzDha in different solvent. (d) The fluorescence
emission spectrum of TzDha-AC in different solvent. CV curves of (¢) TAPA-PMDA and (f) TAPA-NTCDA PI COF films
at scan rates of 10, 30, 50, 80, 100 mV-s™. (g)C 1s and (h)N Is XPS spectra of colored/bleached states of the TAPA-
PMDA PI COF film. (i) Plots of the j, vs »"*, (j)EIS of the TAPA-PMDA and TAPA-NTCDA PI COF films. Electron gain
and loss mechanism in the electrochemical redox process of (k) TAPA-PMDA and (1) TAPA-NTCDA PI COF films
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Fig.8 (a)TEM image, (b)EDS spectrum, and (c¢)—(g) elemental mapping of the TD-COF. (h) Adsorption isotherm curve of

the TD-COF. (i) Schematic of the interaction between TD-COF and Fe. (j) Fluorescence response and (k) fluorescence
images (under the UV light) of TD-COF toward different ions. (1) Fluorescence responses and (m) fluorescence images
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Fig. 9 (a) Fluorescent titration spectra of BTTC-AZO COF (3 mL, 0.05 mg-mL™) in DMF following the gradual addition of
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Tab. 1 Comparison of different LCOFs for fluorescent detection of various analytes
LCOFs #1 %} LoRlUNER N Kz I YE Fl/(wmol - L) i H FR 27 SCHk
Bth-Dma Fe’* 0~100 0.17 pmol -1 [68]
COF-JLU3 Cu* 0~0. 4 0.31 wmol - L' [69]
TAPM-DHBD vo,” 0~20 4.08 nmol - L™ [70]
TD-COF Fe** 0. 005~50 10. 9 nmol - L™ [71]
COF Fe' 10~180 1.26 wmol - L™ [72]
BTTC-AZO Pb** 133.3~293.3 6. 60 wmol - L' [73]
NCDs@COFBTT-Th Fe' 10. 21~24 3. 40 nmol - L' [74]

BEPE o TEAFREREL IS Y b A ML FRIAE Tl Rl
AUH E AR R Tz ] R ORI
JEE 20 A SR I E . 2 AL TR
B i 1R 235 ) A P B AR R 3L AR B )
g, o K 4 iR 2 5 08 1 I A R S R e K b
FG T X AR TG AR X S By T
IR O AE R E e Li% IR T —Fhfi 3% m s
PE R 51k COFs T RE Ak | 5% 46 44 K kL 7 (UCNPs)
VE R DGR i 7R A6 T 4 980~ e sk ok B AL 5
Y (PFOS) W& 1B 5 ik (1 10(a) ~(d) ) . SEIG 3R

W], UCNPs@COFs 1y %¢ 6P K FE 5 42 9802 ot B 12
e BEAE 1. 8%107°~1. 8x10™ mol- L™yt Fil Py 5 £k 1
K FH . UCNPs@COFs 1&g &5 n] DL 5 38 5 M 1l
LORIINE P /| = R - SRR R 2 Sl T Y L
I BR A % 0. 15 pmol-L™'. Chen "} Py-CHO FlI
SP-NH, it 2 W i 4 5 S g G B 1 9 6 47 1% 1 3D
Py-SP COF I T 75 & i 2345 20 Z R L A HL
Py K I (P 10Ce) ) o Yuan 2574 g 7 57 18— 4k
(D) A HLEZE(COF,FZU-68) ,FZU-68 175t
TEIR 17K VR TR 82K, 3 A 2 T o iy s ) PR 4

(a) (e) ) . '
TEOS 4 \‘“:/\\\ TFB O 6 O O 6 O
aps . M <, AT OQO QQO

(R
¥ oom W ote - o ) @ ')
UCNPs UCNPs@NH, UCNPs@COFs C ¢ A, i, ) - - {
& o 9y,
“] + gt _—
980 980 nm 980 nm O . . Q'.
®) c oMo, FA.
® C '® @ e ® oic cHO
[ Py-CHO SP-NH
C ® K K
C — 5 —
C ® ‘®
C ® o
= S S 3D-Py-SP-COF
SDBS @ PFOS (L UCNPs@COFs
(c) ( () (g)
1400
8000 9
{rom 0o b R*=0.999 59 , 0
L7000 2 =

L = e = L 3.0x10°

g . 6000 :; 1000 A Lﬂ

T = — N = B, 2.5%10°

S Z 5000 < g0 F = =

&= - 7y 3 o o = L 2000

= & 4000 4 Ao z S

S g I:> 600 [ = 2 1.5%10°

=] £ w0 &5 ) g 1

=R wr = L: 1.0x10°

1000 200 = 5.0¢10¢
A L P T S T L | L L L L L

!
450 500 550 600 650 700

A/nm

1E-13 1E-12 1E-11 1E-10 1E-9 1E-8 1E-7

Concentration/(mol - L")

