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N2 A HLIE 4 (covalent organic frameworks, COFs){E 7 — #7150 £ I AT A, R A B k@A,
BLHEMUR FENREE A, EAARERABEINH AWML HE. HF, —4COFs(two-dimensional COFs, 2D
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W R E . RN RBE SR BEENE, RERAERRENNAAEEREEMH. AXR5G%EET L4 %2D COFs
EARERTHRLFH®E, ELTRRETEGRREEERTARDZHAERKNER. XEEENET2D COFsHy
ARFTE, BEE LM T(EFHBRE. IRRE. h¥FRE. BT, ahFf)fig T L(mxE 4
K. FEAK. SNGHBER)KS, FoT ARAREESHB TR, ERERRGE EWTH. £ElEd
b, HHERT ET2D COFspy R E RAE TS, MERAX, BERX, TAX., WEXARGHEEERUKRF
ELMERER, HESGHA TP HALERNEEY. FEAKR. EXUEA NI EL T T EREGEEI. K
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SR, JE T SO IDRG B R T AR A T
A &R AL R X ppb IR B SRR RE F1 A R, AH
2T, COFsHHAHE AT il i fLiE £5 A Fn] a5 50T
m?/g A S LR TR, AEASHR ORI AR B o, A
117 4 25 B AR SR A > OGRS A A R
1 e A A SRR, BB, LA
AP a] LUKS 5 COFsHY B fiE A1 (n-NH, . -OH .
-COOH%), SZBUXHREE AR R 1), i
(12D COFsAHA THUIRCOFs, 7EIJR S AAAG I )7 1 5
IEAT A0, e, HLpp 2 el g 2 a b A i A LA
U REMTY LR, AP B, JLPAELE
PHORARONY. HK, SARBLRE2B0%, R
P, 1 22 )2 B I HUACOFsh, SR 775 2095 )2 145
¥, §HZ R, 2 S0 R I Ak, 2 RS
A RS RALARAS L s LB FLZE, (8870 0 1 0
MELLBRFH, S350 1 1 R0k E A s (A ppm )t 71,
Z JZCOFsHUAM BIMELIFEAS AN T2, 38 % 75 Al
W, SECR AR IEE, ZRN 5 S8k
Ak AR A, KM IS M AR R IR T

VEAESR, COFsHIL T COFsIif& Bk 2 i oY 5 bk
R0 eSO R rERE T LS T . AR
il % T2 1, Hong A\P17E 35 ) A 1 -0 A i B4
A=K 2D COFSHIRR, 177 AT BER7 ZI ) S S A4 Fle
PRI, (S BhR M RE 22 S L IR B 2k, i nT i
Jie = HAb Z R 48, SRS PRt T .
FERGIAE BRI, Ma%E NP2 9E T = (4-E A3 i
(TAPA) 54,4'-CE e — -4, 7-— ) — K HI B (BTD)
TR LN A HLHEZE (TAPA-BTD-COF) X NH; (1% Jgk
PERE. 1 COFsil iz Ak b i = 31 52 X5 A R AL il S
TRENH; 18 R S, A IR BRI 220.0952  ppb.
TESMNSIEREE I, Benedetto®: A2 35 2 T COFs
() A e BH AR AR 3, Rl AR X 4 D o 7 22
FSAK: NO. CO. H,SHINH;. iX#COFsiHid 4@ ik
i (MPe) FLIT I A2 R SE BT RE E SR ARG . 38
112,3,9,10,16,17,23,24- )\ % 34 J& FAF (MPc(NH, )g)-5
MR DU B 46 A L, A BT DU AP S5 R 2B Ak 24
T AR COFs(M-COF-DC-8, M=Fe, Co, Ni, Cu). #
FHIXSECOFst T 1A% M1, M b2 i BHARfb ok
R AA. FETIRARIIE T, A AR5 Re g Rl
JFX4PNO, CO. H,SHINH;. WangZs: APYGt T —Fh
FET AR S A HIHELLA BIFDU-HOF-2, A1k

EDAT KAl Wi fbag s, T8 R I H BRI fh, Sceifk
SEREREPE RN, X A R LR, AR AR X COL
W 07 376 /2 T30 AAA, s A B E B, AR AR
%23 ppm. COFsTER#S . Ak KR53 AER B 35
BRI GEmE, Aok B R RE S A S
J&, MM S2 IR COF s 7] 32 b g .

H i, COFsSIIs 25 2 R A T COFs 2551
S5H WAL AR P 3EF2D COFsi
SMAE ISR Zi R N B =, B R g 57
. ALEREFEFILL2D COFsHMIA M T 2. Sk
IR AR N FHAF 5% LA B M COF s A= 4 (1 IR 3R TR I 43,
A BN A A BRI XA R | BB . BETAESC
B SEMEEVER, X AR AR H R
PTG R B T TERE R, F—0 Ba5i%
FU AR K RS E . ALiid B E—
£2D COFsHiEA BAms ARG R BEFI P 2 84
BRI R, A B COFSTE MR BT A TR A K e
55 R g AR .

1 2D COFs 5y &k ens

1Z45 R 1k, CETF R ZFE 2D COFsH AR 1
%, ALERE . SO A AL, FhE A AR, ]
E O RE sl = I SN =TT % 1 SN 1 o &
TR SR SR K Bk COFs it A 3l Ak 2 31 8
JUZEEZ R 1 E T LR S AEAS ) 3
RIS I A LS RS iR 2D COFsifi.
TSR Y 32 DX RO SR AR LR 45 e,

L1 A ki sk

JZARIEH A HUHE S AR 2 N el i L s B, i
TEJZ MR DL 55 AR AR EAE R D 32, v fle
Ay A RI-ndERRCA O R, BRI A HLHE
R SRS 252D COFsTHEIEIE R A7 1Y), W] jiti il N
AN S s BT [ R AR A 32 b B S 2 1A
SSAH AR AW, R R ZARARL i kB K
o ) RS R L B 1 B2 8 22 J2 2D COF AT 5505 1.
111 BRI E R

FEF R B R — P RERTE . 250 TRl H sk
IR R A5 o, A BB . AR . U &R
A % S bR AR R S b E AR 27 SRS
%F2D COFs[RlREEA I 2R B L5, HIZ M
F 7 B Rt )y slin-nbl HAE R, 54 SR AR,
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IR 75 S 2 SR T RS AT T COFs4i K F (covalent
organic framework nanosheets, CONs)# il %1%, 7Ei%ad
b, B AE BRI SRR . BT I s 1k
A, BEAE R A i N g, R LA SE IlRCOFs)Z 1] 55
FEAEF, MmSEBRYEK A b g4, ks
5 SHLHIOT TR, B R B RORZ R VC R
7 Dy SRR P ) A SR S B B R 440,

RIS T-201 14E 9% ZamoraZs A\ #401% 22| A COFs
W&, Bk, @id2,3,6,7,10,11-7NF2 3k = 2K (HHTP) Al
1,3,5- = [4- A FETRRR 12K (BTPB) 4 & KN 4 1% T i
BRIEFEMMCOF-8. B5, 6 BMPCIRCOF-84 KL E T
LR R T AL, AR, 0 TRE
i P25 R COFs 2 M 23 (8], M2 (R B I
o552 EAHEAER. BFE R, SEEAIE M IR
CONsfRIBE M e 2 XEE, Fil Ml 5COFs
Z [a] B R 15K 7 REAE R AR FI46 2 rifs i s &, ki
PRBBERCR. A MRS, AR bR
TEAERFIB RO, B, EalX— a7 H
10~25)Z4H WY JE i “A4~10 nmCONGs.

