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ABSTRACT: Depolymerization offers a powerful route for the
chemical recycling of vinyl polymers. However, current strategies
focus almost exclusively on monomer recovery, which overlooks
broader applications and opportunities. Herein, depolymerization-
induced morphological transformation (DIMT) is introduced as a
modular methodology to control the shape of sterically stabilized
diblock copolymer nanoparticles and gain mechanistic insight into
morphological transformations that occur during selective degradation
of the methacrylic core-forming block. Notably, DIMT results in a
sequential evolution in copolymer morphology from vesicles to worms
to spheres. Transmission electron microscopy (TEM) and small-angle
X-ray scattering (SAXS) studies enabled the construction of a predictive

0020000
0g0
&

e

09090000000

MQOOOOOO

) o

Vesicles Spheres

(pseudo)phase diagram. Furthermore, this new approach was also applied to the irreversible degelation of diblock copolymer worm

gels, highlighting new opportunities to regulate material properties through depolymerization.

B INTRODUCTION

Chemical recycling to monomer not only enables an ideal
circular polymer economy but also bypasses product
deterioration often caused by alternative methodologies, such
as mechanical recycling.1 However, the feasibility of efficient
depolymerization is highly dependent on the polymer
structure: materials containing cleavable heteroatoms in the
backbone are more prone to bond cleavage and degradation,
while vinyl polymers containing highly stable carbon—carbon
backbones present additional challenges.” Pyrolysis represents
the most traditional industrial approach to depolymerizing
vinyl polymers. However, it requires high temperatures
(typically above 400 °C) and often results in a complex
mixture of byproducts.” To overcome these challenges, milder
depolymerization strategies have recently been explored,
exploiting the high end-group fidelity introduced by controlled
radical polymerization (CRP) techniques.” In particular, the
incorporation of labile chain-ends such as thiocarbonylthio
groups in reversible addition—fragmentation chain transfer
(RAFT) polymerization and halogens in atom transfer radical
polymerization (ATRP) has enabled efficient monomer
recovery at temperatures ranging from 90 to 170 °C.” Through
either thermal or photothermal depolymerization method-
ologies,‘*’(”7 the groups of Gramlich,® Sumerlin,®™'* Ouchi,"®
Matyjaszewski,"*™>° our group,”’ > and others’’~*' have
pioneered the chemical recycling of polymers containing both
bulky and nonbulky side chains resulting in high depolyme-
rization yields, often exceeding 80—90%. The vast majority of
these strategies rely on the presence of functional chain-ends to
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recover monomer at lower temperatures, limiting further
applications and scope.

However, the well-defined end-groups that are characteristic
of CRP also enable precise control over the mean degree of
polymerization (DP) of each block (an essential parameter in
self-assembly), thereby creating an opportunity to direct the
formation and shape of block copolymer nanoparticles.””** For
example, polymerization-induced self-assembly (PISA) is a
robust and highly versatile technique that enables the synthesis
of diblock copolymer nanoparticles typically consisting of three
main morphologies: spheres, worms, and vesicles.**~** These
morphologies have been evaluated for a wide range of
applications, including catalysis, sensing, imaging, ener
storage, tissue engineering, and targeted drug delivery."’~
The transition between the different morphologies is governed
by multiple parameters including molecular weight, solids
content, and polymer end-groups.”"”>> The relative volume
fraction, which is directly related to the molecular weight of
each block, influences both the size and shape of the resulting
nanoparticles, as predicted by the geometric packing parameter
theory.”> A gradual increase in molecular weight of the
insoluble structure-directing block typically drives morpho-
logical transitions from spheres to worms to vesicles.”*
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Scheme 1. Conceptual Scheme Showing the Principles of PISA and DIMT
~ Previous Work: Polymerization-Induced Self-Assembly (PISA)

,,,,,,,

e ~.

