K F F IR

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A15020106

FHEZFLEN BB RER

AN fFEE HET e
PR APREREATRE S TR L R TA% J63 100029)

WE 2L E PR (Covalent Organic Materials: COMs) & — IS8 FeA 8 AN [A) T LA #4 T A B A HLIE AR 41 2%
MREYEEZ TR M2 FUMEL. 75 COM MRMA R b, ILERAE I T B0 T G IR, &I B TR L LA 1 20 2
FRAE 7 AR S, [ R B AL A M oV S R AR, 0 s B R A, DGR TR L T EiE, S
P SRR ERIR S A O R R B NI ). AR HSEE COM Mk, g HAEE SR, RRIREOE/EK. K
FAfE It PR FE b A (R IR IR S RO ) s BRIRAA GG S ARAR . B F R EH) R IN H, FRARIE ATt AR, 18
H 7T COM MEHEEE. REJLH COM MBI IR AT 81 2 #1, (H'E C4 R A TRAS 1 s2m, 76 34k
T e R AU Ay T A R B B AR, RIS .45 e W sy ok 1 T L.

KA UM NUE BRI ENIR G, SR 6K, KBRRE I, UL TR R B B

Photoelectronic Porous Covalent Organic Materials:
Research Progress and Perspective
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(State Key Laboratory of Organic-Inorganic Composites, Molecular Energy Materials R&D Center, Beijing University of
Chemical Technology, Beijing 100029)

Abstract Porous covalent organic materials (COM) are a class of multi-dimensional and multi-functional porous materials,
which are built via covalent bond of colorful organic building blocks. COM materials possess inherent optimized pore size
allowing ion migration, and high specific surface area, providing the possibility of formation of an electrostatic
charge-separation layer, a conjugated system resulting in light-harvesting properties and a highly ordered structure, enabling
the formation of conductive paths. In this review, we summary the applications on semiconductor, photolysis of water, solar
cell, oxygen reduction reaction in fuel cell, lithium-ion/sulfur battery basing on COM materials. Meanwhile, we also propose
the design strategy for photoelectronic materials. Although the development of COMs as photoelectronic materials is still in

