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Recoverable Fluorination Accelerates Ring-Opening
Copolymerisation and Enables Post-Polymerisation-Modification of
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Abstract: Fluorination of polymers is a powerful strategy to enhance chemical or material properties yet integrating
these benefits into degradable polymers remains underexplored. Here, we report a new class of fluorinated polyesters
synthesized via ring-opening copolymerisation of pentafluoro styrene oxide with phthalic anhydride. The pendant C¢Fs
groups accelerate catalysis through fluorine-specific w-stacking interactions and improve obtained molecular weights
compared to the non-fluorinated variant giving access to high weight materials (M, nax. > 100 kg mol~!) with thermal and
mechanical properties competitive with commodity plastics. These C4F5 groups then act as reactive handles in the material
for efficient post-polymerisation modification (PPM) in solution, allowing fine-tuning of thermal, mechanical, optical, and
solubility properties. PPM can even be performed on material surfaces, films and fibres can be selectively modified without
dissolution. Lastly, degradation enables quantitative recovery of fluorine centres as sodium fluoride, offering a sustainable
end-of-life option for the incorporated fluorine. Our work demonstrates how targeted fluorination of degradable polyesters
can simultaneously enhance catalysis and unlock advanced material functionality.
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Introduction

Polyesters are appealing degradable polymers due to the
susceptibility of their ester linkages to cleavage making them
useful for the chemical recycling of polymer waste into
monomers or other useful starting materials.'"'*] Unfortu-
nately though, in comparison to polymers with carbon-based
backbones, structural versatility, and synthetic strategies
as well as properties of polyesters lag behind. Synthetic
limitation affects both the range of polymer sequences
accessible through synthesis and the potential for post-
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polymerization modification (PPM). PPM, in particular, is a
promising strategy for introducing structural complexity into
polymers, as it allows the installation of functional groups
after synthesis.['>??] This approach circumvents the need
for these groups to be compatible with the polymerization
methodology, which can be particularly problematic for
polyesters often synthesised via anionic ring-opening poly-
merisation. One of the most established PPM methodologies
to achieve this for oxygenated polymers is thiol-ene click
chemistry, although the required double bonds can on occa-
sion lead to unwanted crosslinking during processing.!?%! In
the area of more traditional polymers with non-degradable
carbon—carbon backbones, improving polymer properties and
enabling PPM can be achieved by fluorination.['71827-30]
Additionally, during synthesis and catalysis, fluorine-specific
interactions with electron deficient fluorine centres can lead to
beneficial performances.[*'-*] However, fluorinated polymers
have come under scrutiny for their lack of appreciable degrad-
ability and the absence of end-of-life recyclability options.
Moving to polymers with intrinsically degradable backbones,
such as polyesters, could present a solution offering a more
direct access to end-of-life degradability and recyclability that
are highly sought after for fluorinated materials.***?] Despite
this, fluorination of polyesters has received little attention
perhaps due to difficulties with respect to their synthesis.
Here ring-opening copolymerisation (ROCOP) of strained
heterocycles such as epoxides with anhydrides or heteroal-
lenes offers access to polymer structures, including polyesters,
which are hard to obtain otherwise.[*>>8] In answer to these
questions, we here report a new degradable fluorinated
polyester with competitive properties to commodity materials
featuring pendant C¢Fs groups that accelerate catalysis and
enable PPM of the bulk as well as the surface of processed
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objects. Upon degradation fluorine can be recovered in a once
again useful form.

Results and Discussion

Starting our study, we investigated the ROCOP of pentaflu-
oro styrene oxide (FSO) with phthalic anhydride (PA)
(Figure 1) employing a previously optimised bicomponent
ROCOP catalyst comprising of a FSalphenAl(III)CI/PPNCI
catalyst pair (PPN = Ph;PNPPh;) in which Salphen is
a bisphenoxy imine ligand with a phenylene backbone
and para-fluorinated salicyl imine.[**l PA//SO ROCOP at
an initial loading of 1 FSalphenAICl: 1 PPNCI: 500 FSO:
500 PA at 80 °C for 3 h indeed resulted in a highly
viscous mixture from which the poly(PA-co-FSO) polymer
can be isolated via precipitation (see Table 1 run #1).
Multinuclear 1D and 2D NMR analysis shows selective
formation of a strictly alternating polyester with pendant
C¢Fs groups (see Supporting Information Section S3) formed
by alternating insertion of FSO and PA (see Figure la,b).
The 'H NMR (see Figure 1c) exhibits arylic resonances
around 7.6 ppm, a tertiary CH resonance at 6.5 ppm and a
secondary CH, resonance at 4.7 ppm in a 4:1:2 integrative
ratio.

