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Figure 1 Schematic diagram of hydrogel with new polymer network structurel*l.
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Figure 2 Classification of anisotropic structured hydrogelstl.
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Figure 3 Hierarchical hydrogel prepared by directional freezing assisted salting out treatment [4°],
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Figure 4 Bone high adhesion hydrogel prepared by tensile orientation method>l.
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Figure 5 Preparation of structured hydrogel doped with non spherical particles by pull-up orientation method®®!: (a) and
(b) preparation of composite hydrogel of chitosan and ascidian nano cellulose by chemical crosslinking; (c) and (d) pulling to
align the sea squirt nanocellulose and solidifying the aligned structure through physical crosslinking; (¢) Schematic diagram of

various interactions in gel; (f) SEM characterization of the internal structure of the composite hydrogel.
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Figure 6 Preparation of structured hydrogel by directional diffusion induced orientation of solvent or ion: (A) Layered

hydrogel with onion structure constructed by alternate solvent diffusion blocking and other means8l; (B) Schematic diagram

of the process of formation of anisotropic hydrogel by PBDT orientation driven by Ca?* diffusionl®l.

U2 T A% 8 R BN — 4 B A P K BN K
WOk, B Y. WA T BT RS 5 U7 5K
R RIURE R A AT Py B Ja BEAT SR 2R & e A
B R DA 37 7K U6 i 5 17 S 2K (10 45 A YR EO-e6
BT — 8, Takuzo S5H i 1 & A MU HSI
() 4R A0 K A 1) S5 R ALK BER (1 7(A))-
RSB TE R T 2RI 5T ) LR kgl
KA RETATHS, SEDK T Z 8748
SR R RR U, SRR SR 40K F LSS T
1] ) 75 A 1) HE B B Sl o T e 2
s 3 1A B 4 My i e 51 R DA 2R 5 I AR
TR 13007691, 12 7K BRI FR) 28 1 25 1) S P A
HEAG &R FER A ERE, LR EEAR U
FEYEERERe, BhAh, ik AR AT SR
(GO) MR 55 B, AT TE ] 4% 172+ GO
SRR, AR AN R B 9) 7 1 (1 B9 D) A
BAEREZESR . IEWEE IR, XEA
P LB S5 A 1) 70 2 25 1R S VEAE AR 2 AU AT o5
FERIRH o

PR BURLAE BT V1AL 3 T 2 B L B R 971
Rtk . Stupp UREEZH £ il 46 20 K 27 4E A4 7 1 7K e

RO R, RS R e, SRS T
Y0 K 2T o R B ) HE B 1 R R BRI K B At
XK B AT 556 5 1 i . Wang 55071
W 2 4 R A e B HES 5 R AL R A s, il A%
T AN R A ) 5 R KRR . TR
5 5 4 2 35 55 AR W SR R PR BURE () B 1) DA i) 4
G M A K B A A I 2 LA BRI RAT 1
TR, R 2 4 28 UKL AN (1 5T 7K B i 1
JIEESRE, AE R B T T T X FKEE AR
F VR R R IR TERE DA R R S
UbAh, FIHIX—FEME, 56074 4D 4T EN 5,
Gladman FFU43E— B | HAA B3I 4514
HKEEL (K17(B)).
225 BEHE

PATE LB A LR [ 20 2 #4) 28 1) A 30 1k R
FELERY IR, 51 N IR I A AR A 3R A R
I, WG IX AR E L B KB = M2 e, R
AR 250 R A /KBRS . 1K 7 1 H RGP T
1EF 1997 4F H Holtz U0 e ik i (K 8(A))- il
AT e A SR 2 25 3R A5 1) = 46 T fm AR R 5l N
IKERR AT, R R JE 3R T B A IR A



382 5T

v
X

it

5 mg i 2024 4F

Cofacial

8
o "o

Photo-induced
crosslinking
polymerization

Cofacial

< __d

Gel ¢

(i)

Unidirectional (printed)

B7 Y. W sET I 7 S LU R A AT Fr B 5 HEAT L R 5 B AL i % SR K BEIR - (A) & A RS
(1 —4ER AR R B G R A KEEE; (B) BY VI 5 5 e IR £ 24 3OORE R 45 & 15 26 4D 4T EDR S BT 2R TR SN 45 4

