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Research Progress in Hypercrosslinked Microporous Organic Polymers
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Abstract Hypercrosslinked microporous polymers are currently an important class of porous polymer materials and re-
ceiving great interest due to their advantages such as high surface area, moderate synthetic conditions and diverse building
blocks. According to the difference between the synthetic methods, hypercrosslinked polymers are mainly prepared by the
following three strategies: polymer precursor post-crosslinking, one-step self-polycondensation of multifunctional monomers
and external crosslinker knitting rigid aromatic compounds. In this review, we introduce the development of hypercrosslinked
polymer in detail as well as investigate various synthetic methods and polymer networks with controlled micro-morphology,
the broad practical and potential applications including gas storage, adsorption, separation and heterogeneous catalysis were
also discussed. In the end, we talk about the disadvantage of hypercrosslinked polymers and challenges in the future as well
as predict the further development on synthesis and application.
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Figure 1 The hypercrosslinking process of swollen polystyrene
BEJ5, fET/K SnCly [IFFLE R, Davankov 25127

U B A ST, T I SR 1) SRR L &

13T RS R PTVETERALATRL. IR R &)

ELZR T AN AT L F] 680~1000 m*/g, {EEIESHT A

[26]

Acta Chim. Sinica 2015, 73, 530—540

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

25 DS WLZE VR R B 7 T s T A IR N P P e A
b T S B R, DU S AR 2 — Fh B 4 BRI B P A B
7. Hradil Z:PHRIE T V0SB AS B SR A 2007 250 i
TETC/K AICL; B¢ FeCls FIMEAL T, PUSAAR & A AT -3a ke
FEAL S BT i T R IR 0] (R -CCL-#F %, 2 Ja @it K g e
BT -CO-MrisEghiy. i ik XA ir 13 2 1 R A P 4 L
FIMFLAERS A F] 1000 m*/g LA L.

VERNRIK ZIGHAN, — 0 ok G JE K 20
LRV (DVB-VBC) /& — P J5 A8 Bk I B 1) A7 2RI
TEE G TR AL T, AW D T8 B A R RS
FHAR AR IR R AAT - Se e B Ak ) B2, 25 7 43 F K g 1
FUR T ISR INESE, TR T — P S I 245 45
PP TR, ER IR A AS AR B R R A B R S il
BAHERPRE, BANMILRE SR E R, &
F I 4 — i & L5 M. Sherrington 25000 3L
DVB-VBC Hiffiil %52 T — R85 LHEEY(E
2), FWEFL T A F R RS, Blhn: SR IR 245
FARELR, BT LA R R AR
AR50 AR A [R] R B 264, HE SRR APk
AR 300~2000 m*/g AN, i FEE /R 435 0.02x 1
DVB-VBC FifA, 42ZBE A2 15 min B, 381 RKE5%
EL R AR AT 1200 mY/g, 1M EKACHE ] & 18 h, L3
THI A IA B 5 K AH 2090 mP/g.

Lewis acid CHyCI

n
—_—
% 1,2-dichloroethane
N\ cncl

Lewis acid
1,2-dichloroethane

B2 — 2 TS LA IS 0 A
Figure 2 The post-crosslinking of DVB-VBC precursor resins
FIAT, SRR CM R AR S I & Bt 7 B4
FEBGAR N, AR R T BAT Wl 4 fLAR RS R L 23 Al AE Bk
REVRIEERR D, Tan NAPYIEF ALK DVB-
VBC LRI R SR A4, i B A 85T DVB H &
=, ARHIEE T Davankov MR IFLAE K FLAE 40 AR,
3 7RG ATALAE R. Segn s KR, i
Ak DVB & &, @GR &%) HCP-DVB-
VBC L2514 6 0% RS ff b A O AL Im] ol FL 428 0
W BRI 45 SRR WY, BEE DVB & BRI N, HCP-
DVB-VBC ] BET HERmAE LIHAJE T 24 DVB

[30]

