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Figure 1  Synthesis methods of triazine-based MOPs
(a) Nitrile trimerization for s-triazine-based covalent polymer®; (b) Schiff base reaction for s-triazine-based covalent
polymer*’; (¢) Friedel-Crafts reaction for s-triazine-based covalent polymer'*?’, Ar represents aromatic monomers;

(d) Condensation reaction of aldehydes and amidines for s-triazine-based covalent polymert*"

L2 ZBRENRMILAENREMBERTIE

HARTE =R AL A DR S5 7 6 B A i, — R B T HGEDH R R HaED L E
I A % DA 2 A PR 7 0 Sl R R ) s B By g ) 4 RT3 R A A5 A R O A A P B R L A A
Fil ZoCly Hh i) il = 58 S IO M = W R 5 78 I 114 A SR Bl B IO o 3 AR B B Y T A R R AL 1Y B
TRRE AR5 AR A B CTEs (977 12 0k 188 3 3T 09 R R 28 1 » DA B A R LA A 7 | 52 B
FHERAE T 3842 5 93 — 2802 2R I 58 B0 A B A 5 1T 1 A SRUIRCFL A DL SR 5 % 3 R O 30 24 i
2 AT D BOR TR B v A Tl 4 R - XA O AR B B R e M R G .

10. 14028/j. cnki. 1003-3726. 2018. 06. 008



© 74 . = ix T i {1 2018 4F 6 H

L2l Erfak Emdak  IF =R E =SB0 AL A PR S YR ZaCl, 198 1 #4 ik . ZnCl,
W E) TR . B S W R BB EL A T 58 L AL S W0 AE ZnCly B M iR rp R B R I e A
400°C U2 1 AT 3R AR COL I 2) RERS 7870 19 2 A 36 e #5351 CTFs,

@@@@”m
S0 O

X=NH, O, S, NCH3, NPh

E 2 JHTHE CTFs Bg5},¥;@Jﬁ%[33m36,38.39.12.13,51]
Figure 2 Building blocks used for CTFgl??30:38:39.42.45.51]
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Thomas 4 il id 2. 6- “FUEEZE H R G T 00 — 0 Z 434 =5 48 Jfan 45 CTF-2CL A 4) , H AR
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Figure 3 The synthetic route of CTF-1%"
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Figure 4 The synthetic route of CTF-28%7

BT PO R =R RS YT 0 AR, — 208 Bk CTF-1.-2 Z5 ARG 71 —RE TN EME
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B e AB AL R 43 5 3Rk NOP-19~NOP-217% . fLARAH 2 T AR 4F ) 98145, Horf NOP-21 = 40 £k ik 15
K ik 37k]/mol, HHAT B m i — S A AR FEE (LR D
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O Modermate Temperature
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O ZnCly ZnCL
NC ‘l
N
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Figure 5 The synthesis of heterocyclic-functional CTFs

% 1 NPTNs 71 NOPs Z 51 #7434 i W Bt {4 g - *
Table 1 Adsorption properties of the NPTNs and the NOPs 561

FE it Sper(m?/g) COL 2K (wt %) Q. (kJ/mol) W% o6 30 B e
NPTN-1 1187 13.3 34 45
NPTN-2 1558 14.0 37 22
NPTN-3 1055 9.8 30 25
NOP-19 982 10. 6 28 53
NOP-20 952 11. 8 32 81
NOP-21 565 12.3 37 68

o J A TR VRO BFF B 98 (TAST) Y 273K, 1. Obar 4514 F X 85% N, 15% CO, 1RG0 M By W B e 4284

6 RS R e CTE s Gl (ol FH A R AT o 9 0 Rk 114 O B AT 30 48 5 ) 436 A0 L8 7 8 PR A T
F8 i v s P R I B S FE g M Rl g R AL 2 HHMS—IUTI&HMEJK A&, 2016 4F, Zhao %1%
P T — b R AR SR TR RS R B R A B CTFs (WL 6) 5 3 i PXRD A A% & A 458 i) CTFs
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Figure 6 The synthesis of PI-3-COFs*]
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[) B £ S AL P BT . BN, CTF-1 SR B8 #ik 400°C R e g 40h 153 B R G Lb R AR 791m* /g,
FLAEHN 0. 4em® /g, BT HGEK CTF-1 ) BET $#£7F £ 2390m* /g, fLAETF £ 2. 52em’ /g, ZnCl, J&— R
U B o A L e Tk W B0 T BBAE 7min Y RGH T3 882K, PRI, >R T I8 i B e 1 25— A S AT LA
U0 R R B[] 15 24 ZnCly FR98 /b BB R R o a3k SR WY, B0 A Bl 32 T LR T AE — R 9 AR VL 1Y) o Ui A
S AT A AL SR ol A A 7 32 1L 1 AT R
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Table 2 Various microwave power outputs with porosity properties and hydrogen uptake of representative CTFs'**1

B MW 3% fi ] (min) Sper (m?/g) V2 (em®/g) Hy W B i (mg/g)
1 280 30 1526 2.25 12.5
2 280 60 2390 2.52 17.8
3 460 30 1295 1.78 9.8
4 600 30 1140 1. 49 7.8
5 700 10 1241 1.77 9.1

