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Controllable Synthesis and Photocatalytic Applications of
Two—dimensional Covalent Organic Frameworks

Yu, Xiaohan Huang, Wei* Li, Yanguang™
(Institute of Functional Nano & Soft Materials (FUNSOM), Soochow University, Suzhou 215123)

Abstract In the past century, the extensive consumption of fossil fuels has caused significant environmental pollution and
energy resource crisis. As a result, seeking to develop clean and renewable alternatives to traditional fossil fuels has recently
aroused great concern. Clean and abundant solar energy is undoubtedly an ideal solution. Inspired by natural photosynthesis,
tremendous efforts have been devoted over past decades to build artificial photocatalytic systems that aims to convert solar
energy to valuable chemical energy, such as H2, CO, CH4 and H20z etc. To do this, developing advanced semiconductor pho-
tocatalysts with superior optoelectronic properties is of fundamental importance and has become one of the main challenges.
Two-dimensional covalent organic frameworks (2D COFs), as a new class of crystalline, organic porous materials, have re-
cently attracted increasing attention for photocatalytic applications. Specially, they feature periodic molecular architectures
and m-unit arrays that are assembled from organic subunits via covalent bonds and 7-m interaction. Benefiting from these
unique structural characters, 2D COFs usually possess broad visible light absorption range and much enhanced charge sepa-
ration efficiency in comparison with their amorphous counterparts. Moreover, their molecular topology structures and optoe-
lectronic properties can be readily tuned by selecting suitable monomers and synthetic procedures, making them to be a ver-
satile platform for task-oriented synthesis of advanced photocatalysts with predesigned structures and functionalities. There-
fore, the development of 2D COFs photocatalysts will undoubtedly provide new opportunities for efficient utilization of solar
energy. In this paper, we first overviewed the synthetic methods of 2D COFs and the viable strategies for modulating their
optoelectronic properties, and subsequently summarized current research advances of 2D COFs on photocatalytic water split-
ting, CO2 reduction and H20: production. Finally, the opportunities and challenges in this emerging field are prospected.
Keywords covalent organic frameworks; photocatalysis; Hz evolution; CO2 reduction; Oz reduction
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Figure 3 (a) Molecular structure and the spatial stacking model of FS-COF. Reproduced with permission®. Copyright 2018, Springer Nature. (b)
Chemical structures of BD-COF and CYANO-COF and (c) wavelength-dependent AQE of photocatalytic H, production for CYANO-COF. Reproduced
with permission®"). Copyright 2022, Springer Nature. (d) Chemical structure of PY-DHBD-COF. Reproduced with permission!®?. Copyright 2022, Spring-
er Nature. (¢) A TEM image of the exfoliated 2D CTF-1 nanosheets (the insert is the photographs of the bulk and exfoliated CTF-1). (f) Comparison of
photocatalytic H, production rates of the bulk and exfoliated CTF-1. Reproduced with permission!®?. Copyright 2022, Wiley-VCH. (g) XRD patterns of
CTF-1 synthesized in presence of different bases. (h) A TEM image of the highly crystalline CTF-1 and (i) its photocatalytic performance for overall water
splitting. Reproduced with permission®*. Copyright 2020, Wiley-VCH

Acta Chim. Sinica 2022, 80, 1494—1506 © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1499



oF ¥ R

ITE . BT ihoh, SeEb M gKIE 325t
W FIRAM B SCR B IR R, JoH ey A
PRI LA B m LR AL 702 IR T OB 35 1
AL P DR B R FLART 4 B RE R AR MRS R 3%, —E
DLk 2 B AT 72 59F. 2D COFs #RHE A (1) — 4ty
TRIBR ) & COFs 4K Fr#2fit 7ol gE. Imi, 1%
FIE RIS I E G R T — RV 4 et ) CTFs 4K},
S T ROAE BR S ] £ HA R 4E CTFs 902K Fr (B 3e)162.
TR TEE AL, AT LR A S AL R e ) %L LA
CTF-1 #HEL I, —4E44K BRI CTF-1 7£ L = 2 gl
R, Pt AR BIEALTRIERT, FLAT WO BT AR
AL E] 7971 pmole g 'eh ™!, MITEAH [F 2 A4 T Bk AR
FISEPESCA 1619 pmol « g o h (] 31).

