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Zinc phthalocyanine-based porous organic polymer for cycloaddition
reaction of carbon dioxide and epoxides

ZHONG Jianjiao', LUO Rongchang®*
(1. Huizhou Kaimeite Gases Co., Ltd., Huizhou 516000, Guangdong, China; 2. School of Chemical Engineering and
Light Industry, Guangdong University of Technology, Guangzhou 510006, Guangdong, China )

Abstract: Zinc phthalocyanine-based porous organic polymer (denoted as ZnPc-POP) was prepared from
Schiff-base condensation reaction of zinc tetraminophthalocyanine and 1,3,5-benzenetricarboxaldehyde
under solvothermal conditions, and characterized by FTIR, BCNMR, XPS, TEM and N, adsorption-
desorption. The catalytic performance, recycling ability and substrate applicability of ZnPc-POP were
evaluated via cycloaddition reaction of epichlorohydrin (ECH) and CO, as model and tetrabutylammonium
bromide (TBAB) as cocatalyst, and the catalytic mechanism was explored. The results showed that
ZnPc-POP exhibited a structure with abundant mesopores (pore volume was about 0.64 cm’/g, average pore
size was about 20 nm) and large specific surface area (171.6 m%g). At 100 °C and 1.0 MPa CO,, the
selectivity of ECH to produce cyclic carbonate was > 99%, the yield reached 96%, and the turnover
frequency (TOF) was up to 533.3 h™'. ZnPc-POP showed no significant decrease in the catalytic activity
after being recycled for 5 times. The selectivity of the cycloaddition reaction catalyzed by ZnPc-POP with
different epoxides as substrates was greater than or equal to 96%. The ternary oxygen atom in the epoxide
was activated effectively by coordination with the Lewis acidic zinc center of ZnPc-POP, and the bromine
ion in the co-catalyst TBAB promoted the ring-opening of the epoxide through nucleophilic attack. This
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double activation of epoxide ring-opening was the rate-controlling step of CO, cycloaddition reaction.

Key words: porous organic polymers; zinc phthalocyanine; CO, conversion; cyclic carbonates; synergistic

effect; catalysis technology

CO, Je—FhREHr . fifite - 5§ H 22 2 JoRE Ryl i

PERR—BEIRN . CO, A5 R PR S A 3 2 R g
BB CERARBR R MG , AT LA se iR ooy 18 2 g 4

Msh 2, PRI 5 52 3 Ok B 2 050 5 1 ¢
P AT B — RN AT, ATTE 2K
I T 45 A RER B AR A Z AL BT, andis 4
wEHRY. SEA st AU Bk 4
JEE A, &R A VESA R (MOFs) PInZAL
HHLEE Y (POPs) M55 AN F L& R R 5,
4 Ja FEAE AR R AE IR NS5 0F T RS 2R B A 2 5 4L
mfEfetERE, XOREY, BA Lewis MM &R0
RT3 S FC AR S AR B Ak, DT £
HIFER, I8 B Y w5 16 PR ot 48 4 s TR A

XX CO, 4 F ARG A oA 25 it (H ke
G AR L TR0 i LA P10 S = 4 i 3k AR A 2 1)
[, e EL S AR RN Z2 A AL R A 1Y) 4 i JE A Ak
AR I F kAR,

POPs #HEHEA KR | mfee M LK Z 5
BEFD, O 2R TR S 5 B 2 A
AL S AR K 4 B TG PRI A1 5| A E] POPs HE4L
Tk &4 R %L POPs Xt CO, fALTL AL 45 sk i 7
JEMM AR R AR, BL7E 2013 45, XIE %)
RIG T 48 Salen FILPHFLRE AW Al-CMP,
e T IR 4% (TBAB) WIFERF, SEBL T #EH IR
R N AL CO, 5L A BRI B S R 2017 4F
CHEN 251 U 3 4> J@ niwbk  J5ORL, R Friedel-
Crafts Bt AU B i £ T R 51 HA K R E R
F) 4 JE PR EE EE SC I SR A M-HCP, FRK L 8
VA VRN AN AR T PR AR R R 10 & . 5 4@ bk
SEARGERI AL, 4 JE IR R R B O S i Ak i de e
PR AR, e —REEN S EE AT
1 POPs MBI FEAFY B A IC . H 4 JR Ik 3 POPs
HEALTIHTF CO, 5 FR S AR 18 R0 8 5 0 1) A S ATF
AT Z T,

