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Catalytic Performance of Zr-MOF Supported Poly Ionic
Liquid for CO, Cycloaddition Reaction

ZHANG Mengjia, ZOU Nan, LUO Jiamei, ZHONG Xionghui, LI Ling"
(College of Chemical Engineering , Fuzhou University , Fuzhou 350007, China)

Abstract Through the method of solvent-free confined encapsulation, dibromo-p-diphenyl and 4, 4'-bipyridine
were adsorbed into the UiO-67 material, and then in situ polymerized into the polymer ionic liquid PBpy-Br. The com-
posite PBpy-Br@UiO-67 contains three kinds of active centers: Br~, Zr-OH/Zr-OH, and N heterocyclic. The structure
was characterized by X-ray diffraction (XRD) , Fourier transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM) , "“C nuclear magnetic resonance spectrometry (*C NMR) , Brunauer-Emmett-Teller (BET)
analysis and thermogravimeltric analysis (TGA). The composite was applied to catalyze the cycloaddition reaction of
CO, and epichlorohydrin. On the basis of single factor experiments, the optimal reaction conditions determined by
response surface optimization were 100 “C, pg, =0.1 MPa, PBpy-Br@UiO-67 mass fraction of 0.22% and 22 h. Under
the optimum reaction conditions, the yield of cyclochlorocarbonate reached 99.6%, and the conversion decreased by
only 2.3% after 5 cycles. When the composite was used to catalyze other epoxides, a conversion of over 50% was
obtained. PBpy-Br@UiO-67 has milder reaction conditions and higher catalytic efficiency, which provides a new
catalytic system for CO, fixation and conversion.
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1.1 XF 5

HEE, JoK O VKEERR . N, N- B IEH B (DMF) . ZBR 4B . NERFIZ 0% (ACN) , 43 #r 4,
AR BRAF] ;4,47 -HOR ZHR . WWELES (ZeCly) L 4,47 -RMENE | 9% 2R | SR 4N
Bi, IRAENRE(ECH)  FRR T 0E . AL M . IRAIRCBE . M N S48 K HHIm B AR R N A TR, AT
afi, B Aladdin 2L RHECA R R ER0R , it 7080 37%, VU BB B A FR A 7] 5 CO, (5t 2 434X
99.99%) , ARSUARR A BRAF] .

DY 1602 B Z YjHE X T2 2 AT ML (XRD) , & E /R TN EHMUES AT B F] 5 Nicolet is 50 i B
AR 2T AP (FTIR ), 36 [E BRI R 20 F o6 A PR F] 5 STA449C/6/G RLA I3 HTAL (TG)
7 1] i 3 B0 B A5 BR 2N 7] 5 Nova Nano SEM 230 %937 % B #9 4f B 7 . f08% (SEM) , $ 3¢ FEI Czech
Republic S.R.0. A H]; AVANCE 11 500 B 255 b A i 2R U5 (NMR) , %L Bruker A 7] ; Asap2460
T L FE T AR S LB A, S5 22 780w 5 TCPE-9000 7 i JBel & 46 55 IR B %Y (ICP-MS) . GCMS-
QP2020 B AR (2,1 - 51 1515 AL (GC-MS) 1 GC-2014 Shimadzu BV AR (%L, H A HA A
1.2 EHFIER
12,1 Ui0-67 th &k ZSHRCHR[36 1074 M Ui0-67. #£0. 245 ¢(1. 06 mmol) ZrCl, 43 H47E 50 mL DMF
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5 1. 8 mL ZIRIIRAYH, A 0. 260 g(1. 06 mmol) 4,4 -HEZE — HIR , 875 A0 P 28 1 3 (3L gk
BRI BRI s m TE v 289, F 120 CRU 24 h, WHIEZE RS, .0, I DMF 3%,
HEACH 24 b, B2 T, 193] Ui0-67.