The CH resonance correlates to a quaternary ester car-
bonyl resonance showing three distinct resonances at 165.7,
166.1, and 166.5 ppm (see Figure S6). These correlate to
head-to-head, head-to-tail, and tail-to-tail diads in a 1:4.5:1
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Figure 1. a) Outline of the current work; only head-to-tail regioisomer of
repeat unit shown for simplicity. b) Propagation mechanism. c) 'H and
d) "F NMR spectrum (CDCl3) of copolymer corresponding to Table 1
entry #1. [Al] = FSalphenAl(I11)CI/PPNCI with PPN = Ph;P = N* =
PPhs.
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Table 1: ROCOPs investigated in this report.

Conv. M,,,' GPC
Run PAFSO t (h) (%) (kg mol~1) (D)®)
#1 500:500 3 95 427 (1.37)
#2 50:50 0.25 >99 5.8 (1.12)
#3 100:100 0.5 95 9.3 (1.16)
#4 250:250 1 94 23.3 (1.39)
#5 2000:2000 12 92 107.3 (1.66)
#6Y 500:500 15 >99 10.0 (1.33)

T = 80 °C, equivalents of monomers relative to 1 eq. "SalphenAICl and 1
eq. PPNCI: 500 eq. epoxide: 500 eq. PA. # Relative integral in the
normalised "H NMR spectrum of resonances from polymer versus
unconsumed monomer. Y Apparent number averaged molecular
weight determined by GPC (gel permeation chromatography)
measurements conducted in THF, using narrow polystyrene standards
to calibrate the instrument. 9 SO was employed in place of FSO.

ratio by integration of the >C NMR signals (see Figure S6)
meaning that SO monomers are both opened at the CH,
tail and the CH head position.[***!l However, no resonances
of erroneous ether links from "SO homopropagation can be
observed. Accordingly, mass spectrometry (see Figure S21)
of a low molecular weight sample shows series of peaks
separated by 358 a.u. (i.e., the weight of PA+FSO). However,
the circumstance that multiple series are observed indicates
co-occurring chain-transfer and transesterification alongside
propagation.[®63] Accordingly, gel permeation chromatogra-
phy (GPC) in THF relative to a polystyrene standard shows
a multimodal distribution with apparent number averaged
molecular weight M, gpc = 42.7 kg mol™' (D = 1.37). This
is somewhat lower than the theoretically expected molecular
weights (M heo = 89.5 kg mol™!), which can be attributed
to chain-transfer reactions with protic impurities in the
monomers, as commonly observed in ROCOPI*! Accord-
ingly deliberate addition of diols to the initial polymerisation
mixture leads to a drastic reduction of the obtained molecular
weights (see Figure S20).

Furthermore, MALDI-TOF mass spectrometry reveals
that, in addition to the «-Cl, w-OH terminated chains formed
via initial ring-opening of the epoxide by the chlorides of
FSalphenAI(IIT)Cl and PPNCI, cyclic polymers also form.
These arise from transesterification reactions in which alkox-
ide intermediates dissociate from the catalyst and react
with ester linkages instead of anhydride monomers. Trans-
esterification likewise causes deviations between theoretical
and experimentally obtained molecular weights and leads to
broader molecular weight distributions. We confirmed this by
performing a ROCOP with excess epoxide, which results in
the accumulation of alkoxides after anhydride consumption
and a corresponding broadening of the molecular weight
distribution (see Figure S19).

Adjusting the catalyst to monomer loading lets us control
the obtained molecular weights from 5.8 to 107.3 kg mol™!
(P = 1.12-1.66) (see Table 1 run #1). Such high maximum
molecular weights are unusual given that non-fluorinated
styrene oxide (SO) is a notoriously problematic epoxide
in ROCOP typically only yielding low molecular weight
materials with M,gpc < 15 kg mol~'.[0+®] Accordingly
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Figure 2. a) Comparison of PA Conversion versus time for PA/FSO and
PA/SO ROCOP and b) for PA/FPGE and PA/PGE ROCOP; all at 1 eq.
FSalphenAICl and 1 eq. PPNCI: 500 eq. epoxide: 500 eq. PA. ¢) 'H and
9F NMR (CDCl3) of PA/FPGE copolymer as well as zoom into the 1>C
NMR confirming head-to-tail selectivity.

employing SO in place of FSO under otherwise identical
conditions (compare Table 1 run #1 to #6) results in less
than a quarter of the apparent molecular weight. On the
one hand the apparent weight increase fluorination leads to
could be a consequence of fewer protic impurities in *SO
compared to SO which cause less chain-transfer side reactions
that decrease weights in the fluorinated case. On the other
hand, there might also be mechanistic differences due to
fluorination regarding the propagating species.

