K F F R

sRiIESC

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A15010082

MO E 2GR LR S 4IRYHI & K B SRR

2 RE F & B ik & T fu L *
(BRTEIMYE KRR 5 TRE2ERE PH2E 710062)

WE  LHMILRED T HAE SRR 5 7 B JERI R A A v 1 S5 AR KR FH A 3¢ | 52 DR, AR ST BADY
RHELIF N EEA R P TT, 18iT Sonogashira-Hagihara IR B4 T 3 FILHIMILR GWFMEL, BT 454 A
AR AR 1) 46 SR S P FLPE RE AN AR B B PR s . 80O B IR SRR B, el 1,1,2,2-DUBRDURIE 200 B JE A i %
ff) TPE-CMP1 B EHRIILLRT, S~ 1096 mPg ', £ 1.13 bar/273 K %4FF, TPE-CMPI f] CO, W hE 10y 2.36
mmoleg '; 7E 1.13 bar/77.3 K %14, TPE-CMP1 Xf H, (MR FHBE 774 1.35 wte. b, il & IR 3LHEMAL R A R
1 COYN IEFEIE . T RXB LA REWM A GO 2 W 8 R AL R EvE . @it R AR
HCO, W R RE, DR LR 7 AR PR 15 43 25 TR LA VS E 1 8 ot

KR LYEMALE A, TUAEHEE 2 0%, Sonogashira-Hagihara {8/ N, ELRTIA; AR B

Conjugated Microporous Polymers Based on Tetraphenylethylene for
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Abstract Conjugated microporous polymers (CMPs) are attracting increasing attention due to their potential applications in
areas such as gas adsorption, separation, heterogeneous catalysis and photoelectron. A series of CMPs based on tetra-
phenylethylene has been synthesized via Pd-catalyzed Sonogashira-Hagihara coupling reaction. During polymerization, all of
the polymer networks precipitated from solution as yellow powders that are totally insoluble in common organic solvents
tested because of their highly crosslinked structures. Thermogravimetric analysis indicated that all of the polymer networks
are thermally stable up to 400 ‘C in nitrogen atmosphere. The high physicochemical and thermal stability could be attributed
to the rigid nature of these aromatic polymers, composed solely of strong carbon-carbon and carbon-hydrogen bonds. The
absence of the C=H stretching peaked at around 3280 ¢m ™' and the C—Br stretching peaked at around 500 cm ™' in the
FT-IR spectra for the polymer networks demonstrated that most of the ethynyl and bromine functional groups in the starting
materials have been consumed by coupling reaction. Powder X-ray diffraction measurements revealed that all of the polymer
networks are amorphous in nature. It was found that the homo-coupled polymer network of TPE-CMP1 from
1,1,2,2-tetrakis(4-ethynylphenyl)ethene shows the highest Brunauer-Emmet-Teller specific surface area up to 1096 m?eg '
among the resulting polymer networks. TPE-CMP]1 exhibits a CO, uptake ability of 2.36 mmolsg™' at 1.13 bar and 273 K
with a H, uptake capacity of 1.35 wt% at 1.13 bar and 77.3 K. All of the polymer networks show high CO,/N, selectivity
around 30 : 1 and high isosteric heat of adsorption for CO, up to 27.6 kJemol~'. Given the facile preparation strategy, the
high physicochemical and thermal stability, the high surface area, and the outstanding CO, sorption performances, these
polymer networks are promising candidates for potential applications in post-combustion CO, capture and sequestration

