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ABSTRACT

This study presents a new approach for enhancing the depolymerization efficiency of poly(methyl methacrylate) (PMMA) by incorporating multiple depolymer-
ization sites within the polymer chains. Four distinct PMMA polymers were synthesized, each bearing different combinations of phthalimide ester and chloride, or
bromide functionalities placed in specific positions in the polymer chain. The polymers were prepared by atom transfer radical polymerization. Increasing the
number of activation sites enhanced the depolymerization yield. Experiments conducted under reduced pressure in bulk revealed depolymerization yields ranging
from 73 % to 86 % achieved within 30 min at 220 °C. Thermogravimetric analysis performed on polymers with four different molecular weights demonstrated the
efficiency of this approach also for polymers with higher molecular weights. A similar strategy was also performed on crosslinked networks by incorporating
activatable pyromellitic moieties to reach 85 % of depolymerization yield. This strategy demonstrates the potential for efficient depolymerization of PMMA at

relatively low catalyst loadings and temperatures, offering promising prospects for sustainable polymer recycling processes.

1. Introduction

Growing environmental concerns require reducing carbon footprints
while improving sustainability. Consequently, the chemical recycling of
synthetic polymers has become increasingly important. This attention
arises from the prospect of recovering the monomer, opening the door to
its reuse in re-producing the original polymers, or forming entirely novel
materials [1-3]. The major drawback of depolymerization processes is
associated with the requirement of high temperatures for both ther-
modynamic and kinetic reasons [4-10]. The thermodynamic parameters
are related to ceiling temperatures (T.), above which depolymerization
is favored, and equilibrium monomer concentration, [Mleq, below
which the depolymerization should be quantitative. However, this re-
quires the presence of an active species responsible for polymerization/
depolymerisation [4]. Incorporating labile functional groups at polymer
chain ends or in the backbone could overcome this limitation and allow
depolymerizations at lower temperatures. This should generate reactive
species and can reverse polymerization toward the monomer formation.
Reversible deactivation radical polymerization (RDRP) processes pro-
vide control over molecular weight, dispersity and chain-end function-
ality. Among the RDRP techniques, atom transfer radical polymerization
(ATRP) and reversible addition-fragmentation chain transfer (RAFT)
polymerization have been widely used for synthesizing tailor-made
well-defined polymers [11-15]. Both the a- and ®- chain ends are
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predetermined by the initiator structure. Activated alkyl halides are
used as initiators in ATRP, which leads to an alkyl group at the a-chain
end and the halide moiety at the ®-chain end. The carbon-halogen bond
is activated by a catalyst, which is usually a transition metal complex in
its lower oxidation state that is reversibly oxidized upon halogen
abstraction. Activators are typically Cu(I)/L complexes, whereas the
deactivators are the higher oxidation state counterparts, X-Cu(II)/L (L
being typically multidentate amines).

Once the active species is generated, the polymerization/depoly-
merization equilibrium is established. Thus, increasing the temperature
and removing the monomers from the reaction mixture should push the
equilibrium toward depolymerization.

