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% 4 HUAE 22 (covalent organic frameworks, COFs)-2 — ¥ g1 A #l 4~ 44 4 2 J0 3 1ot FE 40 20 5 T ok, 19 — 4 =
ZHBAANL MM, BY A FE R R AR AR T H. H o, RACOFEEEAREERE. BA
WKL IEMRBEEFER, EREERTAE TN ZE ) ZKE. B, R ACOFWH R EEEF T ER
AR K Z4ECOF, KL = #COF BN 5D, BEL b, Z#COFF o F oML Tl ANt HE = F R
FEARY R, FTH R KOL R A FRER G| R KA KT, 2 — A MR NERT &, 5B R H X E.
RXERERTHFERKHEZHCOFW &R T %, AFHEAREREARBME LK, $4 7T K EL=4COFE
BEAN . BRAEANDRN K 4B S TN 7|k, i, @ENGET KL= 4ECOFE K b &t fn
BT E W R IR, e, TR Z 4 COFFT M i o Bk B R Kk R B &R AT 384T 7 18, B Kt = 4 COF

Wit G kAR R RS E

Kl SEMAEANER, ZAXNAIAER, TOL, LA B

A HUHEZ (covalent organic frameworks, COFs)
JE— T i o3 TR SRR T R AN B B IR L 2
LR, BT RSAENZILESY ™. COFEAILE
AR, BN etk SmEART. 2
RE AT S ISR, 7E2 TURBR 54080 il
REPRU L AU VA AT e AR T R A T
i, 2 COF 78 & IR & 3 v i 0 I 32 31 ) 32 ¢
L RPN LU RS (1) COF At
B}, AT H AR S A SO ECOF I SE AR HETRN; (2)
COF [ A [ FF il 22 AL A58 W] 7 i % 1A 53 - AFLIE IF:
HUmeEoTa G, SMEsLiE; (3) HAULR MRErE
AR TGS R IR RS e R, T EREE A, (4)
ST ROCR, AR SRR LAY 9ELCOF.
PRI, H 20084F- 4 18 55— 15|22 '.COF (triphenylene COF,
TP-COF) LI, B 6COFITITE s 5% B T

AT, FOECOFMNFSY 2 T 2R IER S5 4
(2 COF! ™ 273 Fpf g1
SRS PR G 5y TR I 3. 8Kk, T
THECOFJZZ Z M AE & s Al B AR (Nn-nfE AR, 1
RERAYDE G BAT DN E R, 52 5 e LAY
o R KB, AR ERADOE. MLz
T, BfARe e Rmi. LI S5 SR
RE 51 = 4ECOF'™ L& — il SRS ARG BRAR -
. H, ZHECOFRY S ] W 45 45 k6 T A 250/ 5 Y6
Z A EAE R, TS AT BE Hh MEAR 5 R B 2 e
Kb, Mt S58ECOFPY; ik, =4:COFEA
& LB ZS R R EL R AR, AR T S5 )
AENLE FEAMER, RS R, e TG
SRR, i, %56 =4ECOFMIMFR S I T X%
VEPOH b B .
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A5, =4ECOFM & MMEREfR A4 cOF
KBNS ILM sy A, AEAE A A TR
KA AT R, AT 3 s AR
TEAEn-nHEFUE ) —4ECOF, =4ECOF& =4k4s )3k
YRR, HA R B T S IR .
T fe s, nli st L ae 1155, IEMENE T2
T = AEHEAL BB R TR ERR ), 5 R TR
[, =4ECOFTELS IR FIRAE 7 R AF7E— &5
PRaR S I, 585 = 4ECOF MM SFMEBEAR K, (R {E15
B, TERTSEE RS RS T — el A
SCPEAEIR T 9 = 4ECOFRYA LM I FH,  IE X i
I PPk A SR 1) & e T ) iR AT 2 e 2, LA
WG =Y COF X — M L ) iF 52 sk 1 & e 4 pi
1 RN =HECOFIIAIK

HAT, M SRR, = 4ECOFRT4> A ifRREE =
H:COF. W Hk =H4ECOF. il WUHE B2 — 4ECOFAE. SR
M, 9= 4ECOF B Jy 3K 32 22 5 R0 s RN ke ik
XU, AR5 = 4ECOF I 7 i 45 B0 SR A
vk, ¢t =4ECOF n] 3 i AH RN 2 F R B3 A,
WAl S A HELR, PR LS & B 7 S S GER D).