technology.
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2007 4E, Cooper %:*"iliid Sonogashira-Hagihara
W S B0 B IR A T 3T R 2 95 (PAEVIL B I
CMPs, H: LR RN 834 mY/g, 7£ 1 bar [ /1A 77
KIEET, WARESIN 1.16 wt%, iX&Z CMPs I TfiEE
M —AMII 7. BfG, A2 % P AS [ 3R A B pk
AT EE R AT 1000 m¥/g [ CMPs, FI & BE ik
F 1.4 wt% (1 bar/77 K). 2010 £E, Cooper I &% 1
o UBE 45 F (R ME Y T AE A 1K) CMPs, L L 3R TH AU )
1631 m%/g, {E 1 bar JE /31 77 K RE T, HREA R R
EE] 172 wtve. Yu ZEPUHRGE T EETIBE 20 N A
CMPs, HELREF N 1043 m%/g, 7E 60 bar JE /1 77 K
T, HWEREITHE 3.7 wi%. 412508 hm it 4s
1L Yamamoto A [ M Ak T B DU TR S5 I A
HUMALR & YRR PAF-1, HILEREAFIL 5640 mY/g,
fE 1 bar JE 11 77 K @8 FE R IRERE /1A 1.50 wi%. 4
FEHZEPE T Suzuki A1 Sonogashira-Hagihara {55 52 B
BT MESH CMPs, ELRTEAUN 1020 mY/g, HA4E
AR AR IR B RE 05300 2.22 wit% (1 bar/77 K)
AT12.0 wt% (1 bar/273 K); ), AbA1%E I FeCl &tk
REVEA T AR My B AR M B ) CMP, i LE
FMEAN 2220 m¥/g, 7 1 bar/77 K 61040 F, #l& R &Y
(IR S RE STk 2.8 wit%e, LT SR ALBR IR FT AE 7 4R
$2 %) 4.82 mmol/g (1 bar/273 K). Cooper P& B 1 —
RAIVEREE, &I, WIRMBEINAEN CMPs, Thfgit
[f] CMPs KK 15 8o T, b
FDIREALI CMPs X — S8 A0 Bk W B FAOE 2 32.6 ke
mol . AT 128 S5 1) 4% 1 = FIhAEL I CMPs X 4R
PRBB AW B BE S AT IA 2.62 mmoleg ' (1 bar/273 K). X346
PRV 1 T B ABBC AL CMPs, JL7E 1 bar/298 K 2614
O AR IR PR BE 7728 1.80 mmol g ' Qiao %Y
HRT BALIBEThEEAL ) CMPs, JLAE 1 bar/273 K 61EF
b AR B B S 774 8.40 wt%. Smaldone 2551 i
Sonogashira SN & R T AN CMPs, HAE 1
bar/273 K &4 T 0 Z AR BE 1N 9 wi%e. &
T, Weber 255238 i Buchwald-Hartwig B¢ 5 B & R T
— RHN = I LWL CMPs, HAE 1 bar/273 K 461F F X
AR R B BE ST B R TR 6.5 wit%. X SRR LR
LR AL IR A W AE AR PR A0 AT K 1) R 5.
SRIM, M FHERMMAENMILR SN S, Ak
T R0 4 SL R AL IR A W e 18 2 5 I A7 BE
S AR I 3R RE S BRI, R, G fel i
i i A 3 (A R ASEER AT 3R A 5 1k DA SR R AL R
BT BRIV B A SR AR T

A3 LAY e DY 2R 20 Dy B AR ) R A, i
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Figure 1 Synthetic routes for the polymer networks
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Figure 2 FT-IR spectra for the monomers and polymer networks
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Figure 3 Thermogravimetric analysis trace for the polymer networks
under a nitrogen atmosphere with a heating rate of 10 C/min
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Figure 4 PXRD profile for the polymer networks
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isotherms (a) and the pore size distribution curves (b) for the polymer
networks
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Table 1 Gas uptake and selectivity

Polymer H, uptake/wt% CH, uptake’/(mmoleg ') CO, uptake’/(mmoleg ") Selectivity
CO,/CH4 CO»/N,
TPE-CMP1 1.35 0.72 2.36 4.56 29.13
TPE-CMP2 1.31 0.67 2.15 4.46 29.03
TPE-CMP3 1.23 0.77 2.33 4.04 27.62