Recent advances in depolymerization focused on developing efficient
systems to carry out depolymerizations at higher polymer concentra-
tions, lower temperatures, and shorter reaction times. The initial
depolymerization studies of poly(methyl methacrylate) (PMMA), with
terminal chlorine chain end functionality and a ruthenium catalyst,
exhibited a 24 % efficiency at 120 °C [16]. In contrast, depolymerization
processes of poly(n-butyl methacrylate) (PBMA) with terminal chlorine
chain-end groups (at a concentration of 750 mM repeating units (RU))
(8 wt% In solvent), performed with a CuCly/tris(2-pyridyl methyl)amine
(TPMA) catalyst at 170 °C, proceeded with a much higher 67 % yield
[17]. Subsequently, the depolymerization of w-chloro functional PBMA
and PMMA (with a concentration of [RU] = 700 mM), mediated by iron
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chloride salts and iron powder at 170 °C, resulted in a 70 % depoly-
merization yields within 20 min [18]. The RAFT technique was also used
for depolymerization, and up to 92 % yield was reached at 120 °C but
under highly diluted conditions [19]. Using light [20,21] and a photo-
catalyst, such as eosin Y [22] or ZnTTP [23] reduced the reaction tem-
perature and accelerated the process. Photoinduced depolymerization
afforded the temporal control of the process by switching the light on
and off, both in Fe-based ATRP [24] and RAFT [25]. Recent studies
reported bulk depolymerization of PMMA and PBMA in the temperature
range between 150 and 230 ‘C [26-30]. The depolymerization of end-
unsaturated polymethacrylates in bulk at 220 °C reached 84 % con-
version [27]. Depolymerization under reduced pressure to ensure
continuous monomer removal resulted in up to 84 % yields within 15
min using a copper catalyst [26]. PMMA containing a thermolabile
phthalimide ester at the o chain-end and a trithiocarbonate as a RAFT
agent group at the ® chain end afforded 92 % of depolymerization at
220 °Cin 1 h [28]. When the RAFT moiety was substituted by ATRP Br-
chain end, the yield was lower because Br-chain ends participated in the
lactonization and loss of active chain ends [17]. On the contrary, since
chloride is a poorer leaving group than bromide, higher yields of de-
polymerizations were attained due to diminished lactonization [17].
Incorporation of N-acyloxy phthalimide groups at the side chain by
copolymerizing methyl methacrylate with 1,3-dioxoisoindolin-2-yl
methacrylate generated radicals at the backbone, leading to f-scission
followed by depolymerization, yielding up to 90 % monomer [29].
Recently, synthesis of PMMA featuring two distinct depolymerization
sites was reported [31]. The depolymerization processes were con-
ducted in two modes: from the core to the chain ends and from the chain
ends to the core (Scheme 1).

The efficiencies of these processes were 5 to 25 % higher than those
achieved through mono-triggered depolymerization, with variations
depending on the molecular weight of the PMMA. These reactions were
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performed under high dilution to reduce the contribution of side
reactions.

In this study, we present a novel strategy utilizing PMMA polymers
with four distinct depolymerization sites, conducted in bulk. For this
purpose, various initiators were employed (see Figs. S1-54) alongside
PMMA polymers containing:

i) two pyromellitic imide ester groups in the middle of the polymer
chain and two tertiary chloride groups at the w-chain-ends — 4 active
sites (PM-PMMA-Cl,) ii) a-phthalimide and w- -2 active sites (Phth-
PMMA-C)), iii) two w-chlorides (EG-PMMA-Cl,) were synthesized; iv)
network (PM-PMMA-Gel) with pyromellitic moieties as crosslinkers was
also prepared by free radical polymerization to test network degradation
under depolymerization conditions. Thus, more active sites were
incorporated into the polymers to increase the depolymerization yield.
Halogen groups at the ®-chain ends required CuCly,/TPMA precatalyst
for radical generation, whereas phthalimide and pyromellitic ester
moieties formed radicals by homolytic thermal cleavage of the N-O bond
at ca. 230 °C.

2. Results and discussion

The polymers were synthesized by SARA ATRP using CuXy/TPMA
and Cu(0) [32,33]. The choice of solvent for the reaction was critical due
to the reactive nature of the phthalimide-activated ester moiety. Poly-
merizations in dimethyl sulfoxide (DMSO) and N,N-dimethylformamide
(DMF) lead to bimodal polymer distributions, probably due to the
chemical instability of the initiator (see Figs. S5 and S6; NMR analyses).
Polymerizations in acetonitrile (MeCN) lead to polymers with narrow
molecular weight distributions. It should be noted that the compro-
portionation of Cu(II) and Cu(0) occurs more rapidly and Cu(l) displays
an enhanced stability in MeCN [33].

High-resolution thermogravimetric analysis (HR-TGA, with a
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dynamic heating rate, staring at 10 °C/min and slowing down while
detecting a mass loss) were performed to characterize the stability of the
polymers at elevated temperatures. Polymers with no thermolabile
functionality (EG-PMMA-Cly), nor defects in the backbone started de-
compositions above ~350 °C [34]. In contrast, polymers bearing ther-
molabile moieties (PM-PMMA-Cl, and Phth-PMMA-X) showed
decompositions at lower temperatures (Fig. la). Specifically, PM-
PMMA-Cl; underwent degradation with an onset temperature of 220 °C,
demonstrating the advantage of pyromellitic moiety. Notably, both
polymers reached similar depolymerization yields (ca 75 %) through N-
acyloxy group activation.

