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A systematic study of temperature-dependent
cationic photopolymerization of cyclic esters
Yazgan Mete, Patrick Knaack and Robert Liska*

Abstract

The polymerization of cyclic esters to form polyesters is a thoroughly investigated topic and can be performed via anionic,
cationic or metal-mediated techniques. While there have been attempts to apply light-induced on-demand initiation tech-
niques, in most investigations photobase generators are used. In this work the focus lies on photoacid generators, which – con-
trary to many photobase generators – are easily stored, thermally stable, reactive, less sensitive towards water and oxygen
inhibition and commercially available in various forms. However, in most cases the low reactivity of the monomers requires
long polymerization times. Therefore, this study provides a basic study of the temperature-dependent cationic photopolymer-
ization of cyclic esters and shows that polyesters can be formed in less than 5 min of irradiation at elevated temperatures and
without solvents, leading to highly crystalline products. In addition, the temperature-dependent crystallinity, molecular
weights and dispersities of the polymers are investigated and presented.
© 2021 The Authors. Polymer International published by John Wiley & Sons Ltd on behalf of Society of Industrial Chemistry.
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INTRODUCTION
Cyclic esters are a class of monomers that have been thoroughly
investigated and deployed in polymerization reactions. The main
reason for this interest is the biocompatible and biodegradable
character of the formed polyesters, which fulfill many criteria for
biomedical and clinical applications. In particular, polycaprolac-
tone and polylactide have been intensively studied and, among
other cyclic esters, can be obtained via anionic,1–8 cationic7,8 or
metal-mediated9–11 polymerization. These techniques also allow
the preparation of polymers with distinct and controlled molecu-
lar weights and very low dispersities. While the four-, six- and
seven-membered cyclic esters are known to readily undergo
ring-opening polymerization, the five-membered rings have long
been considered to be challenging for thermodynamic reasons
and low ring-strain energy.12 However, since then successful poly-
merizations have been performed with different initiating sys-
tems.1,13 Hong and Chen even took a step further and showed
that the polymer can be fully recycled back to the starting mate-
rial.1 The cationic polymerization of cyclic esters has been
reported using a variety of acids, including trifluoromethanesulfo-
nic acid,14 phosphoric acid,15 methane/benzene sulfonic acid16 or
HCl·Et2O.

17 Smaller cycles such as propiolactone are polymerized
with enzymes,18 Lewis acids19 or perchloric acid20 in literature. In
particular, in the case of ⊎-butyrolactone (⊎BL), the tacticity of the
polymer is crucial, since isotactic compounds appear highly crys-
talline and atactic ones do not. Efforts to introduce more control
over tacticity led to the development of yttrium,21 zinc,22 tin23

or chromium based24 compounds. Perfectly isotactic polymers
are mainly produced by biotechnological routes, which are
costlier.24

The formation of polyesters using cationic photopolymerization
is rarely found. One example is shown by Sangermano et al., who
integrate degradable ester groups into epoxy networks by adding
ε-caprolactone (εCL).25 Barker and Dove also photopolymerize
εCL as well as ⊐-valerolactone (⊐VL) using triarylsulfonium salts
as photoinitiator.26 A visible-light regulated photoacid generator
(PAG) is deployed by Fu et al.,27 while Li et al. present the use of
a Zn(II) complex which exhibits different initiation kinetics
depending on the selected wavelength.28 The polymerization of
εCL as well as ⊐VL using not only UV light but also extending the
range to visible light was recently performed by Yağci and co-
workers. In their work diphenyliodonium salts combined with
benzylic alcohol and various electron-transfer sensitizers were
deployed.29 The good compatibility of onium salts with a variety
of sensitizers30–33 creates the possibility to work with higher
wavelengths and hence more environmentally friendly light
sources.
In general, two different mechanisms are observed when the