1.2.2 PBpy-Brty & & SR CHk[37 ] 774G B PBpy-Br[ Scheme 1(A) ]. #0. 0948 ¢(0. 36 mmol ) 7%
XF HZEA0. 0625 ¢(0. 40 mmol ) 4,4 E;énttlﬁsbu/\ﬁlomLHr“ Bfirh, ZERSRIT, 70 CRN;

30 h. ARG, MOHEZB0 ) (EE 30, Ja 4T, 435 PBpy-Br.
(A) 7
”Br/_©_/ "N T70°C.300
PBpy-Br

Absorb Polymerize

° @@ Grind

® ACN solution @ Bpy ACN solution ®wew PBpy-Br

Scheme 1 Preparation process of PBpy-Br(A) and PBpy-Br@UiO-67(B)

1.2.3 PBpy-Br@UiO-67 & & # B8y & &  PBpy-Br@Ui0O-67 fi)& it B 4l Scheme 1(B) /R . R
TR IR A 20 4 AR AR AT PR A 2 1] PN DAz 2 R oz 1) 3R 5 IR . #% 0. 0948 (0. 36 mmol ) IR — I 2%
F10. 0625 g(0. 36 mmol) 4,4 -BRMLIER T/0& LNEH, IIAO. 1 g Ui0-67, TERFER TS 2= T4, 15 3]
E’éﬂ%‘ﬂi. RS, BZ AR AR 53 2 10 mL BUEGHEIR S, T 70 CHRAIRA Y 30 h. L
g, MOIEAEBG=Y), H AR B 3K, B0, B2 T8, /58] PBpy-Br@Uio-67.
1.3 ELFIEFE ML
1.3.1  CO,FnFRE A 6 3 m fk SR K5 — 8 T B S AL AR AR I 28 1 T S 28 1 3R DU 9L 2 s
ISR, ARG T30 HE 7, BB RN 28, TE S FE A — 8 RSN CO,, B SO IR EE AN ] . SO
S, R R R RN AR E T K- KA, PaRZE RN, B0 A B AR S, Sl a
RV Iy
132 PR BB A 2ol 2 RS EIE NBRET™ P PRARBR R R () & e E A T AT, T
ZMEANF ¢ 30 mx0. 32 mm (ID)X0. 25 wm HP-5 BANA A ; 15 270 °C; N, <ﬁm)oluﬁ4mumm; 2R
%60 mL/min; H, 33 3 mL/min; FARIIEIRE 100 C; KIEGE TR 25 (FID) 5 K #5i5 F 280 °C; Ft
TRRRE , WIHAAEIR 40 °C, FA%E 5. 5 min, LA 20 °C/min Y3 R T E 250 °C, %4355 5 min.
133 @A EE A AR MR NS A, AR, PR BRI S, TS T
R TR 12 h, FERFEAL CO R SALY PRI N, . EE R A, F2RAEFN 20 b Ak 551 4 iy
ghH . AR BAECE AL R i EE A A R PR

