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Abstract  Singlet oxygen ('02) is a highly reactive species with strong oxidizing properties , making it valuable in
various applications, including photodynamic therapy, organic synthesis and material science. However, its short
lifetime and high reactivity present significant challenges in its practical use. To overcome these challenges, the
development of efficient materials for 'O, capture and controlled release has attracted considerable attention. Covalent
organic frameworks (COFs) , with their unique crystalline structure, high porosity and exceptional stability, have
emerged as ideal candidates for '0; storage and transfer. In this study, we designed and synthesized a two-dimensional
anthracene-based COF (2D An COF) , which was further exfoliated into nanosheet (2D An COF-nanosheet) to
enhance its performance. Fluorescence spectroscopy analysis demonstrated that the 2D An COF-nanosheet exhibited
a significantly higher 'O capture rate compared to the bulk COF, which can be attributed to their more exposed
active sites. Both the 2D An COF and its exfoliated nanosheet showed excellent reversibility in 'O, release when
exposed to external thermal or light stimuli, with no significant degradation in performance after multiple cycles. The
results highlight the potential of 2D COF materials, particularly in nanosheet form, as efficient and stable platforms
for '0; storage and release. This work provides new theoretical insights into the design of 'O-responsive materials and
opens new avenues for applications in photodynamic therapy, photocatalysis and other fields requiring precise control
over reaclive oxygen species.

Keywords Porousmaterial; Covalentorganicframework; Nanosheet; Anthraceneunit; Singletoxygen capture and release
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Scheme 1 Synthesis and stimuli-responsive behavior of 2D An COF-nanosheet
(A) Schematic diagram of the synthesis of 2D An COF; (B) the exfoliation process to obtain 2D An COF-nanosheet via ultrasonic

treatment; (C) '0 capture and release by 2D An COF-nanosheet under light and heat stimuli.
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ASCRITIHE R T —Fh A S 4 bt B MR 2 LM 4 BUL COF (2D An COF) , s ik
— B NAK A (2D An COF-nanosheet, UL Scheme 1). XEeg0K F I T 0509 "04 45 5 a4 Bk
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1 SEIGERS

11 RF5NEE

4-[10-(4-Z FEFESHL ) B-9-FL R (APAA) | DU-(4-HITBESETR ) 20 (TBDA) FI PU A FE IRk, 4l i
95. 0%, b A REFHABRAE] 1,4- 580 =R O, srtval, bigphn T R
Fl s INERANIE CUbE, ATt R Kbt A Al

Empyrean DY01610 8 # A X 5t 26 £i7 5% (PXRD) , fif 2% PANalytical 23 7] ; IRTracer-100 % J§{i;
i L AR 2L A ETEAY (FTIR ) . DTG-60 7 22 # -4 43 H R 48 (DTA-TG) Fl UV-2450 B 58 4h-1] UL 535
HHETH(UV-Vis), H A Shimadzu /A F] ; Autosorb-iQ3 %Y [ g4k AR B 73 BT, € [E] Quantachrome 2y
) ; FluoroMax-4 F 5% 6614 (PL) , 35 [ Horiba Scientific 23 7] ; SIGMA 300 %44 oy, 7 2 1485 (SEM)
15 E Carl Zeiss 23T .
1.2 SCIEFE
1.2.1 2D An COF ty & &  ##36.0 mg(0. 1 mmol) APAA F122. 2 mg(0. 05 mmol ) TBDA R & 345) J5 #4 7
W, BEISHHR GRS 2 Pyrex B . XPE NI T L2 IR AU, T3 3R LAHERR 25, B IR S0
KRR FAESIRE . 35, AL 0 mLIE T EEANO0. 1 mL 6 mol/L LRV . 5 S i 45 ik & F
77 KA R, HMEA 22920 Pa. )5, AP SRS S AWIRA TR IIGHEE 1, BN E &
F120 CHMEFT M3 d. R NZ5 G, i 38 245 28 A UtiE . NI (20 mL) PE&UTIEY)
3K, = AE 20 mLAE C ke PR 4 he i uEA5 B A A E T 100 CHERI P A T2 h, 95
FE AR AR 2D An COF, 773N 85%.
1.2.2 2D An COF-nanosheet #] 4 & #4 50 mg 2D An COF BT 100 mL B, A 30 mL HI ALV 4k
i Y 7 Ak B TR A, O COF A BH f) 25 . ) S 5 B0 e 4 1 3 W45 %1 2D An COF-
nanosheet.
123 AR M RAE & AL T ARSI 2D An COF #12D An COF-nanosheet #: i1 1
16120 °C FEZBISA I Z /D 12 h(EZS <0, 13 Pa), LLBALEEBRFLI R By 451 R i< 4 .
124 'Ok L% $£0.5 mg 2D An COF 82D An COF-nanosheet 43 H({E 3 mL 7% 5 wmol/L TPP [ .
W, BT A AL . 3l AR 15 min DABE RIS A . Al 660 nm LED SGIE [ Hao K
(660+5) nm, M 18 T30 & L3 6 B R 7 AR TR M AR, BRSO B O ) R Ol (30+2)
mW/em?, ffi FHENZR AL HE , SCIRIEAE i R EE B 15 E 0 8 em | AT HRS . 7R I [E] M1 T, {2
ST W A i 70 R ITARAE J2 SR AR 9 S B 8 Ak (BUR I K 365 nm ).
125 0B IR 0.5 BFESL (2D An COF-0 8( 2D An COF-nanosheet-0) & T~ 100 ‘Cil#5
J#, 7E365 nm UVOGRRGSTS , Wl HAE0m B e .

