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Figure 1 (Color online) Materials development towards a sustainable future. (a) The progression of sustainable materials development. (b) Closed-

loop strategies for dynamic polydisulfide materials.
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Figure 2 (Color online) Multiple stimuli response and ring-opening
behavior of disulfide bonds. Adapted with permission from Ref. [91],
copyright by American Chemical Society (2022).

Z RIS AT A TR AT 25 .

2.2y [ R B A AR e 4

P8 FR R 2 SEIL BN S R AR R R AL
[l R ORBERA ST, fE R RE R, w7 B I A SR
(Ui A SEEROR (E R S ER I) —fi s A 2R
AT BT, AT R SR B (4 = 20 T M R S N
AR R Y ECRAR, SCHUM R ORI 2
TR RHER & JE RO E L, DI RI
AR, WAL By, R T R EE
MRz 0. — BRI E O Al B Re B
FIREYINIBIE . 570 BUE =M 24 (1 — s
FEOMERANE A, WARRE WAL PTIE T 1T

Ring-opening
polymerization

Closed-loop depolymerization

in proper solvents

B3 (MR E) RSV RS 5 AR R E

BEER VAR BE I AIG, B SRS A R i, S8
RIS AN 5 4, T S5 A s iR Y R, 9
VAR B BB E (B R K BUA R )N HIR A
FIVE R R, 2% U 52 i — KBk k. IX AR 528
TR TR AL, SRR R S e S, A
ENENAS T BRI L A 206 5 7 1) SR 8 R R R
b A TR AR R SRR A R(K13).

B T BEWEEA T AL, BATAER S
B IAR M R 3 R AL O 2. AR BB
PE T A TR RSB I RSN, M
T AR 58 S 7 1) R A B BT . FRATT LAAK AR S v A A
S8 [T S SR 7 R ) S5k g1 e i s — 1, s
S, BB K PG B R R A AR 1 TR A L K R
FRVEREE. ST, A2 T BB R AR, %
BEAE T SRR S R I A S R S L 1, S 65 7K 1]
(A7 10 A Y G 3 4R T 3R A W AE K I R 5 o F AR 2
FE T LLE I A R R £, o IR LK
o (5 BRIV R B 1. WAL FR T, XA
e AT LE I A WA 1 DC AR B SR AT A, — RN
KEZ BN BRI RS2, KETE0~5 D
(5%, Debye) i [ AP, HAE<HIBUHEAE 2 3600E M, 24
VAT 43 T (4B B S 5 TR A T 55 8 T R A R A
I, B B A S EAER, R T 55 s R
Sk b SR, KA B R A e — R e v o A A
— 8RB, SRS i 2 A A I R e,
LREE SR BRI S BRI o T R
BRI . A EIA O KA A . Fitt, &
J& BRI SN, T RS ANV ECA R, 4, X
FE AT T 5(£90~0.1 D)WW 2.9
WEPIME), AR A8 5 K 2 HOA 7 I A 2 AR
Z, N2 FLEARTEFR T RAAE, BRI SRR o 2
BU A 70 B 3 TEl s v B R R A

R

A

?&S\“%S fs

R

Figure 3 (Color online) Schematic diagram of ring-opening polymerization and closed-loop depolymerization of disulfide polymers.
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recycling and upcycling of polydisulfide materials. Adapted with permission from Ref. [86], copyright by Cell Press (2021).
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Figure 7 (Color online) Acid-catalyzed depolymerization of polydisulfide. (a) Photo%raphs of colorless poly(methyl lipoate) depolymerizing into a
yellow, clear, and transparent solution in chloroform containing 1 mol% triflic acid. (b) H NMR spectra comparison of the polymer and the unpurified
depolymerization product from the in-situ process. (c) UV-vis spectra showing the gradual formation of the monomer during the depolymerization
process at room temperature. Adapted with permission from Ref. [52], copyright by John Wiley & Sons (2023).
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Abstract: The degradation, recycling, and upcycling of waste plastics have become an increasingly severe global
challenge. To address this issue, researchers are dedicated to exploring efficient new recycling methods for traditional
plastics on one hand, and actively developing novel dynamic polymers with inherent recyclability on the other. Among
the various dynamic covalent materials, dynamic disulfide materials have demonstrated significant potential in the field
of recyclable materials, owing to their unique dynamic chemical bonding characteristics and their responsiveness to
multiple stimuli (such as light, heat, acids, and bases). Based on the work of our research group, this paper will
systematically introduce the recycling performance of 1,2-dithiolane-based dynamic polydisulfide materials under
different stimulus conditions and delve into the strategies for condition optimization and screening during the recycling
process. On this basis, we will summarize the main challenges these materials face in moving towards practical
applications and provide an outlook on the prospects of recyclable dynamic dithiolane materials in terms of upcycling
and functional reuse.

Keywords: plastic recycling, dynamic polydisulfide materials, acid/base-triggered depolymerization, recycling
conditions, upcycling
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