2 FHR5iT1e

21 EEFIBRLE

A LY Ui0-67 . B B 7 Wi 14 PBpy-Br Hl PBpy-Br@UiO-67 H 2T 48 Y63 U & 1 (A) fif 7% . Bpy-Br 5
PBpy-Br@Ui0-67 7£ 3130 13070 cm™ ZbA7 AR H W Wig e , ] I J& T HR Ak BE F C—H 8y i dk sl , (H
PBpy-Br@UiO-67 W WA A5 557 , 3 /2 P 5 88— VR AA T I A4 i o6 3] MOFs HE B2 P 174 1 20245 SR 5 o 72 T
., FW PBpy-Br@UiO-67 T Myl 4 . &l 1(B) 4 BLA PBpy-Br % °C NMR 1551 . 8 5. 87 F15. 92 4bf
W U Ja TR IR CL T3 8 7. 59 AL Jg F 2R3 E % C2 55 6 7. 85 F1 8. 66 Ak il ) & T4
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IR C3 5 6 8. 43 F18. 49 Ab i) J& TR IR 11 C4 i+ 5 6 8. 97 F19. 20 Ab i )1 J& TR 3R 11y
C5 5. DL B2 A8 500 5 PBpy-Br I B S I B A — 3, Ui 2 A 1 52 K PBpy-Br. X}
Ui0-67 Fll PBpy-Br@UiO-67 #E47 T XRD K. 4/ 1(C) Bz, A K Ui0-67 £ 45 Ui0-67 #E4PLI% 3
A5, KT A58 Ui0-67. PBpy-Br@Ui0-67 HA 5 Ui0-67 —BUAFFIENE , 15 ] 2R B TR Y FriA
W i 321 Ui0-67 A 2 FLAE 2L v 5 67 TR TG ) A 225 A R BEIR Ui0-67 A SR Z5F95. bAh, 78 20=
9. 4° b H PR T BB TR O FRAE IS , DBH PBpy-Br@Ui0-67 & 3N L. K 1(D)H Ui0-67 . PBpy-Br Fi
PBpy-Br@UiO-67 IR Hr i 2k . 45538 W1, £ 220 "CZ i 3 FhABH BT fE 45 AR, X AR LIE T
Py R [ ) 7K A1 DMF (8 B BR 8 78 220~320 °C, PBpy-Br Fl PBpy-Br@UiO-67 ££7E W] i i) o1 fe i 2%
AT DR F 2 TR e e SR A BB 5 #E 320~620 °C, PBpy-Br Fll PBpy-Br@UiO-67 £7-7€ B B [ i i i1 2k
TR AR IR 5 2R B T IRAARZE A AR T 8. AT HLBCIR IR 5 12 T Ui0-67 BH S 1% T fE 412K
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Fig. 1 FTIR spectra of UiO-67, PBpy-Br and PBpy-Br@UiO-67(A), *C NMR spectra of PBpy-Br(B), XRD patterns
of UiO-67 and PBpy-Br@UiO-67(C) and TG curves of UiO-67, PBpy-Br and PBpy-Br @UiO-67(D)
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Fig. 2 N, adsorption-desorption isotherms(A) and pore size distribution(B) of UiO-67 and PBpy-Br@UiO-67
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TR L2 BT 1R SRR 2R, 2 I HO MR A AL 45 ). 55 Ui0-67(V,,=0. 77 em’lg, Sy=1774 cm?g)
FHEE , PBpy-Br@UiO-67 fFL%5 (0. 23 em’/g) Fl LL F 10 AR (555 em?/g) B E /N, FLA TR T 0. 54 em'/g,
b LT AUE/N T 1219 emYg. X HH T Ui0-67 ZRAK ) FLIE 85 3R 2 P4 5 4, UL PBpy-Br g 3 78
Ui0-67 BN ERFLIE .

3 (A) F1(B) 4341 24 Ui0-67 Fl PBpy-Br@Ui0O-67 (1) SEM 88 1. f 181 3 AT UL, 79 2 24 5 AT HL I )
IENTRARZE R, 0k B A2 2498 500 nm. & 3(C) A PBpy-Br@UiO-67 fy oL EZ MK, K 3(D)~(H) A
PBpy-Br@Ui0-67 K C, N, O, Brfl Zr TR Ao &l . fE3(D)~(H) AT UL, X 5FPoCER 5] 404
7 PBpy-Br@UiO-67 ki, i —L Ut B )& AL T PBpy-Br@UiO-67. K3 (G) K &4 KE M Brot
FATREAEHR A3 Brgh s f AT, 2 B HCIRAS Tk

500 nm 500 nm

0.5 ym

Fig.3 SEM images of UiO-67(A) and PBpy-Br @UiO-67(B), and mapping analysis of PBpy-Br @UiO-67(C—H)

22 EUEFIREEITEN
221 BEEFEL  LLCO, RIS LA FR0 S B oA AR KR, BIFSE T AR A el R v SR A i
V] . SR T R0 5 B AR A7 4R % PBpy-Br@UiO-67 AL IE Pk B R0 . A0 4 4 0. 229% (Ji 43
B0, RSITE R 22 b, JREER 90 °C, HH T I S2Ie4s T AN &l 4 s .