As can be seen in Figure 2a employing SO in place of
FSO under otherwise identical conditions results in an at
least threefold decrease of the reaction rate following the
polymerisation progress by 'H aliquot analysis. In order to
exclude that rate enhancement is only due to the electron
withdrawing nature of fluorination close to the site of
epoxide ring opening, we compared the PA ROCOP of
fluorinated phenyl glycidyl ether (FPGE) to phenyl glycidyl
ether (PGE) (see Figure 2b). Here the aromatic ring is not in
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close electronic communication to the electrophilic reaction
site of epoxide ring-opening. Nevertheless, we observed a
maintenance of rate enhancement upon fluorination meaning
that FPGE polymerises three times as fast as PGE. An alter-
nating copolymer in perfect head-to-tail selectivity forms with
M, cpc =41.7 kg mol~' (P = 1.18). Notably the unfluorinated
PGE again yields reduced molecular weights under otherwise
analogous conditions (M, gpc = 17.1 kg mol™!, D = 1.73).
Importantly in order to form a head-to-tail selective structure,
ring opening of the epoxide must selectively occur at the
CH,-tail position of FPGE which is most distant from the
Co¢Fs group. Finally, we compared the ROCOP kinetics of
PA with 1,2-epoxypropan (propylene oxide) versus PA with
trifluoro-1,2-epoxypropan to study the effects of fluorination
in absence of a m-system on the epoxide (see Figure S65).
However, a much more modest acceleration by a factor of
ca. 1.4 was observed for the fluorinated case. Taken together,
our observations indicate that the rate enhancement cannot
be merely due to favouring epoxide ring opening by rendering
the tail-position of the epoxide more electrophilic.

In order to shed light on the performance benefits that
fluorination brings about we turned to density functional the-
ory (WB97M-V/def2-TZVPP//PBEh-3c//COSMO-RS(styrene
oxide)) using ORCA version 5.0 (see computational details
in Section S11).[774] We considered a previously established
mode of action by the catalyst in which hexacoordinate
aluminate centres form with two chain-ends (one initiated by
the chloride coligand of the precatalyst and the other one by
the chloride of PPNCI).I”>7] Propagation occurs at one side
of the catalyst plane, while the other is coordinated by acetate,
as a model for the carboxylate resting state of the propagating
chain end.

For computational efficiency 'SO ROCOP was inves-
tigated and the pendant polymer chain was simplified by
a methyl group and in all optimised geometries. Section
S11 discusses the full propagation cycle for the fluorinated
and non-fluorinated case which are both viable from a
thermodynamic perspective in agreement with prior reports.
Yet in order to understand rate enhancement we analysed
the respective transition states of PA and ®SO insertion.
For these we considered ring-opening at the epoxide CH,-tail
position which minimises the effects electrophilicity enhance-
ment of the epoxide upon fluorination. Furthermore, attack
at the CH,-tail position is the mode of propagation for FPGE,
for which fluorination likewise accelerates polymerisation.

Considering PA insertion (see Figure 3a) starting from
the alkoxide intermediate A (stemming from FSO ring
opening) or A (stemming from SO ring opening) yielding
the carboxylate FC and C, the most favourable transition
states FTS1 and TS1 that were identified involve a parallel
orientation of the PA to the ligand plane with the inserting
alkoxide remaining coordinated at the aluminate centre. In
the fluorinated case FTS1 a parallel orientation of the C¢Fs
plane with the ligand plane can be observed resulting in
mw-stacking primarily with the phenylene backbone of the
catalyst. In contrast to the energetically more facile non-
fluorinated case TS1 the CgHs substituents twists away
from parallel orientation so that no m-stacking is observed
altogether.

© 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH
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Figure 3. Density functional theory calculations on the wB97M-V/def2-TZVPP//PBEh-3c//COSMO-RS (styrene oxide) level of theory investigating the
effect of epoxide fluorination on a) anhydride and b) epoxide insertion. c) Electrostatic potentials mapped onto an isosurface corresponding to an

electron density of 0.002 e/aj.

