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AR S, BEMEAE R sl i 3R & 8 22 A AL R 7
FEARIER T AL CO, FRM AL L. SR, 244 B &
MEEE R, HETIRGE R . 2012 4E 1 2015 4F, Yuan
ZEUSIRN Gao 251 43 590388 1o A A 325 RN RS 1 A
B P S -7 MPILs. Li Jun 250200 7 5 1 M8 1l
CO, T AbHE | il 45 s b R TR A 2 A MPILs,
HERIB RS CO, W I Fni% b tERe. #EJF 2L T
e, A9 T axX — & i ik, il & e R
T FR AR A I BH B 125 MPILs, SEEUE IR % & CO,
PRIALR AR 2R MPILs Ak P i i i 25 4 v 2t
ATLAE H, BIHE R MPILs BYH &R T 5 1
AR IR A A WP Rl AR R I ) 45 T, i
RN 2% R PH S 7 R MPILs 238 A0 % 4 /0. R
2, RIBIRTRA | EEE . e B BRI IS 7 2L
il 5 5 BH B T2 MPILs 7 AR K.

XHE ) DB ER B (PEG) IR, Wit
BRI C,DVIM ] Br R A B, WA T TH
(AIBN) A&, Ak ok 500 il 4 2R P
T MPILs. #3835 PEG (94> 74, &L —&
GIFLBRZE A AT B MPILs. 6145 4 9 MPILs HA ¢
KL R (90~ 168 m* - ¢7') LIE R BB 17
W, VERAE SR Z AR N T LSRR R 2 0
IR H T CO PR Ny, J 3 fE 57 i 4
fePERE L B R i NS i R . b, i ik i) 2k
P AR YIRS, FE R A AL B
YK psE B W 28 R AL S .
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1.1 MAZ B F iR B #l i R RIE

MBS T WA K ¢, DVIM | Br 2 7ER T &
Jistel BLIASER A i 28, Sl N- 2 3wk 4351
5 R el s mas 0 BAR A Bt B ATR, % N-
CIGHEBRE (5.00 g, 53.2 mmol) A1 " JRHBE (4.62
g, 26.6 mmol) T 5 mL DU W, =IRHEHE 1
h 5, TN 100 CHEFH FIFAE B 24 h, FFRH1 2
TG, SR RAR B R, CBMZIRE
BASVETR 3 U, TIEJE A 70 CHEARS T4, 153%
EA[ C,DVIM ] Br (U3, 81%). A% W% K%k

$&: "H NMR (300 MHz, DMSO, TMS) & (ppm) =
10.06 (s, 1H), 8.39 (d, 2H), 7.47 (q, 1H), 6.89
(s, 1H), 6.08 (q, 1H,), 5.51 (q, 1H) ; BREE#ERE
FI%edE . °C NMR (75.5 MHz, DMSO) & (ppm) =
137.1, 128.8, 122.8, 119.5, 110.0, 58.1.
1.2 N BB FRENH &

LA C,DVIM ] Br 2 R 4& Hi 4k, PEG-200 K ¥
R, H5E RS WA G, ARG RGI R,
fA[ C,DVIM]Br (0.3 g), PEG-200 (6 g) VAKT| %
#] AIBN(0.03 g, [ C,DVIM]Br FifE i 10% ) A Z
RMEY, BEEINA 1 mL 258 7Kk, SiE#HE 2
h, FOBLFE S JS , FEIh 100 °C #f285 w H n
24 h. FACERNR G5B KBS, 80 C T
KRS FIANFLEE B TR PDMBr-2( 775, 94%). H
ERREFHRAIARSEE N LR E PR AF B 5
R (PEG-400, PEG-600 Fl1 PEG-800) il %
58], At s LRI
1.3 BEFRMEAE CO,IMANAL & B B 4L 1 BE M