20254F, Xui N5 oy 70 4 Bh i 7 1 LCOF-43
Hl il T CONs. BAKMIE, DU R =1 i
LISV /R = W 4 o s o T = o7 e & w10 L AV Wl K 4
FIHEAT RN, FE120°C R INE72/Nf5, ARA5 T 4l
s COF-43 k. Bifs, K 1(a)fims, Ktk
COFsiZ& AIEFh, i 7 4b B LA £ CONs. fif3COF-43
CONSHYJELRE #71.32+0.47 nm, H45H K3~5)2.

VA7) i B R P S R BRI IR COF s m Uit b oy
CONGs, {HF5 s R R 5 B R M UC e, Pk sk 55 n-
oS I E A G R, R SRAH BRI R R T
FEUEDC A R . FRmak S A s S R, 05
VYT 7= SR A0 L 2 B0 T R ke S 4 T g b
1.1.2 PR &

HLA 2 25 A B ] 38 1) £20044FE Novoselova
VSR F i o A2 B B, RIS 2 s/ DR Y
1B, DU B T COFsHil 45, HM O AET RSN
JTEBATWIZ B 555, FHAFHCOFsfb At . Jofih
B FE RGER A R DR A R T e TR
R X COFsy RS THIFES . 398 BB BREE, TC
TRTIRIAME A, Wt T e gkalifl, B a] 7 A py 3kAs
JEFE1~3 nm. Z5antEelr . DIREEEAI R B I CONs. %
FEAME . W2k, B SHeREAI A, $240t
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T2k 0 HESR2D COFsiil 5 g fe.

20134F, Chandras A\ PN s GE A R T 2801
fiEfk B COFs, fU4ETpPa-NO,, TpBD-Me 2. BJE, *
FHMUBRAIF S 11 J7 3 X i 26 5 Jl i etk COF s i A 7 b L.
TEHUBE T IVE R, COFsAYJZ B A B AR B IR, M
SEPL T MBHUIRCOFs#ICONs I FE L (K 1(b)). AFFE M,
COFsffb AR Ml sl — L N . e
(1 COFsJZ TE MU I it 7% b BE A A HF HL 25 Al S B b
IEHAEK . R FNIRAE A 0T R B R A A
e, AU B & T HA A BRI ERIE
ZSMCONs, HJEEF #3~10 nm, FH10~30/ZCOFs/Z4H .

ellT, Yide APV 3 R vk Al T HA ABCDHE
BA ) 4 AN HLAE SR (COF-400) KX HAG £ W)
(COF-400-ReMICOF-400-0x) (), 18 Ak s i
BRI LA, A AR 2 SRR AL, S
IR L. BeAh, BERR VR N R, i
BBt — A e T R A Al RN S, IR BR
P A A5 B B 30~80 nm, NTikFI64 pm’iHk
[RAL R T

BUBER B LA BT 5R . AR PRIER . PRBE AU 1Y
TR, REA SR RFCOFSI AR ZE R Ak 2F R e, 3
T2 M I BELCOFSIUR S, SRT, %07 B AR TE B B Rk
REM .. B5I AL SRS, HXFCOFsA B ifa
FEPEEER B, BRI T AR AR R .
1.13 fh¥3 5

Pl B A% O S B 1] )22 IR COFs i A 5 | A SR
REREMH A8 & 1, Wi i SN RO 2 (B EE
W S5 m-m S, T AE R R 7 i e B mT 45 3 o 2/
ARG

20164F, Khayum%5 A5 i3 i # & AUE S
FHHER(DaTp), WE ()R, FIHN-C D RET
[ 55 DaTpi A T 2K SR H-Fl R TEIA IS Bz, 2647 A2 4
2, WSR2 M n-ndfE BB b AR, WA R 2 K
T2 )2 H AR, #DaTp-CONstE & H i 4k
JE MBI b, FRRFIZER G TR AL A S, 10
R LR EANRSLE [, Hi# g )87 DaTp-CONsHe &
AR R, SRR E 817 nmE R DaTp-
CONSs. [Al4E, Mitra% AP 5 A s itk 2B Y
BTk, B, R T ARG A R TR
FhCOFs: TpAPHHITpASH. 35 LAKI1(d) TR T, LA
TpASHAHTIRIA, it =2 J5A g, SR b
KIS N e SR 3L, SR)5 5 3-F R =



CHO NH,

:(?[C ‘ I?(?, HFNN

NH,

(e)
- | o=
—_—
= = ‘%
DaTP CONs  "| TpASH S _——
(Gle) Traditionally Acid-exfoliated
o\;:/on Insoluble Suspension
N %\j:/ 4—’
o OH
o CHOOH \/\/0“
o ntibacterial g0 0% | |PASH-Glc
OHC HO D d = E‘os\/\/ l
& ‘S property (APTES)
+ A el o
o H.:.NH, p}ﬁ'{‘ ) ® -.ﬁ_& \)\/S|WNH2 (g)
" P ¢ e
Han z: iCONs 0\ = V“_,;
Folic acid(FA), |PASH-APTES
(HO,C-FA) l
Self-exfoliation EDC/NHS
O=crerr C 7 s.W {r"‘
TpASH-FA
(h)
'&iébé'r's'{hg' solution of 66# !
nanosheets o e
, [ |
y “U \\
<= " = ¥ ’ 7
3 “ ‘ - 4 TpPa graphite

Bl 1 (MR A EF 0. (a) @i 354845 #9 CON-py-DBDCHI7R Z B, Copyright © 2025, American Chemical Society. (b) £/8 4
COFsili 3 HUMAITIE K M CONsPY. Copyright © 2013, American Chemical Society. (c) fb2## B Fm Z &P, Copyright © 2016, Wiley-VCH
GmbH. (d) TpASHXTIIFEALHEIE CONSHINITE 5 & i )5 254, Copyright © 2017, American Chemical Society. (e) 18 iz i 25K 0 M 411
COFsHIAR KM AL RS, Copyright © 2019, Wiley-VCH GmbH. (f) H B AEL B TS A UK A (CONs) I A% T 2:5°. Copyright ©
2016, American Chemical Society. (g) HTA-EB [ 35 R B 52 40K B Copyright © 2024, American Chemical Society. (h) B U5 MG
# COFsHEMEIY IR, BAMGA = A i TR COFSN K Hr, XL 4K B RS B %t BRI & A PR Ak, IATT /R FUAK T B i COF s S,