polymerization is performed via acid catalysis – either the conven-
tional active-chain-end (ACE) mechanism or the activated mono-
mer (AM) mechanism with an alcohol as initiator (Fig. 1). In the
ACE mechanism the oxonium ion is attacked by a monomer.
The AM mechanism occurs in the presence of an alcohol, which
intercepts the growing polymer chain.17,34,35
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The ACE mechanism often leads to a significant quantity of
cyclic products, since backbiting and cyclization can occur. This
decreases the control over the reaction and the polymer end-
groups. Adding alcohols as initiator and shifting the polymeriza-
tion towards an AM mechanism removes the active center from
the growing chain and linear products are obtained.34 Reports
also confirm an acceleration of the reaction upon addition of alco-
hols to onium salt initiated systems.35

Increasing the polymerization rate is an important aspect,
since with most initiating systems the polymerization of cyclic
esters is performed over several hours. A very straightforward
and convenient approach to increase the reaction speed is to
perform the polymerization at high temperatures. The acceler-
ated reaction not only leads to high yields of polyester in a
very short time, but also opens up new possibilities to use
cyclic esters in advanced applications. One of them is 3D
printing, where complex, precise and individual polymer struc-
tures can be formed via photopolymerization. However, in
order to enable the deployment of less reactive or highly vis-
cous monomers the use of a technology called hot lithogra-
phy is necessary. In this specific technique, monomers can
be heated to 120 °C and their low reactivity can be over-
come. Various publications have already shown the benefits

of the increased printing temperature.36–39 The 3D printing
of polyesters is usually performed by preparing a polyester
and modifying it with appropriate end-groups for radical poly-
merization. Another possibility is to deploy the polymer as a
filament in the fused-deposition modeling process. In order
to directly deploy the cyclic esters and synthesize the polyes-
ter during the printing, a high reactivity of the monomers and
an appropriate initiating system is needed. Therefore, the
temperature-dependent photopolymerization of different
cyclic esters (Fig. 2) was analyzed in this study to determine
an optimal temperature range for the hot lithography process.
Also, since the reactivity is highly dependent on the size of
the cycle, different compounds were tested, compared and
it was determined whether the reactivity could be increased
by high temperatures.

EXPERIMENTAL
Materials and general methods
Tert-butyldiphenyliodonium tetrakis(perfluoro-t-butyloxy)alumi-
nate (I-AL) (Synthon; Bitterfeld-Wolfen; Germany), γ-valerolactone
(γVL) (TCI; Eschborn; Germany), cyclooctanone (TCI) and propio-
lactone (PL) (Abcr; Karlsruhe; Germany) were purchased from

Figure 2. The tested cyclic esters η-octalactone (ηOL), ⊐-decalactone (⊐DL), ε-caprolactone (εCL), ⊐-valerolactone (⊐VL), γ-valerolactone (γVL),
⊎-butyrolactone (⊎BL) and propiolactone (PL) and the deployed PAG tert-butyldiphenyliodonium tetrakis(perfluoro-t-butyloxy)aluminate (I-AL).

Figure 1. ACE and AM mechanisms of the acid catalyzed polymerization of ε-caprolactone.
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the respective companies and used as received. The cyclic esters
⊐VL and ⊎BL were distilled prior to use and stored over molecular
sieves. εCL (TCI) was dried over molecular sieves.
NMR analysis was performed with a Bruker Avance at 200 MHz

for 1H NMR and at 50 MHz for 13C NMR. Chemical shifts were refer-
enced to the solvent peak (CDCl3) in parts per million. The peak
multiplicities are described as s (singlet), d (doublet), t (triplet) or
m (multiplet).

Synthesis of η-octalactone
The synthesis was performed based on literature reports.40

Cyclooctanone (6.5 g, 51 mmol) was dissolved in dichloro-
methane (100 mL) at room temperature and
3-chloroperoxybenzoic acid (70%, 21.7 g, 88 mmol) was added
in several portions while stirring. After stirring for 5 days, the
white precipitate was filtered off and water was added to quench
the reaction. The organic phase was extracted with Na2S2O3,
NaHCO3 and H2O and then dried with Na2SO4. The solvent was
removed in vacuo and the crude product was purified via column
chromatography (petroleum ether:ethyl acetate, 95:5) yielding a
clear liquid (25% of theory).