The HR-TGA of the polymers in the presence of the Cu catalyst (X-
Cu'/TPMA, 0.055 eq with respect to chain ends) was then performed.
Both depolymerization modes were observed in the thermograms of CI-
terminated polymers, with an onset of 180 °C for - Cl activations and
240 °C for a- Imide activations (Fig. 1b).

The Cu/L catalyst could activate/decompose Phth and PM moieties
at lower temperatures which could explain why the depolymerization
obtained from the activated ester in the absence of catalyst accounted
for 70 % depolymerization in the range of ca. 250 °C but only for 10-20
% in the presence of Cu/L (Fig. 1b) [35].

Next, a vacuum distillation setup was used for depolymerization on a
preparative scale (0.5 g of PMMA). Since the glass transition tempera-
ture of PMMA is lower than the depolymerization temperatures
(220 °Q), the reactions were carried out in bulk without any solvent. A
round bottom flask was charged with PMMA and CuCly/TPMA in an oil
bath at 220 °C without deoxygenation. The generated MMA was
collected in a pre-cooled receiving flask under reduced pressure (2-3
mbar). Table 1 shows the depolymerization yields for different PMMA
samples after 30 min. The molecular weights of the polymer with
different initiators were monitored by GPC before and after the depo-
lymerization. The molecular weight of PMMA containing the
pyromellitic-based initiator was reduced by half after the vacuum
distillation, confirming that the initiator was degraded and the poly-
meric chain was chopped by half (Fig. S25).

The depolymerization results obtained under the vacuum distilla-
tions align with the HR TGA analyses. Remarkably, PM moiety leads to
higher depolymerization yields in the absence of the catalyst (27 %). Cu-
catalysts increased the yields. Previously, we demonstrated that
o-chloro terminated PMMA could be depolymerized with a yield of 73 %
at 230 °C using 0.22 eq CuCly/TPMA [26]. EG-PMMA-Cl,, with CI-
groups at the a- and ®-chain ends reached a similar depolymerization
yield (70.5 %), requiring less Cu catalyst (0.055 eq with respect to the
chain ends) due to the increased number of activation sites. When the N-
acyloxy moiety (Phth-PMMA-CI) was used as the reactive a- group, the
yield increased to 86 %, demonstrating the improved efficiency of this
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Table 1
Depolymerization of PMMA structures at 220 °C, for 30 min, and 2-3 mbar.

Polymer CuXy/ Yield MMA Molecular Weight, M,,
TPMA (%)? recovered D
X, eq) ©)°
EG-PMMA- Cl, 0055 70.5 87.4 10,700; 1.24
Cl,
Phth-PMMA- — 13 68.3 5,200; 1.08
Br
Phth-PMMA- Br, 0055 50 53 5,200; 1.08
Br
Phth-PMMA- - 12 65 11,900; 1.23
Cl
Phth-PMMA- Cl, 0055 86 76 11,900; 1.23
Cl
PM-PMMA- - 27 79 7,900; 1.22
Cly
PM-PMMA- Cl, 0055 73 83 7,900; 1.22
Cly

[a] (Mass loss/Polymer Mass) x 100 [b] (Recovered MMA mass)/Mass loss x
100.

method. PM-PMMA-Cl,, which has four possible activation sites, two
central a-PM sites and two terminal o- Cl sites, depolymerized in a yield
of 73 % with high monomer recovery (83 %).

Then, the effect of 4 depolymerization sites on the depolymerization
of PMMA with different molecular weights was studied. Polymers with
DP = 50, 150, 350, and 800 were synthesized using conditions similar to
those discussed before (Figs. S16-524, Tables S1 and S2). HR-TGAs
revealed that in the absence of the catalyst, the depolymerization of
PM-PMMA-Cl, was more efficient than that of Phth-PMMA-CI at lower
DP (Fig. 2a). However, for polymers with higher DP = 350 and 800, the
depolymerization of Phth-PMMA-CI was more efficient. Moreover, when
CuCly/TPMA was added, better depolymerization was obtained with PM
moiety at higher DP (Fig. 2b and c).