its infancy, COM materials has being attracting ever-increasing attention and open a new window in this field.
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Figure 1 The multidimensional covalent organic polymers and the related monomers. Except for the hypothetic COF-1-fullerene/tube”™ and polygonal
COP-tube!®, all the other materials are experimentally reported. In the upper figure show the main building blocks for 2D covalent organic polymers, and
the strategies for 2D polymerization. A linear building block B, can be combined with other building blocks in other shape to extend the structures of 2D
COPs. ‘B’ refers to the ‘building block” and ‘P’ refers to the resulting ‘polymer’. In the bottom figure, R in each of the organic linkers can be one of Br,
B(OH),, NH,, CN, CHO, I, C1, OH, N3, alkyl, or thienyl group'®!!
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B2 4 COM MR HERERE R BXTFRAY eclipsed AA. staggered AB HEBAR sUAMICH BRI serrated. inclined HEMERE (M AL Z A7)
Figure 2 The packing model of COM materials: high-symmetry eclipsed AA and staggered AB stacking form, and low-symmetry serrated and inclined
stacking form (from left to right)®"!
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Figure 3 (a) Schematic representation of TP-COF (structure is based on quantum calculation and crystal lattice parameters; B purple, O red, triphenylene
green, pyrene blue, H atoms are omitted for clarity). (b) /-V profile of a 10 pum width Pt gap (black curve: without TP-COF; blue curve: with TP-COF; red
curve: with iodine-doped TP-COF). (c) Electric current when 2 V bias voltage is turned on or off. (d) Schematic representation of the structure of
PPy-COF. The structure is based on quantum-chemical calculations and crystal-lattice parameters (B white, O red, pyrene blue; H atoms are omitted for
clarity). (e) I-V profile of PPy-COF between sandwich-type Al/Au electrodes (black curve: without light irradiation; red curve: upon light irradiation). (f)
Photocurrent when the light was turned on or off
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Figure 4 D-A-COF co-condensed from benzothiadiazole diboronic acid and HHTP®!
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Figure S (a) Schematic representation of Pc-PBBA COF. (b) Pc-PBBA COF absorbs light over a broad range of the visible and near-infrared spectral
regions. (¢) Schematic representation of NiPc COF. (d) I-V curves of NiPc COF (red curve) and [(MeO)sPcNi] (black curve) sandwiched between Al/Au
electrodes. (e) Schematic representation of 2D-NiPc-BTDA COF. (f) Transient conductivities irradiated with a 355 nm pulsed laser at the photon density of
1.6 X 10" under Ar (red curve), SF¢(blue curve), and after annealing under SFs for 1 h (orange curve) and 24 h (green curve) or under O, for 24 h (black
curve). (g) Schematic representation of Dzype-Axpi-COF; (h) Illustration of a 2 X 2 cell of the 0.8 A slipped AA-stacked COFs and photochemical events
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Figure 6 (a) Schematic representation of COF 366. (b)Schematic representation of COF 66. (c¢) Schematic representation of MP-COFs (M=H,, Zn, and
Cu). (d) Schematic graphs of a 2X2 grid of MP-COFs with achiral AA stacking 2D sheets (C: light blue; N: deep blue; H: white; O: red; B: pink; Zn:
green; Cu: violet). (e) Graphical representation of metal-on-metal and macrocycle-on-macrocycle channels for respective electron and hole transport in
stacked porphyrin column of 2D porphyrin COF. (f) Photocurrents for 2D porphyrin COFs upon repeated switching of the light on and off. (g) Wave-
length-dependent on-off switching of photocurrent of ZnP-COF at a bias voltage of 1.0 V
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Figure 7 (a) Building blocks and the partial structure viewed normal and parallel to the AB plane of T-COF 1,2,3,4. (b) Reaction scheme for the
co-condensation of TT-COF and /- characteristics of the TT-COF-based photovoltaic cell measured under illumination with simulated solar light
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Acta Chim. Sinica 2015, 73, 557—578

Potential

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

H*/H:
Conduction band o=
eT T &7 8"
willl
band gap
l 5 4
L "
- Valence band
OH-/0:

565

http://sioc-journal.cn



¥ F R

Pt/CNU-ATCN 77~ %28 8.8%, 1t 3 h [FIEL: G
T, EPEEA 1.55 mmol.

B 1 DL BT IE R EAGERSE, 2014 4F, Lotsch ¥R
H ¥ 1,3,5-tris-(4-formyl-phenyl)triazine (TFPT) Al
2,5-diethoxy-terephthalohydrazide (DETH)K F Ji g 1113
B A T A JHETEPER) TFPT-COF(E 10a)t4
FIPU TFPT-COF MM EIREEH, I 2 E Y il 5
AR, H BET HLRHFHIAF] 1603 m*sg ' TEPT-COF #14}
LR RN 3.8 nm, B HA RIFIBOGEE ), REIR
W 400 nm A EAKOG, FERTELEM E] 600 nm. 44
& JEHIHEALIEN TFPT-COF 4 WPF ﬁﬁﬁﬂ 11 R4
VE MR 7T, TFPT-COF/Pt kRS RS2 211 Ak,
FEARK A B, P A EIL 230 urn01°g fh !, Mg
i 10%1 = ZEE (TEOA)E AR A i A I, 7= Sk
AEf%ILF] 1970 pmoleg 'h (&l 10b).
4.2 XKPHEE

X FH RE HL 2 — Fioks 6 BR % 40 h HLRE 1 il RE AR 2F,
BT KRR R — M AR, FZ AL ORI, 75
W LHE L, AR AE P2 A5 LA B #E H b0
ALK BH RE B> g 5 T R oK oeE, &
E R K22y NE T RKPHRERIWEFT. & U A4k r it 3=
&l Tio,Y", ZnO, SnO,, Nb,Os, In,Os, SrTiO;,
Zn,SnO FEHUKFAE N LT 324k, 11 B 58 7E it 45 4

FIER GV T AR R COM ML RA B R
FeRmA . 2L, &8 o AR, Rt iR

A&, /E:ﬁ%% PIEZREE M, BeAl, R TAR 5
PEFN A TR S5 ] DAVE 9 o 4R B2 T K BH fig L
.