1H NMR (400.1 MHz, CDCl3, ⊐): 4.28 (t, 2H, –CH2–O–), 2.28 (t, 2H, –
CH2–C=O), 1.76–1.67 (m, 4H, –CH2–), 1.67–1.59 (m, 2H, –CH2–),
1.5–1.38 (m, 4H, –CH2–).

13C NMR (100.6 MHz, CDCl3, ⊐): 175.7
(C4), 64.4 (C2), 42 (C2), 35.5 (C2), 29.4 (C2), 27.7 (C2), 27.2 (C2),
25.7 (C2), 25.0 (C2).

Photo-DSC
The photo-DSC analysis was performed on a Netzsch DSC 204 F1
device, coupled with an OmniCureTM series 2000 broadband Hg
lamp as light source. The analyzed formulations contained the
respective monofunctional cyclic ester and 0.5 mol% of I-AL as
photoinitiator. From each formulation three identical samples
were irradiated for 5 min with filtered UV light (320–500 nm).
The light intensity was set to 67 mW cm−2 on the sample surface
and the temperature during irradiation was kept at 25, 50,
70, 90 or 120 °C. The calorimetric data was only analyzed for the
polymerization of PL and ⊎BL, since larger rings only showed very
low exothermic behavior. For each condition and formulation, the
first two samples were dissolved and analyzed immediately after
irradiation via NMR and gel permeation chromatography (GPC),
to prevent any interference of the dark reaction. One sample
was stored for at least 24 h before simultaneous thermal analysis
(STA) was performed to determine melting point and crystallinity
of the polyesters.

Gel permeation chromatography (GPC)
For GPC analysis the cured samples in photo-DSC crucibles were
dissolved in tetrahydrofuran (THF) (about 5 mg mL−1) containing
0.5 mg mL−1 butylated hydroxytoluene as flow marker and stabi-
lizer and transferred into GPC vials via syringe filters. Themeasure-
ments were conducted with a Malvern Viscotek TDA device
equipped with three columns, which are connected in series, a

Figure 3. Photo-DSC measurements of PL (left graph) and ⊎BL (right graph) cured with 0.5 mol% I-AL at different temperatures.

Table 1. Photo-DSC and STA of PL and ⊎BL cured with 0.5 mol% I-AL

T (°C)

tmax (s) t95 (s) Area (J g−1)

⊎BL PL ⊎BL PL ⊎BL PL

25 57 ± 5 35.7 195 ± 6 90 223 ± 24 105.6
50 31 ± 3 15.5 ± 0.24 50 ± 2 73 ± 11 621 ± 19 240 ± 66
70 11 ± 0.3 16.5 ± 3.8 30 ± 2 54.3 ± 15 548 ± 45 260 ± 95
90 6 ± 0.1 12.4 ± 0.41 21 ± 0.5 32.7 ± 1.89 486 ± 11 374 ± 25

The values for tmax (time to themaximumof heat development), t95 (time to 95%of heat development) and the area of the peaks (total polymerization
heat) with the respective standard deviations were determined by measuring three samples at each temperature.
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UV Detector Module 2550 for TDA 305 and a Viscotek SEC-MALS
9 light scattering detector. The molecular weight was evaluated
using conventional calibration with polystyrene standards (375–
177 000 Da).