M 4(A) AT I, B RA BRI IER , A EN LRI, MR AR 12 h B K =
30 h, AEAFNEFARIGR T 12, 1%. SRR GEHARE, BEIERKREBIN], RN FEA
K, X & T PBpy-Br@UiO-67 UM AL TE PE 5 76 PEA7 s B B VARG . 24 R A m) ik 30 h A,
PBpy-Br@UiO-67 (& AL s AR 2, G, IR SN BEE AL R AT . d I 4(B) AT UL, #okHf 4
1 AR R AR TE 60~100 °CF B, MR E N e bR B AW BT e KGR, R AR
&k 80 CHY, A AN L 5L R ILH 97. 6%. Mk THm B, nTREh T8I P00 4= i, &
PBpy-Br@UiO-67 1& A7 £/, Esgm T AR . Bl 4(C) RIS [) 2R B - AR £ 28 X A 4
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Fig. 4 Effects of polymerization time(A), polymerization temperature(B) and dosage of ionic liquid(C)

on catalytic performance of PBpy-Br@UiO-67

Tonic liquid ECH: 1.2 g; catalyst: 0.22%; time: 22 h; temperature: 90 “C; Py, =10° Pa.
FNLER AR . MR IR T 0 0. 2~0. 8 mmol B, B IR B IR AR f Bk iy g, R4
FNLEFAC B, 3%t TS A A F) T PBpy-Br@UiO-67 fHEALFR IS 5 AkSEHE
RE T WA, AR B R)N, 1X0E th T 2 00 R B TR IR 23 260500 Uio-67 L, 5L
BRI PR AL JC I R AR
222 wMERMTEAE R ERRREI AR b, JE— X SOV ST T 2 R A
S 3 AT . R Box-Behnken design W N T FSEH )5 58, A58 T 3 5200 CO, AIFRAEUSEINBEFR Il AL
LR BB E, 435I ONTEE X, (°C) , SUSEIHE] X, (h) RV R 2 X (B R, %). R 1A T4
RIAF S MGS(E, KRBT 17 40 SRl &, #5083 2 A SCIR A BUNAE, ATHELA R
AAENPERER(Y), X, KM X B 230 B = (D) iR

Y=90.09+14.99X +12.97X,+13.86X,+3.62X X,-1.59X X,—-3.99X,X,-21.9X,*-10.7X*-13.91X;’ (1)

Table 1 Factors and levels of RSM (Response surface methodology)

Code value
Variable Symbol
-1 0 1
Temperature/°C X, 60 90 120
Reaction time X, 8.0 16 24
Catalyst amount(mass fraction, %) X, 0.05 0.17 0.30

IS A IR I AR RL 5 22 4 HT RS AR R (o PP, 252K D036 3. 45 AR 128. 76, AR
RUEAT @k, B B F AR R HERAR /N s P<0. 0001, F/m RT3 . 4387y 220 40, X,
Xy, Xy, X2, X0 X RS2 m R A G N B AL 2 (A ST . T R*=0. 9940, J#14& RME 4 0. 9863, K
AMEEA — 8k, IEREARLEAS RAFp BOpE . 40 P>0. 05, HE— 2 R IIER S R4 S5 A 25
K. B LA AHTRT L, AR AT St SR Ak AR S R P A S R e e A

A 3 AR AR A B 1A = 2 7 i T P Pl S ) T A R R L DR 3R A A X B A N ot 2 AR A 52
P S (A) Ay Js2 o 5k R 52 1z Bk ) %o} B S SN e e A R AR B2 ), e AR R B 0. 17 o0 fE— il
PRI, v S iz il B R S B[], B AR SR N Be e A e M K, 5002 R CO, 5 PR S I e i S i
WA, T i SO BE AT RO I T 2R T, O B ) S AT ) Rl R e A i . A SN be ik
RIRPN R G, AREETh i S T B AN K S B s (] , SRR R e i AR R8N X I DR 3l e A T
SHMEALRIE RS, GBSV I TA], PRGN e e A AN P R R T 2R /N .