http://sioc-journal.cn 531



¥ F R

4 &40.02 wi, HCP-DVB-VBC (1] BET bt T 7 55 i,
%% 2064 m*/g. DVB & &M 0.01 w8 %] 0.1 wid f2H,
REAS R FLAR RS 1Bk, RFLES A s s —, 4L
BAAMEIRAE. U DVB & &L 0.07 wif, MRS
WO V1 G AT R B e 282 S 0L M SR f T R 2R AR AT,
KT T 2l LI R S 4. ARG S0 25 3, o
LR AV R TR ALAE > A AR A AT 0, 2
T TR RBMYLE. XSFFAE DVB MR SR,
Iy FRETEIR AR RENs 5E A VE iR, 2RI — R 1R
A, R BT T R 2 5 S5 BT 5 T
BRI B il A N R AR, B RN E IR T
BRMZR, mERENRILLGEH. & DVB HEREY
RS2 3] DVB WG SBAE A, TRk iz
2 FRHIARE H H 0 BEEANBAIF. 25 DVB &
REARE, YIBBRREE AR, 2 TREB A, ASI M
5% DVB BIRIAMEL, 15 2] 0L TR A ) —
4 DVB &R, BT DVB W5 I & 1F
oy FEE R AR T RIRAS, 2K HEE 5 401E 1 2K 28
B, AR T MBS, L2 RALEE R
T —. Kk, DVB &4 0.02 ~0.1 w ] HCP-DVB-
VBC EHLHEIFIE . B ¥—RfLE 6. MALE
B FLAR 22 S0 SR A W RE I RS T DU AN [ R
AW B &5 SRk e, i, 0.02 w DVB & &) HCP-
DVB-VBC 7R 1 e AR =, 52 0.05wDVB
£ H 1 HCP-DVB-VBC 145 f i A S WP &, 1 0.1
w DVB &) HCP-DVB-VBC AW B e K& 1) Ak
B IXFETE AN A B SRR B 45 SR AR B T BN AR AL
FLAR AN B = B FL AR AR X NS o 7 AR A AL
(I B A A 1.

NT N R AT I 5 A R 1 L 4 A T R ER
H IR T f#, Abbott P2t Polymatic AT, T
— RAVK LN~ 5 IR 20 A B R A W A Bk S B
IR, B FE A BCIRAS I S e FR R TS AR A 21
S RRILEMMAR . 45 RRY, BBR SR
LR IE RAMITEARE B T 1 FE A A 20 1, 6P
SEIGTFUEM B E F 2O 2L M VBC )
B EMEAZ R AW LR A IR, R0 R AN )
AR A Tan $)IE 0 SZG 45 O — 2. Sl xR
A B LR T AR AN LR A (R, R IR A WTE I RK
R T IFLEBETE R, ZBAE RS KA+
BEAT B L, B SR R K, RA VISR
R, B E RS, PR I KRS ) AR
Tei, AV B AZ BB I T FLIE R, S
B 1 LR T AR I FLAARRR. S35 11
w7, BT VEXHE AR AL T R L T —Fh
BT ER AR 7 3K

FRIEH 2.)%25 DVB-VBC LRI, il — w5
R R W iR BER A AR B LR S 454

532 http://sioc-journal.cn

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R I A IR A3, W NP
P IR B K ZAR i B R MIPE i, I R G
AT T — MRS AR IR, RO
72 2 WA BR AR fe B SR WIE, RERSAE 5 2L
WAL R R ORFFIES, 152000 BAT 2 JALE I Rk
IR, 1E BRI IR . PO AR R IA
T A B (10 2 FH AT 55t

3 InEEW/ NS FEYEERE

ITLEAESR, Davamkov B ARTE A BT THIA T B
R, SR IR TP 5 A Bk 75 ¥ 1 e PR FR ) 1 3G S B B2
B JRRAET Davankov B AR & R 12615 51
BRI, SR GBI LI 2%, AR PR T ATk
PRI ARFN K LSS B R G Re. B4, RSk
REWREUEERT EE I ER N8
PPV — VA R A RN E A )2

X7 TH T T i R 1 Cooper /NHUITFRE, A4
IEELT = S B 5 IR A (B 3): W R R
(DCX). 4,4"- & F5E-1,1- 2K (BCMBP) Al — 5 F k1
(BCMA). fEA ] 5y Wi i fefh T, o elode =FpAs
A BRI LA, 19380 T — KAV RALER &
P2, PRI R R B T X SRR AT AR AR AL
4hH, B BET LR ATIA 1904 m*/g, 15 Davankov
WG LR TARAE 2. B 5 K B T- BCMCP 1 DCX 4
FLREWITE 77 K/15 bar 24F T A SR EE 0.0368
w, R T IXRMILRE VM EHER ST HAAEE
K.