Simultaneous thermal analysis (STA)
The analysis was performed with an STA 449 F1 Jupiter device
from Netzsch. With this method, a temperature ramping DSC is
measured simultaneously with a thermogravimetric analysis.
Samples which have been previously polymerized via photo-
DSC, according to the description in the section Photo-DSC, were
used for the experiments. To ensure full conversion and crystalli-
zation, the samples were stored for at least 24 h at room temper-
ature after polymerization. After replacing the glass lids of the
crucibles with pierced aluminium lids, the polymer samples were
heated at a rate of 10 K min−1 from 25 to 200 °C under N2 atmo-
sphere (flow rate 40 mL min−1). During the heating, the calori-
metric information as well as gravimetric changes were
recorded and subsequently analyzed with the Netzsch Proteus
thermal analysis software. To calculate the crystallinity the melt-
ing enthalpy was compared to literature values for 100% crystal-
line polymers.24

RESULTS AND DISCUSSION
Synthesis of η-octalactone
The nine-membered cyclic ester η-octalactone/8-octanolide (ηOL)
was prepared starting from cyclooctanone by performing a Baeyer–
Villiger oxidation reaction. The procedure was based on the descrip-
tion by van der Mee et al.40 Cyclooctanone was dissolved in dichloro-
methane and an excess ofm-chloroperoxobenzoic acid was added in
portions while stirring. The reaction mixture was stirred for 5 days,

since the oxidation proceeds very slowly with larger cycles compared
to smaller cycles such as cyclohexanone. The literature report even
suggests stirring the mixture for 13 days to increase conversion. After
synthesis and work-up, the crude product was purified via column
chromatography and obtained in a yield of 25%.

Reactivity analysis of cyclic esters via photo-DSC
The investigation of the cationic photopolymerization of cyclic
esters was first performed via photo-DSC analysis. For this pur-
pose, different cyclic esters were selected and polymerized using
I-AL as the PAG (Fig. 2), without the addition of a co-initiator. All
polymerizations were conducted with a Netzsch photo-DSC
device coupled to an OmniCure Hg lamp with a spectral range
of 320–500 nm as the light source. The light intensity was set to
67 mW cm−2 on the sample surface. For analysis the samples
were weighed in a crucible, placed in the designated position
and irradiated at the selected temperature. An empty crucible
was used as a reference. Using the recorded heat of polymeriza-
tion as a function of time, tmax (time until the maximum heat
development is reached), t95 (time to 95% of heat development)
and the area of the peaks (total polymerization heat) were
determined.
The most important focus of the study was the temperature

dependence of conversion and molecular weight. Therefore, all
samples were irradiated for 5 min at the respective temperature
and then immediately quenched. A fast quenching of the poly-
merization was necessary since a dark reaction was observed
which proceeded after the irradiation source was turned off. All
polymerizations were conducted in bulk and no solvent was
needed, since the initiator (0.5 mol% I-AL) showed excellent solu-
bility in all monomers.
The study revealed very different results for the tested com-

pounds. The six- and seven-membered cycles did not show any
significant exothermic behavior during polymerization and there-
fore the calorimetric data is not presented. While the six-mem-
bered compound γVL did not show any polymerization at all
with the given conditions and initiator, the nine-membered ηOL
as well as the six-membered ⊐-decalactone (⊐DL) only partly oligo-
merized at very high temperatures. The irradiation of ηOL deliv-
ered a conversion of 24% at 120 °C with a molecular weight of
2.2 kDa after 5 min. Also, the heat of polymerization decreased –
as expected – with increasing ring size. Since the polymerization
of the four-membered rings PL and ⊎BL was highly exothermic,
the recorded heat of polymerization is depicted in Fig. 3. The irra-
diation starts at t= 0 s and proceeds until 300 s. However, all reac-
tions were already finished after approximately 100 s, even at
room temperature.

Figure 4. NMR comparison of PL and the polymers thereof analyzed
immediately after 5 min of irradiation at different temperatures.

