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Chitosan—Based High—Mechanical Double—Network Hydrogels: Construction,
Modulation and Applications
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Abstract Double-network (DN) hydrogels are composed of two asymmetric networks with contrasting properties, wherein
the rigid and brittle network serving as sacrificial bonds effectively dissipates energy to enhance the mechanical performance.
The first reconstructable physical network endows the DN hydrogels with outstanding anti-soften and mechanical stability.
However, the monotonous type of physical networks and the difficulty in tailoring structure and mechanics greatly limit the
development and application of DN hydrogels. Focusing on these problems, we have fabricated the rigid and brittle chitosan
physical network with adjustable network type, structure and property and further constructed various chitosan-based DN
hydrogels with high mechanical performance and tunable mechanics. The hydrogels were potential materials for anti-freezing
dresses, biomedical materials, flexible electronics and wearable devices. The universal strategy of constructing chi-
tosan-based DN hydrogels was beneficial for developing various functional and high-mechanical hydrogels and broadening
their applications.

Keywords chitosan physical network; strong and tough hydrogel; structural and mechanical regulation; freezing tolerance;
flexible wearable device
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Figure 1 The high mechanical performance, tunable structure and ap-
plications of chitosan-based DN hydrogel
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Figure 2 Structure of chitosan chain
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Figure 4 Scheme of chitosan ionic network hydrogel!'"

UEAh, 7 SRS A L D 2R R AR A 5 e rRLA
P R 5 B2 A BRI 2%, 124 F 7L 231 18]
() 2R AE R (G E L YEqle 7y %) sl SEB- R
fif 2 A AR R i R e o, A et R, H
FEAZAD B 0 245 R T T 55 PO o, i A R e — R %
FH T A XA 2% KRR

3 FEREENMKERAIGE
IS

LE TR MR AR AN SR RV T P R B
PIER X2, H K 58 RO TE 1] 2% U 45 7K B R i 77
PN B SE RIE: (D)VE R 2 (KT 3%), AR 7 580
R DR 28 ] A TS, TGV A U 4 K A 2
— W Z R G T SR Q)IETRORGE A, TS e AR
BIENIRA. XA 5 5 8w TREME Y N 48 R e S T
SO 25 Bk Fe IR . st b3 e R, RATT SR v Y A
(1 46 52 B BE (I 2 BEFE > 90%, 7 TR 214 10 kDa,
1%(w/ V) B IETRE BE 9 45 mPass) I R IEH 5 TR @ £ F
TR B I 285 1) A0 3R 1] 4% 570 SR 38 U 4% /K M,
S BRI EE (R BOR T 5%) H o 52 Sl i &
BEAE R 3820 00 BT 55— 1t X 4% v 1] 4545 ) e TR
BT A KERIRE, R 5 T AN R AR 28 () B Vi R TR SR
A A = S 7 ) S SR BB A BRI 4%, AT A5 2 2 Rk
SRWEIL i SR O 4 K e . X b LA LR AR A
(DA AT B — 2512 Wy R ) FE A g i 11 52 SR p A 3

Acta Chim. Sinica 2021, 79, 1—9

inter-membrane

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

WA 2%, SICEIL 7 TROB I A3 5 7K R 1) 1o A ) KL KR 8% 7K e
PP FE AR, ()N U TR 2 B B R 6 0
FEIRWEYDER I 25 T s (3 )Y T IR YIS ) R S 00 4%
IR ROV 2385 AL AR LA B 1 R G T 42 (4) 572 SR B
IR 285 1) g A Tk B 2 fE 85 RE 8 SO AR B RE =, SR THER IR
FIHIME; (5)70 SR MEDHE I 2% 1) 55 2 g R T e Rk 1)
E WK PERBUR 7 . RIS E T = s KR
(B L, A RT3 KRR 28 7K Bk 1) I8 FH T
31 &SN KERR

w5 FroR, B KT R PE(CS) S 48 i i 5 T 4 Tt
Jize (PAM)HE A7 o0 28 3 1ok S0 B A P ) 46 N 52 SRR K
B, AREH IR T 1 moleL ™! NaOH w1, 725 bE4 7
B R EE LT, BRI SR, T REN 1)
SEAER IR, 7T 5 R T Y U R AR
LI 48] CS-PAM Tl - A XU 48 7K it e i
I 4D 57 SRR At o TP 285 RS2 3 L 5 T S0 JRE (%) 5 TR s T i
K] £ B8 Th 1) B2 v 7K B I PR LA 1k e (R s - 2.12
MPa, #VERE: 318.7 kPa, BiZHIMEREIA 12.9 klem ).
K BAT S5 1 o B e TR PR IR MERE, TEVR BN R
ST S8 TR SR B ORI 45 7 52 B2 (] 6A, 6B). fE7A2
TR, STRMERSE N TR e kA
FOFFER e R, TN IZ LA X 48 A 35 LS BRI A
F ARG e B AR TEAT u, 350 1 /N LS R 3 i 11 b
BRIy, G Ry BEdr, JEEHmEE O g, 4 AA
i T K SR W 2 . 7 515 & 1 LU A (o E) R T2 ), 22
HELE A BURBL R, BG B CS-PAM -3k
W IKBEIRE RURH 28 K B o E BN 2.71, FEAS T3 FE o
BRI KNS, RILH R R E DT (B 60).

IKEERAEARTE R RE 52 SEWE R A WX 28 22 R AR A
AEWR, MNTATAE L g AR 4 = A 3 S5 2R, i Ja B IR T
PR T R EE W 2 BAL AR N FE B RE . 4
AN 300%HF, S PRI THAR A D) 86%, BLAATEER
I 25 14 A2 BRAT A 2 AE 0 A R Re = FEBOL i (B
6D). T 1) 7 TR X S AR IR 2 I RE 15 DL 2,
R T ks - A U 2 7K B JR AR e (1) B W 2 e J1(] 6E)
RIPTRACTERE, TOR T 4% GE KBk B XA 2 0 48 7K Bt fie
= HEHA S 5 57 )

http://sioc-journal.cn 3



wF ¥R

A
i —»
Uy Immersed in
Alkaline Solution &
Solution Composite Hydrogel Microcrystalline-Covalent DN Hydrogel
B

NaOH :'_::--('-----------:» ~o N 0\/:-07\0/\ O

BlS  SeURME- 2R DA I T - 3 A U0 2% A R s e ) 2 i )

Figure 5 Scheme of fabrication of chitosan-polyacrylamide microcrystalline-covalent DN hydrogel"?!
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Figure 6 Mechanical performance of chitosan-polyacrylamide microcrystalline-covalent DN hydrogel: (A) load-bearing capacity, (b) rolling resistance,
(C) crack blunting, (D) energy dissipation and (E) self-recoverability!'”
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Figure 7 (A) Scheme of fabrication of chitosan-polyacrylamide chain-entanglement-covalent DN hydrogel and (B, C) its swelling behavior in water!'?!
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Figure 12 Chitosan-based DN hydrogel serving as anti-freezing and multi-model wearable device to detect various human motions?"**!
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