Bein 1 Knochel Z55% H] TTBA Al HHTP &% 1
REMEAE A {4 R Wy 2 TT-COF. TT-COF K L3R 1
PN 1810 mPeg !, FLIARUN 1.19 cm’g !, LKA
3.0 nm. TT-COF #ef% 5 Hi1 321k PCBM 4 % — i (1)

Perl‘ect graphltlc carhon mtr:de sheet

N)*NJ\\NA

Tri-s-triazine(melen)unit

SERIE P TR SRR R SR RE S HTIESE T R
SR A I BT TT-COF #E % PCBM () £ FLil &
ti(& 11a). N T HEF TT-COF:PCBM H, T-fiLk—32 A4k
AWM MR, AR T —HE 200 nm (1)
ITO/TT-COF:PCBM/Al —B¥A £5 ¥ () 884, TEAR4LKPH
A AM 1.5 FIFERE AR AT 2% Ho T 622 mV, 2%
HIRZ N 0213 mAeem 2, TR TN 40%, HHE
1% N 0.053%(& 11b). 2013 4F, Jiang ZP34 1 T —
itk e fa e, RAITFBOEE . wmIgmm =4
CS-COF(K 11o)# kL, R MAIRIE, Co REBT HLE
CS-COF FFiffr)idiE B, JEmsitaH 71 CS-COF 2Cq.
EARIEN 1.5 V', lI#3 AV/CS-COF DCy/Au — HH VAL,
PRI K BH B FLIH 1) AL 1 2.0 pA, i FRLI 0.029 pA.
EEIR AT, FIH CS-COF DCqo #1484 il 117 (1) 78 5 A
PHBE VLA EHIE AM 1.5 B, TS 56 AL RER N 0.9%,
FFEEHIE N 0.98 V, FHEHEAZEAN 1.7 mA-cm °,
TR 0.54(E 11d). RAZRUUIA RO, 1ZR A
NART — R A, JFRGEE A2k 1
S 457 (Coo)y-ZnPc-COFs ARIPH K B g Ha jth FrUAfF
.

JRUE N, IXEIET COM PR B BE FELIb 23 1F,
IR H eI P R I L I 2 R R A 1 0l L A AL R
FRKBR T AMRIAE s e REAh, BUIRIER) COM #1K)
VA R AN ZARHI A R, TR ANV B
PE, A APRHIN TR Sk 1 RHE, A4S HE T2 i LA i
E’i, U PG TRREDRS P82 L P55 T A1 ot o PP VR FEAS )

A AR, 2 SRR R AR T AR KB, ljkt
%J%T/ﬁ ML COM APRHL K B i i COM BB A 2
T 1Lk 28 O PH R L fR B R I S B Bk AL, a%%}%?
COM AR BH f6: FiL b 25 14 (14 5 B FELIAE 55 P R L
R, T LB JLT T F: (1) 1] COM MRk
IR EFE A, 39K COM MR TR BH G 1 R S

(b)
z
=
=
=
B
«
2
=
]
=
I
2
=
<
300 400 500 600 700 800
Wavelength(nm)