Table 2. GPC and NMR analysis of ⊎BL and PL polymerized via photo-DSC with 0.5 mol% I-AL at different temperatures; conversion via NMR was
calculated using the end-groups of the polymer; GPC results were obtained using a polystyrene standard

T (°C)

Conversion/NMR (%) Mn/NMR (kDa) Mn/GPC (kDa) Ð/GPC (−)

⊎BL PL ⊎BL PL ⊎BL PLa ⊎BL PLa

25 >99% 1.2 15.2 0.93 — 1.5 —

50 1.4 21.3 1.09 — 1.7 —

70 1.3 20.8 1.01 — 1.6 —

90 1.5 17.2 1.05 — 1.6 —

a Due to the insolubility of the poly-PL samples in THF, no GPC analysis was performed.
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While the polymerization of ⊎BL (graph on the left) is slower at
25 and 50 °C and exhibits lower tmax values than PL (Table 1),
the trend is reversed at higher temperatures. The t95 values, on
the other hand, which show the point of time where 95% of the
heat is recorded, are significantly higher for PL, since the peaks
appear broader. Also, there is a retardation in the beginning at
50 and 70 °C for ⊎BL, which is visible from the peak shape. A direct
extraction of conversion data is not recommended, since evapo-
ration and melting/crystallization processes are overlapping the
polymerization signals.
For the photo-DSC analysis of the ⊎BL and PL samples, the irra-

diation was conducted twice and the second irradiation phase
was subtracted from the first in order to remove background sig-
nals. However, for the purpose of molecular weight and conver-
sion determination via GPC and NMR, the same setup was
repeated but the samples were removed after the first irradiation
phase of 5 min and immediately dissolved in CDCl3 or THF for fur-
ther analysis. The NMR solvent was spiked with a small amount of
pyridine to quench the reaction. NMR analysis confirms what was
already expected from the DSC results. Figure 4 shows that the
monomer peaks disappear at all temperatures and instead poly-
mer peaks appear at 2.6 and 4.3 ppm.41 However, the rather dis-
tinct shape of the peaks also indicate a small molecular weight.
Themolecular weight and dispersion of the samples were deter-

mined via GPC using polystyrene standards. In addition, it was
possible to detect end-groups in the NMR and calculate the
degree of polymerization. In the case of PL, the polymers showed
almost no solubility in THF or dimethyl sulfoxide and could there-
fore only be analyzed via NMR. Terminal methylene groups
appear between 3.5 and 4 ppm and can be used to calculate

the degree of polymerization. The summarized results are pre-
sented in Table 2.
The polymerization of PL leads to highly crystalline polymers

with high molecular weights. In contrast, ⊎BL forms atactic poly-
mers, which in addition have very low molecular weights
(Table 2), despite the promising photo-DSC results. NMR analysis
for both monomers confirms full conversion and, in both cases,
there is no clear trend visible when the temperature is increased.
Themost interesting aspect is that there is no correlation between
initiator loading and the achieved molecular weight of the poly-
mers. Usually, it would be expected that an initiator concentration
of 0.5 mol% would lead to a polymerization degree of 200, which
is exceeded in all cases for poly-PL and drastically lower for poly-
⊎BL. One explanation can be derived from the ACE mechanism of
the polymerization, where cyclic products can be formed due to
backbiting. This would distort the molecular weight determina-
tion via end-group analysis by decreasing the number of terminal
methylene groups and giving the impression of a higher degree
of polymerization.
The viscous and sticky appearance of our poly-⊎BL already gives

a clue about the low molecular weights of the samples and the
isotactic structure. While the PAG gives no control over the tacti-
city, syndiotactic or predominantly isotactic products have been
prepared using metal based catalysts in other studies.21,23,24

The low molecular weight is confirmed by GPC as well as NMR
analysis, where the results are very similar. For NMR analysis, the
polymer and terminal group peaks around 5 ppm (Fig. 5) were
selected, based on the description of Chaber et al.42 The degree
of polymerization changes between 14 and 17, which is signifi-
cantly lower than the expected 200 derived from the initiator con-
centration. The good match between NMR and GPC analysis also
indicates that fewer cyclic compounds were formed.
Due to the gel-like state of the poly-⊎BL samples, no STA was

performed to determine crystallinity and melting point.
The conversion of the six-membered ⊐VL and seven-membered

