%11 0 [T S S S SO No. 11
2018 4E 11 A ACTA POLYMERICA SINICA Nov., 2018
ik

BaFRARRICKERARER
BEN B & kedT K A

CHEBFEBE TR REOR 5 TP T 315201)

O E HEASFIRARICILOKEE B (SSMHs) & — I R 43 15 F sl sh A L S E 0 43 R [ 2 I
BT AR, I 8 26 R e B T R 52 0 4R T8 WK 1 15 4 F /K BB S . AR SCIRTZE 4 44 T SSMHS I 28 U & @ I
TR, BEE T R A R 25 4 AT 3064 FAS @ SSMHSIN f B ik /BB, I B A T BA L ERRICIZEON
MZ N BERSSMHs. B, LXF SSMHSs T I Ife (4 B i A >k & S it AT T 438

kiR AR, BARCIZ, JKEEK

TEARIEAZ 7 T4k shape memory polymers,
SMPs) & 48 HA TR FFIm I TR BE /1, 2%
NGNS, WTUWKE BRI TEAR, MR
HXSHILETEAR B 1R 12 D Re i — R Re im0 144
B2 SIRIEZ & SRR B E L, TE
RiclZm i FH B RAE K. kB R
Ry GyMLRAL AR m] R 5518 2 A0 A
MERICAZm 7 FAERST . i S Ous B A AR
T B R P R ST H AR R B ARAEZ = 4y
TR EERAETERICAZEm S TR, BIfEAR
TV J i o 5 1 B P S B A B R R D R 52 K
SIS TR B ] 52, LRI APRE AT RLPK
B RWIIETEAR ). BARIETR IR = 7 A 1
ZNRRE, AHR 5 32 B ARSI R 2 1)
B, AT v 55 T AR R T AR A A2 k4 77 2 A
ISR A F TR R . AT R R T 1 AN v P B A
PEREE D TR R, MEEA G iR HAT A DhRe
k%L Sy, TERI SRR . B AT $ D e
PRI RIS 1 B AR 1
RLINERILZ &1, Rz E 1 A
AF R AL, IS S TR 2
DI Re 1200 165 P4 VR R ZH A SR - U e ™1l 45 i

BCArAE U S] NTEARIENZE 77 g, Sl
TR NLES S, BRI T — R
IR TR T RACAZ 5 7 FRE. FKEEIRAE 9
—REBKERET, L. NEHHA
USRS AR, S TR RTIOK
W, AR T IERACAZ /KB (supramolecular
shape memory hydrogels, SSMHs), f BT 7L
S N RBIRARICIZ T RE, W RTIRIEAZ & 5
THENF AT 7.

1 BaFRARCIZKEER

531 TR AL 7K B I 11 225 46 0, 4 24 O
oy T HEVIIRTER A K A SRR 2% (netpoint)
FH T [ € I TR 43 FF (molecular switch)
(BT 27 FF AR HLEE S AT LA Ay it 711
RNz A LA 4. BTk 7 71 F 1 SSMHs i it
AR A (AR KR BAE SR
S A FH S50 P e 5 R B 2 R S B TR PR ] e A [ 5
FE T B3 A B 1 SSMHs3d I 428 1] B 7 3 A
(BATNERBESE . Bha i KA 55 ) 1) Wr i 5 55
BEEREIIEARIAZAT A,

EREEIR 2018-06-280H, 2018-07-2616%; EZKE SHF AR H S 2018YFB1105103). [E% H AARM- 34 (3
45 51773215), HEBFEBERTITREE S PTSEIH 0 H S QYZDB-SSW-SLHO36)F1 H [ B2 B 1 4F G5 e 17E 2 (T

H%5 2017337)% Bh.

“IETHER R N, E-mail: zhangjiawei@nimte.ac.cn; tao.chen@nimte.ac.cn

doi: 10.11777/j.issn1000-3304.2018.18150



1386 =t

5T

R 2018 4F

Shape recovery

Deformation e

@ Permanent crosslinks

Fig. 1

Shape fixation %

® Reversible interactions

Shape memory mechanism of supramolecular shape memory hydrogels (Reproduced

with permission from Ref.[13]; Copyright (2017) The Royal Society of Chemistry)
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Fig. 2 (a) Shape memory and recovery mechanism of PVA-TA hydrogels; (b) Three shape
memory cycles of PVA-TA hydrogels (Reproduced with permission from Ref.[21];
Copyright (2016) American Chemical Society)
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Fig. 3 (a) Shape memory mechanism and (b) swelling change of the hydrogel before and after

bubbling with CO,; (c) Shape memory-recovery cycle of the CO,-sensitive hydrogels (Reproduced
with permission from Ref.[22]; Copyright (2015) John Wiley and Sons)
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Fig. 4 Shape memory (a) performance and (b) mechanism on the basis of host-guest interactions between
S-CD and Fc (Reproduced with permission from Ref.[29]; Copyright (2015) John Wiley and Sons)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 5 Shape memory (a) mechanism and (b) properties of UV light-responsive hydrogels (Reproduced with permission
from Ref.[34]; Copyright (2015) The Royal Society of Chemistry)
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Fig. 6 (a) Shape memory mechanism, (b) macroscopic shape memory behavior and (c) microscopic
shape memory behavior of the supramolecular hydrogels on the basis of Alg-Ca?* coordination
(Reproduced with permission from Ref.[35]; Copyright (2014) The Royal Society of Chemistry)

LA P SR T R A FURE 737 ARICIZ KR
KL TR, T A R R A e s
TIASREEIR A, b H] T #4 SSMHs.