Copyright © 2022, American Chemical Society. (i) Hifk#:# B H)/R E K. Copyright © 2025, American Chemical Society

Figure 1 (Color online) Top-down synthesis. (a) Scheme of CON-py-DBDC obtained by exfoliation*’). Copyright © 2025, American Chemical
Society. (b) Schematic representation of the formation of CONs from as-synthesized COFs via mechanical grinding"®”!. Copyright © 2013, American
Chemical Society. (c) Schematic representation of the chemical exfoliation process®. Copyright © 2016, Wiley-VCH GmbH. (d) Sequential
postsynthetic modification scheme of TpASH to functionalized targeted CONs™*. Copyright © 2017, American Chemical Society. (¢) Large-scale
conversion of imine-linked COFs powder to thin film via acid stripping®®. Copyright © 2019, Wiley-VCH GmbH. (f) Synthesis process for self-
exfoliating guanidinium ionic covalent organic nanosheets (iCONs)P®), Copyright © 2016, American Chemical Society. (g) Self-exfoliation of HTA-EB
into a large monolayer nanosheet™”). Copyright © 2024, American Chemical Society. (h) Depicting the rationale of the electrocleavage synthesis
strategy to produce COFs films. The cathodic reduction produces protonated amine COFs nanosheets, which migrate to the counter electrodes and
undergo anodic oxidation to yield crystalline COFs as thin films on the electrodes”®®. Copyright © 2022, American Chemical Society. (i) Schematic
diagram of the electrochemical delamination™’. Copyright © 2025, American Chemical Society
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fEBE(APTES) S i 5| AR, il i EDC/NHSTHEX
J R, 15 30RO 15 nmfYCONS.

20194F, DichtelifF— 4 LAR Bt T-1b 5 o4 Ak,
PR B . I LA RO R LR Y LA
RAETE A w45 o B A RS FL BRI A Al 25 COF's
AR, 8, KCOFsHAR S =M MG, ik
VA SR R IR, T RS A BT KR
JE M COFsEIF I AITTR B4 ALK b, it T
FRECOFsid 7 BT R AT UE B 5~50 nm Y 45 i T A5
TEWE I i 2 7, COFsAY T MEFaAE 23 S FIK B91E )
TEORRITERR A, ML Y B BNy
5). B2, TR A RS R R SE R ),
JEEERS B AT G SRR B, NI SEERCOFs Ry
KEVHE AL, F T HAE AU v (
1(e)).

A2 ) B T AR AT LA 5 5 79 %l B 7 ) s A 34
=, —LHIACOFst R 1L CONs, [R5 5¢ i1
Refl, (s AR 7 SFUBRAY A SR, iR
R, ATROK . Gl TSR, X2/ B COF stk
M. ABEHAWARI R, SRR . = IREGE SRR A5
BB TE R IR E P, T B R AL R I,
A TCETE R4, CONSsHYJZIE ST St 32 3 R |
TG a2l
1.14 HAH

H20164F8, FI# o i 2 —Fh o
F L) 1 e I TR O B 0~ oM (1725 11| I R ey 14
SO BEAER, (HCOFstER Mt A &IE
BTG B B s, AL T RE I T 455
PESIBENES. MitraZE A POUE i3 15 RBRAR A RO A Bl
T H R B AT < fE ) 3 25 F CONGs. a5 1,3,5- =
BRI 5 — R EENNR G, % E8 T A0S 3K
YRR IR P A, 3 3 AR -l LS AR A —
WA, BEHRMNEESERTKER, 2°-HILm
7N 1V b e il & NEEI N A & N P
F, R A2~5 nm, H13~6)Z41 (I 1(D).

Zhang%: NP7 8 5 A AN R IR H A Pk
(HTA. DHTA. THTA)S Z 58 1R(EB) #7487 R i,
AT =R ES T H 22COFs(HTA-EB, DHTA-EB,
THTA-EB). i ibRG i 42 s b iy 56450, HTA-EB
JRILH S 0 A RS PERE,  BENS R ) K T AR
FRYK R (1 (g)), HRSEALARCKRE ], 2N
1.5 nm, Jf HAEH WATHLE I rh HAT R4 53 8erE.
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38 5 | F L B LA B A SR S B COF sy B #1
B, BT IT AN AR & P2 R A s 2 9K
FZRGER ., g5 iikdy, B R0 o7 ol S T H s
SEES RSO TAEF]. {H R SOR R Z T H 5T
HoTH T ROTE A e S A A, 2
LT 2 PR AIRAE ZR 45 i B . AL SR i,
JFnT R ZESLIE, EULRMATRE . UM S,
[, PERS W o) A s IR s o e &, R 2 5
AR R IR e M 5 AT A
1.1.5 bR

FE, A SR 2 A M 2 TR D 7 21 38 3 i o
PATT, A ARSI A P AL A e, SRR L B AT
P 1 S AS COF s i — Pl A L1,

20224F, Wang5: A8 1t i Ak 2 5 m i 4 COF s
JEE, TnE 1(h) s, FFCOFsH A S T Huik B AR U L
IR A IS L, WAEEI A TR, FE A
N,N- HH L P e 4 oy LA T . B v SRR b VR
ity By L o SO RN PR AR PR AR Sy Jo - ) — AR LAy
P T 2R . AE PIGE S AR v, COFsoR
FA) ST B o oA s, oI ARG IE FaL S, 3
FHCOFsMIARFNE ANK . XLy IE B 4K 7R
UitE I N B2 itl, JF7E P A et B T 8
B G, B AT B b BT A 2 i3 ~4 nm HLA
2 mtEAZ LB A B COF sy .

B, JufE NPOLR FHB A ik e £ B b 4%
TR 2D COFs(&1(i)). i e nsidii & B0, ffi— &
HI| Z eAE A B R ER (PTSAYEAL T 51,3,5- = I A
3 (Tp) A5 AT B R B2 ISR PTSARIMAAE
72D COFs#fMZ)ZAK, XX FA AL
HIE EXEZ. HAH T B0 (scanning electron mi-
croscope, SEM)EIZE/R, PTSAESIE MEF 4tk Hha]
A, IXSLLF AV R 25 R AR, BRI T 5 22 0 R
JNE, AITSEEL T RAFHES AR K. RATER TR
FEZ)RT750 nm, HAT RIS SR A2 AR Z5H 1) COFs
VLR,