εCL proceeds significantly slower than the four-membered cyclic
esters. The slow propagation combined with the low polymeriza-
tion enthalpies of −27.4 kJ mol−1 for ⊐VL and −28.8 kJ mol−1 for
εCL43 make the evaluation of the calorimetric data more difficult.
At low temperatures, significantly higher irradiation times would
be needed in order to record the full polymerization heat of the
formulation. For both monomers, only the polymerizations at
120 °C delivered a broad peak which could be analyzed but it still
has a very low height of 0.4 mW g−1 and an area of approximately
60 J g−1. In order to compare the influence of the polymerization
temperature, the irradiation time was not increased. The

Table 3. GPC, NMR and STA of εCL and ⊐VL polymerized via photo-DSC with 0.5 mol% I-AL at different temperatures; conversion via NMR was cal-
culated using the end-groups of the polymer; GPC results were obtained using a polystyrene standard

T (°C)

Conversion/NMR (%) Mn/NMR (kDa) Mn/GPC (kDa) Ð/GPC (−)

⊐VL εCL ⊐VL εCLa ⊐VL εCLa ⊐VL εCLa

25 41 2 1.2 — 2.86 — 1.16 —

50 41 40 2.4 0.92 4.46 2.35 1.11 1.25
70 32 33 2.7 1.7 8.21 5.61 1.12 1.19
90 42 48 2.5 2.3 15.33 7.12 1.32 1.87
120 94 99 8.8 34.3 25.45 16.3 1.9 1.94

a Due to the low conversion at 25 °C, the molecular weight of the sample was not determined.

Figure 5. Example of the terminal group analysis of poly-⊎BL samples for
the molecular weight determination.
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polymerization progress and molecular weights were analyzed
via NMR and GPC immediately after 5 min of irradiation, analo-
gous to all other samples.
While ⊐VL shows first a faster polymerization than εCL, which

was also observed by Yağci and co-workers,29 the difference is
reduced at higher temperatures. The crystallinity of the resulting
polymers for both monomers is very high but slightly decreases
with increasing temperature, which can be related to the higher
molecular weights. Again, the degree of polymerization can be cal-
culated using the terminal methylene peak of the polymer, which
appears at 3.6 ppm in CDCl3.

26 TheMn calculations using NMR lead
to significantly higher values than the GPC analysis (Table 3). Even
though the end-group analysis is usually accurate, again it can be
influenced by the formation of cyclic compounds which are sup-
posed to be formed following the ACE polymerization mechanism
since no alcohol was added as initiator.34 This means that, even
though the poly-εCL appears to have a significantly higher molec-
ular weight when analyzed via NMR, the formation of cyclic prod-
ucts might lead to that result, showing fewer OH groups and thus
giving the impression of a higher degree of polymerization.
Another crucial aspect is the occurrence of transfer reactions and
transesterifications, whichmight be favored at higher temperature
and lead to lowermolecular weights for poly-⊐VL. In general, it was
observed that ⊐VL shows a tendency to form oligomers during
storage and should be distilled prior to use. For ⊐VL as well as
εCL Ð increases with increasing molecular weight. Literature sug-
gests a reduced photoinitiator loading to decrease the dispersity.26

A correlation between the initiator concentration and final molec-
ular weight of the polymers could not be directly observed in any
of these experiments.
Overall, all fourmonomers show good reactivity at elevated tem-

peratures. While PL is also very reactive at lower temperatures, the
monomer was eliminated for future 3D printing experiments
because of its high price and low boiling point. The second four-
membered cyclic ester ⊎BL, on the other hand, did not form crystal-
line polymers like the other compounds but appeared as a highly
viscous liquid, due to the low molecular weight and no control
over the tacticity44 of the methyl groups. While ⊐VL is slightly more
reactive than εCL at ambient temperatures, the difference dimin-
ishes once the polymerization is conducted at high temperatures.