Increasing DP

Monomer
addition

~~~~~~~~~~~~

Increasing DP

\ . / .
\. Vesicles ¥

Monomer
addition

J

Monomer
release

Controlled release of
core-forming block

.

.......

________ / \\ .’/ - \“ / . \‘\.----- _:b\\
’ Decreasing DP M Decreasing DP () . >

)
“..Worms , : y

release
VSQOQO o ©®

Morphology transformation
from vesicles to spheres

L ~.

7 \_Spheres i

Monomer
@

(Pseudo) phase
diagram

J

However, several reports have also demonstrated the effect of
copolymer concentration on nanoparticle morphology, so a
comprehensive mechanistic understanding of the morpholog-
ical transformation during PISA has not been fully
elucidated.*™® Furthermore, in current PISA formulations
of vinyl polymers, morphological transitions cannot be
achieved by simply reducing the DP of the insoluble block;
instead, such transitions typically require chemical modifica-
tion of the polymer structure to change its amphiphilicity or
block incompatibility.”’ > A modular depolymerization
strategy could not only enable morphological control purely
through molecular weight reduction but also offer useful
mechanistic insights into morphological transitions. In this
context, an inspiring study by Seo and co-workers recently
explored entropy-driven depression of the ceiling temperature
(T.) to regulate the polymerization—depolymerization equili-
brium in situ during the ring-opening polymerization (ROP) of
S-valerolactone.”” This approach enabled polymeric materials
containing heteroatoms to undergo rod-to-sphere or fiber-to-
rod transitions. However, such morphological changes were
restricted to specific compositions of poly(ethylene oxide)-b-
poly(6-valerolactone) (PEO-b-PVL), with no significant trans-
formation observed for copolymers comprising shorter PEO
blocks. Importantly, this pioneering study raises the question
of whether morphological transitions between spheres, worms,
and vesicles might be induced via selective depolymerization of
the core-forming block.

Herein, we introduce the first example of depolymerization-
induced morphological transformation (DIMT) of vinyl
polymers, which results in the sequential evolution of vesicles
to worms to spheres, as shown in Scheme 1. Notably, each of
these three morphologies can be obtained in high purity from a
single starting material simply by regulating the DP of the
insoluble structure-directing block.

B RESULTS AND DISCUSSION

In principle, an ideal DIMT process should provide access to
each of the three main copolymer morphologies reported for
PISA syntheses. To meet these criteria, poly(lauryl meth-
acrylate)-b-poly(benzyl methacrylate) (PLMA-b-PBzMA) was
selected as a suitable diblock copolymer system (Figure 1a).’!
The PLMA precursor was synthesized using 2-cyano-2-propyl
benzodithioate as the chain transfer agent (CTA) for the
RAFT homopolymerization of LMA in toluene at 80 °C,
initially targeting a DP of 16 (Figures S1 and S2, and Table
S1). Subsequent chain extension with BzMA (targeting 20 wt
% solids in n-dodecane) led to the formation of sterically
stabilized PLMA-b-PBzMA nanoparticles, and the reaction was
allowed to proceed until the BzZMA conversion exceeded 95%.
'"H NMR spectroscopy studies indicated the synthesis of
PLMA 4-b-PBzMA,, nanoparticles, while TEM analysis con-
firmed the formation of vesicles (Figure S3). To trigger an
efficient yet selective depolymerization suitable for demon-
strating the predicted sequential morphology transformations,
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Figure 1. DIMT: (a) reaction scheme of the controlled generation of BzZMA monomer from a PLMA-b-PBzMA diblock polymer, (b)
corresponding SEC traces for this depolymerizing formulation, (c) selective regeneration of BZMA monomer over time (analyzed using 'H NMR),
(d) schematic representation of the controlled generation of BZMA monomer, and (e) visual transformation of the reaction mixture at various time

points during depolymerization of the PBzMA block.

the solution was diluted to a repeat unit concentration of 25
mM (which corresponds to 0.7 wt % solids in n-dodecane),
and the reaction temperature was raised to 100 °C, which
corresponds to relatively mild conditions compared to previous
reports.” However, this only resulted in the depolymerization
of 15% of the BzZMA repeat units (Figure S4). Thus, a suitable
high temperature radical initiator, 1,1’-azobis-
(cyclohexanecarbonitrile) (ABCN, 10-h halflife at 88 °C,”
0.6 equiv with respect to the polymer chain-end) was added to
achieve a higher monomer yield with good selectivity, while
maintaining a sufficiently slow rate of depolymerization to
enable the in situ evolution in copolymer morphology to be
monitored. The initiator loading proved to be critical; reducing
ABCN below 0.6 equiv significantly reduced the extent of

BzMA regeneration (Figure S4), which is likely due to
insufficient initiator incorporation within the nanoparticle
cores for the effective activation of chain-ends.

Under these optimized conditions, 8% of BzMA monomer
was generated within 15 min, as determined by 'H NMR
analysis. Accordingly, the resulting diblock composition was
calculated to be PLMA 4-b-PBzMA¢4 based on NMR analysis
(Figure SS, Table S2), which was supported by the
concomitant reduction in copolymer molecular weight
indicated by SEC analysis (Figure 1b, Table S3). Notably,
no release of LMA was detected at this early stage of
depolymerization (Figure 1c), indicating highly selective and
controlled generation of monomer from the core-forming
block alone (Figure 1d). This partial depolymerization was

C https://doi.org/10.1021/jacs.5¢18937
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Figure 2. Representative TEM images (top) and SAXS patterns (bottom) recorded for (a) PLMA,5-b-PBzMA, vesicles (TEM image scale bar =
1.0 um), (b) PLMA,4-b-PBzMA ;5 worms (TEM image scale bar = 200 nm), and (c) PLMA,4-b-PBzMA;4 spheres (TEM image scale bar = 200

nm) produced via DIMT.

accompanied by a transition from pure vesicles to a binary
mixture of vesicles and worms (Figure S6a). As the BzMA
depolymerization continued, analysis of aliquots extracted after
30 or 45 min revealed that the mixed phase of vesicles and
worms persisted after generating 15% and 21% BzMA
respectively, which corresponded to a further reduction in
the molecular weight of the core-forming block to yield
PLMA,-b-PBzMA,, and PLMA,-b-PBzMA;,. The BzMA
recovery increased to 40% within 2 h, which produced a
morphological transition to afford PLMA,4-b-PBzMA ;3 worms.
This vesicle-to-worm transition was verified by both visual
inspection and subsequent characterization. First, the copoly-
mer dispersion gradually changed from opaque (vesicles) to
relatively transparent (worms, Figure le). Additionally,
dynamic light scattering (DLS) measurements indicated a
significant reduction in nanoparticle diameter during depoly-
merization (Figure S6b). The kinetics of depolymerization
were monitored by '"H NMR spectroscopy, which revealed the