FHL b 2 3 T 40 2 AR T 25 CONs Y A0 S i
 —, REHETE S I T R0 EE 0 A A BILAE S8 e R PRk
AR FESUAK . B RSTROK . 45 ik se s
K, HAT— LB TS AU, FeEma. 7]
PRSI TRgeEE. SR, 1% H I A A
B LIPS, AEREAS NI 5% B B AR R (R
TE PR b 3 THIATS A ek s ().
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RUBSS Tl bk A B 774 i ARk
2D COFstR N HOCHES R, BRI S, X274 A
Rl PRSI = i s oAb, HUBRGRES SRR e ik
MRIH R S0 3 AR SRR AT AE, DI I e 7 R
IRRIRINER ), Bl i, AR, SR, R
OPARE . RBES T EHTHER R, ORI E S
&, MELAE AU TR, A AR RN B R 1
AR R RS IRES, BT AT HER,
P L RSO T AR S 4, nlfE iR T i
SRR . R A SR, HE T 2R
RETREBIE R UE TR, H S
LT, ARRAEER LR el etk S A R AE >
TRATBBOT A s, ATE A AR B B AR T,
Jr 5 308 g v e ML AR B A AN A R R D,
PInIAE G NN — P e RS, WS A RS E 1
FRTALGET5 ik SR, A% SRMEAT T I PR 1)
REAL . SIARYE REMT AT RERZ MRS E MESF RN,

1.2 | Fifi ks

5 A TR SRR R E A AR, A
b SR B S T RTIRAA T K, e S A
T HYET5 A AGEEE, RS AR AE TR B A
KA, Pz [ FREDRIA F S, e dEs iy

% 1 2D COFsi@isd B Eifi T %A BRI 54
Table 1 Summary of 2D COFs synthesized by the top-down method

. L, BRI AR RS T S Bl
JELRE &5 s RS AT R A AT 2D COFsiiiel . 4R
Pix —RmE, IR B 465 . SuzukifRA . MRS |
JE SRR A5 2 2 P R R 100 BiF g A B B AR ]
FLREA T 4 T KE2D COFsi#ifii.

121 EkWAEK

FA A RO R — PR EASLE, W48 Au
(111). Ag(111). Ag(100). Cu(111)FIE)E [ FffA 55
(HOPG). N AALMI(hBN)%: 4= K2D COFsfif;
AT A e EL2s A0 R e A MR 2k AT
RIMAK, AEUSTE L4 T4 10 4 J8 e 1w A il o )2
2D COFs.

HFE20084F, Zwaneveld%: AR I i A T vk,
TERR S EL2s T TAg(1 D) ELE bl 4 1w fh 2 2
PR TG H SCOFs(SCOF-1([&12(a)) FISCOF-2([&12(b))).
SCOF-1/&if 1t 1,4- 78 —HifR(BDBA)TEAg(111) Ly 43
T K Sl 4 Y, TiBDBAFI2,3,6,7,10-25 1R
(HHTP)7E Ag R 11 A4 A WA 5 T SCOF-2. ##k%iE
1B 5% (scanning tunneling microscopy, STM)E{% i/~
TR R LR S IE S 4TI DAY
SCOF-1HISCOF-2( L1253 31 ~15 AF1~29 A, iX 5%
77 PR PRI (density functional theory, DFT) {15 A%
VI . BEAb, 1207 A i e RS il 4 5 ek i) )2

B COFsR 4] P B, JERE SCik
beasnlka: i)y v haabs COF-8 PRVET B . PRBEIE I iR Eﬂﬁgiﬁgﬁﬂ 4~10 nm [46]
PR DA R COF-py-DBDC IKAHUELY . Bt FIE R4 4~8 nm [47]

BB TpPa-1, TpPa-2, TpBD fhefkaEthes . Iy @ik zﬁ&f&%@%w 3~10 nm [50]

‘ COF-400, COF-400-Re . - S FIRES AR |
*JLM%IJ% COF-400-Ox BSZ/MEQ\ *A\'ﬁ:“ﬂfﬁ EE%%’J%E{E& 30~80 nm [51]
TpPa-NO,. TpPa-F,.
b2 TpBD-(NO,),. TpBD- fAiHL, e, R 45 A T AR AZ R 3~10 nm [53]
Me,. TpBD-(OMe),
b2 TpAPHAITpASH fATfH . = AFTE KRR M [l 15 nm [54]
gl PDA COPfiMuthyl Cop  "IHEHESE TR SERIEAMUBRAHABE  Sonme20um  [55)
EEIEY TpTGCl. TpTGBrAITpTGI 2 ERa e P SRR . FLERARZ IR 2~5nm [56]
fr1 HIA-EB, DHTA- EBAI i AR BORES 153 [57)
. TPB-DMTP-COF, TRITER- AR, &AM, ot A BRI
LUSE 1-COFFIPy-1P-COF £ BRI BRPE 5 AL P ) 3~4nm (58]
FL L SR TpPa FA R LERR TR AR A ~4 nm [59]
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(d) (e) )
4
W oty P s g C”
Knudsen LT-STM H\g oy (23 @ ® <) HAc, H,0 E,Z ? ¢):%N.
Effusion cell M 4 ) g » Z&:MZ
et ® 0-DCB/Ms, :}ﬁw ({,
2 ' L 'J\H i ®) §! .. Room Temperature Y a9 0%
TpDPP Py Zﬁz 7
TpDPP-Py COF

1,2-Dichloroethane
HOAc

Single-crystalline

Electric-field-assisted
monomer assembly

g=
e TN

Microwave-
assisted

I o mains

=== Monomers
.

=== Electrodes

morphous regions

Through-pores

=~
=TT

COF membranes

crystallization
——

100°C, 60 min

[

Electric-field-assisted

interface synthesis

T Sl e b

B 2 (MR A)E TR, (a) SCOF-124J2 {STMIEIE). Copyright © 2008, American Chemical Society. (b) R7SHTE LI K %
1SCOF-2 %% B STMIEHL. Copyright © 2008, American Chemical Society. (c) 7EhBN I EASKA#ZAE K 192D COFs TFPP5BD# 197 25
417, Copyright © 2024, American Chemical Society. (d) 7EAu(111)_EITEFTIRIA T T-2D COFsHZ 4 1. Copyright © 2025, American Chemical
Society. (e) -1 P& R 2 &7, Copyright © 2025, Wiley-VCH GmbH. (f) - A& R 2 7. Copyright © 2022, Wiley-VCH GmbH.
(g) 7ESiF 4 MPyTTA-TPA COFsiifii®!. Copyright © 2024, Wiley-VCH GmbH. (h) fisiz i B4 5 i 4 TFB-TAPBAE 7 2 Y. Copyright ©
2025, Wiley-VCH GmbH. (i) JE7%COFsJI& 37 By 5 1 4 il i s 2 187, Copyright © 2024, American Chemical Society

Figure 2 (Color online) Bottom-up strategy. (a) STM image of SCOF-1 monolayer®”, Copyright © 2008, American Chemical Society. (b) STM
image of SCOF-2 network showing hexagonal and polygonal motifs!®”). Copyright © 2008, American Chemical Society. (c) Schematic illustration of 2D
COFs TFPP+BD films grown on hBN in SK mode!””. Copyright © 2024, American Chemical Society. (d) Precursor deposition on Au(111) for 2D
COFs monolayer synthesis!”'\. Copyright © 2025, American Chemical Society. (¢) Schematic of liquid-liquid interfacial synthesis'’?. Copyright © 2025,
Wiley-VCH GmbH. (f) Schematic of liquid-gas interfacial synthesis'’*. Copyright © 2022, Wiley-VCH GmbH. (g) Synthesis of PyTTA-TPA COFs film
on Si wafer®, Copyright © 2024, Wiley-VCH GmbH. (h) Schematic diagram of TFB-TAPB membrane prepared by microwave-assisted
crystallization™. Copyright © 2025, Wiley-VCH GmbH. (i) Schematic demonstrating the electric field-assisted interface synthesis of COFs
membranes'™. Copyright © 2024, American Chemical Society
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COFs, J H AT & B STME AR 437 Hib 72544

