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Fig. 1 Schematic illustration of establishment of the concept of RCPs.
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Fig. 2 (a) Working principle of self-healing superhydrophobic films; (b) Top-view SEM image of a PAH-SPEEK/PAA film
on a silicon wafer; (c) Contact angle of O, plasma damaged superhydrophobic film and the same film after self-healing
(Reproduced with permission from Ref. [17]; Copyright (2010) Wiley-VCH); (d) Visual observation of a PEI/PAA film containing
cuts with a width of 50 um after immersion in water for (i) 0 s, (ii) 10 s, and (iii) 5 min (Reproduced with permission from
Ref. [18]; Copyright (2011) Wiley-VCH).
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Fig. 3 (a) Schematic illustration of the preparation process of the PAA-PEO elastomers; (b) Stress-strain curves of the intact

and 1, 6, 12 and 24 h-healed elastomers that were previously cut into two pieces; (c) True stress-strain curve of PAA-PEO
elastomer; (d) Photos of the PAA-PEO elastomer, captured before (i) and after (ii) being stretched to a 650% strain, and photos
of the stretched sample, captured immediately (iii) and 16 h (iv) after stress removal (Reproduced with permission from
Ref. [21]; Copyright (2017) American Chemical Society). (e) Schematic illustration of the synthesis and structure of the P(IL-SP)
hydrogels through one-step polymerization method followed by dialysis in water (Reproduced with permission from Ref. [22];

Copyright (2018) Wiley-VCH).
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Fig. 4 (a) The fabrication route and the photo of NBPPG-PAA; (b) Stress-strain curves of NBPPG-PAA with different weight
fractions of PAA; (c) Stress-strain curves of the intact and 6 h and 18 h-healed NBPPG-PAA ,y,; (d) Stress-strain curves of
NBPPG-PAA , for 1%, 27, 31 and 4™ cycles of cutting/recycling process (Reproduced with permission from Ref. [23];

Copyright (2018) Wiley-VCH).

3 ETREVMESYRHESEIEE
A XL E Y

JERAE R BRI 20 25 S M R R 33 T SR e SR
VIR B )2 PR RR SR T B i BARAE
2019 FFAFE I iz 7 ) sHfe B NI 5 ] A8 T P 1 4
KAH > B R I 3y 1 KB R . FItE S
Pz Ad I O 7 T AERS), Wl S(a) R, R
PR 3 — 1 R S4B (PDDA) 5 PET I B A 58 BH B8
TR G WA R R CIRTER N (PSS) 5 PAA TE R
EHEFREMIEKBRTES, WEEEDIT

VE, FERRUTIE AT R AL TR R A
B, W& T 1 R BB B ] 1 RS K B
Ji . /£ (PDDA-PEI)/(PSS-PAA)/K #tfii 1, PDDA/
PEI/PSS/PAA 5 &t 0.3/0.7/0.4/1.0, Fifr T
o 5% FLfA )5 PDDA Al PSS [ 5 e /b - 55 58 FL iR
J5i PEI 1 PAA 1)1 & . (PDDA-PEI)/(PSS-PAA)7K
Vi v JEASE A B ) PDDA/PSS 4K K, A AT
DLE N RI TGN K AH 73 25 25 A sk e, 3k m] LA
FEAN T MBI TR &, $2 /KR B F e
A (B 5(b) AT 5(¢)). (PDDA-PEI)/(PSS-PAA)
I FE T AR B B L DR 2R 8 AR RN 4y A



12 8 ZEFT MR AT mTERE AT RESER G M R R B R A R IR A 2115
@p-"""" T e ! (b)

w cr ‘
| n n |
| + |
: N I Stretch
| : —
! I
! I
! I
! I
! I
| |
| | [ Hydrogen bonds /\J PAA
! I
I PEI
\ | @ Electrostatic interactions >
| ! WA PSS
: @ Nanoparticles _s2 PDDA

(d) ©) 4

—PEI/PAA (i) .
1.2 4 — (PDDA-PEI)/(PSS-PAA)