RSP VR AL A A -1 A AR EL AR T 51N
WACAZABRL ARG T T ABERL KL
PRPERE, I8 B AL KB I 2R P Se Il T AR T
BB TEARACAZ D REN. A 138 1 P i (AN)
A — b 2% 7R A B A (2- P 8 P A I £ SR T R L
fid, MPC)JLE, fhil# 1 X Al BA =HERRILIZ
SEONE PR KB R 2 2 1) JEL A R o 4 A Al - A R A
HAER], XA EAE R A NI 52 o, T
SEIRIN AR, WE8HR, FEBRIK L Zo® I
F, Zn* S MR IE AR B RS R, AT
[E] 5 55 Al I AR s AR B R IR BE ) Zn” TR

t, Zn MU AIEIEIER:, SRR EIRE L
[A] (R R ARAR LA, AR A R BT AR T AR.

Wit I PR B (AAm) . THIETR(AAC)
5 /8 B AR T R R R BT B = e L R % T
KRR, P2 & A BRI T A S Fe e, /]
LLE R Fe™ /FUA MR IR SE IR C 12T g
BrRubz Ah, BT KREETE S T s UK, AR
WA, AT ERK IR I K 71 HEF A
W, BUKERERERI, PrARIEE 2R
AR AR AT DASEERL I TR A [ 5

3 ETFahEHENr#ERISSMHs

BRI IR E I 26 1F T BE G AT M i Y
ATEI (R BA 01 AT PR AL A 6

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



11 fIERINSE I TIRARICIZ K BT T 3k F 1391

(@) T<Tmen
T>Tmeit T<Tmeit
e Bl M
Permanent shape Temporary shape Temporary shape Permanent shape

() T>Tmen

recoven

Temporafv shape Permanelnt ape

Interfacial tension dominating shape recovery

Fig. 7 Shape memory behavior of the organohydrogel material (Reproduced with permission from Ref.[36]; Copyright
(2017) John Wiley and Sons)
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Fig. 8 The multiple shape memory mechanism of acrylonitrile hydrogels in different concentration of
ZnCl, solution (Reproduced with permission from Ref.[40]; Copyright (2012) John Wiley and Sons)
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The shape memory mechanism of Alg-PBA-PVA hydrogels (Reproduced with

permission from Ref.[42]; Copyright (2015) John Wiley and Sons)
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(Reproduced with permission from Ref.[46]; Copyright (2016) The Royal Society of Chemistry)
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Fig. 13 (a) shape memory after self-healing, (b) self-healing after shape memory (Reproduced
with permission from Ref.[47]; Copyright (2016) The Royal Society of Chemistry)

Fig. 14  (a) Structure, deformation and shape memory mechanism of the bi-layer hydrogels; (b)
Deformation and shape memory properties of the patterned bi-layer hydrogels (Reproduced with
permission from Ref.[49]; Copyright (2018) The Royal Society of Chemistry)
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Research Progress in Supramolecular Shape Memory Hydrogels

Yu-kun Jian, Wei Lu, Jia-wei Zhang*, Tao Chen*
(Ningbo Institute of Material Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201)

Abstract As one of the most important stimuli-responsive polymeric materials, shape memory polymers could
fix temporary shapes and subsequently recover to the original shape under specific stimuli, and have thus aroused
tremendous attention and shown promising applications in many fields such as biomedical, textile, aerospace and
so on. The currently developed shape memory polymers are mainly thermo-responsive, in which vitrification or
crystallization of the polymer chains are applied as temporary crosslinks to achieve shape memory property, and
the shape recovery is induced by heat. In order to realize shape memory performance under mild conditions,
supramolecular interactions (hydrogen bonds, host-guest recognition, metal-ligand coordination) and dynamic
covalent bonds (boronate ester interactions, Schiff base bonds) have been employed as temporary switches to
construct supramolecular shape memory hydrogels (SSMHs). Because of the reversible and dynamic nature of
molecular switches, SSMHs could display excellent shape memory behavior at room temperature. In the early
stage, only one kind of reversible interaction was utilized to fix one temporary shape in each shape memory cycle,
resulting in a dual shape memory effect. Since the number of temporary shapes that could be stabilized normally
has a great impact on the potential applications, two or more non-interfering dynamic switches have been
incorporated in one system to realize triple or multiple shape memory effect. Moreover, other properties such as
self-healing, adhesion, shape deformation and fluorescence have been successfully introduced into SSMHs, a
series of multi-functional SSMHs have been developed to broaden their potential applications. In this review, the
definition and development of SSMHs are briefly introduced, and recent progress in SSMHs with different kinds
of reversible interactions is summarized, followed by the presentation of SSMHs with multiple shape memory
effect and multi-functions. Finally, current challenges and future perspectives in this field are also discussed to
promote new developing directions.
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