Beilr, Wang: A UO5 3 36 A O B EhBN LK
AT T LTI AY2D  COFsHE, i 2(c)ir
N, FFRIF R J7 5% (atomic  force microscope,
AFMBIFGY T HA KL, P52 & B, 2D COFsi#fE L
Stranski-Krastanovi< = A, BIEERT IR B BGE 3 18 2 4
KIE I 21 R COFsHiNE, BlJE AR =2 TFIRIE I
SRR, AR, BFFEIRHE/R T2D COFsHHAR)Z IR
AR B TR R G, X et 1oy 4 a2
JEL R R SR 0 2D COFsTELE T3l fa,
Z R FHTFRE T 18 #.

WangZ: A\ Vi 43 7 R AMEMBE) A K=, #il
FR A B B FIDFTIHE, BF9E T %AK 51
TERZ2D  COFsFLIR_L MBI 7 R ALY, Fe i g
BT, ALK L7 A8 0% 2 DT EART R |,
IEAT ARG AR, TEHEIE T, )R F ik
Bt R 8 N & AR ER, VT iR 9T
2D COFs. WE2()Fi7w, B FEEAu(111)E I L&
T HA ZFALRIERQE BB LR ) 52 COFs.
BifS, BEARSF(TIPB)MITB|ICOFs L2 |, A
TIPBA T B AT M S5 FLAE RN DIRISE, NiIE
LI S AT ff— N TIPBA T, /G IERILATE
P A NS TIPBN 1. JLJE 5 &K S> T2 6] (AR
TAEFWE R TR, 20 KA, BAAR T
5 COFsiAS I AN, ST T R 4 T HEA, ek
ORI IR9TY%. XTI T AR 7R T FLARMAS I 4 52 Bf
HLH, I8 JE/R T 2D COFSTEM RIcHE . 08 . (LA
3R A5 A0 ) P A 7 FE A (L

TN I AAZ O 043 T AT IR Al 7E S 272
R b, 7R A s IR A o P s
FI e A% P m B, TR R T RIRE . fLE
Al ERJE2D  COFs, WaBeia 8| 22454, AR,
AT LA i RAEE B - D AR, 2R Bum . BE
—H TR, TG HERRIATRAE. SR, R
PR, IARERSE AU, BEELUME R, H A E IR
I A LI 2 SRR N, 25 TP BE. Beah, 25
AU I S SR RN BT IR, BB T 2L, AT
%05 1 T TR KA LB IR P, 257 S P
ARG . JCH R R A R A A5, AT TR Bl
il SEJECTH S BN A S5y T A S
122 RaRé

A 452D COFsTIE A 5 )i 22—,

PAPR Y R R A AR S IR — 4E R, X AT AR BT
PRy I BA K, DAIJE 2D COFsHiiE. AR 4 A [H]
() SN AT, 2D COF sy i) i Jr ik 22 n 43 k-
O G N B B S T 7 AR

XA AR, R PIRIAS B AR LA
Aezs Al BRE B9 ALE, I T2D COFsTREfRIAE K. a2
()R, Suny AV2h i 33 -1 A i SR A SO A R T —
FhefiA-324K2D COFsi#ifii(TpDPP-Py). ¥ TpDPPHIPy
VST o- SRR IR A VAR TP IR A MLAH, BE)S 5
Al 7K SRR S TR - . 1) KA A SRR AE Jy i
B3], DL SRIZUR . RN ARSI T T =K, WA
AR S AR IRER B ST P . RN 25 R )5, e
KA, FHBER A PR O, JT R A @ b DL &
BRo% B ERAA, e i AR RS 258 Y A LIS L Tk
— G (R FRAE AR, 3 A 4 i) s 7 e () A S AL AR, mT
DIOCAR AR A JEE B | 3R T B R T

WA A R K AR A AR, 52
AR, -SSR RS ] 4 6 8L 25§12 2D
COFs )y AEH A%, Tang%: A hil i - A R4
D5 15 WK T AR 4 T I R L S AT MILAE Z 3 5 ([ 2
(). Kt A A F BRI Y 4 b5 = 425
T ZH T A(DMSO), FI I FNRAE P AH S Ak i 7
S, AR A R S DMSOMI IR - A midh H & &
LI R A EEEAR A RN, EUNE N EDTT [ 45608
WK A SCHE . JEHE FLUE R v )8 Y COF s fiE.

R - TR B 2R, ATLA A R AR . Al
8 v 4 it O o A A, L P S a SE K R K B T
TR E AR FSCPCOFsEI 24k, A H Tl 4 fett
5], HongZs NPUHEAE T — il i - [ 5 T RE i 45
KIEAL2D COF s Y i BT A me (&12(g)) 2. Kevi
T P AR IR TR ERCE T RTIRARA R, DIRTEAY
IR A SL AT IR Rk}, S IR T A R
WA T TR LS S AY2D COFs. 18 3o ik 25 B A ik
BE L AR AR B BT, AT AR AR COF s
MYJREE. eAb, ISR SR T 1 2K P RNk v 25 52,
SEHLT COFsTMRA I A A, il a8 25 1R 51 it
TER]. R EA S M, HICT Rk s I 4y
A, HCOFsTHIBTE G FL T2 A5 g i AR AL T 8
114 S

A G AT AR A A N IR A AR KA A
S H R A 2D COFsHifR, B0 1 (B8 AR ME LA
FERRE RN T EG, I 2 e se8es | 45 I
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Wl MUBCERIMEL, JFRE B SR A5 5 5
FAHERLRTCHING A, BRI, SR, &k
BT AL 1 S 107 SR ME LURS AR 7, S BUSAZ AT TR
S, T PRTER I TR EAR, SEREARES:, K
Af ) A K 5 BB A A SR R TERLRE B34, ELR
T L RS I A P Dy e A 8. [ A, A [) S i R 2R %o
FRF . PRRI BRI ) B R4 R Bk A 5, TR
WA T2, HARYEA SRR, R aea
B, RUASLAL S B 0= A R Tt
123 AFHBRAE

HL L B S AP e S T A T DR R TL e,
8 AR R S st ], [ s s Ak B AR i, T B
A AR . B AR A, B A, A
BB R G R — Ml ik, il =R R R
R HEAT IR R AT AR A AR R, I FH R 1)
P AR BE B AL RE 1, IR AW B sh B
ERAESE, PR S R S S COF s iy bk
BEAS . XN AN AR T 4 IR, A T
ZE L RIRUBMERE, B0k T B tkag, mtkme s
JEE ) i B AL T AR

XugE AR F o 4 B 3R Akl 4 COFs i, 7828
T8 38 i B 3R A AR AL AL O 3 i 3 T T B i
TSIE AR R, ZREIELFE 2495400 nm. WNEI2(h) TR, R
R B AR, PR AP L AR hy v 4
(JCOFshi, 2 A55 1 COF SR 5295400 nm. 13
RGBS fb e D, AR A R AR I e A R I
TREMS S RIS R, I SRS ek B sh &
A AR, IS TC P A PP a5 F i Pk 445
A R Y COFSIN AT =2 i, I AL 511
P ATERE, Akt EE 700 Dalyi By
A RILH)98.7%, B A FHIMRE, HAp A&
1533.9143.94 GPa, L LA HGE ) 2 5 COFsfi.