S TR TR B ) A4 A BT B8R AR 0L A0 2 iy 300 T4 itk %)
Jet USRI SRR I DA DU G S IR R A 38O
SR A JEORE, R REEAE A R, TR
ZAE TRl — PRI 2 LA PR AW ( ZnPe-
POP) , M HAENZHMARIA T CO, SHAMY
B ER AR BE, JF LA TBAB g Bhfifks), It
ZnPc-POP 7E 3k # AN Z51F T BUAS 3 o i i b 1
fit. AWFFE B 7E AL D AR RIGF A CO,

TENRAL A R 7 ) o
1 LEES

11 AT ENEE

4-fiEERP PR B i (i 4k 98% ) | 4H
MREE (L TE 98% ) . PU/KG LREE (i 4k
99% ) . JUKGmALE (it %0 98% ) . TBAB

FiE AL 99% ), EZGEA AR A BRA A
PER=HR (RS 98% ) . ZRFRE (FE)
99% ) , LigRIR T AR R A BRA R 3B
ANbE ., FREEFENRE. 1L2- A T be . M Ega K H
M EAOR O . AR S BREEE (ZnPe)
AR, JtntA RIEBHEA R A HoAl s R (i
2l ), TN A BR A

AVANCEITHD 400 MHz 4807 SR
P, 78 Bruker A H]; ASAP 2020 T &%
TLFL Y BRI B 43 A1, 95 [ Micrometrics {3523 7 5
JEM-2100F 7k ST i 7 B, HARHR T
234t ; Nicolet 6700 B8 3 217 S8 % 354X . EscaLab
250 Xi X HrEOtm FHEEY, & Thermo Fisher
Scientific A H]; A60 SAHGIEL, &N EE{ESA
FRAH]

12 Ak
1.2.1 ZnPc-POP #| %

Z: MESCHR[20-2 11/ J7 1, 1l 8 D0 22 J IR A
2 = T, DU 3L BR #5419 "THNMR (CDCls, 400 MHz)
BAEAR . 8.89 (m, 4H), 8.40 (m, 4H), 7.38 (m, 4H),
6.24 (s, 8H); K = HEf) '"HNMR (CDCl;, 400 MHz)
BARIF : 10.21 (s, 3H), 8.64 (m, 3H), i3 '"HNMR
FISCHR[20-2 11—k, IERI PR SR BT 1

ZnPc-POP il #5 BE L T FR

N
HO DMF
Zn
150 °C j\:N
HO

ZnPc-POP

Rored
w%

I — AREGYHREE HT

H.
2

ZnPc-POP [l & BAKIRAER . Ny 60T,
50 mL [R]JFBEIR A INA PO Z 5 EF 638 mg (1 mmol ),



53

Phss, A BEBCEEZ LA PR S WL CO, SRR ALY BRI LS N * 651 -

PI2E = H [ 200 mg (1.2 mmol ) AT N,N- I %
H R (DMF) 20 mL, KRFHEZE 150 °CJaitt
24 h, fFRNEERSHIE R, KWBUEmMIE, K
WHIZE 7K, BHlE, & H 5. DMF A2
Ve BT, HARE AR, H—2
T R R B ) VR 24 h, B4R 120 °C
B2 TR 24 h, 44558 HAR™ i ZnPc-POP (IR #
EEAR AR . 600 mg ), F7EZ 80%.,
1.2.2  RAEF kA PE AR 9

FTIR M« 76 8 B AR S 2T A G IS4 1 o TR
FLEP R R it A, PR R 4000~400 cm
SAHEZEN 4 em™', "THNMR Wt DA =4 4
(CDCly ) MiEHR, WHEEEEE (TMS) AR,
TEM MK : 7837 & 58 59 o 7 0 s e A it
MEH R 200 kVo Ny MR- Bt . i A iR
BE (77 K) A7 B i AR SR BRI B o BT A T
PEATINAR, U FTAE S 7E 150 °CELZS 4 F kb B
8 ho XPS Mk : 78 X S H FRBIEAY L E A7k
HIORIE R ALK, X 4k, mAMHET4541HE (BE)
I C 1s & (2849 eV ) K IE,
123 MR EE