BIS(B) 7 Hh T 50w ek B AR A 70 FH % ISR S e e AL R AR B2 ), 10 SN B TE) R 16 he 7]
U0, Bl 7 I e A AR A 3, SRS I e e AL RIS R, IR CO, S IR A AN BER
VA AL % A VAN A =10 [ 4 5-3 < | e A o 1 B = 2 i D £ e [N SR Y VALY By | IS Bo.S
R RN DR — AR S, RSN B AL SRR B i KA, ARG IR BN, O T s i
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Table 2 Predictive and experimental values of conversion(%) of Box-Behnken design

Value Experimental value
Entry Predictive value
X, X, X, Average Standard deviation
1 0 -1 1 85.99 0.021 90.09
2 0 0 0 32.89 0.34 33.14
3 0 0 0 90.49 1.1 90.09
4 1 0 1 88.05 0.20 88.32
5 0 0 0 50.48 1.6 51.84
6 0 1 1 81.55 0.57 81.54
7 1 0 -1 69.95 0.49 65.58
8 0 1 -1 93.69 0.30 90.09
9 -1 0 1 68.98 0.10 70.36
10 0 0 55.37 0.42 57.00
11 0 0 0 92.16 0.10 90.09
12 -1 1 0 89.33 0.10 89.08
13 1 -1 0 23.81 0.21 23.82
14 -1 0 -1 57.24 0.16 55.88
15 -1 -1 0 56.37 0.71 54.74
16 1 1 88.12 0.82 90.09
17 0 -1 -1 39.91 0.93 34.64
Table 3 Analysis of variance and statistical criteria

Source Variance Free degree Mean square F P(Prob>F)

Model 8469.36 9 941.04 128.76 <0.0001

X, -temperature 1798.20 1 1798.20 246.04 <0.0001

X,-time 1346.55 1 1346.55 184.24 <0.0001

X;-catalyst 1537.63 1 1537.63 210.38 <0.0001

XX, 52.56 1 52.56 7.19 0.0315

XX, 10.18 1 10.18 1.39 0.2766

XX, 63.76 1 63.76 8.72 0.0213

X2 2019.64 1 2019.64 276.33 <0.0001

X} 482.40 1 482.40 66.00 <0.0001

Xz 815.13 1 815.13 111.53 <0.0001

Deviation 51.16 7 7.31 — —
Lack of fit 13.07 3 4.36 0.46 0.7268
Pure error 38.10 4 9.52 — —
Standard deviation=2.7 R*=0.9940 Adj R*=0.9863 Pred R?=0.9685 Mean=68.20 Adeq precision=31.96

v 2SN
//'?‘ SRR
60 /Zlf,,,'l' ":3%’:%\‘

{4y LXXKS
l,,':,'o,:%o,o‘o

40T RIKRHRARS
{

Fig. 5 Response surface graphs for conversion of epichlorohydrin

(A) Time and temperature; (B) catalyst amount and temperature; (C) time and catalyst amount.
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T S ARAL IS PERRAR , 3 2 AR 2 5 SO 2380 S LA 2R A A% JRBE T, AN B A 7

L5 (C) 7 T RN B ] A A7) PR 0 PR S S e AR A A B i), 358 RN TLEE Sk 90 °C. Bl
AR TR o 388 T RN 2 1 B R A S, PR ARG e e AR, a2 AR R P s g i e B 76 Pk
IS, HLEEA S s IR0 AT R T BRBR R AL . MR R SN e AL Rk B KBS, AREE3E K
B LA AL R R i, SR N B AL R8N, & B il 2 R R 2 5 RO S s AR F 1
TR ST, ANFIF O T, S SN R[], PR ARG N e A RN 8 R I i/

