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Abstract

Photoinitiating systems activable under visible light are the focus of numerous studies,
and this interest is directly related to the higher light penetration that can be obtained in this
spectral range. Reactivity of the photoinitiating systems is another major concern of
photopolymerists and this issue can be addressed by investigating new structures of dyes. In
this field, naphthoquinones have only been scarcely examined as visible light photoinitiators
of polymerization. Besides, since 2015, different strategies have been developed to design
photoinitiators with naphthoquinone, and promising results have been obtained, positively
paving the way for future developments. In this review, an overview of the different
photoinitiators comprising a naphthoquinone unit is given and polymerization efficiencies of

these new structures are compared to those of reference compounds.
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1. Introduction

During the past decade, an intense research activity has been devoted to design visible
light photoinitiating systems. This research activity is supported by the numerous applications
of photopolymerization, ranging from adhesives, 3D and 4D printing, solvent-free paints,
microelectronics, coatings and varnishes, or dentistry.[1-14] The effort to develop visible light
photoinitiating system is also supported by the recent restrictions concerning UV light. Indeed,
in 2013, the United Nations Environmental Program (UNEP) Minamata Convention on
Mercury has totally banned Hg lamps and since 2020, Hg lamps are no longer allowed to be
manufactured, imported or exported. Considering that UV irradiation setups are also
expensive devices associated to high energy consumption, the current energy sobriety drive
numerous European countries are currently facing on speeds up the end of UV
photopolymerization. Parallel to this, UV light was also facing numerous safety concerns (eye
damages and skin cancers) and the formation of ozone during photopolymerization is also
mentioned as a severe drawback.[15,16] In fact, visible light photopolymerization exhibits
several advantages such as a higher light penetration within the photocurable resins than that
obtained in the UV range (See Figure 1).[17] Due to a higher light penetration, the access to
thick samples but also to samples containing fillers is thus possible.[18]
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Figure 1. Light penetration in a polystyrene latex with an average diameter of 112 nm.

Reprinted with permission from Ref.[17]

Recently, a great deal of efforts has been devoted to develop visible light
photoinitiating systems activable under low light intensity and in the visible range. In this aim,
light-emitting diodes (LEDs) are devices of choice due to their low-cost, compactness, long
operating lifetime and precise emission. If these different advantages can’t be denied, besides,
visible light photopolymerization exhibits several drawbacks that speeds down its
development. For instance, visible light photoinitiators are colored compounds that provide
an undeniable color to the final polymer. This drawback was not existing with UV
photoinitiators that typically were white powders, producing colorless coatings. At present,
photoinitiators capable to bleach during photopolymerization are still scarce.[19,20] Another
drawback concerns the reactivity of the visible light photoinitiating systems which is directly
related to the lower energy to the visible light photons, compared to UV photons. To address
this issue, the design of more reactive photoinitiating systems is indispensable in order to
overcome this lower energy. In this aim, a wide range of structures have been examined since
15 years, and among the most popular structures, organic structures such as
benzophenones,[21-28] thioxanthones,[29—44] camphorquinones,[45,46] curcumin,[47-50
chromones and flavones,[51-53] acridine-1,8-diones,[54-56] pyrenes,[57-65] anthracenes,[66
carbazoles,[67-82] benzylidene ketones,[83-90] cyclohexanones,[91-94] chalcones,[9,95-110
cyanines,[111-117] push-pull dyes,[118-134] NIR dyes,[112,135] thiophenes,[136,137
bodipy,[29,138-142] coumarins,[143-156] phenothiazines,[157-159] furan derivatives,[160
naphthalimides,[161-179] iodonium salts,[29,161,180-188] anthraquinones,[189
perylenes,[190-193] diketopyrrolopyrroles[194] and quinoxalines,[195-209] have been
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examined. Investigations were not limited to purely organic compounds and metal complexes
such as iridium complexes,[210-218] copper complexes,[219-236] zinc complexes,[237] gold
complexes[238] or iron complexes,[118,239-245] were also studied. Several inorganic
structures such as perovskites,[246,247] metal organic frameworks (MOFs),[239,248,249] and
polyoxometalates [250-252] were also tested. In terms of photoinitiation, two distinct
mechanisms can be distinguished. The first one concerns Type I photoinitiators, namely,
molecules that can photochemically cleave upon irradiation (See Scheme 1). In this field,
various motifs have been examined, as exemplified with acyloximino esters, phosphine
oxides, hexaaryl biimidazoles (HABIs), benzoin derivatives, a-aminoalkylacetophenones,