BB BRUER LGS CO, BN N N
%il: 10 mmol AL L 4RI 0.05 ¢ fEALFIINMA 25
mL B, ®E T % 4% CO, BRI BEE
PEAT IR RN, E R 1) T B R B ) 58 1l s I i
BHEER, IMA—ER&WIE+ Z8/E AR, B
JNA 25 mL LR OB RIEIR B35, B0, B
FEERHSAREAGE GC(Agilent 7890B; ikt
HP-5, 30 m x 0.25 mm x 0.25 wm) ZMHr &AL 2
HE AL R @- B Y GC-MS ( Bruker Scion 436
GC-MS) 8 15 2 () IR B R i 7= ). 1 1A A £k 7
W EOE, R LR ROV IR, AR 2B W
PEVE 3 K, TIEIMARMNAKR, HEHT TR
I
1.4 L FIRAE

2048 5648 43 7 (FT-IR ) . Agilent Carry
660 & RERY L 2L AR G354, KBr Fe b, $4#3E
[El 4000 ~400 em™ ; WAKAZRE (NMR) : Bruker DPX
TN s [EARRAZRE . Bruker AVANCE-TIT 4% ; $4
JPMT (TG-DTA) ; 8 [E Netzch 23 7] STA409 KlZi4
PIMAL, 2855, 10 °C/min BRI, X 5Tk
it (XRD) . H A SmartLab X 8F 2847 8113,
Cu ¥l Koo ki, Ni JEB R, B HLE 40 kV, B H
20 mA , FAEVEF 5°~50°, 410§ 0.05°; C H N JC
KM . Vario EL cube BIJGE T4 b 2 i 1
M5 ( BET) . BELSORP-MIN Mg Y, 120 C #E 5
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Fig.1 N, sorption isotherms (A) and the corresponding pore size distribution curves (B) of the samples prepared with the
initial mass composition of (a) [ C,DVIM]Br 0.3 g, PEG-200 6 ¢, H,0 1 mL and AIBN 0.03 g; (b) [ C,DVIM]Br
0.3 g, PEG-200 6 g, AIBN 0.03 g; (¢) [C,DVIM]Br 0.3 g, PEG-200 6 g, EtOH 1 mL, AIBN 0.03 g

F1ARXRBREZ _EHEHREEFRENILEMEIE
Table 1 Textural properties of the samples prepared with the initial mass composition of [ C,DVIM |Br 0.3 g,
PEG 6 g, H,0 1 mL and AIBN 0.03 g

Entry Sample PEG Co-solvent Soan” 4 D
/(m® gy /(em’ - g) /nm

1 PDMBr-1 - H,0 _ _d _d
2 PDMBr-2 PEG-200 H,0 168 0.44 10.6
3° PDMB:-3 PEG-200 - 10 0.05 19.0
4' PDMBr-4 PEG-200 DMF 48 0.21 17.9
5 PDMB-5 PEG-400 H,0 154 0.45 11.7

6 PDMBr-6 PEG-600 H,0 117 0.53 18.0

7 PDMBr-7 PEG-800 H,0 90 0.65 29.1

a. BET surface area; b. Total pore volume; c. Average pore diameter; d. Undetectable

() N, e R D, HEREEULT R 0. & ik
ZHMA PEG-200 1E R RIS, Frfs R ik
PDMBr-2 H A7 ML [y TV USRI 28 DL K H1 75 [a] 4
W, BERAFLEEH A7 7E. PDMBr-2 1 b 26 1 AU

FLARF5 4 168 m” - g_'ﬂl 0.44 cm® - g_'(fﬂ 2),
SEEIFLAE 10.6 nm. G EUERAIIAIK, AUIMAZ
PEG-200 H}, i35 &7k PDMBr-3 FRINH AEFL
ghMy, HHERm AN 10 m? - 7' XA gl T
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Fig.2 N, sorption isotherms ( A) and the corresponding pore size distribution curves (B) of

the samples prepared with the initial mass composition of [ C,DVIM]Br 0.3 g, PEG 6 g,
H,0 1 mL, AIBN 0.03 g. (a) PEG-400, (b) PEG-600 and (c¢) PEG-800.