IR EANSE (ECH) ARHEY), CO, #jm
BV FEBL A CO, R 13114 10 mL AN &
NI . HLA BRI TR TR

O
ZnPc-POP/TBAB

CI\/& + CO, ——m8 > C]j\/

TETCHEFNERAE T MUK 1w S0 28 H A ZnPe-POP
(5.0 mg, 0.0054 mmol ), TBAB( 15.5 mg, 0.048 mmol )
A1 ECH (278 mg, 3.0 mmol ), /5, 4l CO,
B3 IR BT EE, B E T A
PR E IR MA R, R ROV T IR, R
—ERTH S, WOKBERE, BB COo, I mA L
R ZBEAE U R (3x2 mL ), SR AR K
WhR, S ERE (GC) Mt & =R M=)
TP
1.2.4 ALK IEIRIE R £ 5B

B O LB 1.2.3 Tk, & 2R
B FIA R R . 60 °C T4 24 h J5 T T — Wi .
2 SRR A 1 PR F A RE

SV 454« ECH 3.0 mmol , ZnPc-POP 5.0 mg .
TBAB 0.05 mmol, CO, H 77 0.5 MPa., il B 60 °C
FUR N B 3 ho
1.2.5 JRApiE R LR

TEH A ALY 3.0 mmol , ZnPc-POP 5.0 mg, TBAB
0.05 mmol ., JZiEJE 40 °CHI CO, JE /7 0.5 MPa fy
AT, %5 ZnPc-POP X A [RI 28R A A AL ( 3R

SANKE . 12-FREE T e | MR N AR K H g | A AR
LAGMAEIAC KT ) IHEILTERE

2 HRSHE

2.1 FTIR &%
& 1 HE AW ZnPc-POP [ FTIR £ .

4000 3000 2000 1000
PeE/ecm™!

1  ZnPc-POP Y FTIR 3% [&l
Fig. 1 FTIR spectrum of ZnPc-POP
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Fig. 3 XPS spectra of ZnPc-POP
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#l 4 ZnPc-POP /) TEM ¥ (a. b), HAADF & (c) F

C (d). N (e). Zn (f) JLEH EDS &[]
Fig. 4 TEM images (a, b), HAADF (c) and EDS spectra of
C (d), N (e) and Zn (f) elements of ZnPc-POP
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Fig. 5 N, adsorption-desorption isothermal curves (a) and
pore size distribution (b) of ZnPc-POP
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25 S BH 0L T A6 AR R A5 00 T ARk IR R T 3R 1S
FIEALTERE (7= 80%, ¥5 7).

1AL ZnPc-POP 78 4N LI A1 2578 T 8L
R bERE, FEIFEEATRERE: (1) BEiEdEsp
D HEA BN Lewis FRYEREA RUIETE IR LW 1 FF
5 (2) ZnPe-POP HAA £ & WAL, AR T
Y5 AL I, AR s R AT, X
— s SR YRR R B JE S F LAY o

R E R CO, 1 %F CO, BRIAL S 1Y
M, S5HRM, MR NRETHEE 60 °CH}, ECH
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JERI, ASCHITEN ZnPc-POP FIHEILMERERH WAL
F 4 JBELEZ FePc-POPPYIHI Co-PcTA/MWCNTSs P4

(FF5 11 f112), 548 0buk HUST-1-Co AYGPEAH
A FS13),

F 1 A#4LF] ZnPc-POP 7E CO, 5 ECH IR S v A 144k 1 RE

Table 1 Results of the cycloaddition reaction of CO, and ECH over ZnPc-POP
5 AL it el BfE/A WREE/SC HJI/MPa RE% TEPEIE/% TOF/h! 2% R
1 — — 24 40 0.5 — — —
2 — 1.6% TBAB 24 40 0.5 10 — —
3 ZnPc-POP — 24 40 0.5 <1 — —
4 ZnPc-POP 1.6% TBAB 24 40 0.5 68 98 16
5 ZnPc-POP 1.6% TBAB 48 40 0.5 >99 98 115.7
6 ZnPc-POP 1.6% TBAB 72 25 0.1 92 96 71
7 ZnPc 1.6% TBAB 72 25 0.1 80 95 38.3
8 ZnPc-POP 1.6% TBAB 3 60 0.5 72 >99 133.3
9 ZnPc-POP 1.6% TBAB 1 100 1.0 96 >99 533.3
10 ZnPc-POP 1.0% TBAB 2 100 1.0 85 99 236.1
11 FePc-POP 1.0% DMAP 3 70 0.3 59 99 590 [23]
12 Co-PcTA/ 2.0% TBAB 1 80 0.25 96 99 12 [24]
MWCNTs
13 HUST-1-Co 7.2% TBAB 48 25 0.1 94.7 99 51.8 [25]