Ha, 378 B 5 1T 5B A il £ COF s & | FH 7K - A HLAH
AT [ LA 250 N BR8N 7, 7R 2SR5 T sk g e
BAE A 5 AR A P AL, TR B 4G A
JCHLE HRBE TR 3 SZEECOFsIE. izl f T i i A
T LA AR S SR IR A K, JRAE B pH . R SR
SMR RS R 5B E R, HEIKREFE . K
FREEYE, MorEs . ML SUIR L T R TP R
AR5

Cao%5 A7213 st v Y0 Bh S 6 ks i S il 4% 1
HARSEETZfLAICOFsIE. 1L, $2,5- —FHIXFI
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Z HIE(PDA-OH) % il 7 X4 H 2R R (PTS A KW,
AR AL S N A5,10,15,20- DU (4- 2 HE K HE)-21H,23H-
NNIK(TAPP), JERUR MR G, FJE, W20, F
REYETIRHA BN E IR I, 35—,
FEAE P ELAR [T e, 5] S PR R A AR A K
BARGAEA0C T & T2/ SN, RN 25 R,
W BE 78 1) Z LS BHBURNZ AR SR U, 2212 HE
RN, (HCOFsPEDTRRAE LML b, PR A8
TR VeI T A5 205 204 100 nm ) .

ST (N . H3) HOR AT i COFsRAE JL -+
A ENEC T /N N R RIS B s A B H A Re S
HSEEE k. (HANZ DR | sl Ry A 22 5t
SRR IX . ISR AR S, AR AR,
JEA LS BT T Bk, 3 P9 R R B e
AT, REAE th S g0 = AT R AR IR,

Wit Bk AN ITE A A 2D COFs L
5742, AR F#I452D COFshy JLRH 7 X 5 B i,
LA B AT B Au(111) . Cu(111)8hBNE 5
TYOFREBLIE, 15 B & Jm A i s B K 46, v R
RAF R IER SF>100 nm, fLARY — KPR )ZHESE,
STM/AFMAESEF B R A% A K B T2, AR5 2
PEAE %, (H =R, MELUOR. S A SO 7E - . -
S - [ sz BR 2 (R L E AR SR g k- I g, I
FLRREMSI R E AR, RS R OK ., -k
A AT Ll e e S, s AT IR TROK L, PT
AR BT BT IS a A A, 16 A R ARSI, 4R
FUHASE PEZ IR R . pH . BRMREERSE W, 5
WEALIRE . RE AR 2SO, ANt Y .
S 65 AR SRR, HL 3T R A AR R A
PRI AR, TR A B ERAE BB P 58 B mT 335 5 R
RV SEELCOFs MBS, i fhlh R AR GO ER T 2
ORI, SRFA% N E— R, H50Z) . i
N ARES, SR AR A Y v 1 A, (X AR ]
P b . R R A LR, iR AN R
G T BRI R

2 2D COFsHI TS fi%

AL B A A% D I RE K AR T A AR B
JER RTINS . COFsAY AT LI AN =E & B fig
W, AR S HAR Bt 73T ZaRI 0 . $2 TAR R
5y, COFsteifdr ERA AN, HHA, 206, [t

@, OB R0 AR AR
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%2 2D COFsi@iit B T LA mRE B g
Table 2 Summary of 2D COFs synthesized by the bottom-up method

A LR W COFs7R 4] P T, E8i5 SCHik
KE/EK SCOF-1. SCOF-2 ﬁ$§%§ﬁgﬁjﬁﬂw* RO A | BGIEE 15-29 A [69]
KififK  COFTFPP + BD  ATUUE. SAMOLRIESR  TEdbenseits Mt 0.6-4 nm (701
) TR RRIL LA b .
IR TIPB ATty 2 W RS (1 e S PR A Iz [71]
eI IO . X I AR AL TR
SRS TpDPP-Ry COF S R RN IRt T [72]
CoP-TOB. CoP-  KIABUIG. PRI,  (EHmR. IS,
FHRE  Tppa . CoP-TFB i L E R 5 B B 30 nm 73]
PYTTA-TPA . PyTTA-
ppgges  BPDAL PYTTA-BPy-  RUSIAPRIEA . WOBRR L . SRR AT HERR | 11~140 nm 1]
e DA. TFP-PDA. pEsiEESIRRS MRER TR R . G R A
TAPB-DHBDA
. Osizh . B R . APALCER . R b
PPABIRS  TFB-TAPB COF e R HLBPERE S ATREAEENE ST R 400 nm [74)
. AN S S P R PR BESR P
IHAMEIR S TAPP ATV RE AT o TR WL 53 T AR 100 nm (73]

P SRSy AECOFsH R REREEMCRT, LK it
SRR A5 S ek COFsYeibBrEAiiR B bRy
¥, FHERM R 2 R sk Bk
BRIEZAE. T ERCR SIRT L TAENLH 5 PR fRE
Rk

2.1 JETCOFsyHz A fHas

BT M A HIHEZL A 25 RGBS, Tl TR
SFE AR R T T — )R Z LI COFsTHE. X4 Hix
SRS TR COFSIFLIE R BEEML I fT, WA B R A
LR Ul G S X R 2R T SR (= e S B Y i ]
1 S W I F 2 AR AR R T SRR | R R AU R
ARG

Wang%E NP2 i sl A H AR M il & T
NKCOF-123# 15, I8 Hopy HF 2= 6 MR B SO [
DN, MRS e KA RS SRR A b, TR T s RE Y
SOEIEER (KI3(a)). IZMEEARIE T AR, Y
SO, T 5 NKCOF-12 (1) FL &5 ¥4 FiG P07 5 A0 BAE A
i, 25 [ SR T H far 43 A A LB B A Ak, AT
HHEAMEMRAE. LERM, NKCOF-12/4 R84
1~1000 ppm SO, i 1 il A Jre HL i 43 Be e ke 1,
TIBRAL %86 ppb, MaLET[H 208 s. 5 HABSOfZ s
FHEE, NKCOF-12/& /&8 AU EA TS ik e, i
TP R pRgE e n] 2 MM, Bi7e S i
WEE T WA AR R AR E B PR RE. XA AU

COFsTEA B UGN U I AR B 1T RTS8, e
R EET R A SR A A TR ) A R TP R 1T A4 7).

