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Fig. 1 Chemical structures of CO,-responsive groups.
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Fig. 2 Functional groups and molecular transitions involved in CO,-responsive polymers.
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Fig. 3 Molecular transition during the second-generation CO,-response systems.

Table 1 Name, chemical structure, pK, values, and related references of CO,-responsive polymers.

Name Structure pK, (monomer) pK, (homopolymer) Ref.
i |
DMAEMA %O/\/N\ 83 7.4 [33]
.
DEAEMA %ONN\/ 8.8 7.5 [33], [34]
0
DMAPMA %O/\/\N/ 9.1 8.4 [12], [26]
\
0
DMAPMAmM %E/\/\T/ 9.2 8.8 [12], [26]
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Table 2 Synthesis of CO,-responsive polymers.
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Fig. 4 (a) "H-NMR technique to trance the products in different stages (Reprinted with permission from Ref.[36]; Copyright
(2017) The Royal Society of Chemistry). (b) FTIR spectra of products in different stages (Reprinted with permission from
Ref.[38]; Copyright (2016) Springer). (¢) The pH change of PEGs-b-P(DEAEMA 34-co-TPEMA) dispersion in water (1 mg-
mL") during the CO,/Ar bubbling (Reprinted with permission from Ref.[39]; Copyright (2019) Willy-VCH Gmbh). (d) The
conductivity change of the FLP polymer (P1 + P2) in toluene plotted versus time upon alternating CO, and thermal stimuli
(Reprinted with permission from Ref.[40]; Copyright (2018) Willy-VCH Gmbh). (e) Zeta potential and pH of PEO-b-PAD
solution after CO, treatment in controlled titration experiments (Reprinted with permission from Ref.[41]; Copyright (2011)
Willy-VCH Gmbh). (f) Transmittance changes of aqueous solution of P(Fc-N-EO,MA)4; (0.5 wt%) upon the CO,/N, bubbling
(Reprinted with permission from Ref.[25]; Copyright (2023) American Chemical Society).
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Fig. 5 (a) CO,-switchable triblock copolymer OSA and their CO,-driven controlled deformation (Reprinted with permission
from Ref.[43]; Copyright (2013) American Chemical Society). (b) The polymersome reshapes into diversified morphologies
through in situ gas exchange (Reprinted with permission from Ref.[44]; Copyright (2021) American Chemical Society).
(c) Schematic fabrication of P(DEA-St) latex using SDS as an emulsifier and CO, response mechanism (Reprinted with
permission from Ref.[48]; Copyright (2020) Elsevier). (d) Gas-constructed polymer gel formed by 3D cross-linking of CO, and
multivalent FLP monomers (Reprinted with permission from Ref.[53]; Copyright (2019) Willy-VCH Gmbh). (e) Schematic of
surface functionalization of a chemical impedance CO, sensor (Reprinted with permission from Ref.[56]; Copyright (2018)
American Chemical Society). (f) Schematic illustration of the surface-wetting mechanism of PMMA-co-PDEAEMA-coated
fabric membrane under CO,/N, stimulation (Reprinted with permission from Ref.[59]; Copyright (2023) Springer).
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Fig. 6 (a) Schematic illustration of the synthetic procedure of the ionic liquid and carbon dioxide adsorption schematic
(Reprinted with permission from Ref.[62]; Copyright (2024) Elsevier). (b) CO, adjustable and magnetic recyclable “Smart”
hybrid nanoparticles (Reprinted with permission from Ref.[63]; Copyright (2016) The Royal Society of Chemistry). (c) the
procedure of controlled capturing and releasing of dyes and proteins (Reprinted with permission from Ref.[64] Copyright
(2020) Springer). (d) The photographs and schematics of the emulsion stabilized by two types of modified CNC after bubbling
N,/CO, (Reprinted with permission from Ref.[65]; Copyright (2018) The Royal Society of Chemistry). (e) Schematic representation
of the formation and CO, response of self-assembled nanoparticles of I-PT polymer (Reprinted with permission from Ref.[67];
Copyright (2024) American Chemical Society). (f) Schematic diagram of the formation of U-PEG nanoparticles loaded with I-
R6G and CO,-induced drug release (Reprinted with permission from Ref.[68]; Copyright (2023) Elsevier).
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Review

Advances in CO, Stimuli-responsive Polymers

Ming-yu Ding, Qian-yu Jiang, Peng-chao Wu, Hai-bao Jin", Xiao-ling Yang", Shao-liang Lin"
(Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering,
East China University of Science and Technology, Shanghai 200237)

Abstract CO, is a benign, inexpensive, abundant, and non-toxic trigger for stimuli-responsive materials, and has
received increasing attention in recent years. CO, stimuli-responsive polymers, as an attractive type of “smart”
macromolecules, undergo a reversible transition in the physical and chemical properties of polymers when CO, is
introduced or excluded from the polymer system, exhibiting broad application prospects in various scientific
fields. Herein, this review summarizes the recent development of CO,-responsive polymers and introduces the
working mechanisms of different types of CO,-responsive groups from chemical structures, including amidines,

tertiary amines, guanidines, imidazoles, and frustrated Lewis pair (FLP). Methods for the synthesis of CO,-
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responsive polymers are introduced, including free radical polymerization (FRP), reversible addition-
fragmentation chain-transfer (RAFT), atom transfer radical polymerization (ATRP), nitroxide-mediated
polymerization (NMP), and postpolymerization modification. Subsequently, the techniques for the
characterization of CO,-responsive polymers are summarized, including structural characterization using 'H-
NMR and FTIR, and property characterization using measurements of pH, conductivity, Zeta potential, and
transmittance. Assemblies, latexes, gels, composites, and membranes with CO, responsiveness are introduced
separately from the perspective of smart response systems, and the current status of these developments is
summarized. Among these, research on the second generation of CO,-responsive systems is highlighted, which
are based on the “dynamic gas bridge” formed between boron/phosphorus frustrated Lewis acid-base pairs and
carbon dioxide gas molecules. Meanwhile, a stepwise summary of CO,-responsive polymers for CO, capture,
smart catalysts, protein adsorption, controllable separation, fluorescence sensing, and drug delivery is presented.
Eventually, the current challenges toward the development of CO,-responsive polymers are discussed and
summarized, accompanied by an outlook of the future application prospects and development directions. Large-
scale production of CO,-responsive polymers remains a significant challenge, while further investigation of the
response mechanism to improve the sensitivity and cyclic stability of the response process will provide the basis
for the development of CO,-responsive materials that have a broader range of applications.

Keywords CO,-responsive polymers, Reversible transition, Polymer self-assembly, Functional application