T HEALF] ZnPe-POP AN 5.0 mg ( &R 0.18% );

C—= IR TR s BRI A 2 50 AT AR ph BN A R P R Bk

SRR A IT IR T E; TOF=7" 38/ (AL &5 Bk WIS ] ); Co-PcTA/MWCNTSs 2y U %8 S Bk 75 B L 50 22 BE R 4 K A 5

HUST-1-Co 4 4 JB BT S Z LA WL S

2,62 HEEFAR A
AL O 0E 20 25 22 45 R AN 18] 6 JT s o

100 .
L 4 4 4 4 199.0
8
98.5 3
i
)
98.0

1 2

3 4 5
B

Kl 6 ZnPc-POP 7EAEAL CO, Fl ECH PRS2 I v i1 5 &2
il I
Fig. 6 Reusability of ZnPc-POP for catalytic cycloaddition of
CO, and ECH

& 6 A[ 1, ZnPc-POP itk . vE&EAT
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PL b XHEAE 5 R LR #5477 FTIR %
fiE, 5 mE 7 pros. dE 7 AT, JEEREA S
KJG ZnPc-POP W E5 M AR WA B4k, Bk, 7Lk
SR Z W, ZnPc-POP H A K 4y Fa & M A i &2
HIPE

1490
3400 1606

4000 3000 2000 1000
B/em™

Bl 7 EIMEH 5 K ZnPe-POP (1) FTIR &[4l
Fig. 7 FTIR spectrum of ZnPc-POP reused for five times

263 JRMpiEAK

ZnPc-POP X A [A] 255U () 28 A AL W i AL PR g %
BEERME 2 Wim, WER2JLUIEH, 48 h5JLTF
JIT AT 3 H ) AR i A R Ak P AT B e R B M e 1k A
I B FRAR Bk BR T o ZnPc-POP XA 6] 431 /N R 45 44
FIE D 2B R AR TG P, B K85 IR
YroCn 1,2-3R5 T ke ) T EEAE K R W & 72 h,
F R e Ak, IR REik 98%, ik
T ZnPc-POP HR5k iYL 45 M % B 7 i) BoA — &
A BRI N o BRI, XTFNALEY (IR
Cb) 1M, B R & 72 h, #KEK HiE
IKF 20% 155 AR, 3X ] BB h 2 8] 48 BE AN T 2
ZnPc-POP A A [6] 31 A AL 1 1 R IS 4 B4 34 0 i s
N P BE R = 96% .
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# 2 ZnPc-POP fiEALA R ALY 5 CO, S AR FRIR
TR TR 14 52 56 45
Table 2 Experimental results of ZnPc-POP catalytic cycloaddition
reaction of CO, and various epoxides to form
cyclic carbonates

@)

/9\ ' o ZnPc-POP/TBAB
3 >
R 40 °C, 0.5 MPa, ol R~
F5  R#EMA =Y WA/ PR % R/ %
0
1 —CH; OJ<O 48 >99 >99
0

2 —CH,Cl OJ{ 48 >99 98

cl 0

Jé) 72 98 99

4 /J 48 90 99
]
%
5 /Q O 48 70 96
6 O 0 7 20 99

2.7 EAVEBRE
& 8 & ZnPc-POP/TBAB 1k CO, 5 &L
AR S5 7 A IR A PR i B 7] RE ML

[0)
G
)74
% |
I\@Bf S Br

R

I \\ }@: @gﬁ"

CO, J:
R YBr

¥l 8 ZnPc-POP/TBAB fiE k. CO, 5 ¥R AL BRI 52 i
AT RE P
Fig. 8 Proposed mechanism for cycloaddition of epoxides
and CO, over ZnPc-POP/TBAB
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