5

S 081 K

P 0.4 Swm

(iii
0.0 . . : . %Fi ﬁ"""""‘l
0 600 1200 1800 2400 e S -

Strain (%)

COO \
+ COO

NH3 N

NH; N |

cOO COO

/

150 200 250 300

0 50 100
Strain (%)

1
~NH,
° \)LOH (\NHZ (\E .
N N § : )
AA HN NSNS NH, 0
2 i PN
OH O o

HNSANSNH,

0 “oH Weak polyelectrolyte
MPEG PEI complex nanoparticles

Fig. 5 (a) Chemical structures of PSS, PDDA, PEI, and PAA; (b) Schematic illustration showing the simultaneous
strengthening and toughening mechanism of the (PDDA-PEI)/(PSS-PAA) hydrogels; (c) Transmission electron microscope
(TEM) image of the (PDDA-PEI)/(PSS-PAA) hydrogel; (d) Stress-strain curves of the PEI/PAA and (PDDA-PEI)/(PSS-PAA)
hydrogels; (e) Self-healing of (PDDA-PEI)/(PSS-PAA) hydrogels (Reproduced with permission from Ref. [25]; Copyright
(2019) American Chemical Society). (f) Schematic illustration of the synthesis and structure of the PEI-AA-MPEG hydrogels
through a one-step polymerization method; (g) Elasticity of the PEI-AA-MPEG hydrogel (Reproduced with permission from
Ref. [50]; Copyright (2019) American Chemical Society).
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Fig. 6 (a) Structures of the PVA-CBA/PAH hydrogels; (b) Stress-strain curves of the hydrogels before and after acidification;
(c) 10 Successive loading-unloading cycles of PVA-CBA/PAH hydrogel; (d) Cyclic stability test of the PVA-CBA/PAH
hydrogel for 5000 cycles (Reproduced with permission from Ref. [34]; Copyright (2023) Wiley-VCH).
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High-performance Sustainable Polymer Materials: From Layer-by-layer

Assembled Films to Reversibly Crosslinked Polymers

Yi-xuan Li, Jun-qi Sun”
(State Key Laboratory of Supramolecular Structure and Materials, Collage of Chemistry,
Jilin University, Changchun 130012)

Abstract To address the growing demands of modern society for polymer materials with high mechanical
performance and stability, it is imperative to develop sustainable polymers that combine dynamic functionalities
with properties comparable to or exceeding those of traditional polymers. Here, we propose a new concept of
reversibly crosslinked polymers (RCPs). RCPs are three-dimensional polymer networks in which polymer chains
are reversibly crosslinked through noncovalent interactions and/or dynamic covalent bonds. By constructing
RCPs from polymeric building blocks, the fraction of stable covalent bonds relative to reversible interactions is
increased, thereby ensuring satisfactory strength and stability. This feature article comprehensively summarizes
our advances in designing and fabricating high-performance RCPs. Using a layer-by-layer assembly strategy, we
fabricated a series of self-healing/healable RCP films and elucidated their healing mechanisms. Inspired by this
method, we further developed an efficient solution-based polymer complexation approach to produce bulk RCPs,
extending healability from films to plastics, elastomers, and hydrogels/ionogels. Moreover, we demonstrate that
high-performance RCPs can be achieved by combining multiple types of reversible interactions with
reinforcement from carefully engineered in situ-formed phase-separated nanostructures. By tailoring the rigidity,
deformability, and dynamic dissociability of these nanostructures, we obtained RCPs with strengths comparable
to or exceeding those of conventional polymers, as well as materials with unique mechanical properties rarely
achieved in traditional systems, such as high-strength, low-hysteresis hydrogels/ionogels, damage-resistant
elastomers, and ultra-tough plastics with superior low-temperature impact resistance. Importantly, the dynamic
nature of the crosslinking network imparts excellent healing, reprocessing, and recycling capabilities to these
RCPs. We believe that RCPs open a new avenue for the development of high-performance sustainable polymers.
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