oxime esters, trichloromethyl-S-triazine glyoxylates, a-haloacetophenones, benzylketals,
hydroxyacetophenones, oxime esters or o-acyl-a-oximino ketones.[253-255] If the composition
of the photocurable resins is greatly simplified by use of Type I photoinitiators, as drawback,
photocleavage of the molecules results in an irreversible consumption of photoinitiators
during irradiation so that the concentration decreases over time. Conversely, Type II
photoinitiators are molecules that are not capable to initiate any polymerization alone. The
presence of additives such as a co-initiator or a sacrificial amine is often required in order to
generate initiating species.[256] These molecules can generate radicals by hydrogen
abstraction from aromatic ketones in the presence of hydrogen donors or by photoinduced
electron transfer towards an onium salt.[31,36,91,257-261]
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Scheme 1. Radical generation with Type I and Type II photoinitiators.

While coming back to purely organic structures, naphthoquinone is a structural motif
commonly found in numerous trees and plants and the most abundant naphthoquinones are
undoubtedly lawsone, naphthazarin, flaviolin, lapachol, juglone, menadion, shikonin, 7-
methyljuglone, diospyrin, 3,3’ -biplumbagin, a-lapachone, B-lapachone, plumbagin and Nor-
-lapachone (See Figure 2).[262]
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Figure 2. Chemical structures of the most abundant naphthoquinones found in the Nature.

Naphthoquinones have been extensively studied for anticancer, anti-inflammatory or
antinociceptive activities.[263-266] Naphthoquinones, due to the presence of the strong
electron-accepting quinone, are also strongly coloured compounds with a broad absorption
band extending over the visible range.[267-270] Concerning photopolymerization, the first
report mentioning the use of a naphthoquinone derivative as photoinitiator of polymerization
was published in 2012 by Sokotowska and coworkers.[271] In this pioneering work, the
naphthoquinone derivative was examined as a monocomponent system enabling to initiate
the free radical polymerization (FRP) of acrylates. Since then, various structures have been
proposed, and the scope of application has been extended to the cationic polymerization of
epoxides or thiol-ene polymerization.[272] In this review, the different 1,4-naphthoquinones
reported to date as photoinitiators of polymerization are presented. Comparisons with
reference compounds are also given, highlighting the interest of this under-investigated family
of photoinitiators.

2. Naphthoquinones as photoinitiators of polymerization
2.1. Monocomponent systems based on naphthoquinones
2.1.1. Naphthoquinones as monocomponent Type II photoinitiating systems

One of the first reports mentioning the use of naphthoquinones in photoinitiating
systems was reported in 2015 by Podsiadly and coworkers (See Figure 3).[273]
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Figure 3. Chemical structures of mono-component naphthoquinone derivatives.

Chemical structures of compounds 1 and 2 were directly related to previous works
reported in the literature by Yagci and coworkers and dealing with their thioxanthone
analogues. In the case of the thio-substituted thioxanthone (TX-SH), TX-SH could serve both
as a triplet photosensitizer and as a hydrogen/electron donor, enabling to generate thiyl
radicals according to the mechanism depicted in the Scheme 2. [274]
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Scheme 2. Mechanism of photoinitiation with TX-SH.
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A different photoinitiating behavior could be evidenced for Th-SCH.COOH (See
Scheme 3).[274,275] In this case, an intramolecular and an intermolecular electron transfer
could undergo. Subsequent to a hydrogen abstraction reaction, alkyl radicals could be formed.
Considering the remarkable performances of the different thioxanthone derivatives as
monocomponent systems, their analogues were thus prepared with naphthoquinone as the

chromophore.
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Scheme 3. Mechanism of photoinitiating with TX-SCH2COOH.



Compared to the parent naphthoquinone, substitution of the naphthoquinone core by
various thio-substituted groups induced a redshift of the absorption maximum due to the
electron-donating nature of the thio-substituent and the resulting intramolecular electron
transfer (ICT). Major differences between the position of the absorption maxima were also
detected, depending on the substituent introduced onto the naphthoquinone fragment. The
most blue-shifted absorption was found for compound 2 bearing electron accepting groups,
with an absorption maximum at 442 nm. On the opposite, due to the presence of electron
donating groups on compounds 1, 3 and 4, a redshift by ca. 40 nm compared to compound 2
was determined in acetonitrile, with absorption maxima peaking at 478, 482 and 493 nm for 1,
3 and 4 respectively.
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Figure 3. UV-visible absorption spectra of naphthoquinones 1-4. Reproduced with
permission of Ref. [273]