R 2D COFs MRMES AT R B TS 17
ZEBEE, (HAE M AA K USA SR TH I B KBk
mi%. X 3B BTG R AT SRR R TR B
ik HL A B e B )5 B (1 DY T R R I R, IR R
fREZHNG] T BEA K o A L) R A3 SEEL A AL
AT SRR B R A AN 75 B 77 L 4% 3 1Y) e i 5
DAFRHE TS A R BLIRS) 77, [FIBIE 75 BB B A R
FLff AR B AR, (A 2 UG B 2 A s, DLIGE
Ta b R R A B BT HE R TR R4, 2020 4F, HBRE
SEOSHR T FS TR RN T 12 FOARH RS 4 R DL RO
M A AR I AT W E R RE, 45 RRUIESH BRI
JEEESE ) 2D COFs (I-TST)M ELZIEE K e HEALAT
AR AR KA R, ik — 0@ i SRR 0 E T IX — 4
S A, R BRI A RUT B AR A e A 1 5,
T 3o RN BRI IR S N A B T g B MR CTF-1 %
fEALTAI(E 3g, 3h). ZMEAT 27 138 Pt A CoP 1E bt
SFIHT S AR, LE R WO SR R SEEL TR A g
fift, M ERIHT S 2 0] 4 SIS ) 25.4 F1 12.9 pmol e g e
h (B 30). Bk L, HATHORE R R EE T T
AL P AN B AL 7 4% B, et A iRk 2L
FANINBAR. B AR, @ kAR A ERe
ZERJI 2D COFs, 478 Z T COFs S5 Ji 455 N s I 2%
AL AR K AT R IPLIBOCT, FEAAS COFs YuiElL
FHEE, Z BT 2 o B AN 2H 2 R 45 0 R Rl A T
AT EIE— AN RBEP AT, XA R T MR
2], 1 H A OR H T8 R 4E RE L 8 I L IR TR g
RSEIL AR KSR T AT RE.

42 HREM-SHRTER

A& BARLE, JofEt COp B RA PRI, X—
JIRERN COx Bem MR EENE CO HITH L ATEE AL K
A, 55— 5T CO I JFU S S H T BE (7 ) Ak 2% HAFAE T
SURMITES, LYk FE A S0 R4S COFs #4
RHEJCHEAL CO, I8 5 S N (B TSP g, {H COFs
MRS RIER T, AP RIPUR LB . R
LSRRI IR, AT CO, Mg {L, 1E

1500  http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

ML COy 3 J5 A3 H A R 1 R S 000, H T,
F Tt MAL COL I8 JR ) COFs AL H & & N, O, P, S
IR, XA I CO, WP [ Bt 7T LAVE A
CO, AL B AETEPEAL s 000, {54, 1y N7 FEEE 002 DL I
W SR it E - SR A, = R RO IR H S A T — el
D-A 845 CT-COF JefiEfb il (B 4a). 7E CO, MIZKZES
TR s N AR R kR CO, IR JEA CO, 7
RiE 1027 umole g 'eh ™! I KBS (DFT)iHH. %
B, ZHEFR ) N R T H CO, 43 T 2 [a AEAE B A - DU 4
AHEAEH, R G, 1E6IE T A 1 I
R BT =BRIR5 K CO b5, Ak, KA
SENGHBER] 7 ZEINAE CO, b JE i AR E ), AEA
SRR, S =HREEHI N3-COF YBiEfk CO,
2B AR I RCR AT LK #) 13,7 pmoleg ™!, MEREI] BAR T
ANEr ZIREERE AT RL(8.6 pmoleg ).

BRI S BT COy IR F T H R T — €
IS T, (R BCREE AN, IIANBENER
A7 55 (In Ni, Co, Fe, Mn, Pd, Re 25) /& it — 312 THi
e RE R EF B SR G AL AE N CO,
W B A AU SRR A RO, BRI S TSR RE, TR AT DA
VN BTS2 AR AT . 3 LSS T —
P& A 2,2 -Bembue 5 A 3L %8 2D COFs H it #
Re(bpy)(CO)sCl 2% &4 4 J& Ak h o il i AE SR i B SR 45
KR (Bl 4b). BB Re-COF M RHE = ZEEHZ(TEOA) )
ISP BALL 15 mmoleg ™ ' IHE R, 98% 1) ik £ 1
¥ CO, BRI JE N CO, I R iR th(A 4c).
WA TR ORI 2 1 A 4 R W, SO A: BTl
iy A AT RS (ICT) PRIE ML HE COFs i 446/ 3|