RUTEANTE B A MBI LA M. Wk 1 PR, RE
TR R SR ALK BBE S PEG ¥ 7] 70 1 &
A R T I, (R R AR 2 R . DA B2

YEH1, PEG ¥ FIHY 3115 R TR R FLBR 454
FAEEHVINERAR. S B R RS, PEG 2r 158

I, FEARAR TG U I RORS B 7581 b
LA R ALE A8 K.

il 40 R Bt — 20 B R G W L AN AL2E
. Bl 3 R R BTk PDMBr-2 3 LB . 7E
ORI, Fris bt A RS 1 2 i LK 3 5 1Y

L L N B
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P 3 AP ALI S T PDMBr-2 F 14 B

Fig.3 (A, B) SEM of PDMBr-2

RALZS BREGH. ARSETRAFROAL B, XAl R

B2 20 nm FRIAK BRI AL, BT H AR
HEFEIE UG R 22 FLUR A5 M, IR P REAS 1 B Y

KB, XL RSB LR A,

WE 4A Sy 1R B A FLIR B IR AR R B T
WAR BRI LTAMER]. PEG-200 K2 & 81 PDMBr-2
£ 3000 ~2850 cm ™' Kb BL C—H BEIRSNIE, 1F 1647
F1 1568 om™" b Ay WK I P14 )y 06 | 3 3¢ BH WK s 34 47
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Fig.4 (A) FT-IR spectra of (a) [ C,DVIM]Br, (b) PDMBr-2 (¢) PDMBr-1; (B) “C MAS NMR spectrum of PDMBr-2
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125 ppm Ab 38 5 S5 5 1 I J& TIKMEER 1Y C4 ., C5
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Fig.5 (A) TG curves of PDMBr-2; (B) XRD patterns of (a) [ C,DVIM]Br and (b) PDMBr-2

XRD #El. [ C,DVIM] Br H 8 — R 5 1) FE1E AT 45
W, ROIEA =40 A RZ5 1. PDMBr-2 {LFE 20°
LA L TE I, IXRIT e LB AR AR R AT
KRR TPEsH, Y HA TR R, R R
UEBAAR R G 1 Bk DL 35 71 PEG-200 % A3 5% B3 7%
RE Tk,

JIT A B 3R B T TR AR AN T DL A LI ) L
PFEPERE R AF, B4 ] DAVE b BEAR Y 2 A 4L
F. LATCIEF . JGE Jinse) A g fh 750 5 R4 2 R Y

W CO, MBI, 5 5 5 B IR AR 1) fh AL 1 .
LL CO, SR B AR M PR B 2 g Sy A 75
JIVE, AH R B R A5 ks AR o 0.1 ¢,
0.1 MPa CO,, RN 120 C. B 6A J BT
A B A TR 2R 0 YRR 174 3 A B s i) O 3R i £k
ATLUE Y, SIAH B B AR SRR €, DVIM ] Br 2 1R
F NI 25 BRI AL IO 8 h 3RAR T 80%
. 522 A, ZHAEFLR B & PDMBr-
1 FEIG SN A5 T R AR AT Ay 52 1o ik 6 A K A b
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Time/h

Recycle times
% 6 BA4K[ C,DVIM | Br, PDMBr-1 Il PDMBr-2 7ELAE AT 206 4 CO, ERAN I 137 1
Ak T B B 7 e (1 AR T T 26 DA B PDMBr-2 1 Il PEfE 5 4%
Fig.6 (A) Yield as a function of time in the CO, cycloaddition reaction of [ C,DVIM ] Br,
PDMBr-1 and PDMBr-2; (B) Catalytic reusability of PDMBr-2
Reaction conditions: SO 10mmol, catalyst 0.1 g (2.6% ( Molar percentage) ), CO, 0.1 MPa, 120 "C, 6 h
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[ C,DVIM | BriX Jz i i B S BRI A, s 45 01 )
P AT [mT 553 B ARG PRIME , T PDMBr-2 38 431 i B 7Y
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B, ATRLE— AR T AT

