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Progress on Stimuli-Responsive Polymers
Frederik R. Wurm,* Cyrille Boyer,* and Brent S. Sumerlin*
Polymers have evolved to become much more than plastics. This
is especially true for polymers or copolymers that respond to external stimuli and have accordingly found increased attention
across several disciplines and play a signiﬁcant role in advancing materials sciences. Probably the most well-known responsive polymer is poly(N-isopropoyl acrylamide) (PNIPAM), which
demonstrates a lower critical solution temperature and has become the lead material for a versatile and vibrant ﬁeld in polymer science. The success and utility of PNIPAM has triggered
the search for new stimuli-responsive—“smart”—polymers that
respond to temperature, pH-changes, gases, light, redox, salts,
mechanical stress, electric or magnetic ﬁelds, etc.
With a plethora of controlled and living polymerization techniques and creative approaches to post-polymerization modiﬁcation, functional polymers are now accessible which allow the
combination of several responsive groups to generate new examples of multi-responsive materials.
This special issue collects 19 recent developments in the
area of stimuli-responsive polymers. Contributions by authors
with interdisciplinary backgrounds have been collected to feature synthesis of new polymers, polymer surfaces, or detailed
physico-chemical analyses of stimuli-responsive polymers to elucidate their potential in a variety of applications. The special issue
contains two review articles: Marek W. Urban and co-workers
summarize developments in commodity acrylics, epoxies, esters,
carbonates, urethanes, and siloxane-based polymers containing
responsive elements (2100054). Lei Tao and colleagues review re-
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cent advances in multifunctional phenylboronic acid-containing
polymers as responsive materials (2100022).
Two contributions update the classic example of PNIPAM.
Jianbo Tan and co-workers used PNIPAM in an innovative photoPISA approach (i.e., polymerization-induced self-assembly) to
prepare PNIPAM-based block copolymer assemblies (2100201);
and Nathanial Corrigan and co-workers presented interesting
data on the molar mass distribution on the phase-change temperature of PNIPAM (2100212). Other contributions expand the
ﬁeld of thermoresponsive polymers. Takaya Terashima et al. developed a cation-templated synthesis towards large in-chain ring
cyclopolymers that are examples of thermoresponsive pseudocrown ether polymers (2000670). Zhengbiao Zhang and coworkers present sequence-dependent stimuli-response in PNIPAM copolymers using 2,5-dimethylfuran/acrylonitrile adduct
as a latent monomer (2000724).
Longhai Guo and colleagues prepared ABA-triblock copolymers containing thermoresponsive moieties that demonstrated
an ice recrystallization inhibition activity, resulting in decreased
sizes of ice crystals (2100024). Gas-responsive assemblies based
on amphiphilic block copolymers were prepared by San H. Thang
and co-workers; these materials showed a morphological transition from nanotubes to vesicles under gas stimulation mimicking
the function of alveoli (2100019).
Dominik Konkolewicz and co-workers presented covalent
adaptable networks (CANs) with dynamic properties (2100070).
Because of the reversible linkages in the CANs, temperatureresponsive re-healing and malleability were achieved. In addition, photoresponsive coumarin-containing CANs revealed lightmediated reconﬁgurability. Mechanically enhanced hydrogels are
reported by Yang Li et al. (2100028). Masami Kamigaito and coworkers prepared copolymers containing poly(thioether)s and
poly(vinylether)s, which self-assembled in aqueous solutions and
exhibited lower critical solution temperatures that depend on the
segment sequences and lengths (2100192).
Photoresponsive polymer vesicles are presented by Jinming
Hu and co-workers which enabled the sequential release of
nitric oxide and gentamicin to eradicate bioﬁlms (2000759),
while Richard Hoogenboom and his colleagues synthesised
copolymers with responsive host–guest complexation using 1,5dialkoxynaphthalene guest molecules and cyclobis(paraquat-pphenylene) tetrachloride hosts to manipulate the copolymer
phase transition temperature (2100068).
Stimuli-responsive polymers can also be attached to surfaces to
control interfacial properties. In our collection, Karen Lienkamp
and her colleagues developed surface-attached hydrophobically
modiﬁed poly(carboxybetaine)s, which change from a proteinrepellent polyzwitterion to antimicrobial and protein-adhesive
polycations upon pH-change (2100051). Cyrille Boyer and coworkers present polymeric brushes with antifouling and visible
light-activated bactericidal properties using surface-initiated photoinduced electron transfer-reversible addition-fragmentation
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chain transfer polymerization (SI-PET-RAFT) (2100106). Didier
Gigmes et al. grafted photoresponsive polystyrene on silica
nanoparticles using ortho-nitrobenzyl linkers (2100181).
Jian Zhu and co-workers polymerized (p-phenylseleno) styrene
to obtain polymers that were selectively oxidized to selenoxide or selenone groups by H2 O2 or NaClO (2000764),
and Birgit Esser and co-workers demonstrated the potential
of dibenzo[a,e]cyclooctatetraene-containing polymers as battery
electrode materials, which show pseudo capacitive behaviour
with Faradaic contributions (2000725). Zi-Chen Li and colleagues
report on the design and synthesis of a ﬂuoride-triggered selfimmolative polyester (2100169).
In summary, this special issue is a reminder that the longstanding ﬁeld of stimuli-responsive polymers continues to evolve

at a rapid pace. New developments in synthesis, characterization,
and processing continue to enable creative advances that pave the
way for fundamental science to be applied to materials with realworld utility. We are proud to present this collection of exciting
developments, and we hope that the resulting knowledge will inspire further expansion of a thriving ﬁeld.
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