Next, we turned our attention to the epoxide ring-opening
step. Starting from C’, in which both carboxylates have been
simplified as acetates, substitution of one carboxylate by an
epoxide has to occur prior to ring opening giving C’+¥SO and
C’+SO which are very similar in energy (see Figure 3(b)).
Afterward epoxide insertion in the fluorinated case FTS2
(Gt = 117.8 kJ mol™! versus C’+FSO) is easier than in
the non-fluorinated case TS2 (G* = 128.8 kJ mol~! versus
C’+S0). Hence considering all insertion barriers which have
to be overcome, DFT confirms that ROCOP is faster in the
fluorinated case. Interestingly during epoxide ring-opening,
m-stacking between the epoxide substituent is observed in
both cases. While the C¢Fs substituent in FTS2 interacts
with the phenylene backbone, the C¢Hs substituent in TS2
interaction with the aromatic system of the salcylimine.
Importantly epoxide ring opening by the carboxylate in
TS2 and FTS2 triggers a charge redistribution through the
ring-opened styrene oxide to the aluminium atom, resulting
in full charge delocalization within the complex. Figure 3c
exemplarily shows the electrostatic potential maps of the
fluorinated pathway. As charge redistribution occurs, FTS2
displays stronger electrostatic interactions between negatively
charged fluorine atoms and slightly positive hydrogen atoms
than what is observed for TS2. This leads to an emerging
anion —r interaction in the m-stacking stabilising the accu-
mulating charge on the catalyst during epoxide ring opening
and thereby increasing the reaction rate. In contrast for
TS1 no charge accumulation at the catalyst occurs so that
this effect does not lead to stabilisation of the transition
state.

However, these subtle energetic differences are at the limit
of what the computational method can reliably determine.
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In addition, the simplifications of the polymer chain growing
from the catalyst limit the comparability of epoxide versus
anhydride insertion steps and also preclude the elucidation of
potential stabilising r-stacking interactions between the chain
end and the growing polymer chain. A more complete picture
would also require assessment of interactions with the PPN
countercation as well as explicitly modelled interactions with
residual monomers in the surrounding medium. Nevertheless,
our experimental and computational results consistently iden-
tify fluorine-specific -stacking as an active contributor to the
reaction kinetics. Such interactions could also influence the
extent of transesterification occurring alongside propagation,
as favourable 7 interactions limit dissociation of the chain
ends from the catalyst that leads to side reactions. This
might explain the differences in molecular weights observed
for PA/FSO and PA/SO ROCOP. Hence, future strategies
should focus on strengthening these interactions—e.g., by
employing m-electron-rich ligand scaffolds—in addition to
pursuing multifunctional catalysis and investigating monomer
purity to maximise molecular weights.

Having accessed and understood PA/FSO ROCOP we
turned to using the C¢Fs substituent in PPM which was previ-
ously utilised for polymers with carbon—carbon backbones but
remains to be realised for polyesters.*77781 Hence we reacted
poly(PA-co-FSO) with hexylthiol and diazabicycloundecene
(DBU) in DMF in order to achieve replacement of the para
fluorine-atom with a hexyl-thioether chain. Indeed, reaction
monitoring by ’F NMR spectroscopy reveals substitution in
under a minute so that the initially three fluorine resonances
at -140.6, -152.0, and -161.2 ppm in a 2:1:2 integrative ratio
for the initial —C¢Fs groups transform into two resonances
at -133.8 and -141.2 ppm in a 1:1 ratio corresponding to
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Figure 4. a) Post polymerisation modification (PPM) via nucleophilic aromatic substitution with ’F NMR spectrum after complete PPM with
hexanethiol. b) Comparison of the differential scanning calorimetry (DSC) heating curve before and after PPM with hexanethiol. c) Picture of
powdered polymer under UV light after PPM with blue emissive fluorophore tetraphenylethylene (TPE). d) PPM with PEG-SH enables self-assembly

into micellar aggregates in water as seen by Cryo-TEM and DLS.

a —C4F,SR group (see Figure 4a). 'H-C HSQC NMR
spectroscopy confirms installation of the hexyl chain at the
aromatic core as the S bonded CH, group at 2.9 ppm
correlates to an aromatic resonance at 115 ppm of the
sulfur bonded aromatic carbon. GPC shows a ca. 90%
maintenance of the apparent molecular weight confirming
that the polyester backbone remains mostly intact during
PPM alongside minimal basic degradation. PPM with hexane
thiol drastically modulates the thermal properties shifting the
glass transition temperature from 7, = 108.3 to T, = 35.5 °C
(see Figure 4b). PPM with 0.5 equiv. of hexane thiol per
equivalent of repeat unit resulted in a material with an
intermediate 7, = 66.4 °C (see Figure S77) highlighting how
the degree of functionalisation can be used to tune thermal
properties.