“Data were obtained at 1.13 bar and 77.3 K. ® Data were obtained at 1.13 bar and 273 K. ¢ Adsorption selectivity based on the Henry’s law.
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4.1 11,2, 2-MRUIFE BRI E R

1,1,2,2- DU R DU 28 356 2005 1) ) 4% % DU 2R 3 20
(2.5 g, 7.5 mmol) J&A 100 mL HIfH, 285K R
(3.75 mL, 0.75 mmol) 83 1H & i IR ~F S 183 i\ B
FOR AR, nse 5 W iR EE 16 h, 2R 2K100
mL) IR HEEE 1 h &, BVE R E 2k 4E 2 20
mL £ 47 5 I\ 300 mL IE S Re st AT BEZ1 0.5 h, B4
MytiEd e, AEETHETSTRANTE 24 G a 6
HAR=4 2.97 g7 61.6%).

1,1,2,2- DY B DU L 205 B i) 46 F 1,1,2,2-DY9R 1Y
HKHE2IH(4.1 g, 6.33 mmol), PACL(PPhs), (0.226 g, 0.37
mmol), Cul (0.048 g, 0.25 mmol), PPh; (0.2 g, 0.76 mmol),
BT 100 mL % i, HEARE B3 K, fRIE
SOSEIRIRE R R T, FES 28K = 2% (EuN,
25 mL)VEN KM, % =R A @1 mL,
31.7 mmol)iE N NIFH, IFAE] 120 °C, fiHE R 24
h J&, BHEFEZET, B CHCL #fi)E, AR i
JE, JEVH Na,EDTA Ve, /o Mg,S0, T,
BT, SREHATHE D R, FARHEEYE4.2 g FEER
94%). B HRAFHIH E] = 42)(0.508 g, 0.71 mmol) I AF] 5
mL FEEf NaOH (0.286 g, 7.1 mmol)i&W+, FInA
THF (100 mL), =i EE 6 h 5, FEFIEIERT, H
CHCL; Wi, SRJE/K¥E 3 Ik, BT, HHEEEL &, 55
FOEH AR 1,1,2,2- D90 DY 2K 38 2, 445(0.273 g, 72
95%). '"H NMR (400 MHz, CDCls) (TMS) &: 7.24 (d, J=
8.2 Hz, 8H), 6.93 (d, J=8.2 Hz, 8H), 3.07 (s, 4H).

42 REVHERK

TPE-CMP1 & R ¥ 1,1,2,2- DY %k DY 5 3E 2,4
(0.22 g, 0.514 mmol), PdCl,(PPh;3), (15 mg, 0.5 mmol),
Cul (10 mg)I AN ORI R, REHAIREE
HSAR 3 Uk, FHVEST 884 = Z. % (4 mL)M THF(4 mL)iE
NIBGEH. I#E] 70 C, BiPE&N 48 h )&, IR
Ky FEE. AR BRI ER YR R e, e A )
P TPE-CMP1 B T H AR N 52 452 24 h (102 mg,
F=H 95%).

TPE-CMP2 K& R EEEFHHE 1,1,2,2-P9% 0
I Z075(0.107 g, 0.25 mmol), 1,1,2,2-PUIRPUZEEE 2,07
(0.16 g, 0.25 mmol), Pd(PPhs), (15 mg)Fl Cul (10 mg), H:
A W iES TPE-CMPL 2KRAl. B2 T 5 K15
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TPE-CMP2 (172 mg, 723 82%).

TPE-CMP3 K& iZER&HHEA 1,1,2,2-14%k 00
HFZH5(0.107 g, 0.25 mmol), 1,1,2,2-PU IR PYZIE H L5z
(0.156 g, 0.25 mmol), Pd(PPh;), (15 mg)F1 Cul (10 mg),
H AR B W TPE-CMP1 il B 25 T )5 3k 43
TPE-CMP3 (180 mg, * 86%).
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