K BRI,

Figure 7 The electric field, magnetic field or shear flow field induce the particles to take out in order and conduct in-situ

polymerization gel to prepare structured hydrogels: (A) Structured hydrogels containing regularly arranged two-dimensional

mineral nanoparticles; (B) Shear flow field induced rod like cellulose particle orientation combined with bionic 4D printing to

construct structured hydrogels with complex morphology!l.
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Figure 8 Inorganic or organic particles self-assemble periodically to form structured hydrogels as templates: (A) Flow

diagram of preparing photonic hydrogels based on colloidal photonic crystals; (B) Structured hydrogel based on DGI self-

assembly for lipid like bilayer structure(7°-34,
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Figure 9 Chiral structured hydrogel: (A) Block type chiral structured hydrogel containing M13 bacteriophage and chiral

liquid crystal phase of cellulose nanocrystals (CNC)8l; (B) The magnetic field controls the orientation of CNC chiral liquid

crystal phase to construct regular chiral structured hydrogel%l,

3 SEFIEKEE R B I R R

LR KRR IR bR T L 6 A SUK I ) R 1
bb, HN BB LI T T ISR e f%
GUK A B2 AR B I, AT AT A
VP2 RGN o 45 TR R A7 ST 1R 25 4 ALK it
2 E4 T LA g R i S LR
3.1 ERZEMBHEREKER

% G2 ) B RE K Bt I AE A1 5 R B 0 N A 4%
SRE R E AR BUE AL . X T Skt oK
BRI, T R P R A A 1) R A S RT e

WM, AT LR 7 S KB S5 i . 1
un, Lee Z5U02 1 Jef =4 440 1 di ik 51 AK
B, TR KRR T RA I S5 i (s BREIK
IS I 2% 1 22 B o S, A T — KRR AE
pH FIAH 731 BT B3 B 06 1 il A K e
JB2, FeRTAE BT IR BE I FH T TR e 7 1) s
1 B A 45 K € 1) 25 A A 7K e IR J7 T, Fu 5507
F B 1 45 # 4k B ta K #E R (Structural color
hydrogels) (5T 711, ABATTCAIRAAR G+ S
BB, SR U R e R 221 PR AR ) T ¥, AE K



53

BARAE : A K BRI A Ry A S HC R

385

TR PR 5N R I R PR S M, 4% T 45
MBI B I IR T /K B 2 Al AR D RE . [
I, Haque %5U103-1041[H] 58 B A7 45 ) € 1) £5 44 4 7K
BB T — RA TR, TPR T ZMHLBIE AL
I By F R TR €0 M) SR T R 9 6 1R Bk
KB, R 7K AR SE 3™ K 81 88 7 45 A0

5_‘_ Pr.
L/
s

B 10 Z5F L /KBEAZ IR 67 b A o B LN - (A) BRHAT J 1A i A R 1 i e 1

Small stress

—

Ultrafast response
Large spectra shift

TS o BN, R 2R T 7R B 22 T R
Z R AN KBRS, T —RER]
AR 5 AR 0 PR e 58 P AR R R 1031041, X SR I
7E 52 B 5t e 8BS 70 by I BEAH 2 i ) B € AR
I RE, AE T) A AN AR AR A« ARAR 7R 25 5%
3 A A A (R R T4

<— Reflective platelet:
Polymerized-DGl bilayer domains

2R KRR FT T TR I L ) A%

SIS D02 (B) & 4R S5 ) Z R R S5 R R 7K BRI FH T P AR AR 175 3 ) S k104,
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Figure 11 Anisotropy of mechanical properties of structured hydrogels containing 2D mineral nanosheets with regular

orientation: (A) and (B) in different directions, structured hydrogels show different responses to compression and shearl3¢l,
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materials with complex deformation behaviort’,
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Review

Preparation and Applications of Structured Hydrogels

ZHONG Wei-ting, LV Fei, ZHANG Zhen-kun"
(Key Laboratory of Functional Polymer Materials of Ministry of Education, Institute of Polymer Chemistry,
College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract Inspired by the regular internal structures found in many biological soft materials, which exhibit with
unique functional performances, conventional hydrogels are expected to have enhanced functions through the
incorporation of regular internal structures into their random and irregular polymeric matrix. With such
synthesized hydrogels, numerous potential applications emerge, including but not limited to visible sensing,
strain-induced visible displays, actuators, and soft robotics. Over the past decades, previous works have reported
various types of hydrogels with internal regular structures, and the subfields of structured or structural hydrogels
have gradually matured. This review briefly summarizes recent progress in structured hydrogels, focusing on the
basic concepts, preparation strategies, and the unique properties conferred by internal structures.
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