JiR. Cooper FIZR/NERIOS109N 4 56 T SAUMA B} 15 T S
AR, 75 EIRR R, BrEE o O A B P 41,
COFs 5 HLH 284 My nH AL e e th A7 s, o7
SERIRITC A AR E T & JB LA A8, SR mi ik
eI RE A RE AT S50, DRI, T SRS M AU i
PER) CO, iR JEVERE, — 3 75 A AP U101 7530 1
WEFH, 22 RENOSIG B T — R A 4 s b bk oRd DU B
&L SH D-A B 2D COFs J6EAL 7 (TTCOF-M,
M=H, Zn, Ni, Cu). BN I AN CO, ik JEHE 4t
B AT A5, RIS NIRRT IR K o B GE Rt A R
W Y BBl J BN T WX, RS SRR, el
KT HETNE BT VUG E TS F 7 5% 26k f 1 1)
GBI, BEJS 5] R AE SR AL R COL I FE 1
W JFE AL CO, [FIEF, JERFTUURE s LB & 744k H0
BB B 0o 4d~4f). T, %R ZH 0060 i
Mk £ 48 AR £(POM) 4175 15 A1 BR I8 7E 2D COFs
YKFLIEN, #1147 COF-POM Zibitkl, %kl 5
HERER UL R R A AL P O B Tk, B
PR WO A S (B 4g). 7E A A N

Acta Chim. Sinica 2022, 80, 1494—1506



(a) Q, oG (c)
Nt - N Wyt
d ’.r || a
I! N3 L %
w1 QA E
4 x o
ol 4 Ho e v 9
i O T BET e e 6*‘ O
O T @5 § 5
b X 'b 54 £
n N ;E) H 4 0 -
Q»—N,_@«'@ﬁ‘ﬁ@ 0 :., ..... X R ° ;tlme(h? ) ¢
I3 o) 0 5 10 15 20
§ Time(h)
(d) (f)
14
_ mm cO 104
° 12 Oz
£
3 10 5 08
c s
fg Ly % 06
% ¢ I E 0.4
Py I E
;O; s 0.2
LE 0.0

350 400 450 500 550 600
Wavenumber (nm)

800 | —9— TCOF-MnMo, é
700 ] —3—ECOF-#inbo, /§/
o 600- i
3 P
2 s00- /
-
= g
o /‘f yﬁ
300 A &
200 A /'?‘é
& ./I/’
100 2(‘} i
39
0 1y . .
0 4 8 12 18 20 24
Time (h)

Bl 4 (a) CT-COF (k245 LL K st i B e 12 /R R IO, (b) Re-COF [RIAL 245 9 S (o) etk CO, IBJE = CO PERENY. (d)& A R4 )@ it
TTCOF-M {E S B HEAL CO, IEJF SR I TERE. (¢) TTCOF-M £ CO, 3 JEAAR S AL P i) S SEHLEE. (f)BEHULHT TTCOF-Zn 2 4h—7] W't i S S i
K E(UV-Vis DRS) AR AL L F (K548 #4210, (g) TCOF-POM [ K H(h) YAl CO, B S5 = CO g

Figure 4 (a) Molecular structure of CT-COF and the proposed electron transfer pathway. Reproduced with permission!'®?. Copyright 2020, Wiley-VCH.
(b) Chemical structure of Re-COF and (c) its photocatalytic CO,-to-CO performance. Reproduced with permission!!®. Copyright 2018, American Chemi-
cal Society. (d) Photocatalytic CO, reduction and water oxidation using different TTCOF-M and (e) the proposed catalytic mechanism. (f) Simulated
UV-Vis DRS of TTCOF-Zn indicates the photo-induced electron transfer route. Reproduced with permission!'®!. Copyright 2019, Wiley-VCH. (g) Syn-
thetic procedure of TCOF-POMs and (h) their photocatalytic CO evolution rates. Reproduced with permission!'%. Copyright 2022, American Chemical
Society
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Figure 5 (a) Chemical structure of TAPD-R, COF (R=Me, OMe). Reproduced with permission!!'?), Copyright 2020, American Chemical Society. (b)
Chemical structure of TFs5-COF and (c) its photocatalytic H,O, production rate in pure water. Reproduced with permission!'?®l. Copyright 2022,
Wiley-VCH. (d) Schematic illustration of the two reaction pathways for photocatalytic H,O, production using CHF-DPDA and (e) the photocatalytic H,O,
production rates of the samples. Reproduced with permission!'*!!. Copyright 2022, Wiley-VCH. (f) Photocatalytic H,O, production rates of COF-TfpBpy at
different temperatures and the corresponding solar-to-chemical conversion (SCC) efficiencies, (g) the formed H,O, can be directly used for the degradation
of RhB and sterilization of E. coli and (h) the proposed photocatalytic mechanism. Reproduced with permission!'??!. Copyright 2022, Wiley-VCH
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