Crosslinked networks are important thermosetting materials that are
difficult to recycle. Therefore, their depolymerization is essential [19].
To demonstrate the depolymerizability of PMMA networks, a degrad-
able crosslinker was synthesized by reacting N,N’-dihydroxypyr-
omellitic diimide with methacryloyl chloride (Fig. S7). Then, the
crosslinker was copolymerized with MMA by conventional radical
polymerization to form the PM-PMMA-Gel (Fig. 3a and SI). HR-TGA
demonstrated that PM-PMMA-Gel without the presence of any solvent
or catalyst depolymerized in a range of temperature between 220 °C and
250 °C with a remarkable 85 % yield (Fig. 3b). This confirmed the
possibility of recycling networks by incorporating activatable moieties
into their structures.
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Fig. 1. a) HR-TGA of EG-PMMA-Cl,, PM-PMMA-Cl,, and Phth-PMMA-CI. b) HR-TGA analyses of the polymers in the presence of (Cl-Cu"/TPMA 0.055 eq with respect

to Cl). (HR-TGA conditions: dynamic heating rate of 10 °C/min under N, flow).
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3. Conclusions

This study presents an approach to enhance the chemical recycling of
PMMA by increasing the number of active sites within the polymer. By
incorporating thermolabile moieties, such as pyromellitic imide esters
and phthalimide functionalities, alongside w-terminal halide groups,
significant improvements in depolymerization efficiency were achieved.
Polymers with multiple activation sites demonstrated high depolymer-
ization yields (73-86 %) and relatively rapid monomer recovery under
bulk conditions at 220 °C within 30 min, even with low catalyst load-
ings. Crosslinked PMMA networks with PM-based dimethacrylate
crosslinkers were also successfully depolymerized, achieving yields of
85 %, showing the potential for recycling thermosetting materials.
Molecular weight analysis revealed that higher molecular weight poly-
mers particularly benefited from the catalytic systems and multiple
activation sites.

These findings demonstrate a scalable, efficient strategy for polymer
depolymerization under mild conditions, offering a promising solution
to the challenges of polymer sustainability. Future work could focus on
scaling the process, applying the method to other polymers, designing
advanced catalysts to further reduce reaction temperatures, and
assessing the environmental and economic implications of this
approach. This research highlights the potential for chemically recy-
clable materials to bridge the gap between performance and sustain-
ability, providing new opportunities for advancing polymer recycling
technologies.
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Highlights: ATRP allows the synthesis of Polymers with retained
chain end functionality useful to efficiently generate active chains for
depolymerization at lower temperatures.

Chemical recycling to monomer or Depolymerization is a selec-
tive process that allows to minimize or eliminate the side reactions
during a depolymerization process.

Bulk Depolymerization makes the process industrially relevant in
terms of sustainability, safety, and economically. It implies the perfor-
mance of a depolymerization without the use of any solvent during the
process.

Networks are important class of materials employed in many ap-
plications. They are difficult to recycle or depolymeriza because they are
crosslinked.

Network depolymerization was possible because of the use of
degradable crosslinker which triggered the depolymerization in bulk
above 220 °C.

Activated Esters.

Activated Esters Stability.

Appendix A. Supplementary data

NMRs, GPCs, TGA, and experimental procedures are reported in the
supporting information. Supplementary data to this article can be found
online at https://doi.org/10.1016/j.eurpolym;j.2024.113646.

Data availability

Data will be made available on request.

References

[1] G.W. Coates, Y.D.Y.L. Getzler, Chemical recycling to monomer for an ideal, circular
polymer economy, Nat. Rev. Mater. 5 (2020) 501-516, https://doi.org/10.1038/
s41578-020-0190-4.

[2] J. Zheng, S. Suh, Strategies to reduce the global carbon footprint of plastics, Nat.
Clim. Chang. 9 (2019) 374-378, https://doi.org/10.1038/541558-019-0459-z.

[3] R.A. Gilsdorf, E.R. Chokkapu, A. Athaley, T. Uekert, R.R. Gowda, A. Singh, J.