controlled generation of solely BzZMA monomers, suggesting
that the observed molecular weight reduction exclusively
involved the core-forming PBzMA block (Figure S6c).
Crucially, a control experiment (thermal annealing in air in
the absence of any additional radical initiator) yielded no
discernible change in the copolymer morphology, confirming
that the observed transitions are driven exclusively by
depolymerization of the core-forming block (Figure S7) rather
than the elevated temperature alone. This represents a
significant improvement in selectivity for the second block
over previous reports of controlled depolymerization, whereby
vinyl proton signals corresponding to both monomers were
observed within 15 min at 120 °C, despite the use of excess
CTA (20 times) or high polymer concentrations (100 mM).”"

Collectively, these observations indicate that the morpho-
logical transition is primarily driven by the reduction in the
mean DP of the PBzMA block, which lowers the critical
packing parameter and favors the formation of the lower-order
morphology (ie, worms). Moreover, the generated BzMA
monomer is expected to plasticize the remaining PBzMA

chains, thus increasing their mobility and aiding an evolution
in copolymer morphology. Third, SEC analysis revealed a
continuous reduction in molecular weight, with closely
matching theoretical and experimental M, shifts up to 40%
BzMA recovery (Table S3). Additionally, retention of the
RAFT chain-ends, which is essential for controlled depolyme-
rization, was confirmed by UV SEC analysis (Figure S8). TEM
and SAXS studies were also employed to confirm the
transformation from vesicles to worms (Table S4, Figure 2).
More specifically, SAXS analysis revealed a shift in the low g
gradient from — 2 for the original PLMA 4-b-PBzMA., vesicles
(Figure 2a) to — 1 for PLMA,4-b-PBzMA,, after generating
33% BzMA (Figure 2b, Figure S9), indicating the formation of
worms.* However, a subsequent worm-to-sphere transition
could not be achieved in situ because longer reaction times
resulted in the appearance of vinyl signals assigned to LMA
monomer in addition to those corresponding to BzMA
monomer (Figure $10). Furthermore, the use of an alternative
initiator highlighted the trade-off between reaction kinetics and
controlled monomer regeneration. Using azobisisobutyronitrile
(AIBN; kg = 1.5 X 107> s~ at 100 °C; t;, = 10 h at 65 °C in
toluene®) led to rapid generation of BzZMA monomer, albeit in
a lower overall yield of 30% (vs 40% with ABCN, Figure S11),
and NMR vinyl signals assigned to LMA were observed earlier
during this depolymerization experiment. This reflects the
faster rate of thermal decomposition for AIBN at 100 °C and
chain-end activation. Importantly, the vesicle-to-worm trans-
formation remained unaffected within the window for
controlled release.

To evaluate whether this system also allow access to spher-
es, the initial diblock copolymer composition was adjusted to
PLMA 4-b-PBzMA¢,, which led to an initial mixture of vesicles
and worms (Figure S12). Following successful depolymeriza-
tion, worms could be detected for a series of PLMA,-b-
PBzMAg;_,; nanoparticles corresponding to BzZMA yields of up
to 23% (Table SS). Pleasingly, small spheres could also be
obtained after additional depolymerization (which corresponds
to PLMA, -b-PBzMA,,_35 nanoparticles). These findings were
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Figure 3. (Pseudo)phase diagram constructed from multiple DIMT experiments for the PLMA-b-PBzMA system.

supported by both TEM and SAXS analyses. SAXS indicated a
low g gradient of zero, which corresponds to the formation of
PLMA ¢-b-PBzMA;¢ spheres (Figure 2c). Notably, the over-
lapping region from both kinetic experiments (DP 56 to 43)
yielded almost identical morphologies (Figure S13a), illustrat-
ing that comparable morphologies can be produced via
depolymerization regardless of the initial PBzZMA block DP,
further highlighting the importance of the DP of the core-
forming block for governing self-assembly (when using a
PLMA,¢ stabilizer block). The combined TEM images
obtained from both experiments provided a detailed
reconstruction of the depolymerization-induced morphological
evolution when using this soluble precursor (Figure S13b).

Guided by these preliminary experiments, we sought to
avoid the initial mixed vesicles/worm morphology exhibited by
PLMA 4-b-PBzMAy4 nanoparticles and instead achieve the
complete transformation of vesicles into spheres via worms.
Accordingly, PLMA s-b-PBzMAg; nanoparticles were synthe-
sized (Figure S14). After generating just 6% BzMA, the
morphology switched from vesicles to a mixed vesicle/worm
phase (PLMA,;-b-PBzMA,), while pure worms were obtained
at 19% BzMA generation, or PLMA-b-PBzMA;, (Table S6,
Figure S15). Continued PBzMA depolymerization up to 32%
retained the worm morphology for PLMA,-b-PBzMA,;.
Gratifyingly, a pure sphere phase was observed in the latter
stages of depolymerization (PLMA,s-b-PBzMA;y_54) after
around 40% of BzMA recovery. To the best of our knowledge,
this is the first example of a complete depolymerization-
induced morphological transformation from vesicles to worms
to spheres for a single diblock copolymer.

To construct a (pseudo)phase diagram, a series of new
PLMA-b-PBzMA diblock copolymers were also prepared. For
example, PLMA ,-b-PBzMA; vesicles (Figure S16) exhibited a
depolymerization-induced morphological transition to
PLMA ,-b-PBzMA,; worms and subsequently PLMA ,-b-
PBzMA;; spheres (Table S7, Figure S17). Furthermore,
depolymerization of PLMA 4-b-PBzMAg;, PLMA,-b-
PBzMA,; and PLMA,,-b-PBzMA,4 provided additional in-
formation regarding the vesicle phase. Vesicles were observed
for PBzZMA DP 83—71 for PLMA,4-b-PBzMAg; (Table S8),

DP = 76—65 for PLMA,5-b-PBzMA.¢ (Table S9), and DP 76—
56 for PLMA,,-b-PBzMA,4 (Table S10), respectively. As
shown in Figure 3, a clear correlation was established between
higher-order morphologies and higher core-forming block/
stabilizer block ratios (PBzMA/PLMA). Notably, using a
longer stabilizer block (PLMA,¢) expanded the accessible
morphological window. Specifically, PLMA 4 formulations
formed pure vesicles above a block ratio of 4.2, transitioning
to mixed vesicles/worms (4.2—3.4), pure worms (3.4—2.6),
and spheres (<2.6). Conversely, limiting the steric stabilizer
DP (PLMA,,) constrained this range, shifting the boundaries
for mixed phases and worms to PBzMA/PLMA ratios of 3.9—
3.6 and 3.6—2.9, respectively. Notably, in systems with longer
stabilizer blocks (PLMA,,-b-PBzMAy;) where exclusively
spherical morphologies are obtained even when targeting a
high DP for the PBzMA block (Figure S18), DIMT led to a
continuous reduction in particle diameter, rather than an
evolution in copolymer morphology (Figure S19, Table S11).
It is important to note that the term ‘pseudophase diagram’ is
used because PISA may lead to kinetically trapped
morphologies in some cases, rather than thermodynamically