Relatedly we installed a fluorinated chain on the polymer,
relevant for later surface modification (see below) introduc-
ing semi-crystallinity with a broad T,, = 93.5 °C due to
crystallisation of the fluorinated pendant chains (see Figure
S85) as observed previously for other acrylate polymers.!”!
Moving to other functions we installed aggregation induced
emission (AIE) fluorophors onto our polyesters. [*)] Reacting
tetraphenylethene (TPE) bearing a CH,SH group with
poly(PA-co-FSO) resulted in bright blue luminescent polymer
after PPM (Figure 4c). In this case functionalisation of
ca. 10% of the reaction sites occurred for TPE-CH,SH
under identical PPM conditions employed for hexane thiol,
quantified by the relative integrals of the ’F NMR signals
corresponding to the functionalised —C¢F4SCH,TPE group
and the remaining —C¢Fs group. We attribute this to the
steric hindrance of the thiol which however was sufficient to
impart luminescence. Installing hydrophilic PEG chains (M,
= 5 kg mol ™) alters the solubility properties of the material.
While the parent poly(PA-co-FSO) is highly hydrophobic,
attaching PEG chains at ca. 10% of the C¢Fs groups renders
the material sufficiently amphiphilic for self-assembly in
water. Nanoprecipitation into water of a 1 mg mL~' THF

Angew. Chem. Int. Ed. 2025, 64, 202515104 (5 of 9)

solution after PPM with mPEG-SH results in the formation
of a stable colloidal solution that by eye exhibits a Tyndall
effect. Dynamic light scattering (DLS) confirms the formation
of nanoaggregates with an average diameter of 72 nm and
a dispersity of 0.2. Cryo-transmission electron microscopy
(Cryo-TEM) reveals the formation of multi-layer core shell
micelles (Figure 4d and Figures S105 and S106) with diameters
ranging from 20 to 90 nm.

Concerning properties, poly(PA-co-FSQO) is an amorphous
thermoplastic with a 7, of 108 °C due to its atactic nature.
The regioselectivity has little effect on this and a polymer
with a different head-to-head:head-to-tail:tail-to-tail ratio
(prepared at higher polymerisation temperature) shows an
identical 7, (see Figure S12). The wide processing window
of >230 °C (Ty459% = 340 °C) enabling compression moulding
into clear, colourless, self-standing and flexible films (o, =
38.67 MPa, E, = 2.74 GPa, &, = 1.5%, see Figure 5a and
Figure S26) which feature perfect mechanical recyclability.
The material possesses good solubility and hence process-
ability from common organic solvents enabling processing by
electrospinning (see Section S1). The high molecular weight
material (Table 1 run #5) can be processed into polyester
fibres with a homogenous thickness of between 5-10 um
(see Figure S25). This allows for the fabrication of self-
standing electrospun nonwovens (see Figure 3b) with pore
sizes between 50-350 pm which renders these useful as
filters for microplastics with neat quantitative efficiency. Both
thermal and mechanical properties of the poly(PA-co-FSO),
as well as filtration properties of the nonwoven fibre mat,
are competitive with commodity polystyrene underlining the
utility of the material.

However, as opposed to commodity polystyrene, objects
comprising poly(PA-co-FSO) can be functionalised and
degraded. Hence we investigated whether PPM can also
achieve modification of the material in media in which the
polymer is not soluble thereby selectively modifying the
material surface. This would allow to minimise the amount
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Figure 5. a) Photographs of compression moulded film. b) Photographs of electrospun nonwoven applied as microplastics filter and scanning
electron microscopy image of the nonwoven c) Polymerisation surface modification with picture of polymer film under UV-light before and after
surface modification with TPE-CH,SH fluorophore. d) Static water contact angle on surface covered with fibres before and after PPM with fluorinated

thiol CF3(CF;)sCH,CH,SH.

of reactants required to modulate properties. To investigate
this, we subjected films of poly(PA-co-FSO) to PPM in
methanol in which the reactants for modification are soluble,
but the polymer is not. Reaction of a compression moulded
poly(PA-co-FSO) film submerged in methanol containing
TPE-CH,SH and DBU indeed resulted in the installation
of the fluorophor on the material surface as visible under
UV light (see Figure 5c). This observation was corroborated
by X-ray photoelectron spectroscopy (see Figure S97),
which detected signals corresponding to the sulphur centres
introduced during functionalisation. Scanning electron
microscopy combined with energy-dispersive X-ray
spectroscopy (SEM-EDX) confirmed functionalisation
across the entire surface, with an increased degree of
functionalisation observed at film imperfections, presumably
arising from their comparatively higher surface area
generated during processing. Importantly we performed
control experiments without DBU or without a thiol
functionality on the TPE fluorophore and did not observe
modification of the material.