0
450 500 550 600 650 700 750 450 500 550 600 650 700

A/nm A/nm

(a) #% 5% UCNPs@COFs 44 % ki F & 5% & % ; (b) UCNPs@COFs 44 K b F F T # il PFOS 19 % 5% 7= 2 Kl 5 (¢) UC-

NPs@COFs (431 FE DMF H ) X AN 7] v B 4 95 3 e 8 198 1 9% 658 J3 W 17 5 (d) Fo—F 5 1g[ PROS 19 56 R &l (Fo 1 F
UCNPs@COFs 7£ 550 nm &b 23 5l 76 45 T3 A PROS 15 00 F 892 Y638 ) 5 (e) 3D-Py-SP-COF [ & WA 45 #4977 5 ()
FZU-68(A,,=398 nm) Fl H 8 & DIPh(A,,=383 nm) .PyTTA (A,,=398 nm) Y [ 25 5% 6 & $F 6 1% 5 (g) A A & 7K & 1Y
FZU-68 #£ JG 7K MeCN(A,,=398 nm) 71 A 6% (I 6 - D95 8 S5 R IR S K B i 2k dE 6 52) ™

Fig.10

(a) Ilustration of the synthesis of core-shell UCNPs@COFs nanoparticles. (b) Schematic illustration of UCNPs@COFs

fluorescent nanoparticles for sensing PFOS. (¢ ) Fluorescence intensity response of UCNPs@COFs (dispersed in DMF)
to different amounts of PFOS. (d)Plot of Fy—F vs 1g[PFOS] (Fy and F are the fluorescence intensities of UCNPs@COF's
at 550 nm in the absence and presence of PFOS, respectively). (e) Synthesis and structures of 3D-Py-SP-COF. (f) The

solid-state fluorescence emission spectrum of FZU-68 (A,=398 nm) and its monomers DIPh (A,=383 nm) and PyTTA

(A,.,=398 nm). (g) Fluorescence spectra of FZU-68 with different water contents in anhydrous MeCN (A,,=398 nm) and

the linear correlation between fluorescence intensity and different water contents (inset)
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(a) Construction of TzDa via the condensation of Tz and Da. (b) Illustration of the docking sites and hydrogen bond of
TzDa. (¢)Graphic view of TzDa for the AA eclipsed model. Emission spectra of TzDa: (d)water content 1%-50% (v/v)
in methanol, (e)7%-70% (v/v) in DMF, (f)10%-60% (v/v) in acetonitrile, (g)7%-50% (v/v) in ethanol. (h)Solid-
state UV-Vis absorption spectra of TAPT-BMTA-COF soaked by various polarity solvents. (i) Fluorescence spectra of
TAPT-BMTA-COF in different solvents. (j) A photograph of TAPT-BMTA-COF in different solvents under the irradia-
tion of UV lamp. (k) Fluorescence spectra of TAPT-BMTA-COF in acetonitrile with trace content of water. (1) The linear
correlation between the fluorescence of TAPT-BMTA-COF and different water contents (0-5%). (m) Fluorescence

spectra of TAPT-TP-COF powder in acetonitrile with trace content of water
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Fig.12  (a) Synthesis method of COFy; pyrs and schematic diagram for detecting methyl parathion. (b) = (¢) The adsorption
curves of COF-(CF;), and COF-Ph for fipronil and trifluralin. (d) Fluorescent emission spectra of COF-(CF5),. (e)
Stern-Volmer plots for COF-(CF5), in different concentrations of trifluralin solution
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Fig.14 (a)The synthetic route and structure of DL-COF. (b)Schematic representation for the preparation of the fluorescent PI-
CONSs and their application in the detection of TNP. (¢)Fluorescent spectra of PI-CONs in ethanol phase in the presence
of different concentrations of TNP (0, 0.5, 1.5, 2.5, 5, 8, 10, 13, 16, 18, 21 pmol-L™"). (d) The linear relationship
between the fluorescent intensity and the TNP concentration (0, 0.5, 1.5, 2.5, 5, 8, 10 wmol-L™")
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Fig. 15

(a)Schematic representation of COFs to CONs formation. HR-TEM images of (b), (d)TfpBDH and TpBDH, and (c),

(e) Tf(pBDH-CONs and TpBDH-CONs. (f), (g) AFM images of TfpBDH-CONs and TpBDH-CONs with corresponding
height profiles. Stern-Volmer plots for fluorescence quenching of TRIPTA by (h)2, 4, 6-trinitrophenol, (i)2,4-dinitro-

phenol, (j)2,4-dinitrotoluene and (k)4-nitrophenol
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