S. DesVeaux, G.T. Beckham, E.-Y.-X. Chen, Bio-based lactone acrylic plastics with
performance and recyclability advantages, Cell Rep. Phys. Sci. (2024) 101938,
https://doi.org/10.1016/j.xcrp.2024.101938.

[4] V. Lohmann, G.R. Jones, N.P. Truong, A. Anastasaki, The thermodynamics and
kinetics of depolymerization: what makes vinyl monomer regeneration feasible?
Chem. Sci. (2024) https://doi.org/10.1039/D3SC05143A.

[5] A. Adili, A.B. Korpusik, D. Seidel, B.S. Sumerlin, Photocatalytic direct
decarboxylation of carboxylic acids to derivatize or degrade polymers, Angew.
Chem. Int. Ed. 61 (2022) €202209085, https://doi.org/10.1002/anie.202209085.

[6] L. Wimberger, G. Ng, C. Boyer, Light-driven polymer recycling to monomers and
small molecules, Nat. Commun. 15 (2024) 2510, https://doi.org/10.1038/541467-
024-46656-3.

[7] M.R. Martinez, K. Matyjaszewski, Degradable and recyclable polymers by
reversible deactivation radical polymerization, CCS Chem 4 (2022) 2176-2211,
https://doi.org/10.31635/ccschem.022.202201987.

[8] F. De Luca Bossa, K. Matyjaszewski, How to reverse radical polymerization back to
monomers in a controlled way, Chem 10 (2024) 26-29, https://doi.org/10.1016/j.
chempr.2023.12.012.

[9] X. Liu, S. Kozarekar, A. Shaw, T.-Q. Xu, E.-Y.-X. Chen, L.J. Broadbelt,
Understanding ceiling temperature as a predictive design parameter for circular
polymers, Cell Rep. Phys. Sci. 5 (2024) 101910, https://doi.org/10.1016/j.
xcrp.2024.101910.


https://doi.org/10.1016/j.eurpolymj.2024.113646
https://doi.org/10.1038/s41578-020-0190-4
https://doi.org/10.1038/s41578-020-0190-4
https://doi.org/10.1038/s41558-019-0459-z
https://doi.org/10.1016/j.xcrp.2024.101938
https://doi.org/10.1039/D3SC05143A
https://doi.org/10.1002/anie.202209085
https://doi.org/10.1038/s41467-024-46656-3
https://doi.org/10.1038/s41467-024-46656-3
https://doi.org/10.31635/ccschem.022.202201987
https://doi.org/10.1016/j.chempr.2023.12.012
https://doi.org/10.1016/j.chempr.2023.12.012
https://doi.org/10.1016/j.xcrp.2024.101910
https://doi.org/10.1016/j.xcrp.2024.101910

F. De Luca Bossa et al.

[10]

[11]

[12]
[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

H.S. Wang, K. Parkatzidis, T. Junkers, N.P. Truong, A. Anastasaki, Controlled
radical depolymerization: structural differentiation and molecular weight control,
Chem 10 (2024) 388-401, https://doi.org/10.1016/j.chempr.2023.09.027.

F. Lorandi, M. Fantin, K. Matyjaszewski, Atom transfer radical polymerization: a
mechanistic perspective, J. Am. Chem. Soc. 144 (2022) 15413-15430, https://doi.
org/10.1021/jacs.2c05364.

K. Matyjaszewski, Advanced materials by atom transfer radical polymerization,
Adv. Mater. 30 (2018) 1706441, https://doi.org/10.1002/adma.201706441.

K. Matyjaszewski, J. Xia, Atom transfer radical polymerization, Chem. Rev. 101
(2001) 2921-2990, https://doi.org/10.1021/cr940534g.

N. Corrigan, K. Jung, G. Moad, C.J. Hawker, K. Matyjaszewski, C. Boyer,
Reversible-deactivation radical polymerization (Controlled/living radical
polymerization): from discovery to materials design and applications, Prog. Polym.
Sci. 111 (2020) 101311, https://doi.org/10.1016/j.progpolymsci.2020.101311.
K. Parkatzidis, H.S. Wang, N.P. Truong, A. Anastasaki, Recent developments and
future challenges in controlled radical polymerization: a 2020 update, Chem 6
(2020) 1575-1588, https://doi.org/10.1016/j.chempr.2020.06.014.