B9 (a)f s AR R AR 45 140 A 2 TR ) (o) UAA 58 A e ol P (N P A i A7 )™

Figure 9 (a) Schematic diagram of a perfect graphitic carbon nitride sheet constructed from melem units; (b) Ultraviolet-visible diffuse reflectance spec-

trum of the polymeric carbon nitride (Inset: Photograph of the photocatalyst)
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Figure 11 (a) Schematic representation of the host-guest complex of TT-COF and a PCBM molecule to scale (C grey, O red, B green, and S yellow). For
clarity only one PCBM molecule is shown, whereas in the experiments described, the COF channels are loaded with the PCBM phase. (b) Representation
of TT-COF-based photovoltaic cell. (c) Schematic representation of synthesis of CS-COF2C60 by sublimed crystallization of fullerenes in the open
one-dimensional channels (white: carbon; red: nitrogen; purple: fullerene). A side view of CS-COF 2C60 is also shown. (d) J-V curve of the photovoltaic

cell under irradiation with air mass 1.5 conditions
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Figure 12 (a) Schematic diagram of synthesis of N-rich COP precursors. Schematic representation of synthesis of COP-2, COP-4, COP-T and COP-P
through monomers tris(4-bromophenyl)amine (TBA), 2.,4,6-tris-(4-bromo-phenyl)-[1,3,5] triazine (TBT), (4'-bromo-biphenyl-4-yl)-porphyrine (TBBPP)
and 2,4,6-tris(5-bromothiophen-2-yl)-1,3,5-triazine (TBYT), respectively, using nickel-catalyzed Yamamoto-type Ullmann cross-coupling reaction. The
actual structures of these statistical COPs will be more complex than those represented here. (b) Partial charge density of N-doped COP graphene. (c) LSV
curves of COP graphitic electrodes in O,-saturated 0.1 mol/L KOH at 1600 r/min at a sweep rate of 5 mVes '. (d) Calculated charge distributions for the
cluster for optimal O, adsorbed on the COP-4 graphitic carbon. The measured distance is presented in angstroms, and the measured angle is presented in
degrees. The insert table is the optimal band length of O,*%
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Figure 13 (a) Scheme for synthesis of non-precious Metal doped COP graphene. (b) LSV curves of metal-incorporated C-COP-P-M in O,-saturated 0.1
mol/L KOH at 1600 r/min at a sweep rate of 5 mVes . (c) The calculated percentage of peroxide (solid line) and the electron transfer number () (dotted
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representation of the chemical synthesis of metalloporphyrin-based conjugated mesoporous polymer frameworks (M=Co, H,) (e) LSV curves for
CoP-CMP, CoP-CMP600, CoP-CMP800, CoP-CMP1000, H2P-CMP800, and Pt/C in O,-saturated 0.1 mol/L KOH. (f) The n values of CoP-CMP,
CoP-CMP600, CoP-CMP800, CoP-CMP1000, H,P-CMP800, and Pt/C against electrode potential''*”
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Figure 14 (a) Preparation of GMPs and related graphene-based microporous carbons (GMCs). (b) CV curves of GMCs in N,-saturated (dashed line) and
O,-saturated (solid line) 0.1 mol/L KOH at a scan rate of 50 mVes'; (¢c) LSV curves of MC-S, GMC-S, and Pt/C in O,-saturated 0.1 mol/L KOH solution

at 1600 r/min at a scan rate of 5 mVes™ 1%
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Figure 15 (a) Schematic representation of the synthesis of HATN-CMP and the elementary pore structure. (b) The photos of HATN-CMP electrodes and

lithium batteries thus fabricated!’”
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Figure 16 (a) Schematic illustration of synthesis procedure towards MGTF hybrids: (1) assembly of GOT into 3D architectures MGTF hydrogel
(MGTFH) by hydrothermal process, which is promoted by the presence of amphiphilic polymer; (2) freeze-drying and carbonization of MGTF. (b)
charge/discharge profiles of MGTF PEI at a current density of 0.1 mAsg™". (c) the cycle performance of MGTF PEI, MGTF PVA and GT at a current den-
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Figure 19 (a) The scheme for synthesis of PAF-1 materials. The cyan sphere in the right structure refers to the pore in PAF-1 and the purple lines refer to
the framework of diamond structure. The actual structures of the statistical PAF-1 materials will be more complex than represented. (b) and (d) CV curves
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current densities of 10, 5, 2, 1, 0.5, and 0.2 Aeg ™', respectively. (f) Specific capacitance of CPAF-1 and N-CPAF-1 at different current densities. (g)
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