preferred equilibrium structures.

Remarkably, the DIMT-derived (pseudo)phase diagram
closely mirrors that reported for PISA syntheses, despite
significant differences in experimental conditions (i.e.,
depolymerization versus polymerization, reaction temperature
(80 °C vs 100 °C), and solids content (20 wt % vs 0.7 wt %,
Figure S20). These results again suggest that the mean DP of
each block governs the copolymer morphology in PISA
syntheses because the opposite sequence of morphological
transitions occurred in DIMT despite its significantly lower
copolymer concentration. This is because PISA involves an
evolution in copolymer morphology via an associative pathway
(i.e., via an increase in the mean aggregation number), whereas
DIMT involves a purely dissociative pathway. The former
pathway is known to be concentration-dependent, whereas the
latter pathway is expected to be independent of the copolymer
concentration. Therefore, the development of DIMT enables
future comprehensive studies through a dissociative and
concentration-independent pathway. Furthermore, we demon-
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strated that both depolymerization and (partial) repolymeriza-
tion can be achieved for the PISA system. TEM analysis
confirmed the complete regeneration of the original mixed
phase from the intermediate worm phase (Figure S21),
accompanied by a change in visual appearance of the reaction
mixture from turbid to transparent to turbid.

To investigate whether the BzMA monomer generated
during depolymerization was swelling the nanoparticle cores
and therefore was responsible for the observed morphological
transformation rather than the DP reduction of the second
block,* nanoparticles were isolated by centrifugation and
subsequently characterized by '"H NMR spectroscopy and
TEM (Figure S22). The results showed that the majority of
the monomer was dissolved in the solvent with only a very low
concentration present within the nanoparticle core. Therefore,
monomer-induced core swelling is unlikely to be the main
reason accounting for the morphological transitions observed
during depolymerization. This contrasts with our previous
work, which showed that adding monomer to PISA nano-
particles could alter their morphology by swelling the
nanoparticle cores at room temperature.64 TEM images
recorded for nanoparticles obtained from the depolymerization
solution were compared with those obtained for nanoparticles
isolated by centrifugation, where the monomer was mostly
removed. In both cases, identical worm-like morphologies were
observed, suggesting that the morphological transitions
resulted from the gradual reduction in molecular weight,
rather than from monomer-swollen nanoparticle cores.
However, this control experiment does not rule out the
possibility that BzMA generation could lead to monomer-
swollen PBzMA cores at the relatively high reaction temper-
ature of 100 °C,%> highlighting the need for further studies on
such formulations.

It has been reported that PLMA-b-PBzMA worms can form
gels, which undergo a reversible transformation to form
spherical micelles upon heating and revert to worms upon
cooling.”*® The initial worm-to-sphere transition is attributed
to surface plasticization of the insoluble core-forming block,
leading to a reversible change in its effective volume fraction.’!
We hypothesized that applying DIMT to reduce the molecular
weight of the core-forming block would produce kinetically
trapped spherical nanoparticles that are unable to reform the
original highly anisotropic worms, thereby preventing
regelation. To test this hypothesis and assess the potential of
DIMT to induce an irreversible degelation via a worm-to-
sphere transition, a tube inversion test was conducted.
Treatment of a 12 wt % PLMA 4b-PBzMA,; gel with 0.2
equiv of ABCN initiator at 120 °C resulted in the expected
irreversible degelation (Figure $S23), accompanied by 17%
monomer regeneration and a reduction in the mean DP of the
core-forming PBzMA block to 40. In contrast, the control
experiment conducted in the absence of any ABCN initiator
exhibited the expected reversible regelation behavior after a
thermal cycle. The resulting spheres generated at elevated
temperature remained dynamic and readily reformed worms
via multiple 1D fusion events on cooling, reconstituting the
original worm gel.”" These findings establish depolymerization
as a powerful strategy for irreversibly modulating the gelation
behavior of diblock copolymer nanoparticles through precise
tuning of the core block volume fraction (or DP).

Finally, it is worth noting that, although the core-forming
block is currently limited to methacrylates due to thermody-
namic constraints, the soluble stabilizer block is not subject to

such restrictions. Chemically inert polybutadiene or poly-
(ethylene glycol)*°~® stabilizers can be employed, as they do
not participate in depolymerization. While such hybrid systems
require further investigation, this suggests that the concept of
reverse PISA could be extended to other vinyl polymer classes.
It is also anticipated that this strategy could be extended to
various nonpolar solvents and PISA systems, while it can also
be employed to reduce the size of kinetically trapped spherical
nanoparticles.

B CONCLUSIONS

In conclusion, we report the first example of depolymerization-
induced morphological transformation for vinyl polymers,
enabling complete morphological transitions from vesicles to
worms to spheres. Well-controlled monomer generation
originating exclusively from the core-forming block is achieved
by selecting a relatively mild temperature (100 °C) and adding
a suitable radical initiator. This strategy allows sequential
depolymerization of the insoluble structure-directing PBzMA
block up to 40—45% conversion, resulting in a gradual
reduction in the relative volume fraction of this component.
The controlled monomer release was confirmed by a reduction
in molecular weight, which closely matched theoretical
predictions. The resulting stepwise morphological vesicle-to-
worm and worm-to-sphere transitions were validated by TEM
and SAXS studies, demonstrating modular dual control that
directly links precise molecular weight reduction to a
corresponding tunable morphological evolution. This feature
uniquely distinguishes the present approach from previously
reported depolymerization systems. Moreover, multiple
depolymerization experiments facilitated the construction of
a (pseudo)phase diagram. The close agreement between the
copolymer morphologies obtained via PISA and DIMT
confirms the critical role of the block volume fraction (or
DP) in determining the copolymer morphology, despite the
significantly lower copolymer concentrations employed in
DIMT. Finally, DIMT was utilized to achieve irreversible
degelation, whereby a block copolymer worm gel underwent
degelation via a worm-to-sphere transition, resulting in a low-