Cl
e OO C

DCX BCMBP cl
BCMA
B3 EGA AR AT
Figure 3 Monomers used in self-polycondensation strategy
RIRFNERN—F A RETR, IAETIIRTE N At 20
B P AL, AE DR BAE AR S il ol
PR — R R AR, BB R IR T ) I i
TEALHTT NI 7T 3 . Cooper 2507 8E— B HF 70 13X
2K B 4 FE SRR A W e AR B R T RE .
DCX Il BCMCP BARELHIDy 10 3 I, 1520 R0 5 ki
FLEREWIAE 298 K/20 bar 54T H H G2 B 5 RE % 1k 21
5.4 mmol/g, FRILH AT 8 AT 7. EHERE, X
i T IR BE TG ) & AL R S VIR SRR AT, AHEE T
— R AR BRI L 525 5 A7
UTEEAER, B A 3R S BAFROR (CCS) i R B2 B
B B — A o — A ki B HERR A RO, TR AT
T R R RAE T A W] — R B8 = RO I — SR

[17]

Acta Chim. Sinica 2015, 73, 530—540



1 F F ®R

RPN Martin 2P0 7 3% RBFLARE A BIAE KSR
Al R 1) S A B B e 0. RS SRR AR R —
ST TR B 5 B A T A FL SR & 0 1) L 485 A P T A R,
1E 30 bar IEE TR, BEAWE/RT 13.4 mmol/g Ik
AR B R T L E T AR R B R R 4T A
PE, X MR RE S VR A R e J5 — A A B 3K 1) o oM
)

bR T tbR A, IR R TR R
FINTHRESE AU PR IR AN 2L A1 RE A A2 iy — A0k
W R A B PR PR i R 0421,

Yang 2P0 & A = 2R i T 5 DCX FE RSN
FIBAZICR A Mg . BEE RAR DCX & ERIEH,
SRS BET LR T 318 13 1530 m*/g.
SR8, XM E AR AWML AR
MER T —EfRe, & A E 4.6 mmolg Ff)5,
Yang 25 T BCMBP 5 = Kt R B A MINIER/
KAy EvERe. AR AR AR LB, BRI — R
Hl| i L R AR AN S G K AL -SSR G .
fH, PBP-N-25 £l PBP-N-50 P #3164 () bb 2 Thi A 4
WTEik 1362 Al 1338 m¥/g, "EAIA/KZER I oy Bk vk
43R 53.5 Al 63.6. 1M H., JEITIX PR AR LR ARG
il 4% 1 BET ELR AN 551 m¥g (R S bt k). %%
B AW AT RAF IR M R SE B, TR T A % i 7 P
T 3 R TR 0 S

BT bR AR A L S BRTIL R A Y B A K
Chaikittisilp 21 ik 25 A % 5 SUAR I Th RE 131 1 527 Tk
AT TE T 10 46 SR B 4 AR 3 T — OB B 2
- LB AL E MR BIR G i f

HO
FeCly, 80 °C
-H,0
BDM

PR EUE T T R, (HR AR R EUR I Re e s
76 45 T ERE I A SO A BB RS BRI M 2%, B
BRI Z HILE AR BET ELRmEBAFLAFLS) 5]
IKF] 2500 mP/g. 3.3 ecm’/g. IXIGAFFERBA T IXFR 4T 46
R AR AZ B R A W 1) 75 V5 TR FE RE A8 4 B FH T A ML
WL A MRL R 2%

Z i, Wu ZEHOUE FE 2R BL g At Fo K AIC, fiEAL
R A5F = e B A B 7 R A ) 6 49 31 T i e e A LR & 44
Kl 52 BB AR, Al AT 88 1 X0 AR v 5= 4]
MRS R LR AR E T & SMIL-N L E
E#EL B BET HERTEAUN 904 m¥/g, HRFLIAFN
0.99 cm’/g.

Wu NHPT LRI T REA I 28 7Y T A 2 e S e O\
ARFE-POSSE AR BLEAR, FET07K AICL HIENT, 18
I DY E A AR S % T — P M- TEH LA K R & & 8
KL &k Z1kE, FrSmaE R mis 2264 m/g 11
bl 2R THI R DA B AR e AL LR R, 78 S A A 38 70 125
CA AT BN o W B 55 ThD s Y R U ) Ve

R s S NP R N A ASE P 9
i, Tan /NAMSKIER] T & 52 B L B BRI A0 B2 s pA 4
o S . F I (BDM) A 25K FF (B A AH A % 8 3o A< Joe 2
IR R 46 T8 AR ATy LR AR (1 A AL R &
(B 4). BAWMEERE, PFREVEA KA
fLEiky, LRy 5 ik 847 m*/g (HCP-BDM) F
742 m*/g (HCP-BA). iX—&5 B9 7 HE A8 Bk I o7 B4
WAEA 2 A RN FE B R G0N A, BT sFLI B4 &
HARY R B ReH S B IR AW, TR T & Bl Sk
LR G WA R AT i A4 L

o7
OH HO

OH
FeCl;, 80 °C d
_—
-H,0

BA

B4 AT R AT R R (1) )

Figure 4 Synthesis of HCP-BDM and HCP-BA by Friedel-Crafts catalyzed self-polycondensation!**!
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H o T RS PR A, B TR B R AR, X
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I 5.
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R ERMILRE AN, i “4Gd” N-Z2b R
5 RILE, 172K W R AL 2] 1229
m’/g. UL AR IR, X RMILR S YRR R
X} 2 i AR 05 R AR L 1) Suzuki-Miyaura {815 B2
71~ HA 8 v PR A P R e R 12

ANZERF “Hm 2L T8 T T 55 43R, Tan /N
JEHCT = Fh A2 PR A L P Iy R R DAy ) 22 G,
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Figure 8 The synthesis of aromatic heterocyclic microporous poly-
mers!**!
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Figure 9 The preparation of magnetic microporous polymer nanoparticles
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Figure 10 The preparation of hollow microporous organic capsules!”"!