2 #FR5iTiE

2.1 2D An COF #1 2D An COF-nanosheet B 454 R 4E

WHRRE 2D An COF B S ARZEH , SR A Accelrys Materials Studio A HEA T4, 255 WA 1(A).
FEAUAFF B 2D An COF FafiB %M a=3. 75 nm, b=3. 18 nm, ¢=0. 36 nm, a=B=y=90°. j# it Pawley }Hl ,
SCIRAT ST BRAE 3. 647, 7. 28°F110. 974k, 43 HIXTR. F P4 25 [ #EH A (110), (220)F1(330) Ah . K
&5 B M S 8 SR ZE SR 2L, 2D An COF IR, 5.21%, RH 6. 77%. AN, HHEHHIEE , 2D
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Fig.1 PXRD pattern(A), SEM image(B), FTIR spectra(C) and TGA curve(D) of 2D An COF

An COF L2 R 1. 9 nm, SPUITALEEH . @345 i B AEE (SEM) ISR, & i COF MR K
TR AERNIE AL 1(B) ].
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Fig.2 N: adsorption-desorption isotherms of 2D An COF(A) and pore size distribution of
2D An COF derived from NLDFT analysis(B)
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JPPEC RIRREAC. LAk, BOEIRETK R BOR T nT SR 2 88 2 1 T I8 R &500 [ 3 (PG ], e —2
IOUE T H R AR B E RN K R ) . A HEF B 2D An COF, 2D An COF-nanosheet fit %0 W% & i 2%
TRELEIB(G) ], FIIHALZ N, Ao NUTATEDUE T A A 2514 A IR 5 HERR A AL

© . e (E
B e e e o g 4
SRS SoateaNG | g g
SN 5 = =
S NG g b
SN ~ 2
RSN I 50 100 150 200
' 4 Length/nm
70nm g
£
= 2k
5 J191
= 0 1 [ 1
0 50 100 150 200
i Length/nm
g
£
52 !
Q
‘4 5 :E 0 1 2411 I;'m 1 1
: PR 0 50 100 150 200
0 08 pm Length/nm
700
) @
7600 |
o0
5 500 B T L L LE s Lavand
S ® i
B 400 |
ol
‘s 9o
_zéz 300
Z 200 k- ' @ @ Adsorption
z 3 o o Desorption
Z 100 3
M —— o 4
| | | O - ?FQOOOQIOQOG){)TOOQOQ?OOOOQ}BWD?
5 10 15 20 0 0.2 0.4 0.6 08 1.0
20/(°) Relative pressure, p/p,

Fig.3 Structural characterization of 2D An COF and 2D An COF-nanosheet

(A, B) TEM images of bulk 2D An COF (A) and exfoliated 2D An COF nanosheet (B) ; (C) simulated stacking model of 2D An

COF, where the total thickness of a six-layer stack is ca. 2.00 nm (corresponding to an interlayer distance of ca. 0.36 nm per

layer) ; (D) AFM height image of 2D An COF nanosheet; (E) height profiles along the colored lines in (D), showing nanosheet

thicknesses of 1.96, 1.91 and 2. 11 nm, consistent a six-layer 2D AnCoF stacking; (F) PXRD pattern of 2D An COF nanosheet

accompanied by a photograph of the sample; (G) N, adsorption-desorption isotherms of bulk 2D An COF (green) and 2D An COF-

nanosheet(blue) , revealing enhanced surface area after exfoliation.
2.2 2D An COF 71 2D An COF-nanosheet # 'O 33k SRR A 14 8%

PUZRFERRIER (TPP) £ 660 nm Ab AT R (Q 47 ), IR AT SRR TPP 7 A 10,1 1>, SEgs
# 2D An COF f12D An COF-nanosheet 73573 BUTE L EEH, FEIA TPP, Fifif5 H 1K 660 nm (356 RE ST,
L[4 + 2 ]P0 W 45 8 2D An COF-O fi12D An COF-nanosheet-O (75 COF 50,454 5 7=4))
[EI4(A) 1.y 7 HIE OB AR A B, A 96 Br Wil 1 4 B iy . 45 SR 3R B, Bt RSP I 1] Fi) B
£, 2D An COF #12D An COF-nanosheet 558 B #8055 , W] 2D An COF #12D An COF-nanosheet
510,455 % T 2D An COF-O[ & 4(B) | 12D An COF-nanosheet-O[ & 4(D) |. X —3d R n[ W00, i
100 CIG FRINM A B AL 2L, IS e Ry SEBE A 1, AT B0OLE S 8.3 B LK 4(CO)
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Fig.4 Photo-oxidation behavior and reversible conversion of 2D An COF and 2D An COF-nanosheets
(A) Ball-and-stick representation illustrating the reversible [4+2] cycloaddition between anthracene units and singlet oxygen ('02) ,
forming 2D An COF-O (carbon in orange, oxygen in red, nitrogen in blue, hydrogen in cyan); (B) time-dependent fluorescence
quenching of 2D An COF during '0> capture under 660 nm irradiation; (C) fluorescence recovery of 2D An COF-O during thermal
cycloreversion at 100 ‘C; (D) time-dependent fluorescence quenching of 2D An COF-nanosheets during '02 capture under 660 nm
irradiation; (E) fluorescence recovery of 2D An COF-nanosheet-O during thermal cycloreversion at 100 °‘C; (F) normalized fluores-

cence intensity (I/Io) showing the faster '0, capture kinetics of 2D An COF-nanosheets compared with 2D An COF.
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Fig.5 Cyclic photo-oxidation and photo-reduction behavior of 2D An COF(A) and 2D An COF-nanosheet(B)
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