@ JEF7:P/Po=0.97;" MR 44 77K, 1. Obar,

M T8 F IR T ZoCl, ASARESE 2Bk 2 B % S 520 1 TCHLER 9 9 i ™ = 52 L S BR .
i . 2012 4F Cooper ™ # & # T — & 5 ik Bronsted MR IL A WA CTFs, AbfTR A = 5 65 MR 7E A
PR R0 76 B 0 % 1 IO A B AR 3] PL-P6 ., SR B AR5 20 00 R G o BB £ [ A, = 980 HF e R M Ak 1Y
P1-P6 F1 PIM-P6 M (UL & 7) & o ALY, I H il A8 R B AR (9 2 St R /], AR R BB R AT . =
S R (TEMS) 1T DUZE S0 T A1k = R0, IF H AR I +F C = N fLES W M 05 & il e if 2 A & 2
(R0 f A4 A BB, i C—H B2 ik Ak . TEMS fifk =B R & BAA Z R0 S, Wl 54 5 W 75 18 A
ST HEAT L RN B LR 1 T AR 45 M0 L 9F B TEMS 4L 7 IR 145 58 85 1 sk 17 76 TS L AR B8 W 10 Bk
BT T =B IEM AL A VLR B TR .

B o T B2 3l e R BRSO TR R 9 A R AR A R A # T CTF-HUST-1 ~ CTF-
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Figure 7 Monomers and polymerizations of P1-P6 and P1M-P6M*
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Figure 8 Four crystalline CTFs constructed by amidine and representative aldehydes
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Figure 9 Friedel-Crafts reaction to construct triazine-based microporous organic polymers*
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Figure 10 Strategy to adjust porosities and gas sorption properties by regulating the competition of

Scholl reaction in Friedel-Crafts reaction system '®]
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(R 0 K BRI B T A R AEIR B AN =R BAL RS WA RL WS 3R 3 T 40. 3k]/mol, X CO, W i}
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A ARG B AR PE o 38 2k ACHE S PR R PR T TEM-1 5 0560 e 26 [ A (AL R & ) PIM-PL-7 B
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Figure 11 Double logarithmic plots of selectivity vs permeability for CO, /N, showing Robeson’s 2008 upper bound"® %

SR AL R A WA AU SRR B R R R B R X R 2 AT AL A AR G Y I B RE S [ I =
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22. 60k]/mol Z[A]"" . Xu S B 5 T = RSN RFLA DL G P00 35 & 16 & W 1 0% B BIF 72 7 7 I 3K 1Y
pH {E (6. 3) Z5AF T RIS PACHI AL 5 W) 5 = W 25 bt e il i VB . 3 Rh 0B A9 A FH 5 e vl TR R
PR —FEA7 AR 30 4 LG . — R4 H 5 A ML I T A 0 B A 0 /K 1) B AL 25 I O A 0O DD 17 i) S R A
LV T 0 BRF F 82 0 o 2 R A8 AL & WA T2 U BB A 1 0 1) 0 BRSPS B R A5 2
SR U D RN AAR AR AT (UL 12) 0 AN, Zha S0 0KE CTE-1 R T 78 7K A g B 42 36 45
FETR W B (LI 130 Al FEAE PR AF . Sl B TS R W, =R B RS W A IR BRI P 5 PHL (B AR G . X
Je W TR pH (E T =8 5L Y 554k~ o5 A e AR T s w1 A ALY B A VR T T R

Janiak"™ PR T RBEFE T CTE-1 77K 7 W X 2 10 1 1 500 134 W8 B o Joe 3528 & — ik (C1, EO7) 1Y
W B AR dg/ g, + T be LB R B9 (SDS) ZK #5114 W B 38 21 8mmol /L, M B 8 2 7 FR Y 20 L JF H
CTF-1 fEW Mt SDS §ij ) - SEM 7R CTFs OIS BA TS . =B AL A5 My b Rk R ] 9 B9 1%
FLAE R AT ALK 5 T YR AT 83 0 W B A . Thomas 47 BFSE T = W i FL 38 & W X B 248 L 7 R
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Figure 12 Adsorption for different aromatic vapors on CTF-10%%
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Figure 13 Adsorption for PFCAs and PFSAs on CTF-1 and AC"
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Research Progress on Trazine-based Microporous Organic Polymers

XU Chen', FU Xian', YU Gui-peng"?", PAN Chun-yue'"
(1. College of Chemistry and Chemical Engineering , Central South University, Changsha 410083, China;
2. State Key Laboratory of Fine Chemical , Dalian University of Technology, Dalian 116012, China)

Abstract : In recent years, microporous organic polymers (MOPs) has become one of the research hotspot in chemistry,
materials and environmental fields. The versatile synthetic methodology, the controllable pore structure and easy
modification significantly accelerate their development. MOPs based on 1,3, 5-trazine exhibit excellent chemical and thermal
stabilities, and the nitrogen-rich high polarble structure edows them with better adsorption and selectivity tawords the
adsorbed molecules. Triazine-based MOPs appear to be very promising for matrix materials for heterogeneous catalysis,
drug delivery. optoelectronic devices, supercapacitors, wastewater purification, membranes and gas sorbents. Here we
summarizes the synthesis and applications of triazine-based MOPs. We focus on rational design, pore engineering and the
structure-electrochemical property relationship, and also prospects their future development of triazine-based MOPs
targeted for the utilities for chemical industry, environment protection and energy production.

Key words: Covalent triazine framework; Microporous organic polymers; Gas separation; Electrochemistry

10. 14028/j. cnki. 1003-3726. 2018. 06. 008