Surface modification is particularly attractive for electro-
spun polymer fibres which feature a high surface area. In
this context reactive fibres are sought-after targets in the
fields of gas and air filtration, advanced textiles, microsensors,
tissue engineering, and many more.[®!] Demonstrating the
reactive nature of the fibre surface, we submerged electrospun
fibres in a methanolic solution of DBU and TPE-CH,SH
at room temperature and indeed obtained blue, emissive
fibres (see Figure S96). Yet not only the emission colour but
also the surface properties of the fibres can be enhanced.
Attaching a fluorinated chain CF;(CF,)sCH,CH,SH to the
fibre surface significantly increases the hydrophobicity of
a fibre covered surface. The static water contact angle
increases from 106° to 127° after PPM (see Figure 6d) thereby
improving hydrophobicity into the useful regime for water-
repellent coatings and self-cleaning surfaces. Importantly F
NMR spectroscopy of the dissolved fibres after PPM shows a
spectrum near identical to unfunctional polyester confirming
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Figure 6. Fluoride recovery upon basic methanolysis with ’F NMR
spectroscopy before (in CDCl3) and after (in D,O) degradation.

that minimal PPM on the fibre surface is necessary to achieve
drastic property changes.

The intrinsic advantage of polyesters compared to poly-
mers with carbon-carbon backbones is their in-built oppor-
tunity for degradation and chemical recycling via cleavage
of the ester bonds. Fluorinated materials have the added
sustainability challenge that the fluorine centre within them
stem from mined Fluorspar, a finite resource. Upon addition
of sulfuric acid, Fluorspar is transformed into hydrogen
fluoride HF which is then used for the synthesis of a wide
range of fluorinated materials. Limited societal recycling
strategies exist to recover the fluorine into a useful form,
although without chemical recycling, fluorine will ultimately
become scarce and expensive. In this context we recently
found that the methanolysis of polyesters featuring arene
bound fluorine centres allows for recovery of fluorine
as degradation products comprising sodium fluoride and
defluorinated organics via nucleophilic aromatic substitution.
Reaction of these degradation products with sulfuric acid
results in the formation of HF, the starting material of
all fluorochemicals.[*?] Hence we subjected a Poly(PA-co-
FSO) film to basic methanolysis employing a 5 wt% sodium
methoxide solution in methanol at 110 °C for 6 h producing
a finely dispersed white precipitate. ’F NMR analysis of
the precipitate in D,O which can be easily isolated by
centrifugation reveals clean transformation of the initially
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unsymmetric polymer '°F spectrum into a single resonance
at -122 ppm which can be identified as sodium fluoride (see
Figure 6). No fluoride resonances could be identified in the
degradation products soluble in organic solvents (see Figure
S108) indicating full nucleophilic aromatic substitution of the
CqFs ring and quantitative recovery of the aryl bound fluorine
as NaF. Acidification of the mixture with H,SOy, in analogy
of how HF is produced industrially, leads to production of
hydrogen fluoride which instantaneously reacts with the glass
vessel to form tetrafluoroborate as seen by '’F NMR (see
Figure S111) Hence poly(PA-co-FSO) allows for chemical
recycling of the bound fluorine which due to the simplicity
of the reagents involved might also be suitable for upscaling.
This is particularly attractive as, e.g., surface modification
substitutes few fluorine centres leaving the majority to be
recovered which could be confirmed in a separate experiment
degrading functionalised fibres.

Conclusion

In conclusion we have demonstrated fluorination to acceler-
ate rates and improve molecular weights in the ring-opening
copolymerization of phthalic anhydride and pentafluoro
styrene oxide. The resulting pendant C¢Fs groups in the
material serve as versatile handles for post-polymerization
and surface modification. These enable tuning of thermal,
optical, and solubility properties and allow the fabrication of
reactive electrospun fibres. Crucially, the fluorinated polymers
retain the degradability of their polyester backbone, and
chemical degradation facilitates the recovery of fluoride as
a recyclable resource. This work highlights the potential of
fluorinated degradable polymers to unite functional versatility
with sustainability.
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