FEMEALT IR 0. 22% RIS 101. 3 °C . peo,=0. 1 MPa Fl B[] 4 20. 79 h e 4414 T,
THEA B0 5 TR e 3 AL R B R 99. 5%. TE e AE LN 2 F T, I A5 A8 3R 480 T e 5 AL SR S B0 1
99. 6%, HARSCIGZERA T 4. SCIAE S FMNEEAT , JF—HAE TRl S8k

Table 4 Conversion of PO at optimum predictive and experimental factors

Factor Time/h Catalyst(%) Temperature/ C Peo/MPa Conversion(%)
Predictive value 20.79 0.22 101.3 0.1 99.5
Experimental value 22.00 0.22 100.0 0.1 99.6

2.3 PBpy-Br@UiO-67 HyiE L N E & 18 AR

FERAE S 2R, LA CO, FIFR AN Gt (IR IR S 1 AR B 2 1, R E 5T T HEAL A Ak 16
PO, WE 6(A)FF/R . LRI 5 Aok (i Ui0-67 4k CO, BIBRANRL SN ], PRGN bet fh R
B0 21. 2%, UM Lewis F2 {57 & (Zr-OH/Zr-OH, ) ASJ2& PRI S 0 1 32 B A TG 7 s . i PBpy-Br
WAL SRS, BRR SR Re e AL 65. 2%, W Br BB F I A3 R SRR B R A . % Bb 4 Rtk
FIA LR AT AL, PBpy-Br@UiO-67 MIMEAL R St , X715 45 T Lewis B % (Zr-OH/Zr-OH,) | Br Fll
N-Z IR g e A v ) U R AR

XL PBpy-Br@UiO-67 A H A FTERESES 7 T . LA CO,RIBRE G N e BFR I Al S 10, R A 75
FRL, TSRV 2544 (100 °C, peo,=0. 1 MPa) TR 22 h, RV EE ARG, 8505 BRI R =1, fiEfk

100 L&) 99.6 100 L(B)99.6 993 987 977 973
g 80 g 80 -
s 5
2 60 w60
=} =
8 40 S 40
20 20 |
0 0
e \3.\0.6" YW\JB‘ @0.‘0-6‘ Runl Run2 Run3 Run4 Run5
?YB?\J B Recycle times
© (D)

130
3070

h Y N After 3 runs W

L Ui0-67 — ATior S runs /\M

—— Fresh &
— Ui0-67 =
R S T TR T TR N i Ly ! 1
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20/(°) V/em™!

Fig. 6 Activity and reuse performance of PBpy-Br@UiO-67
(A) Catalyst activity; (B) relationship between conversion and recycle times; (C) XRD patterns of PBpy-Br@Ui0-67 before and
after 5 runs; (D) FTIR spectra of PBpy-Br@Ui0O-67 before and after 5 runs.
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FIFH B B PR A OF T8 . R FTIR F1XRD 43 5 %98 244 5 WK 5 B PBpy-Br@UiO-67 F1 58 il % (1)
PBpy-Br@UiO-67 #F1T3RAE, SLi0%s K& 6(B)~(D) .

Hi &1 6 (B) AJ 1, PBpy-Br@UiO-67 & & fifi 1 5 /5 , A AN L AL T R T 2.3%, KV
PBpy-Br@Ui0-67 HA B ke E . I 6(C)FI(D) AT UL, AT fi A Sl F4 Rk 2 4 4 oA %2 A B
B, 2] PBpy-Br@UiO-67 FAT B RS e P A ] 8 52 i FH
2.4 PBpy-Br@UiO-67 4, CO, 5 HE RS WBIIR AL & KL