Acta Chim. Sinica 2015, 73, 530—540

1,2-dichloroethane o

Hypercrosslinking

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[69]

Hypercrosslinked
SiO,@PS-DVB

Hollow Microporous
Organic Capsules
(HMOCs)

537

http://sioc-journal.cn



¥ F R

THEEAE AR R BL5 6] & T i &8 R E M a K
WKL A YIIFL R GRAIE T A0 BURL I i B A R, IX
Tolt 57 456 PR A L 565 0 T B A R 2R 11 3 D e v v I
A TR AR A T A R

Shi SV IEA R T — P R ML R &
W28, TF L 25 s JR AN 300 S A5 1) £ K UKL J Al v 211
YK S B T AL B R EAL AL &40 KA
Wl s B e K BR B 1 sk 7 3R, TR T e A DR RF L 1
PR AR A AT e R 1

FHEC T =4 R B S AR, B RO
1) 22 FLIBLAE BE U5 IR 55 77 TH 6 /N2 T 10 o B A IR K R
. Qiao ZUMLI ALK I AT A B RR, 385 [F A7
(1) 4038 1k S S ] £ tH— Fh sy i VA S e B R R A
Iy PR (R 11). i8id AFM. SEM. HR-TEM X} &4
FE TSR 5 R IR, IX PR AC IR A I R I 2 1)
ZRFLEER, O T R AWK IR 55 LR
WS FIRFL N 2 DL R B SUR AL R R a2 X R
SE T B BT JEA W o B HIORI 22 B s B 1) 3
FEH: Bk, BR CIRERT M 515 8 DGR
LA RS T IRALES R SR SRR SCI AR e Ak 751 1
RIZMAFLEE Y BOEN R 0 BN B3 — 25 B
IR THALZ R BE, RIS N JE SR S0 T o
B, AN B SR IR 0 4 TR E SR S AL E 3R
-5 SRR E R, TR T A FLAK R A1 2, T 5
IR LI 5r T RN BCF BT SRR L0 R P 3 1 2
AT T R RKIL A JZ S50, BB o A 2
N IX R B R A Je e R B i JE R A 1
(MR PR 2R 2, EPA T AL A FLEEMITREAE. HE RSBk
RAVII R A 32 B2 AL & R, 2SR AR
K, WALEMEEBK, R RmREEs. 45
BRI 6 h, 1SRRG LLRETFIA R & A 618
m/g, ZJG HIEK AR IA], AR AN A
B, S IXRALR SV T IR AT SR B )
WRIL, BEE B AR, AR R78 1 B 8T
K, HR A ARON B R B RS TR, S
WHRIBFEZR N 5561 B, —EALB R SRR R
IEF] 18.5, IX—45 F AL AVE 2 B AL S R 4 B8 A L
BLOXKIEL AN, B AR B MILERE A Y
Iy FORME A TR B ORI, A7 AR A A P2 1)
AT RE, DRI AR SR 70 B8 B 5 TR L R e 7 7).

B Z WAL Bk kL, 2 —Fhaets &4z
RO RURE R 72 0 RBE YRR R A B, BEH P RL P 8 LA %
HRRAL A FLFITRALES F  Jo H Re  ) PRod AR i e it
TSRS, TS T T2 M R SET. Maya 2507
RIE T — P I i S A I 7 | A B AR LR R 2
LR EVBESRM B E, HRI T A 264 A K&
AN E IR B A3 2 R A FLEs R PERE rI 2.
BCMBP {E 3SR 2 (1 B bt kL) LR T RUA 21

538  http://sioc-journal.cn

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

a - = o oo
o
. VINg /Y
Crosslinking ~y & “
@ - &
80 °C Ry -
BCa.
PS membranes z?gil-? . Ve &
2 2 il i
CH4OCH,0CH, Hypercross-linked porous polymeric membranes
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Figure 11 (a) The synthesis of hypercrosslinked microporous polysty-
rene membranes, (b) the mechanism for the formation of hierarchical
porous structure!’*!
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