L1 %k

L2 7 B A A N T AR A O = 4
COFRy k. B, K2t =4ECOFH & miF4 R H
7. 20164, Lin%e NCORIFI[4+4146 5 U, #54E N
DU IR 55 B P (4- AL B o (TAPM) 5 HLAT -1
PUAIE91,3,6,8-PU (4- I EARSL) EE(TFPPy) /3 |,
A R IR SR TS — 9t — 4ECOF(3D-Py-
COF)(1()). AT 2 6355 s HAT 9L AR R 28
L= HECOF, % = 4ECOFM AT A MT HEG T ZRBLH: ]
SE RS OTE. IR RW, AT oIS =4
COFMMRGERHh,  RIA 84 i 2 A1 2 ] 1 SR R 7k
TAKNE, HEMFISATEE = 4ECOF. BJS, Ding% NP5
FHARF B A sEms, Bt ST & A UK ZIEHIT
556 =4ECOF(3D-TPE-COF). M CHI9E BRn, %
COF7E450 nmiE Gk N A B AN, 2Ot 1"
REiE20%, T AR AR RAL A 10(6.6%). 20224F,
WeiZi AP i B A ST T — A B R
BREAS R AT ML )43 1A P AR 98 6 i) = 4ECOF.

Bt DA B 5 AR Eor TR SRt = 4ECOF,
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TETE B = 4ECOF i 2 H A AT T8 B4R A S22 R (AR Tk X
5, SIS 586 = 4ECOF. 20224F, Liao% A2y
(4- SRR b LE(TES) A U THAA Y 1, 30 5 1,4-2K
— ZJE(PDAN) 4,478 —. 2 JI5E(BPDAN)i# i Knoe-
venagel v A i T B SUEE 211 — 4ECOF(JUC-580
HIUC-581)(El1(b)). S8 A IR, FE363F1365 nmIGIEHY
WESR, JUC-580F1TUC-58177 1 4k (075, Dt 17
RO R3% 6%, SR, SEFIZSALME i R sE%E H 1)
P> =4ECOF(COF-300F1COF-320)7E [ 28 F LA H
HoH. RGER R, et B SRR A B —
AECOF L& —F RIS Ut = 4ECOF 1Y 5 M.

12 o sig ik

BHES R S 4ECOFP M H M2t = 4ECOF
19 E k. (H T = 4ECOF MY Z5 AT FRIXE %) 3
RESL P 5| AR AT RES R M M ks A pm B, i
BRSO = 4ECOFA T MERE K. e A B i
VAR — R Il S mk N Al B E 45K = 4ECOF
3R Pk 5 A& EIETT, SEMAH2EE = 4ECOF.

WA 4& R BA BRI R JCrERE, "l s A g
Wi G A = HECOFRESE Y, HEMIFA 2 = 4ECOF.
20204F, Li%k AR Z 8 & BB s, K
Eu(IID)5 | A =4ECOF, Wt 7 BA K GrERER Dt
= H4ECOF(Eu-3D-COF). F4e, i MU (4-H BE3L 850 H
LE(TFPM)AI3,3- —f5 54 4B 2K — Jlie(DHBD)YF 4K T
OH-3D-COF. ffiJ5, flifi1F|HOH-3D-COF5H iR
() S BR ) TC R ERE RN, il 28 7RI Re (k&1
HJCOOH-3D-COF, it — it FR AL 5 Bu(II) AT LA 5 |
AR, AT BA KCIEREREu-3D-COF(# 1(¢)).
AHIGIE RAE LS R W, Eu(IID) & F] COFHESE
HH AR 79386 mg/g. 2GIMIRFEM, COOH-
3D-COF K74, Eu-3D-COFFE325 nm“EAMERESH R =
LT AH, DGR T 7R H38.2%.