viscosity fluid as confirmed by visual inspection (tube inversion
test). This behavior highlights the potential of DIMT not only
for the efficient chemical recycling of methacrylic block
copolymers, but also for broader applications in materials
processing and fundamental studies of self-assembly mecha-
nisms.

B ASSOCIATED CONTENT
© Supporting Information
The Supporting Information is available free of charge at

https://pubs.acs.org/doi/10.1021/jacs.5¢18937.

General information, experimental procedures, 'H NMR
spectra, and SEC traces (PDF)

B AUTHOR INFORMATION
Corresponding Authors

Steven P. Armes — School of Mathematical and Physical
Sciences, Dainton Building, University of Sheffield, Sheffield,
South Yorkshire S3 7HF, UK.; © orcid.org/0000-0002-
8289-6351; Email: s.p.armes@sheffield.ac.uk

Athina Anastasaki — Laboratory for Sustainable Polymers,
Department of Materials, ETH Zurich, 8093 Ziirich,

https://doi.org/10.1021/jacs.5c18937
J. Am. Chem. Soc. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/suppl/10.1021/jacs.5c18937/suppl_file/ja5c18937_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c18937/suppl_file/ja5c18937_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c18937/suppl_file/ja5c18937_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacs.5c18937?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/jacs.5c18937/suppl_file/ja5c18937_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Steven+P.+Armes"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-8289-6351
https://orcid.org/0000-0002-8289-6351
mailto:s.p.armes@sheffield.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Athina+Anastasaki"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c18937?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

Switzerland; © orcid.org/0000-0002-6615-1026;
Email: athina.anastasaki@mat.ethz.ch

Authors

Nethmi De Alwis Watuthanthrige — Laboratory for
Sustainable Polymers, Department of Materials, ETH Zurich,
8093 Ziirich, Switzerland; ® orcid.org/0000-0001-7058-
2438

Victoria Lohmann — Laboratory for Sustainable Polymers,
Department of Materials, ETH Zurich, 8093 Ziirich,
Switzerland; © orcid.org/0000-0001-5516-7439

Viviane Lutz-Bueno — PSI Center for Neutron and Muon
Sciences, 5232 Villigen PSI, Switzerland; ® orcid.org/0000-
0001-9735-5470

Nghia P. Truong — Laboratory for Sustainable Polymers,
Department of Materials, ETH Zurich, 8093 Ziirich,
Switzerland; ® orcid.org/0000-0001-9900-2644

Complete contact information is available at:
https://pubs.acs.org/10.1021/jacs.5c18937

Author Contributions

The manuscript was written through the contributions of all
authors. All authors have given approval to the final version of
the manuscript.

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

A.A. gratefully acknowledges ETH Zurich for financial support.
This publication was created as part of NCCR Catalysis (grant
number 225147), a National Centre of Competence in
Research funded by the Swiss National Science Foundation.
This project has received funding from the European Research
Council (ERC) under the European Union’s Horizon 2020
Research and Innovation Programme (DEPO: Grant Agree-
ment No. 949219). The authors gratefully acknowledge
ScopeM (ETH Zurich) for their support and assistance in
this work. They also thank Dr. Thomas Weber for his
assistance with the SAXS measurements. The authors are
grateful to Dr. Glen Jones for proofreading the manuscript.

B ABBREVIATIONS

DP, degree of polymerization; SEC, size exclusion chromatog-
raphy; SAXS, small-angle X-ray scattering; TEM, transmission
electron microscopy

B REFERENCES

(1) Coates, G. W.; Getzler, Y. D. Chemical recycling to monomer for
an ideal, circular polymer economy. Nat. Rev. Mater. 2020, S (7),
501-516.

(2) Lohmann, V.; Jones, G. R; Truong, N. P.; Anastasaki, A. The
thermodynamics and kinetics of depolymerization: what makes vinyl
monomer regeneration feasible? Chem. Sci. 2024, 15 (3), 832—853.

(3) Pielsticker, S.; Hendricks, K.; Knevels, C.; Lehnertz, M. S,;
Palkovits, R.; Kneer, R. Experimental determination of quantitative
yields from polymethyl methacrylate (PMMA) flash pyrolysis in a
fluidized bed reactor via online FTIR gas analysis. Fuel 2025, 392,
No. 134827.

(4) Jones, G. R;; Wang, H. S.; Parkatzidis, K.; Whitfield, R.; Truong,
N. P.; Anastasaki, A. Reversed controlled polymerization (RCP):
depolymerization from well-defined polymers to monomers. J. Am.
Chem. Soc. 2023, 145 (18), 9898—9915.

(5) Martinez, M. R.; Matyjaszewski, K. Degradable and recyclable
polymers by reversible deactivation radical polymerization. CCS
Chemistry 2022, 4 (7), 2176—2211.

(6) Parkatzidis, K; Wang, H. S.; Anastasaki, A. Photocatalytic
upcycling and depolymerization of vinyl polymers. Angew. Chem.
2024, 136 (19), No. €202402436.

(7) Jones, G. R,; Whitfield, R; Wang, H. S.; De Alwis
Watuthanthrige, N.; Antonopoulou, M.-N.; Lohmann, V;
Anastasaki, A. Harnessing Non-Thermal External Stimuli for Polymer
Recycling. Macromolecules 2025, S8 (S), 2210—2223.

(8) Flanders, M. J.; Gramlich, W. M. Reversible-addition
fragmentation chain transfer (RAFT) mediated depolymerization of
brush polymers. Polym. Chem. 2018, 9 (17), 2328—2335.

(9) Young, J. B.; Bowman, J. L; Eades, C. B.; Wong, A. J.; Sumerlin,
B. S. Photoassisted radical depolymerization. ACS Macro Lett. 2022,
11 (12), 1390—1395.

(10) Hughes, R. W.; Lott, M. E.; Zastrow, . S.; Young, J. B.; Maity,
T.; Sumerlin, B. S. Bulk Depolymerization of Methacrylate Polymers
via Pendent Group Activation. J. Am. Chem. Soc. 2024, 146 (9),
6217—-6224.

(11) Young, J. B.; Hughes, R. W.; Tamura, A. M,; Bailey, L. S;
Stewart, K. A.; Sumerlin, B. S. Bulk depolymerization of poly (methyl
methacrylate) via chain-end initiation for catalyst-free reversion to
monomer. Chem. 2023, 9 (9), 2669—2682.

(12) Tamura, A. M,; Stewart, K. A,; Young, ]. B.; Wei, N. B.; Cantor,
A. J; Sumerlin, B. S. Selective Depolymerization for Sculpting
Polymethacrylate Molecular Weight Distributions. J. Am. Chem. Soc.
2025, 147 (6), 5220—5227.

(13) Hughes, R. W.; Maity, T.; Sergent, T.; Balzer, A. H.; Zastrow, L.
S.; Patel, M. S.; Baker, L. M,; Keown, P. M,; Korley, L. T.; Sumerlin,
B. S. Retrofitting PMMA with a Thermal Trigger for Efficient
Depolymerization. J. Am. Chem. Soc. 2025, 147 (23), 19485—19490.

(14) Young, J. B,; Goodrich, S. L; Lovely, J. A; Ross, M. E;
Bowman, J. I; Hughes, R. W.; Sumerlin, B. S. Mechanochemically
Promoted Functionalization of Postconsumer Poly (Methyl Meth-
acrylate) and Poly (a-Methylstyrene) for Bulk Depolymerization.
Angew. Chem. 2024, 136 (44), No. €202408592.

(15) Sano, Y.; Konishi, T.; Sawamoto, M.; Ouchi, M. Controlled
radical depolymerization of chlorine-capped PMMA via reversible
activation of the terminal group by ruthenium catalyst. Eur. Polym. J.
2019, 120, No. 109181.

(16) Martinez, M. R; Dadashi-Silab, S.; Lorandi, F.; Zhao, Y.;
Matyjaszewski, K. Depolymerization of P (PDMS11MA) bottle-
brushes via atom transfer radical polymerization with activator
