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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. 
Keywords  covalent organic frameworks; covalent organic polymers; semiconductor; photolysis of water; solar cell; oxygen 
reduction reaction; lithium ion battery; supercapacitor 
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1  . COF-1-fullerene/tube[59] COP-tube[60] , 
. , , . B building block, P
. R [61]  

Figure 1  The multidimensional covalent organic polymers and the related monomers. Except for the hypothetic COF-1-fullerene/tube[59] and polygonal 
COP-tube[60], 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 B2 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)2, NH2, CN, CHO, I, Cl, OH, N3, alkyl, or thienyl group[61] 

 
2  COM : eclipsed AA staggered AB serrated inclined ( )[67] 

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)[67]    
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O , pyrene , ); (e) (Al/PPy-COF/Au) I-V ( : ; : ); (f)  
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) I-V profile of a 10 m 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 



 
     

  
 
Acta Chim. Sinica 2015, 73, 557—578 © 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn    561 

 

4  D-A-COF [76] 
Figure 4  D-A-COF co-condensed from benzothiadiazole diboronic acid and HHTP[76]
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5  (a) Pc-PBBA COF ; (b) Pc-PBBA COF ; (c) NiPc COF ; (d) NiPc COF( )

[(MeO)8PcNi]( ) I-V ; (e) 2D-NiPc-BTDA COF ; (f) 1.6 1015, 355 nm
, ( ), SF6( ) ,  SF6 1 h( ), 24 h( ), 24 h( ) ; (g) 

DZnPc-ANDI-COF ; (h) 2 2 , 0.8 Å AA  
Figure 5  (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. (c) Schematic representation of NiPc COF. (d) I-V curves of NiPc COF (red curve) and [(MeO)8PcNi] (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 1015 under Ar (red curve), SF6

 (blue curve), and after annealing under SF6 for 1 h (orange curve) and 24 h (green curve) or under O2 for 24 h (black 
curve). (g) Schematic representation of DZnPc-ANDI-COF; (h) Illustration of a 2 2 cell of the 0.8 Å slipped AA-stacked COFs and photochemical events 
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6  (a) COF-366 ; (b) COF-66 ; (c) MP-COFs (M H2, Zn  Cu); (d) MP-COFs
2 2 ( : ; : ; : : : ; : ; : ; : ); (e) COF , 

; (f) COFs ; (g) ZnP-COF 1.0 V
 

Figure 6  (a) Schematic representation of COF 366. (b)Schematic representation of COF 66. (c) Schematic representation of MP-COFs (M H2, Zn, and 
Cu). (d) Schematic graphs of a 2 2 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 I-V characteristics of the TT-COF-based photovoltaic cell measured under illumination with simulated solar light       
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Figure 8  Schematic photoexcitation in a solid followed by deexcitation events 
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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)[88] 
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10  (a) TFPT-COF . (b) , Pt TFPT-COF ( 420 nm) . 
10 vol% 5 h 19.7 mmol•h 1( )[91] 

Figure 10  (a) Scheme showing the condensation of the two monomers to form the TFPT-COFs. (b) Time course of hydrogen evolution from an aqueous 
sodium ascorbate solution by the Pt-modified TFPT-COF under visible light irradiation ( 420 nm). The inset shows the hydrogen evolution rate (19.7 
mmol•h 1) from 10 vol% aqueous triethanolamine solution over 5 h (red)[91]  

 

11  (a) TT-COF PCBM (C , B , O , S , PCBM , 
, COF PCBM ); (b) TT-COF ; (c) CS-COF

CS-COF C60 ( : ; : ; : ) CS-COF C60 ; (d) 1.5 AM J-V  
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-COF C60 by sublimed crystallization of fullerenes in the open 
one-dimensional channels (white: carbon; red: nitrogen; purple: fullerene). A side view of CS-COF C60 is also shown. (d) J-V curve of the photovoltaic 
cell under irradiation with air mass 1.5 conditions    
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12  (a) N COP ; (b) N COP ; (c)N  COP
0.1 mol/L KOH ; (d) C-COP-4 , C-COP-4 [36] 
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 O2-saturated 0.1 mol/L KOH at 1600 r/min at a sweep rate of 5 mV•s 1. (d) Calculated charge distributions for the 
cluster for optimal O2 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 O2