2 PO HECOFRY W H

BT HAE WSLIES N IO, 2Ot =4k
COFRAEDOGIM « RN A KA GG 7 TS
TR

2.1 SOk

MM HEAFLIE 5 =4ECOFRESE & A AEH,
i Z4ECOF e & A oA, BRI S2 8 H AR/ A il
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Table 1 Fluorescent 3D COFs

COF# B A HiRS T R St Ry  BZER
j'e:)((nrn) ;‘em(nm) F%(%)
éﬂ Lo
®
3D-Py-COF  [444] WO &P pts 408 484(DMF) - [36]
T, WL,
TAPKI TFFPy
9 o
& 3
3D-TPE-COF 4+4 Bk B 450 543 20 37
[4+4] IR @rﬁ? S pts [37]
TAPM Q @

TPE-Ph-CHO

dynaCOF-330 [4+2] HE dia 420 490~550 - [38]
JUC-580 [4+2] HEE dia 363 585 3 [39]
JUC-581 [4+2] Bk dia 365 583 6 [39]

Eu-3D-COF [4+2] JE B - 325 614 38.2 [40]
3D-LCOF [4+4] B pts 365 498(Z 1) 29(LEE) [41]

COF-NUST-11 [4+2] HiZE dia 360 610 - [55]

COF-NUST-12 [4+2] Bk dia 360 610 - [55]

COF-NUST-13 [4+4] Hk pts 360 610 - [55]

3
TAPPy oic” COTh-4Ph-CHO ‘cHo

a) “ RISk PGB Py, Pyrene, t; DMF, N,N-_F 3£ Bk, TPE, DU ,J%; dynaCOF, 3i#5COF; JUC, ¥ #ik“:COF; LCOF,
3¢ ,COF; NUST, B 503 T k2%
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OHC O O CHO
TFFPy /
3D-Py-COF
Ho_ §
() CHO
B
ouc@ c©°"° N, o

DHBD OH-3D-COF

",@5«;@’0
A O , o

) oo
TFs }
®
& F3

BPDAN JUC-581

Eu-3D-COF

B 1 P =4ECOFIIA L. (a) P/ T RIKTFFPY H% 4 I3 D-Py-COF MM AL S AMT RS BOBERE T CY, (b) 38 1 JE B ik
WU G = HECOFUC-581) B LI A (o) I 4 BB M5 | ABu(II) £ 5 Eu-3D-COF™”

Figure 1 The synthesis of fluorescent 3D COFs. (a) The synthesis of fluorescent 3D-Py-COF from fluorescent precursor[%]; (b) the synthesis of
fluorescent 3D COF (JUC-581) via the formation of C=C bond™ and its fluorescence microscopic image; (c) the construction of fluorescent Eu-3D-

COF via post-synthetic modification of 3D COF with luminescent Eu(III)[4°]

Wi, ERT, 2906 = 4ECOFT I THEEMCS T, 15 Kb
AR R 4 B TR,

W0 IR SR NE Y R MR 2 R gy, ek
L R RTI R SRR HAEEE L. 2016
4, LinZ APTH 58Ot = 4ECOF(3D-Py-COF)JH T
PEYEDIRN. SCEe 45 R SRI, YRR (picric acid, PA)
X— AR RUEKEY N A 5 47 3D-Py-COFRY TR, 3D-
Py-COFM 2B W o ¥ K, YPAMWKIE N
20 ppm(1 ppm=1 pg/g)if, DI KR ILRNT5%,
P AN Stern-Volmer th 2 i+, 15BN K H (K ) A
3.1x10* L/mol(/&2(a)~(c)). 3D-Py-COF5E o PAYE
I Re i PR 3 2 0] R A R AR e
. 20184F, Ding% AP LHF5¢ 1 3D-TPE-COF X} PAK]
POCKRIMVERE. A THPAZK I W(1.0x1077 mol/L)Z
JNA3D-TPE-COFMy AR /KA TR, 455 &, PA
Al K 3D-TPE-COF Y % . AR 4 AH i 1Y Stern-
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Volmerfi £k, fbfilitESFIK,273.3x10* L/mol
(E2(d)~(D)).