regeneration. Macromolecules 2021, 54 (12), 5526—5538.

(17) Martinez, M. R;; De Luca Bossa, F.; Olszewski, M.;
Matyjaszewski, K. Copper (II) Chloride/Tris (2-pyridylmethyl)
amine-Catalyzed Depolymerization of Poly (n-butyl methacrylate).
Macromolecules 2022, 55 (1), 78—87.

(18) Martinez, M. R.; Schild, D.; De Luca Bossa, F.; Matyjaszewski,
K. Depolymerization of polymethacrylates by iron ATRP. Macro-
molecules 2022, 5§ (23), 10590—10599.

(19) Cvek, M.; Jazani, A. M.; Bossa, F. D. L.; Bernat, R.; Kapil, K;
Matyjaszewski, K. Copper and ZnO Dual-Catalyzed Photo-Assisted
Depolymerization of Poly (Methyl Methacrylate) without Deoxyge-
nation. Eur. Polym. ]. 2024, 220, No. 113429.

(20) De Luca Bossa, F.; Yilmaz, G.; Matyjaszewski, K. Fast bulk
depolymerization of polymethacrylates by ATRP. ACS Macro Lett.
2023, 12 (8), 1173—1178.

(21) Wang, H. S.; Truong, N. P; Jones, G. R; Anastasaki, A.
Investigating the effect of end-group, molecular weight, and solvents
on the catalyst-free depolymerization of RAFT polymers: possibility
to reverse the polymerization of heat-sensitive polymers. ACS Macro
Lett. 2022, 11 (10), 1212—1216.

(22) Wang, H. S.; Truong, N. P.; Pei, Z.; Coote, M. L.; Anastasaki,
A. Reversing RAFT polymerization: near-quantitative monomer
generation via a catalyst-free depolymerization approach. J. Am.
Chem. Soc. 2022, 144 (10), 4678—4684.

https://doi.org/10.1021/jacs.5c18937
J. Am. Chem. Soc. XXXX, XXX, XXX—XXX


https://orcid.org/0000-0002-6615-1026
mailto:athina.anastasaki@mat.ethz.ch
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nethmi+De+Alwis+Watuthanthrige"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-7058-2438
https://orcid.org/0000-0001-7058-2438
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Victoria+Lohmann"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-5516-7439
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Viviane+Lutz-Bueno"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9735-5470
https://orcid.org/0000-0001-9735-5470
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nghia+P.+Truong"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0001-9900-2644
https://pubs.acs.org/doi/10.1021/jacs.5c18937?ref=pdf
https://doi.org/10.1038/s41578-020-0190-4
https://doi.org/10.1038/s41578-020-0190-4
https://doi.org/10.1039/D3SC05143A
https://doi.org/10.1039/D3SC05143A
https://doi.org/10.1039/D3SC05143A
https://doi.org/10.1016/j.fuel.2025.134827
https://doi.org/10.1016/j.fuel.2025.134827
https://doi.org/10.1016/j.fuel.2025.134827
https://doi.org/10.1021/jacs.3c00589?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c00589?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.31635/ccschem.022.202201987
https://doi.org/10.31635/ccschem.022.202201987
https://doi.org/10.1002/ange.202402436
https://doi.org/10.1002/ange.202402436
https://doi.org/10.1021/acs.macromol.4c02690?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.4c02690?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/C8PY00446C
https://doi.org/10.1039/C8PY00446C
https://doi.org/10.1039/C8PY00446C
https://doi.org/10.1021/acsmacrolett.2c00603?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c14179?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c14179?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.chempr.2023.07.004
https://doi.org/10.1016/j.chempr.2023.07.004
https://doi.org/10.1016/j.chempr.2023.07.004
https://doi.org/10.1021/jacs.4c15553?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c15553?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5c05879?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.5c05879?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ange.202408592
https://doi.org/10.1002/ange.202408592
https://doi.org/10.1002/ange.202408592
https://doi.org/10.1016/j.eurpolymj.2019.08.008
https://doi.org/10.1016/j.eurpolymj.2019.08.008
https://doi.org/10.1016/j.eurpolymj.2019.08.008
https://doi.org/10.1021/acs.macromol.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.1c00415?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.1c02246?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.1c02246?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.2c01712?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.eurpolymj.2024.113429
https://doi.org/10.1016/j.eurpolymj.2024.113429
https://doi.org/10.1016/j.eurpolymj.2024.113429
https://doi.org/10.1021/acsmacrolett.3c00389?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.3c00389?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.2c00506?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.2c00506?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.2c00506?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c00963?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c00963?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c18937?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

(23) Bellotti, V.; Parkatzidis, K.; Wang, H. S.; Watuthanthrige, N. D.
A,; Orfano, M.; Monguzzi, A,; Truong, N. P, Simonutti, R;
Anastasaki, A. Light-accelerated depolymerization catalyzed by
Eosin Y. Polym. Chem. 2023, 14 (3), 253—258.

(24) Bellotti, V.; Wang, H. S; Truong, N. P, Simonutti, R;
Anastasaki, A. Temporal Regulation of PET-RAFT Controlled Radical
Depolymerization. Angew. Chem., Int. Ed. 2023, 62 (45),
No. €202313232.

(25) Hifliger, F.; Truong, N. P.; Wang, H. S.; Anastasaki, A. Fate of
the RAFT End-Group in the Thermal Depolymerization of
Polymethacrylates. ACS Macro Lett. 2023, 12 (9), 1207—1212.

(26) Parkatzidis, K.; Truong, N. P.; Matyjaszewski, K.; Anastasaki, A.
Photocatalytic ATRP depolymerization: temporal control at low ppm
of catalyst concentration. J. Am. Chem. Soc. 2023, 145 (39), 21146—
211S1.

(27) Whitfield, R; Jones, G. R;; Truong, N. P.; Manring, L. E;
Anastasaki, A. Solvent-Free Chemical Recycling of Polymethacrylates
made by ATRP and RAFT polymerization: High-Yielding Depolyme-
rization at Low Temperatures. Angew. Chem. 2023, 135 (38),
No. €202309116.

(28) De Alwis Watuthanthrige, N.; Whitfield, R.; Harrisson, S.;
Truong, N. P.; Anastasaki, A. Thermal Solution Depolymerization of
RAFT Telechelic Polymers. ACS Macro Lett. 2024, 13, 806—811.

(29) Mountaki, S. A; Whitfield, R; Liarou, E.; Truong, N. P;
Anastasaki, A. Open-Air Chemical Recycling: Fully Oxygen-Tolerant
ATRP Depolymerization. J. Am. Chem. Soc. 2024, 146 (28), 18848—
18854.

(30) Mountaki, S. A.; Whitfield, R.; Parkatzidis, K.; Antonopoulou,
M.-N,; Truong, N. P.; Anastasaki, A. Chemical recycling of bromine-
terminated polymers synthesized by ATRP. RSC Appl. Polym. 2024, 2
(2), 275-283.

(31) Wang, H. S.; Parkatzidis, K; Junkers, T.; Truong, N. P,;
Anastasaki, A. Controlled radical depolymerization: Structural differ-
entiation and molecular weight control. Chem. 2024, 10 (1), 388—
401.

(32) Felician, F.; Antonopoulou, M.-N.; Truong, N. P.; Kroeger, A.
A,; Coote, M,; Jones, G. R.; Anastasaki, A. Unravelling the effect of
side chain on RAFT depolymerization; identifying the rate