Y. Sano, T. Konishi, M. Sawamoto, M. Ouchi, Controlled radical depolymerization
of chlorine-capped PMMA via reversible activation of the terminal group by
ruthenium catalyst, Eur. Polym. J. 120 (2019) 109181, https://doi.org/10.1016/j.
eurpolymj.2019.08.008.

M.R. Martinez, F. De Luca Bossa, M. Ol ki, K. Matyja: ki, Copper(Il)
chloride/tris(2-pyridylmethyl)amine-catalyzed depolymerization of poly(n -butyl
methacrylate), Macromolecules 55 (2022) 78-87, https://doi.org/10.1021/acs.
macromol.1c02246.

M.R. Martinez, D. Schild, F. De Luca Bossa, K. Matyjaszewski, Depolymerization of
polymethacrylates by iron ATRP, Macromolecules 55 (2022) 10590-10599,
https://doi.org/10.1021/acs.macromol.2c01712.

H.S. Wang, N.P. Truong, Z. Pei, M.L. Coote, A. Anastasaki, Reversing RAFT
polymerization: near-quantitative monomer generation via a catalyst-free
depolymerization approach, J. Am. Chem. Soc. 144 (2022) 4678-4684, https://
doi.org/10.1021/jacs.2c00963.

J.B. Young, J.I. Bowman, C.B. Eades, A.J. Wong, B.S. Sumerlin, Photoassisted
radical depolymerization, ACS Macro Lett. 11 (2022) 1390-1395, https://doi.org/
10.1021/acsmacrolett.2c00603.

M.A.S.N. Weerasinghe, P.A. McBeth, M.C. Mancini, 1.0. Raji, P.M. Needham,

K. Yehl, Z. Oestreicher, D. Konkolewicz, Controlling photodegradation in vinyl
ketone polymers, Chem. Eng. J. 483 (2024) 149307, https://doi.org/10.1016/j.
cej.2024.149307.

V. Bellotti, K. Parkatzidis, H.S. Wang, N. De Alwis Watuthanthrige, M. Orfano,

A. Monguzzi, N.P. Truong, R. Simonutti, A. Anastasaki, Light-accelerated
depolymerization catalyzed by Eosin Y, Polym. Chem. 14 (2023) 253-258, https://
doi.org/10.1039/D2PY01383E.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

European Polymer Journal 223 (2025) 113646

G. Ng, S.W. Prescott, A. Postma, G. Moad, C.J. Hawker, A. Anastasaki, C. Boyer,
Enhancing photothermal depolymerization with metalloporphyrin catalyst,

J. Polym. Sci. 62 (2024) 3920-3928, https://doi.org/10.1002/pol.20240255.

K. Parkatzidis, N.P. Truong, K. Matyjaszewski, A. Anastasaki, Photocatalytic ATRP
depolymerization: temporal control at low ppm of catalyst concentration, J. Am.
Chem. Soc. 145 (2023) 21146-21151, https://doi.org/10.1021/jacs.3c05632.

V. Bellotti, H.S. Wang, N.P. Truong, R. Simonutti, A. Anastasaki, Temporal
regulation of PET-RAFT controlled radical depolymerization, Angew. Chem. Int.
Ed. 62 (2023) 202313232, https://doi.org/10.1002/anie.202313232.

F. De Luca Bossa, G. Yilmaz, K. Matyjaszewski, Fast Bulk Depolymerization of
polymethacrylates by ATRP, ACS Macro Lett. 12 (2023) 1173-1178, https://doi.
org/10.1021/acsmacrolett.3c00389.

R. Whitfield, G.R. Jones, P. Nghia, L.E. Truong, A.A. Manring, Solvent-free
chemical recycling of polymethacrylates made by ATRP and RAFT polymerization:
high-yielding depolymerization at low temperatures, Angew. Chem. Int. Ed. 62
(2023) €202309116, https://doi.org/10.1002/anie.202309116.

J.B. Young, R.W. Hughes, A.M. Tamura, L.S. Bailey, K.A. Stewart, B.S. Sumerlin,
Bulk depolymerization of poly(methyl methacrylate) via chain-end initiation for
catalyst-free reversion to monomer, Chem 9 (2023) 2669-2682, https://doi.org/
10.1016/j.chempr.2023.07.004.