¥ kA P (volatile organic compounds, VOCs)
ARG —F, IRBIVOCSXT FR S WEm =LA # K
MR . 5965 Tt L, 986 =4ECOFfLIE S, 45
INZ e, AR I 2 A4 L A L O i B
B RS = 4ECOF MY Z AL, Hit 7] 744
BN RIS 20204F, LiuZe A 5 [4+4]
GEA RN AT AT T VOCsiR B H = 4ECOF(3D-
LCOF, [&3). % =4ECOFKyRA KN, (HoHfE 2 B
¥, 3D-LCOFE &ni FIYEE LM SEE 7 vVOCsZ
(AR AR, BT EEH B  A BE AR (6 5. ARG
SESAEREN], 2Y3D-LCOFMB7E HoAth 3 UL AT VOCss
FIHEE, BIFRAESEIMERUR T RSN K 5.
& VAR A2 L T-RE 138N, 3D-LCOFAYRIF It
MR AR Rt IBAh, BRI R3S N, 3D-
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Bl 2 9t 4ECOFX SRR KGN, 3D-Py-COFRIZ IR 14 (a) . #5BRRRPAXS3D-Py-COFEIF ML HEHE K (b) K Stern-Volmer( 2 (c)*";
3D-TPE-COFIYZ5 R 25 (). 7 HEBRPAXT3D-TPE-COF & TR 52 56 K (€) M Stern-Volmerihi 2k (5"
Figure 2 Fluorescent 3D COF for the detection of picric acid. The structure presentation of 3D-Py-COF (a), the fluorescence quenching of 3D-Py-

COF suspension by picric acid (b) and its Stern-Volmer curve (c)[w; the structure presentation of 3D-TPE-COF (d), the fluorescence quenching of 3D-
TPE-COF suspension by picric acid (e) and its Stern-Volmer curve (f)m]

(@)
R YR & Nig
==+ ‘O‘ —
R ¢ ¢
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11811

Benzene  Toluene “HCl, Dioxane BB CH,Cl, 1B EtOAc IHE G100

e e
| lill !al

Aniline  Acetone CI1,,011 CHL, 000 CHCN - cnon GiLon CJH,OH CHOH DMF DMSO

Bl 3 3D-LCOFHYE Hi(a) R AMTEAREIVOCSH I HZ I IR (2,=365 nm)(b)*!

Figure 3 Schematic presentation the synthesis of 3D-LCOF (a) and the fluorescence microscopic image of the suspension of 3D-LCOF in different
VOCs (4,=365 nm) (b)*"
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LCOF BT 2 I (0 A8 Ry w e (. A4 LA LA,
% =4ECOFR] I FVOCSH LA, 20224, Weik
NP RG ST T & A VOCsH & I g T = 4ECOF
(T IEm Te AT 0. PSR BoR, 1% =4ECOFtL ]
VOCs %GR

AL, FEE = 4ECOFR AT T3 48 B T ™,
Co” R4 FB ALY, 0 AR PR A i
LR MG PR SCEEVE T, SRl 1 Ak
2 [ P AR A, 20214F, WangZE A
TAPM. HXZR(BPDA) R AL IE (Bpy)il it H 154457
T AR Co™ FY%E 5 = 24 COF, 144 FH FCo™ iy Aar.
FHOCSEIR R, 78324 nmi K R, i2ZCOF7E406 nm
QAT —ANIRPEC R I, B Co™ R AN, %56
W B WK . 24 Co” MR ETE0.01~0.25 pmol/L il il N
I, FriFCOFBYZENIE K FE (Fo—F) 5 o Mk 2 B A
RIS R, IR, H9OE=4ECOFXT
Co” R PR *472.63 nmol/L. 4 i AAH [RIVE B (1 HoAth 4
JB BT, COFRITEASMEAIIE, XFCo™ HA vt
H—E PTG MPERE.  S5HIN 95> TR A Bpy A