determining step. Polym. Chem. 2025, 16 (16), 1822—1828.

(33) Lohmann, V.; Jones, G. R; Kroeger, A. A.; Truong, N. P,;
Coote, M. L.; Anastasaki, A. Low Temperature Depolymerization of
Polymethacrylamides. Angew. Chem., Int. Ed. 2025, No. €202425575.

(34) Mantzara, D.; Whitfield, R; Wang, H. S; Truong, N. P,;
Anastasaki, A. Ultrafast Thermal RAFT Depolymerization at Higher
Solid Contents. ACS Macro Lett. 2025, 14, 235—240.

(35) Mountaki, S. A.; Whitfield, R.; Anastasaki, A. Oxygen-Tolerant
ATRP Depolymerization Enabled by an External Radical Source.
Macromol. Rapid Commun. 2025, No. 2401067.

(36) Watuthanthrige, N. D. A.; Moskalenko, A.; Kroeger, A. A;
Coote, M. L.; Truong, N. P.; Anastasaki, A. Low temperature thermal
RAFT depolymerization: the effect of Z-group substituents on
molecular weight control and yield. Chem. Sci. 2025, 16 (8), 3516—
3522.

(37) Ng, G.; Prescott, S. W.; Postma, A.; Moad, G.; Hawker, C. J;
Anastasaki, A.; Boyer, C. Enhancing photothermal depolymerization
with metalloporphyrin catalyst. J. Polym. Sci. 2024, 62 (17), 3920—
3928.

(38) Michelas, M.; Kumar, M; Lin, Z; Boyer, C. In Situ
Modification Assisted by HAT Chemistry for the Main Chain
Initiated Depolymerization of Polymethacrylates. ACS Macro Lett.
2025, 14, 822—829.

(39) Kumar, M.; Michelas, M.; Boyer, C. Microwave-Assisted
Depolymerization of Polymethacrylates. ACS Macro Lett. 2025, 14,
940—947.

(40) Goehringer, L; Ammini, G. D.; Junkers, T. Understanding
Depolymerization Kinetics of Poly (Butyl Methacrylate) Using Flow
Chemistry. Faraday Discuss. 2025, 262, 500—514.

(41) Jager, K. S;; Ammini, G. D.; Voorter, P.-J.; Subramanian, P,;
Kumar, A.; Anastasaki, A.; Junkers, T. Accelerated Continuous Flow

Depolymerization of Poly (Methyl Methacrylate). J. Am. Chem. Soc.
2025, 147 (1), 594—602.

(42) Braunecker, W. A.; Matyjaszewski, K. Controlled/living radical
polymerization: Features, developments, and perspectives. Prog.
Polym. Sci. 2007, 32 (1), 93—146.

(43) Parkatzidis, K; Wang, H. S; Truong, N. P.; Anastasaki, A.
Recent developments and future challenges in controlled radical
polymerization: a 2020 update. Chem. 2020, 6 (7), 1575—1588.

(44) Liu, C; Hong, C.-Y.; Pan, C.-Y. Polymerization techniques in
polymerization-induced self-assembly (PISA). Polym. Chem. 2020, 11
(22), 3673—3689.

(45) Gydrgy, C.; Armes, S. P. Recent Advances in Polymerization-
Induced Self-Assembly (PISA) Syntheses in Non-Polar Media. Angew.
Chem. 2023, 135 (42), No. €202308372.

(46) Derry, M. J.; Fielding, L. A;; Armes, S. P. Polymerization-
induced self-assembly of block copolymer nanoparticles via RAFT
non-aqueous dispersion polymerization. Prog. Polym. Sci. 2016, 52, 1—
18.

(47) Yeow, J.; Boyer, C. Photoinitiated Polymerization-Induced Self-
Assembly (Photo-PISA): New Insights and Opportunities. Adv. Sci.
2017, 4 (7), No. 1700137.

(48) Khor, S. Y.; Quinn, J. F.; Whittaker, M. R;; Truong, N. P,;
Davis, T. P. Controlling nanomaterial size and shape for biomedical
applications via polymerization-induced self-assembly. Macromol.
Rapid Commun. 2019, 40 (2), No. 1800438.

(49) Penfold, N. J; Yeow, J.; Boyer, C.; Armes, S. P. Emerging
trends in polymerization-induced self-assembly. ACS Macro Lett.
2019, 8 (8), 1029—1054.

(50) Cheng, G.; Pérez-Mercader, J. Polymerization-induced self-
assembly for artificial biology: Opportunities and challenges. Macro-
mol. Rapid Commun. 2019, 40 (2), No. 1800513.

(51) Wang, X; An, Z. New Insights into RAFT Dispersion
Polymerization-Induced Self-Assembly: From Monomer Library,
Morphological Control, and Stability to Driving Forces. Macromol.
Rapid Commun. 2019, 40 (2), No. 180032S.

(52) Fielding, L. A; Derry, M. J.; Ladmiral, V.; Rosselgong, J.;
Rodrigues, A. M.; Ratcliffe, L. P.; Sugihara, S.; Armes, S. P. RAFT
dispersion polymerization in non-polar solvents: facile production of
block copolymer spheres, worms and vesicles in n-alkanes. Chem. Sci.
2013, 4 (S), 2081—2087.

(53) Israelachvili, J. N.; Mitchell, D. J.; Ninham, B. W. Theory of
self-assembly of hydrocarbon amphiphiles into micelles and bilayers.
Journal of the Chemical Society, Faraday Transactions 2: Molecular and
Chemical Physics 1976, 72, 1525—1568.

(54) Canning, S. L.; Smith, G. N.; Armes, S. P. A critical appraisal of
RAFT-mediated polymerization-induced self-assembly. Macromole-
cules 2016, 49 (6), 1985—2001.

(55) Semsarilar, M.; Jones, E. R.; Blanazs, A.; Armes, S. P. Efficient
synthesis of sterically-stabilized nano-objects via RAFT dispersion
polymerization of benzyl methacrylate in alcoholic media. Adv. Mater.
2012, 24 (25), 3378—3382.

(56) Blanazs, A.; Ryan, A.; Armes, S. Predictive phase diagrams for
RAFT aqueous dispersion polymerization: effect of block copolymer
composition, molecular weight, and copolymer concentration.
Macromolecules 2012, 45 (12), 5099—5107.

(57) Wei, Y; Cui, S; Yu, L; Ding, J. Degradation-influenced/
induced self-assembly of copolymers with the combinatory effects of
changed molecular weight and dispersity. Macromolecules 2023, 56
(7), 2619—2636.

(58) Qi, W.; Zhang, Y.; Wang, J.; Tao, G.; Wu, L.; Kochovski, Z.;
Gao, H,; Chen, G, Jiang, M. Deprotection-induced morphology
transition and immunoactivation of glycovesicles: a strategy of smart
delivery polymersomes. J. Am. Chem. Soc. 2018, 140 (28), 8851—
8857.

(59) Weerasinghe, M. S. N.; McBeth, P. A; Mancini, M. C;
Konkolewicz, D. Changing Self-Assembly Through Degradation:
Phenyl Vinyl Ketone Polymer Nanoparticles Under Light. Angew.
Chem., Int. Ed. 2025, No. €202514545.

https://doi.org/10.1021/jacs.5c18937
J. Am. Chem. Soc. XXXX, XXX, XXX—XXX


https://doi.org/10.1039/D2PY01383E
https://doi.org/10.1039/D2PY01383E
https://doi.org/10.1002/anie.202313232
https://doi.org/10.1002/anie.202313232
https://doi.org/10.1021/acsmacrolett.3c00418?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.3c00418?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.3c00418?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c05632?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c05632?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/ange.202309116
https://doi.org/10.1002/ange.202309116
https://doi.org/10.1002/ange.202309116
https://doi.org/10.1021/acsmacrolett.4c00286?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.4c00286?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c05621?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c05621?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D3LP00279A
https://doi.org/10.1039/D3LP00279A
https://doi.org/10.1016/j.chempr.2023.09.027
https://doi.org/10.1016/j.chempr.2023.09.027
https://doi.org/10.1039/D5PY00212E
https://doi.org/10.1039/D5PY00212E
https://doi.org/10.1039/D5PY00212E
https://doi.org/10.1002/anie.202425575
https://doi.org/10.1002/anie.202425575
https://doi.org/10.1021/acsmacrolett.5c00009?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.5c00009?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/marc.202401067