Simultaneous thermal analysis (STA)
STA was performed to determine the crystallinity of the obtained
polymers. For this purpose, the samples which were already cured
via photo-DSC at different temperatures were directly used for
STA. In order to have the same condition throughout all samples,
each sample was stored for at least 24 h immediately after poly-
merization at room temperature. This time frame ensured full con-
version due to the dark reaction for all samples and no further
changes were observed after additional time. The measurements
were performedwith one heating cycle from 25 to 200 °C. In Fig. 6
the analysis of three poly-PL samples is shown. The melting of the
samples can be clearly observed by the large peaks with twomax-
ima. In order to calculate the crystallinity, the area of the melting
enthalpy was determined and compared to the values of a 100%
crystalline polymer. The values which can be found in the litera-
ture for the heat of fusion are not always consistent. Therefore,
in order to compare the samples with each other, all values were
taken from the same source: 151 J g−1 for poly-PL, 188 J g−1 for
poly-⊐VL and 157 J g−1 for poly-εCL.45

As shown in Table 4, the sample cured at the highest tempera-
ture exhibits the lowest crystallinity, which can be related to the
higher molecular weight of the polymer. While the correlation is
clear for poly-PL, it is less obvious for the other two polymers.
Even though the trend of decreasing crystallinity with increasing
polymerization temperature can also be observed for poly-εCL
the difference between the samples is not significant. For poly-
⊐VL the measurement at 90 °C again disturbs the series.
All of the tested polyesters have a glass transition temperature

(Tg) below 0 °C, which cannot be observedwhen the heating cycle
is in the range 25–200 °C. The literature reports values in the
range of −70 to −50 °C for poly-εCL45–48 and poly-⊐VL45,49 and
−30 to −10 °C for poly-PL.41,45
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Figure 6. STA of PL for samples cured at 50, 70 and 90 °C. The tempera-
ture was increased from 25 to 200 °C at a rate of 10 K min−1.

Table 4. Melting points and calculated crystallinity values of the polymerized samples, based on the area of the melting peaks and the heat of
fusion of 100% crystalline polymers

Polymerization temperature (°C)

Crystallinity (%) Melting point (°C)

PLa ⊐VL εCL PLa ⊐VL εCL

25 — — 86 — 58 49.9
50 64 88 82 59/67 58 57.1
70 48 86 84 56/65 60 55.8
90 40 90 68 55/64 58 57.3
120 — 78 80 — 59 59.8

a PL was not polymerized at 120 °C due to its low boiling point. The samples polymerized at 25 °C could not be deployed for STA measurements.
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In general, in STA measurements of crystalline materials, the
transition at Tg is less prominent than the melting of the material.
Also, since it was observed that crystallinity is highly dependent
on the cooling process and the storage time of the material, the
materials were not subjected to any further cooling or even a sec-
ond heating cycle in order to determine the crystallinity.

CONCLUSION
The cationic photopolymerization of cyclic esters is less inten-
sively investigated than polymerization using photobase genera-
tors. However, there are various PAGs which are very reactive,
easy to store and commercially available, while equally conve-
nient photobase generators are still being developed. Cyclic
esters, on the other hand, are highly interesting monomers and
using light-induced on-demand curing opens up new application
fields. The use of PAGs leads to a successful, fast and solvent-free
polymerization of various cyclic esters, where the reactivity of the
monomers can be increased by applying higher temperatures. It
was shown that polymerization at higher temperatures also
allows the fast polymerization of monomers such as εCL or ⊐VL,
which are significantly slower than highly reactive, four-
membered cycles at ambient temperatures. At the same time this
study also shows the influence of the polymerization temperature
on the molecular weight and crystallinity of the resulting poly-
mers. Overall, further investigations are necessary to analyze the
use of PAGs for the formation of polyesters and the use of high
polymerization temperatures to accelerate the slow polymeriza-
tion of abundantly used monomers such as εCL or ⊐VL.
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