3D-TPE-COF

[, = ECOFRTCo™ I LR MRS Bl B 538, bk
PERGY
2.2 KOk

M {0 & 6 —#%% (white light emitting diodes,
WLEDYXT i F A WHEI R, Lt m St
R, BBURAE S (AT SO 5 A B — R A IR
B i WLED R — Rl B0 s R A (0 %0k
T (light emitting diodes, LED).tH FIga Al 774k
BOGRPOEN. BT, FAWLED™ i =20 S
FIRRMFOEHTY, BB R SR TR TR
RGN, SRR O £ 2Ot A . 9
H=4ECOFEA AR TS, ZEWLED ARG
P70 BAT BRI R /7. 20184F, Ding% A7
TN I BAT #0961 3D-TPE-COF Y Sk B AE
5% 6 A (W 29 450 nm) R TH (K 4(a)), KT
AEH 45 6(Commission International de I'Eclai-
rage, CIEAAAR 4(0.30, 0.35))JWLEDXT (El4(b)). It4h,
Y TFIZCOFMRRE M, Mt —B Mt T T ke

CIE 1931

E x

(c)
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2 X
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B 4 JLT3D-TPE-COF WLEDHIHiI% R ECT. (a) 8 W JLEDAIA B W2 3D-TPE-COF LEDTE R 555 (Z8)FILS S5 () F IR A (b) CIE-
193 1A BRI L YELED(A ) 3D-TPE-COF(B 5 ) FICOFIR 7 il 2 WLED(C 2 ) Z VG 1E AR E 3 5 () 3D-TPE-COF R 78 il % WLED K i [i1]

2 mARLIE RS T B — A Aot i

Figure 4 The fabrication and characterization of 3D-TPE-COF based WLEDP"!, (a) The photographs of the commercial blue LED and the same LED
coated with a thin layer of 3D-TPE-COF before (left) and after being turned on (right); (b) CIE-1931 chromaticity diagram and the positions marked for
the emission of blue LED (A), 3D-TPE-COF (B) and COF-coated WLED (C); (c) normalized luminescence intensity vs. time curve of the 3D-TPE-

COF-coated WLED driven at 2 mA for long time
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CIS@JUC-581

Dil

Merged

B 5 RIEEETRIUC-581( L) /YL EFIDICh) iR

PR, G5 9K, RS R 61200 hi, X WLEDAT &6k
5E, JoI R (El4(c)). ETAERM, 9 =4ECOFLE
Hil s faE . o4 R WLED T i EA B .
2.3 POEHKAR

PN = HECOFAEL T2 NEMOF, e fee P S
To& m GRS, WTHTAEYRIZR. 20224, Liao%
NP T 58 = 4ECOFRY R G R 2 L4554,
TRIE T 9N =Y COFTE 25445 3% 5 ISR 15 Jr T X L
FH. AT PR AU 442 — 4ECOF(JUC-581) 15 42
UL 5 W4 (cisplatin, CIS) F&IEAAHEAREH, #
JUC-S8UH TR A ImEn ) k. MR R R
B, JUC-58 XL JL-F- T3, 1MCIS@IUC-581%}4H
MEARENREEME. AN, HTIUC-581HA LR
%THHW%%%%“@J AT SN 25 )32 21 2

M 24 0 e BT AL BR B, SRS, 1- X
J\KEFE-3,3,37,3 - P B L 05| W 5 S R R (D) AH b,
JUC-581 1] LA AT b SR 41 i G (6,11 5).

3 ll.d\é':lj: %’Etﬁ

VER—RIFT 4O AR}, 9 =4ECOFAA 1L

0h 4h 8h 12h

24 h

BT )X A Y 5 FI AN A5
Figure 5 Cell fluorescence imaging of JUC 581(top), Dil(middle), and merged (bottom) at different times

[39]

FIAK . B SFLIA S5 S K FF ) e il A R
RUFERROE RDEEUR R, e DG 90
W1, ARSCERAR T = 4ECOFRIBETT A i e H
FEDSCRTI . K CERE AR AR S U i i 5T
R, SR, RAE D = 4ECOFFE Lk Siisg e gt i
G . BRI RO SO, BANRT A
6= 4ECOFMII SEANALTE R AL BT B, IR AFAE AR 22 11)
o, HAy, 266 =4ECOFF 2t AN s+
BRI, 1 HIIRE D, AR R, S5t AT
RIME, DT BB, ROCR MR ED, A
DLEmseit Al Y5 AT CCOF A CHY, 15
I | 114 A R S R B AR N AR SR T 2 (]
A REFETE R R AR I IR 8 P ECOF & G5 FE A
55 00 EE 22 AL PRk, SR BB BUBEAR 37 — 4E COF LA f&
P 2 S B TT =2 8] 1) SR AR AR K Bl i R AR S 5 kOt
(aggregation induced emission, AIE)ZrFHIH L=
HCOFSE, J2A HA A RE = 4ECOF MG FE R
. EZ, )c)lﬁ::?ﬁCOFﬂ?j‘] TR W8 1 R 2458
PR, BRI EIGE Z PR, (ARG REE —4ECOFiX
Ty B BURZEA g T Y 530, 96 = 4ECORYE ISP