https://doi.org/10.1002/marc.202401067
https://doi.org/10.1039/D4SC07518H
https://doi.org/10.1039/D4SC07518H
https://doi.org/10.1039/D4SC07518H
https://doi.org/10.1002/pol.20240255
https://doi.org/10.1002/pol.20240255
https://doi.org/10.1021/acsmacrolett.5c00273?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.5c00273?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.5c00273?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.5c00291?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.5c00291?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c12455?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c12455?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.progpolymsci.2006.11.002
https://doi.org/10.1016/j.progpolymsci.2006.11.002
https://doi.org/10.1016/j.chempr.2020.06.014
https://doi.org/10.1016/j.chempr.2020.06.014
https://doi.org/10.1039/D0PY00455C
https://doi.org/10.1039/D0PY00455C
https://doi.org/10.1002/ange.202308372
https://doi.org/10.1002/ange.202308372
https://doi.org/10.1016/j.progpolymsci.2015.10.002
https://doi.org/10.1016/j.progpolymsci.2015.10.002
https://doi.org/10.1016/j.progpolymsci.2015.10.002
https://doi.org/10.1002/advs.201700137
https://doi.org/10.1002/advs.201700137
https://doi.org/10.1002/marc.201800438
https://doi.org/10.1002/marc.201800438
https://doi.org/10.1021/acsmacrolett.9b00464?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmacrolett.9b00464?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/marc.201970006
https://doi.org/10.1002/marc.201970006
https://doi.org/10.1002/marc.201800325
https://doi.org/10.1002/marc.201800325
https://doi.org/10.1002/marc.201800325
https://doi.org/10.1039/c3sc50305d
https://doi.org/10.1039/c3sc50305d
https://doi.org/10.1039/c3sc50305d
https://doi.org/10.1039/f29767201525
https://doi.org/10.1039/f29767201525
https://doi.org/10.1021/acs.macromol.5b02602?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.5b02602?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/adma.201200925
https://doi.org/10.1002/adma.201200925
https://doi.org/10.1002/adma.201200925
https://doi.org/10.1021/ma301059r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma301059r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ma301059r?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.2c02309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.2c02309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.macromol.2c02309?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b04731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b04731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.8b04731?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.202514545
https://doi.org/10.1002/anie.202514545
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c18937?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

(60) Nam, J.; Yoo, C.; Seo, M. Polymerization/Depolymerization-
Induced Self-Assembly under Coupled Equilibria of Polymerization
with Self-Assembly. J. Am. Chem. Soc. 2024, 146 (20), 13854—13861.

(61) Fielding, L. A; Lane, J. A;; Derry, M. J.; Mykhaylyk, O. O,;
Armes, S. P. Thermo-responsive diblock copolymer worm gels in non-
polar solvents. J. Am. Chem. Soc. 2014, 136 (15), 5790—5798.

(62) Sigma-Aldrich. Thermal Initiators: Decomposition Rate and Half-
Life. Sigma-Aldrich, https://www.sigmaaldrich.com/deepweb/assets/
sigmaaldrich/marketing/global/documents/411/888/thermal _
initiators.pdf?msockid=2f1f9fSbf92963e50d8d8968f813620e (ac-
cessed 2025 August 05).

(63) Derry, M. J.; Mykhaylyk, O. O.; Armes, S. P. A vesicle-to-worm
transition provides a new high-temperature oil thickening mechanism.
Angew. Chem. 2017, 129 (7), 1772—1776.

(64) Parkatzidis, K; Truong, N. P.; Rolland, M.; Lutz-Bueno, V;
Pilkington, E. H.; Mezzenga, R.; Anastasaki, A. Transformer-Induced
Metamorphosis of Polymeric Nanoparticle Shape at Room Temper-
ature. Angew. Chem., Int. Ed. 2022, 61 (8), No. e202113424.

(65) Obeng, M.; Milani, A. H.; Musa, M. S.; Cui, Z.; Fielding, L. A,;
Farrand, L; Goulding, M.; Saunders, B. R. Self-assembly of poly
(lauryl methacrylate)-b-poly (benzyl methacrylate) nano-objects
synthesised by ATRP and their temperature-responsive dispersion
properties. Soft Matter 2017, 13 (11), 2228—2238.

(66) Rymaruk, M. J; O’Brien, C. T.; Gyorgy, C.; Darmau, B;
Jennings, J; Mykhaylyk, O. O.; Armes, S. P. Small-angle X-ray
scattering studies of block copolymer nano-objects: Formation of
ordered phases in concentrated solution during polymerization-
induced self-assembly. Angew. Chem. 2021, 133 (23), 13065—13073.

(67) Darmau, B.; Rymaruk, M. J.; Warren, N. J.; Bening, R.; Armes,
S. P. RAFT dispersion polymerization of benzyl methacrylate in non-
polar media using hydrogenated polybutadiene as a steric stabilizer
block. Polym. Chem. 2020, 11 (47), 7533—7541.

(68) Yang, C.-L.; Zhong, F.; Pan, C.-Y.; Zhang, W.-].; Hong, C.-Y.
Influence of solvent on the RAFT-mediated polymerization of benzyl
methacrylate (BzMA) and how to overcome the thermodynamic/
kinetic limitation of morphology evolution during polymerization-
induced self-assembly. Polym. Chem. 2022, 13 (24), 3696—3704.

STOP DIGGING
THROUGH DATA
—START MAKING
DISCOVERIES

CAS BioFinder helps you find the
right biological insights in seconds

Start your search

https://doi.org/10.1021/jacs.5c18937
J. Am. Chem. Soc. XXXX, XXX, XXX—XXX


https://doi.org/10.1021/jacs.4c00612?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c00612?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.4c00612?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja501756h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja501756h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/411/888/thermal_initiators.pdf?msockid=2f1f9f5bf9a963e50d8d8968f813620e
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/411/888/thermal_initiators.pdf?msockid=2f1f9f5bf9a963e50d8d8968f813620e
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/411/888/thermal_initiators.pdf?msockid=2f1f9f5bf9a963e50d8d8968f813620e
https://doi.org/10.1002/ange.201609365
https://doi.org/10.1002/ange.201609365
https://doi.org/10.1002/anie.202113424
https://doi.org/10.1002/anie.202113424
https://doi.org/10.1002/anie.202113424
https://doi.org/10.1039/C6SM02656G
https://doi.org/10.1039/C6SM02656G
https://doi.org/10.1039/C6SM02656G
https://doi.org/10.1039/C6SM02656G
https://doi.org/10.1002/ange.202101851
https://doi.org/10.1002/ange.202101851
https://doi.org/10.1002/ange.202101851
https://doi.org/10.1002/ange.202101851
https://doi.org/10.1039/D0PY01371D
https://doi.org/10.1039/D0PY01371D
https://doi.org/10.1039/D0PY01371D
https://doi.org/10.1039/D2PY00198E
https://doi.org/10.1039/D2PY00198E
https://doi.org/10.1039/D2PY00198E
https://doi.org/10.1039/D2PY00198E
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.5c18937?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.cas.org/solutions/biofinder-discovery-platform?utm_campaign=GLO_ACD_STH_BDP_AWS&utm_medium=DSP_CAS_PAD&utm_source=Publication_ACSPubs