R T S ARAL 5] PBpy-Br@UiO-67 A IV FE , 765 AE S B A5 (SO ik BE 100 °C, P, =0. 1 MPa il
FOWFR] 2 22 h) R, 28 BIE T PBpy-Br@Ui0-67 % CO, SR N4t . A SN bE . FRA T %% I
PISESE/K H g | TR 20 IR S8R O e I PRI AR bz B AR PERE , SCBR s RAI 385, al ik, LU
RIS B A B 97. 1%, 99. 6%, 90. 0%, 87.9%, 57. 2 F150. 1%, HHerEHLF]  98%
VL b, ULBHAE AL PBpy-Br@UiO-67 X #E R A A AL P HAT AP AL RCR , (AT AT RS IR
AL IR A, BXO& B T N R, AR A e s R, ARIFE
.

Table 5 Results of CO, cycloaddition with different epoxides catalyzed by PBpy-Br@UiO-67

Epoxide Conversion(% ) Selectivity (%) Epoxide Conversion(%) Selectivity (%)
0]
97.1 >99 o 87.9 99
\/\
Q
O
%a 99.6 >99 Lb 572 98
Q
% 90.0 99 0 50.1 98

2.5 fEUFIEMEEER
PMEALER AN BE S CO RN A M, XFHE T 4 R AL EALTE 1. ke nT UL, L PBpy-Br@UiO-
67 AL IR S G P e e b Rt i, a8 %1 99. 6%, BN A VB K: , R Sk AT A Ui0-67-1L
SR TV, SOSEA A A, (B RN R 56 LA N 95. 0% 5 TL-ZIF-90 4 S i 25 R e vz, H.
WAANBHARIN 94. 0%.
Table 6 Summary of the reported CO, cycloaddition of epichlorohydrin catalyzed by
IL-MOFs catalytic systems

Catalyst Dosage (molar ratio) Time/h Pressure/MPa Temperature/°C Conversion (%) Ref.
Ui0-67-1L 1.5 8 0.1 90 95.0 [31]
IL-ZIF-90 0.49 3 1.0 120 94.0 [40]

Meim-UiO-66 0.745 24 0.1 120 93.0 [41]
PBpy-Br@Ui0-67 0.72 22 0.1 100 99.6 This work

2.6 PBpy@UiO-67 4 & R H1IE

225 k(42,43 146, 1 H T HEEN S CO, BRI AL AT REFIALEE , U Scheme 2 /K .
A R A FE 3 AR, BV E ALY TFER . COM AR T4 . 55, Zr 48 1Y Lewis 12
P aE SR AN O A A E—O0—H---0—, WA LA E T, RS, Br gk o | &N e 2
] 57 B /N B B-C 5T, AR T ER a4 s S8R5, CO, 20 T4 AJTER R ) 44, B B IR i 108 s #x
J&, S FRPAER, Brgg s, MALRIRIE . vl UL, Ze HIRE (Ze 42 J8 07 5. 80—OH B RE A 2L Lewis R 17
1. PBpy-Br@UiO-67 & F A& I 1 Lewis B {5 55 F1 75 N 22 38 0] B3 [F] 4 4L CO, 5 3R 050 N ot 19 BRI A
SV .
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Scheme 2 Proposed mechanism for the cycloaddition of CO, with epichlorohydrin using
PBpy-Br@UiO-67 as catalyst

5 P
K FH TG 7 770) B2 dak 5 288 A A7 R A HoR, B R & PR 30 2 F Uio-67 fLIE N, il T

PBpy-Br@UIO-67 & A1 kL . £ CO, FIFR B AL SR I . PBpy-Br@UiO-67 HAT R 47 i fi Ak Pk
AE. TR RV A5 E (100 °C, peo,=0. 1 MPa, 22 h) &, &GN BERE 031K 99. 6%, TR SIK,
PR AR RAU T 2. 3%. I T PBpy@UiO-67 FIMEAL SRR, g CO, B4 18] & R AL 4R At 1 55
58
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