2.2 FETCOFsHHBILA LRz

J£ T COF s it BH =0 ML 83 #E 2 £L.COF s
WA B AR R T A AR i 2 18], 454K F1ECOFs
FITRFL IS FL P 2 A AT 36 (R W R R, T BES 7 =
COFSHEAL AR 4% B . 4RI PR I DL R St i/
A = ARk, XS AR R AR TR R R,
e 2830 3L 1- Vi 2 8 S A R BELAEL (A R/ R o) ) Wi o7 -k &2 i
LR SN AP v 114 A DU

Feng% NS4 1 T Wil AT kagome i &k A4
AR ISL2D COFs, HH1 5T B (Azulene)JCOF
(COF-Az) PR H 4 K 0 18 A% 4 e 30 i W 4% 09 45 Bt
(1.37 V), XINO I T =, 7610 ppm NO, |
4] o7 L 15 58.7%, FENIRIVR BE T ¥ R B RAF Y 8h
AN o7 AR . AR A P A A TR AR
SEASCILTCLATIN, T A Do SR F B VA 1 g
HIEE(EI3(b)).

23 T COFsILL fafhikas

ST COFshRH U (AR I8 2 2R T AL I
ARG BE A AN B bR b, BA il & fiy S
AL L. REEET COFsHY LL (A& R RO (1
ARIAN T COFsE A B EAR L, X ERRTHL TR
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,,,,,,,, T ot (@

E _Melt | D % Polymerization
+
)\NJ\ COF film

Sensor fabrication () 4 N

I —

V4 ~<\\/ Robust stability

\\
\
N Y
\‘(N ‘ //,' 0‘3 Oy \\‘
@, // : () Basic sites @ E
\ o% oo
\ QL /
Y
S < 04 //
b) ‘e | o . TPDA-TPB COF/
ati
Pl-based IDE 2 : Formic acid
Dripping coating ) ™ J QCM sensor vapors
COF-Az NO, NFC tag
()

t e =" X

w
Strongly Emissive
— more trans-imine

Ee E
p -
o Weakly Emissive
Mode'rat'ely Emsswe more clssimine
SO . X trans-imine+cis-Imine
(9)
Vig
Cr/Au Graphene CriAu | terfacial COF/Graphene antifouling
soviothermal FET
; % growth sensor
— ==

Si++

Bl 3 (PR (@)COFsSURMEREIRM /32K, (a) BELEERE I MALCOFsTIA MU COFsTIE I T4 8. Copyright © 2024, American
Chemical Society. (b) JTLZENFC/COF-AzbRZ: il 45 KMt R E K P, Copyright © 2023, American Chemical Society. (¢) =Tk, FiH1k
A T-COFM R i e 3. Copyright © 2024, Wiley-VCH GmbH. (d) TPDA-TPB COF-modified QCM{& /&I #2455 B (1977 2 E ). (e)
JablonskifSI ] T COFSHETEAE A F IORE R s PIATS 40 PRI R, WAk Sk AR IR, SEIW AT S H iR 5]
BBV Copyright © 1966, American Chemical Society. (f) EARSHIHIEFEEABRNZECHETEP. Copyright © 2025, American Chemical
Society. (g) HA COFsf& A WFETZ AR I HIFE™. Copyright © 2020, Wiley-VCH GmbH

Figure 3 (Color online) Classification of COFs gas sensors. (a) Rational selection of stable microporous COFs and synthetic COFs film for
sensing!®?. Copyright © 2024, American Chemical Society. (b) Diagram of wireless NFC/COF-Az tag preparation and test procedures!®*). Copyright ©
2023, American Chemical Society. (c) Color mapping of deprotonated, protonated, and pristine T—COF powders!™. Copyright © 2024, Wiley-VCH
GmbH. (d) Schematic representation of TPDA-TPB COF-modified QCM sensor measurement setup®). (e) Jablonski diagram illustrating the energy
ladder of a COFs motif upon photo-excitation: straight arrows mark photon absorption and fluorescence emission, wavy arrows denote non-radiative
relaxations, collectively mapping all photophysical routes to fluorescence!™. Copyright © 1966, American Chemical Society. () Target-analyte-induced

fluorescence enhancement of the entire material®. Copyright © 2025, American Chemical Society. (g) Fabrication of FET sensor with COFs sensing
interface®”). Copyright © 2020, Wiley-VCH GmbH
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T8 SRR FICOFs bR, 0k 23 M I s I 1 1
36, SEOLRE RN BRIT 2w A RESL. AN
WA TEAE ] WOGTE Bl N, COFs2x2 B HAH I AR €2, 1
A, —SECOFsH T H 5 RE A g+ A8 A 2 A B e s
1B A DR T COFshY L (O A4 e am i B LA {6
PSR, 3k ECOF TR hy i f8, 5 1 A AL 541
SRR, o H BR800 A7 A s 0 i sl )
HARAAE, 03 WA AT (o 7= W) ) T R85 YRR 0 1)
AR AR AAG I 534 410

Zheng: NPT T —Fh & WE My - = R A -7 14
FATTH) —HE N COF(T-COF), A b4~ (Al EAEH]
RS AT eSS Rk, WEB(FIR, TEIRZE
S OGRS N LT, FERZE R P A
sev(n, WHRENATIX Yy, H 200G 5 B i LA
ST e/ = RS2 AR P X FRCOF SV R R AT B €538 4k, SiF
B =B Y 5 Al BA—COFsSE L 1 X BR U 7% < 1K)
0N = SN BT AR el

24 [ISRAROR TAEE

ARG £ (quartz crystal microbalance,
QCM)J&—Fh i tERE AL A ik £, H P IRERFFIE R 1Y
AR AR T RUBAT R A 2 i 22 57 TS B ER 4
BHOWERE ST HIE. SN A HIAELAE A —Fh I REAT L,
AT PR BRI 2A R T, REAE R AR AR BRH A
QUCM & e 14 Jir HLIE: it MR 2 T o 12 (A8 A 25 3 SR
PR AATR NS . 1 AR AE o A AR A AN A5 W B A
(A 0%, TS U R B PERB AR AL TE 6. i 15
TEX R UM LA SRR R A R A A, QCMA A
LIS T LIS 2 b AR, e 0E SR E A T 2
A E bR R A5 S R e AT A W, T AR (G R
F14 T 3.