FERNETEI 6 h, %% PDMB-2 19 [n i &2 H
PE. 40/ 6B Frzn, PDMBr-2 B WA, 40T
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5 WIENSAEAE S, 5RELS 1 54% AL 3 DL K&
95.6% IEFRE:, F0H PDMBr-2 BA 11 5 #0 (a1 &8
FHPERE. I 21 A0 DL B S BT Tl SR & PDM-
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Fig.7 (A) FT-IR spectra of (a) fresh catalyst PDMBr-2, (b) recovered catalyst PDMBr-2; (B) N,

adsorption-desorption isotherm and pore size distribution of the recovered catalyst PDMBr-2
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P, 3d B DO ot 35 A B S5 W 6 s vy 4 5 7=
2R 25 R A K AR TR TR PDMBr-2 B FE 1R
FIALAAFR S 152 m® - ¢ ' F10.43 em® - g', W%
T B AL ] (168 m* - g7 F1 0.44 em® - g7'),
Tt I [ A b ) 5L A R B i Ak 350 4 0L i) L B 285
¥, AT A FLEE A AR SR A IR, ik

AR 5 YOS T PR RCT e, Xl B2 A1)
e MR AR S 2.

PRt 24, PDMBr-2 RESSAEH T, B AR
BT (120 °C) A RUEA RIS &9
(F2), PARAT R 0 H AR PIUICR. Se T 1
AL FIRMETE 3 R ALk 1, 2- R 28 e | 1, 2- 3051

p=

% 2 PDMBr-2 7£ CO, IR [ B2 R 1 B & 22
Table 2 Cycloaddition of CO, with various epoxides catalyzed by PDMBr-2*

Time Con. Sel.
Entry Substrate Product
/h 1% 1%
0]
o //<0 12 97.3 97.9"
cl

H
a

2 ©/I\/ 12 94.3 95.8 ¢

e

CsHyy

Do

CioHzy

1o

Cr2Hps

Cr2Has

O
0//< 60 87.3

P >99.9
(0]

)(’\/J<O 60 85.6 >99.9
(0]

°J< 60 83.1 >99.9

a. Reaction conditions ; epoxides 10 mmol, catalyst 0.1 g, CO, 1 atm, 120 °C ; b. The only by-product was 3-Chloro-1,2-propane-

diol was identified as the only by-product; c¢. The only by-product was phenylacetaldehyde.

TGRS 1, 2-FR A DU ik 2B IR A 2K e BE 3 R
et PDMBr-2 14 BRI M 1A B
55 T A B R AR Y.

3 &t

DA 548 B 25 TR [ €, DVIM | Br /R R &
MR B BER Y PEG VRSN, it A LA
BB T I o b 3 TR A AL 3R B B 1 A 2R
BTWUAR. TERRAMET O, MIBRNEZE Z B ER i
BN, AR B B A, LR B A

BT AR R e T3 S O 2 B Y o 28 0 AR 1 .
At , ZAEA R A LS RS T, Bk
PRELAERERE AR T OB 26 4F T A7 B A 45 2R 3R 4 AL
Y, BRI RRESR AL S

S Xk
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Synthesis of Mesoporous Poly ( ionic liquid)s Towards
Atmospheric Fixation of Carbon Dioxide into Carbonates

WANG Xiao-chen', LIU An-giu', DONG Qiang', XU Ze-zhong”, WU Yun',
WEN Yu-ting', JING Meng-meng'
(1. Department of Chemistry and Materials Engineering, Hefei University, Hefei 230601, China;
2. Analysis and testing center ,Hefei University, Hefei 230601, China)

Abstract: Mesoporous poly (ionic liquid)s ( MPILs) with tunable pore structure were synthesized using polyethy-
lene glycol (PEG) as solvent through the free radical self-polymerization of the rigid divinylimidazole II. monomer
[ C,DVIM ] Br. By varying the type of PEG, the obtained MPILs presented various pore structures. Owing to the dis-
tinctive features of polycations matrix, large surface area, and abundant halogen anion, the obtained nanoporous
polymers behaved as efficient metal-free heterogeneous catalyst for solvent-free cycloaddition of CO, to styrene oxide
under atmospheric pressure, and exhibited no significant loss of activity after recycling for five times. In addition,
the catalyst even converted the extremely inert aliphatic long carbon-chain alkyl epoxides in such mild reaction con-
dition.

Key words: poly(ionic liquid)s; mesoporous materials; heterogeneous catalysis; cycloaddition of CO,