R.W. Hughes, M.E. Lott, 1.S. Zastrow, J.B. Young, T. Maity, B.S. Sumerlin, Bulk
depolymerization of methacrylate polymers via pendent group activation, J. Am.
Chem. Soc. 146 (2024) 6217-6224, https://doi.org/10.1021 /jacs.3¢14179.

M.T. Chin, T. Yang, K.P. Quirion, C. Lian, P. Liu, J. He, T. Diao, Implementing a
doping approach for poly(methyl methacrylate) recycling in a circular economy,
J. Am. Chem. Soc. 146 (2024) 5786-5792, https://doi.org/10.1021/jacs.3¢13223.
N. De Alwis Watuthanthrige, R. Whitfield, S. Harrisson, N.P. Truong, A. Anastasaki,
Thermal solution depolymerization of RAFT telechelic polymers, ACS Macro Lett.
13 (2024) 806-811, https://doi.org/10.1021/acsmacrolett.4c00286.

D. Konkolewicz, Y. Wang, P. Krys, M. Zhong, A.A. Isse, A. Gennaro,

K. Matyjaszewski, SARA ATRP or SET-LRP. End of controversy? Polym. Chem. 5
(2014) 4409, https://doi.org/10.1039/c4py00149d.

C.S. Day, R. Martin, Comproportionation and disproportionation in nickel and
copper complexes, Chem. Soc. Rev. 52 (2023) 6601-6616, https://doi.org/
10.1039/D2CS00494A.

T. Kashiwagi, A. Inaba, J.E. Brown, K. Hatada, T. Kitayama, E. Masuda, Effects of
weak linkages on the thermal and oxidative degradation of poly(methyl
methacrylates), Macromolecules 19 (1986) 2160-2168, https://doi.org/10.1021/
ma00162a010.

X.-F. Xia, S.-L. Zhu, D. Zhang, Copper-catalyzed C-O coupling of styrenes with N-
hydroxyphthalimide through dihydroxylamination reactions, Tetrahedron 71
(2015) 8517-8520, https://doi.org/10.1016/j.tet.2015.09.040.


https://doi.org/10.1016/j.chempr.2023.09.027
https://doi.org/10.1021/jacs.2c05364
https://doi.org/10.1021/jacs.2c05364
https://doi.org/10.1002/adma.201706441
https://doi.org/10.1021/cr940534g
https://doi.org/10.1016/j.progpolymsci.2020.101311
https://doi.org/10.1016/j.chempr.2020.06.014
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.1c02246
https://doi.org/10.1021/acs.macromol.1c02246
https://doi.org/10.1021/acs.macromol.2c01712
https://doi.org/10.1021/jacs.2c00963
https://doi.org/10.1021/jacs.2c00963
https://doi.org/10.1021/acsmacrolett.2c00603
https://doi.org/10.1021/acsmacrolett.2c00603
https://doi.org/10.1016/j.cej.2024.149307
https://doi.org/10.1016/j.cej.2024.149307
https://doi.org/10.1039/D2PY01383E
https://doi.org/10.1039/D2PY01383E
https://doi.org/10.1002/pol.20240255
https://doi.org/10.1021/jacs.3c05632
https://doi.org/10.1002/anie.202313232
https://doi.org/10.1021/acsmacrolett.3c00389
https://doi.org/10.1021/acsmacrolett.3c00389
https://doi.org/10.1002/anie.202309116
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.3c14179
https://doi.org/10.1021/jacs.3c13223
https://doi.org/10.1021/acsmacrolett.4c00286
https://doi.org/10.1039/c4py00149d
https://doi.org/10.1039/D2CS00494A
https://doi.org/10.1039/D2CS00494A
https://doi.org/10.1021/ma00162a010
https://doi.org/10.1021/ma00162a010
https://doi.org/10.1016/j.tet.2015.09.040

	Bulk depolymerization of PMMA using difunctional pyromellitic or monofunctional phthalimidic ATRP initiators
	1 Introduction
	2 Results and discussion
	3 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Data availability
	References