[36]
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13  (a) COP ( M Fe, Co Mn); (b) 0.1 mol/LM O2 KOH COP
; (c)Fe/Co COP [35]; (d) CMP ; (e) 0.1 mol/L O2

KOH CMP ; (f) CMP [103]  
Figure 13  (a) Scheme for synthesis of non-precious Metal doped COP graphene. (b) LSV curves of metal-incorporated C-COP-P-M in O2-saturated 0.1 
mol/L KOH at 1600 r/min at a sweep rate of 5 mV•s 1. (c) The calculated percentage of peroxide (solid line) and the electron transfer number (n) (dotted 
line) for the metal-incorporated C-COP-P-M (M Fe, Co) samples at various potentials, derived from the corresponding RRDE data[35]. (d) Schematic 
representation of the chemical synthesis of metalloporphyrin-based conjugated mesoporous polymer frameworks (M Co, H2) (e) LSV curves for 
CoP-CMP, CoP-CMP600, CoP-CMP800, CoP-CMP1000, H2P-CMP800, and Pt/C in O2-saturated 0.1 mol/L KOH. (f) The n values of CoP-CMP, 
CoP-CMP600, CoP-CMP800, CoP-CMP1000, H2P-CMP800, and Pt/C against electrode potential[103] 

 
14  (a) COM (GMPs) (GMCs) ; (b) O2 N2 0.1 mol/L KOH GMC ;     

(c) 0.1 mol/L O2 KOH GMC [104] 
Figure 14  (a) Preparation of GMPs and related graphene-based microporous carbons (GMCs). (b) CV curves of GMCs in N2-saturated (dashed line) and 
O2-saturated (solid line) 0.1 mol/L KOH at a scan rate of 50 mV•s 1; (c) LSV curves of MC-S, GMC-S, and Pt/C in O2-saturated 0.1 mol/L KOH solution 
at 1600 r/min at a scan rate of 5 mV•s 1[104]  
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15  (a) HATN-CMP HATN-CMP ; (b) HATN-CMP [107] 

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[107] 
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16  (a) MGTF : (1) GOT 3 MGTF (MGTFH); (2) MGTF
; (b) MGTF PEI 0.1 mA•g 1 / ; (c) MGTF PEI, MGTF PVA GT 0.1 A•g 1 [108] 

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 mA•g 1. (c) the cycle performance of MGTF PEI, MGTF PVA and GT at a current den-
sity of 0.1 A•g 1[108]
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17  (a) Li||PAF-S / ; (b) 25 , Li||PAF-S 0.05 C 1 mol/L LiPF6/MiPS
[55] 

Figure 17  Galvanostatic discharge/charge curves (a) and cycling performance (b) of the Li||PAF-S cell under a current rate of 0.05 C in 1 mol/L 
LiPF6/MiPS at 25 [55]    
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18  [118] 

Figure 18  Chemical structure of hyperbranched polyphenylene[118]
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19  (a) N PAF-Carbon ; (b), (d) N PAF-Carbon CV ; (c), (e)

N PAF-Carbon ; (f) ; (g) N PAF-Carbon Nyquist , 
. (h) 5 A•g 1 , 9000 [122] 

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 
for CPAF-1 and N-CPAF-1 at scan rates of 10, 25, 50, 100, 200 and 500 mV•s 1. (c) and (e), Charge-discharge profiles for CPAF-1 and N-CPAF-1 at 
current densities of 10, 5, 2, 1, 0.5, and 0.2 A•g 1, respectively. (f) Specific capacitance of CPAF-1 and N-CPAF-1 at different current densities. (g) 
Nyquist plots of CPAF-1 and N-CPAF-1. Inset shows the impedance in the high and medium-frequency regions and an equivalent circuit as electrode 
materials is also inserted. (h) Capacitance percentage of N-CPAF-1 for a 9000-cycle charge-discharge test at a current density of 5 A•g 1[122]
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20  [124] 
Figure 20  Schematic illustration of the synthesis of nitrogen-rich porous carbon[124] 
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