RPN
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Recent advances in fluorescent 3D covalent organic frameworks
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Covalent organic frameworks (COFs) represent an emerging class of crystalline porous organic materials constructed by
covalently linking organic molecules into two-dimensional (2D) or three-dimensional (3D) structure, which is the cutting-
edge research in chemistry and material science. Due to their large surface areas, low density, high stability and ordered
frameworks, COFs are promising materials for adsorption and separation, catalysis, energy storage, sensing and so on.
Among them, the application of fluorescent COFs in the field of sensing has attracted a lot of attention with the following
advantages: (1) Specific molecular recognition can be achieved based on the tailor-made structure of fluorescent COFs; (2)
the inherent porous structure of COFs can achieve efficient sensing by facilitating the interaction between the guest
molecule and the functional unit; (3) their excellent stability can maintain the structure intact during the sensing process,
which is important in recycling; and (4) the structure-property-function relationships can guide the design of fluorescent
COFs with superior performance. Up to now, most of the reported fluorescent COFs were fluorescent 2D COFs and few
fluorescent 3D COFs have been reported. In fact, 3D COFs, in which the molecular building blocks are extended in three
dimensions by covalent self-assembly connections, can efficiently avoid the fluorescence quenching caused by the stacking
of fluorescent units. Therefore, 3D COFs are considered as an ideal candidate for the construction of luminescent materials.
In this review, we summarized the recent research progress in fluorescent 3D COF, including the methods used to construct
fluorescent 3D COFs and their applications in chemical sensing, light-emitting materials and bioimaging. In addition, the
challenges and prospects of fluorescent 3D COF are also discussed.

In the first part, we discussed the synthetic strategies used to construct fluorescent 3D COFs. In general, fluorescent 3D
COFs can be obtained by direct synthesis of the corresponding fluorescent building blocks or by post-synthetic
modification of the pre-prepared frameworks. Many fluorescent units, including pyrene, tetraphenylene, and anthracene
have been successfully incorporated into 3D COFs to construct fluorescent 3D COFs. Besides, fluorescent 3D COFs can
also be synthesized directly via the formation of conjugated C=C bond. In addition, luminescent ions could also be
successfully immobilized into the framework via post-synthetic modification method to construct fluorescent 3D COFs.
Then we summarized the applications of these fluorescent 3D COFs in detection (e.g., explosive detection, volatile organic
compounds sensing and metal ions detection), fabricating optoelectronics, and cell imaging.

In the last part, we give the conclusion about the review, including a summary of the construction methods of fluorescent
3D COFs and their applications in sensing, optoelectronics, and imaging. However, there are still few studies on
fluorescent 3D COFs due to the problems that hinder the development. First, the fluorophores suitable for the construction
of fluorescent 3D COFs are quite limited. Second, the synthesis and structure determination of fluorescent 3D COFs are
very challenging. Third, there are rather few studies on structure-property-function relationships, which makes their target
design and synthesis very challenging. Since the excitation energy dissipation caused by Schiff base and the aggregation
caused fluorescence quenching are the main reasons for the weak fluorescence of 3D COFs, constructing 3D COFs with
C=C bonds and suppressing the aggregation quenching between fluorescent units or constructing 3D COFs with AIE
molecules are potential strategies for the synthesis of fluorescent 3D COFs with strong fluorescence. We believe with the
efforts from all the researchers worldwide, fluorescent 3D COFs will develop rapidly as the design, synthesis and structure
determination of 3D COFs continue to evolve.

covalent organic framework, 3D covalent organic framework, fluorescence, luminescent materials
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