NE3(d)FT7R, Ahmed APl T —Fh3E T2
Jz B A HLHEZE(TPDA-TPB  COF )i i) 47 B 4k
TARTALIE%, T i S AR RN B R AG TN A 3 Ay
Rk, TPDA-TPB COFHALSRMLE M. #daE
PR bR AR, ) S S R A E AR, (AL
TR ZE R T U B R e B DR BT | R e R AN
7.75 Hz/ppm 1 R U, FKlBRAKZE1.18 ppm, MK T4
LA, DFTIFEM—HE/R T H RS COFsZ Al A
HAEFBLE, BAE TR e B, 1R R
JEREE FREA RGN IR, HAE24 A iyl b 28
WL RS M, R T AR SR R B BT

2.5 JET-COFsIIFEN %S

PG IE—FIEEUR Y EBIG, 7] LA Jablonski 51 3K i
BE(EI3 ()™ M P K 16 BRS RI9 4 5 1A,
B AR ) — S Pl i, ACEATTI R GG A
BRAT ] S REE, BRI IEZSSBRIT 25—k A
SBER TIMOR B ASS, A, ST B AR EE T
KHEREAREN, FIEMSEREES. a1
SR P EAS RPN, SLOERIE BTG R,
PR, W, ARG EA H MR O K A I
£ AR A BE B TR R A AT

MaZE NP2 T — Rl RO M A HLHESE 15
A TAPA-BTD-COF, RESTE LI PR Hh S AT NH;
B REE JRAGIN. % COFsil i M= 3 i =X S Fafb it
K /D NH3 53 AR A A B MR g 5 (1]
3(f)). TAPA-BTD-COFREH 1195.2 MUK, XFNH;
B 0 R AR g, XIS | SR R A
Tomany, RIS EEErE. A2 LR, Wit s
PRI T COFsSs 4, RIS A I A 1 v A
FERIN, Ay TF A RSO AR s PR AL 1R B

2.6 HET-COFsEs A

RO A (field-effect transistor, FET) S {444 g%
A TP R ARVE IR TE B AR SRS T AR I L 2
YRR T AR, o e B % ph VRN RN A FE AR 22
(] P2 S AARYA A K 5 2 R ARV B R T — )2 A )2
IR ZE L. 4 B AR SR SR B B CE SRV 8 ) AH
YEHIEE, B2 S iy g ATk B sl R Rk A28 1k, IF
AR LA 5 SRV E 2 (Rl B4, AT Rl H S
PE. XA TR AR RTINS H R B R RS T, PRk
TR SCHHE B BeAb, i R A f e eT LA
BB, FETRURMGRES A 2N, s
R PR A FIREIRE. BLAb, FETIZEAS T
DA 380 R B T HE A S A SRR 4 Hr, AT
SRR R A UL AR A T R .

Yang%: NN T —Fh I T COFsHIIL IS 4 FETIS
SRS, FHTRINR B T (Hg? VRl & LE S (1513(g)).
COFsHIFLIE & 47 fiENS S He™ B Fom 2 UM ELAE F RO
Mok, MHg™ B Tk AW COFsI B ki 4 1E Ak
SRRV, HL T COFs/ A1 S A Bl H B 1, 3k
A SR AU, TR R, AT R
TRAASA. T X AR R AR, AT LA B HE
F YR R BRI, COFsHyMMFE Mk Z LA RERs 1k
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WG, LRI Z BB T 70 07 A,
SEER T R R A RN IS RGN, AL RS AR A A
B o, REES0 ms A INEN 107 m Hg®', IR A
A PR g 7 AR A i 91

KA RGP T 2D COFSTESMAL IRAT U 1y 245
AR, Foor R T HAE B — AL B R} 5 S
JI 5. 2D COFsPIH T ii1FLiE . EEEhE
R EE R IR, SRS TR TS MR S sk
WA, ST 0T IR ] 515 S 0 m R .
2D COFSTEN AL IEHLH 4 Fe B0 o RARRE . ik
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Figure 4 (Color online) Effect of different growth conditions on COFs. (a) Snapshot of the effect of concentration on defects””). Copyright © 2025,
American Chemical Society. (b) Surface-assisted assembly of CHP molecules on Cu(111), Au(111) and Ag(111), respectively®®. Copyright © 2010,
American Chemical Society. (c) STM image recorded after CHP deposition on Cu(111)®!. (d) STM image recorded after CHP deposition on Au
(111)P®. (e) STM image recorded after CHP deposition on Ag(111)®. (f-i) STM images of covalent networks prepared by deposition at 1.3 Hz/s (f),

0.1 Hz/s (g), and 0.01 Hz/s (h, i), respectively”®”. Copyright © 2014, American Chemical Society. (j) Snapshot of the final polymerized structure of
COFs at different temperatures'°”). Copyright © 2024, American Chemical Society
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Two-dimensional covalent organic frameworks (2D COFs) have emerged as highly promising materials for advanced gas
sensing, due to their high specific surface area, structurally tunable pores, and versatile surface functionalities. Their
ultrathin, layered architecture facilitates rapid gas diffusion and maximizes the accessibility of active sites, leading to
significantly improved sensor sensitivity, response speed, and selectivity. This review systematically summarizes recent
progress in the synthesis and gas-sensing applications of 2D COFs, with a particular focus on controlled growth strategies,
operational mechanisms, and key performance-influencing factors.

The synthetic methodologies for 2D COF films are comprehensively discussed and categorized into top-down and
bottom-up strategies. Top-down approaches, such as solvent-assisted ultrasonic exfoliation, mechanical peeling, and
chemical delamination, produce thin nanosheets from bulk COF crystals. While straightforward for lab-scale preparation,
these methods often result in films with broad thickness distribution and limited structural uniformity. In contrast, bottom-
up strategies, including surface-assisted synthesis, various interfacial polymerizations, and external-field-assisted growth,
enable the direct fabrication of COF films on substrates. These techniques offer superior control over film crystallinity,
thickness, and morphology, with recent advances achieving wafer-scale, patterned growth under mild conditions—a
critical step toward practical device integration.

The review further elaborates on the diverse gas-sensing mechanisms enabled by 2D COFs, encompassing capacitive,
resistive, colorimetric, fluorescent, quartz crystal microbalance, and field-effect transistor-based sensors. These devices
function by transducing the selective adsorption of target gas molecules within the porous framework into measurable
electrical, optical, or mass changes. Notable demonstrations include ultra-sensitive NH; detection via fluorescence
enhancement, highly selective room-temperature NO, sensing using conjugated COFs, and sensitive detection of formic
acid with QCM sensors.

Critical factors governing the growth and final quality of COF films, such as monomer concentration, substrate
properties, deposition rate, and temperature, are analyzed. Optimal film formation requires careful balancing of nucleation
density and crystal growth kinetics, often within specific windows of these parameters.

Despite remarkable progress, several challenges persist, including the need to enhance the intrinsic electrical
conductivity of COFs, improve selectivity in complex humid environments, and scale up the production of high-quality,
single-crystalline films. Future opportunities lie in strategic material functionalization to create specific recognition sites,
the application of machine learning for accelerated materials discovery and optimization, and the integration of COF
sensors into portable and IoT-compatible devices for real-world environmental, industrial, and healthcare monitoring.

In summary, 2D COFs provide a versatile and powerful platform for next-generation gas sensing. Continued
interdisciplinary efforts in precise synthesis, fundamental mechanism understanding, and device engineering are essential
to transition these promising materials from laboratory research to widespread practical application.
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