Photoinitiating ability of the different naphthoquinones was examined during the free
radical polymerization (FRP) of trimethylolpropane triacrylate (TMPTA) upon irradiation
with a xenon lamp (490 + 90 nm). Noticeably, upon increase of the concentration, an
improvement of the monomer conversion could be evidenced with the four derivatives,
suggesting the occurrence of a bimolecular process. Among the different dyes, compound 2
proved to be the most efficient one, irrespective of the concentration. As shown in the Figure
4, a monomer conversion around 60% could be obtained after 1000 s of irradiation. Following
compound 2 in terms of monomer conversion, dye 3 proved to be the second most efficient
dye, with a TMPTA conversion of 55%. However, contrarily to dye 2, a high sensitivity to the
photoinitiator content could be evidenced. Finally, the worse candidate was dye 4, susbtitutted
with thioethenylsulfanyl groups and providing a TMPTA conversion not exceeding 30%. In
the case of dye 2, a mechanism of photoinduced radical generation via intermolecular electron
transfer was evidenced, in line with the mechanism previously observed by Yagci and
coworkers (See Scheme 4). In the case of dyes 1 and 4, the authors demonstrated the initiation
to result from an intermolecular hydrogen transfer between molecules, also supporting the
high sensitivity to the photoinitiator concentration, as shown in Figure 4 and Scheme 5.
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Figure 4. TMPTA conversions obtained upon irradiation with a xenon lamp for 1000 s. a) dye
1, b) dye 2, ¢) dye 3, d) dye 4. reproduced with permission of Ref. [273]
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Scheme 5. Photoinduced radical generation via intermolecular hydrogen abstraction.

Besides, in the case of dyes 3-5, occurrence of an intramolecular electron transfer,
followed by a hydrogen abstraction step was also suggested, occurring in parallel to the
previously mentioned intermolecular mechanisms (See Scheme 6).
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Scheme 6. Mechanism of radical generation via a photoinduced intramolecular electron
transfer.

By polymerization of methyl acrylate (MA) using the different monocomponent
systems, grafting of the dyes to the resulting polymers could be clearly evidenced, addressing
in turn the photoinitiators extractability issue that is the focus of numerous safety concerns,
especially for biological applications and food packaging.[253,276-279]

2.1.2. Type I photoinitiators based on naphthoquinone-based imidazolyl esters

In the previous examples, dyes 1-4 could be used as monocomponent system due to
the simultaneous presence of both the photoinitiator and the hydrogen donor. This strategy is
typically based on the design of Type II photoinitiators. Another strategy consists in designing
molecules that can homolytically cleave upon irradiation so that initiating radicals can be
formed. Dyes exhibiting such a photocleavage ability are typically Type I photoinitiators. In
this field, oxime esters are popular structures due to their easiness of synthesis and their good
stability upon storage. Concerning oxime esters, the first structures to be published were
reported as soon as 1904 by Piguet and coworkers.[280] Concerning photopolymerization, the
first investigations were carried out by Peeters and coworkers in the 70s.[281] As interesting
feature, oxime esters can undergo an homolytic cleavage of the N-O bond upon
photoexcitation, producing iminyl and acyloxy radicals.[282,283] Following the fragmentation
step, a decarboxylation reaction can occur, producing initiating radicals.[284-289] Interest of
these structures that are capable to decarboxylate subsequent to fragmentation relies in the
fact that the irreversibility of the decarboxylation reaction prevents from undesired back
electron transfer or radicals recombination. Additionally, due to decarboxylation, the nature
of the resulting radicals is totally modified, avoiding radical recombination and optimizing
the initiation mechanism. To end, oxygen inhibition can also be efficiently prevented by
saturating the resin with gas (COz), impeding oxygen to diffuse within the resin. This point is
of importance, especially for polymerization experiments done under air.[290] In 2022, Lalevée
and coworkers proposed a series of naphthoquinones bearing an oxime ester-like
photocleavable group (See Figure 5).[291] It has to be noticed that the imidazolyl ester function
used for the design of these Type I photoinitiators was reported for the first time in this work
as a photocleavable group.
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Figure 5. Chemical structures of naphthoquinone-based imidazolyl esters

Considering the peripheral position of the substituents, no significant influence on the
absorption maxima was found so that an absorption at ca. 380 nm was found for dyes 1-11 and
335 nm for dyes 12-15 (See Figure 6 and Table 1). Interestingly, introduction of the dimethoxy
substituents contributed to significantly increase the molar extinction coefficients of dyes 12-
15, as shown in Figure 6. Considering their respective absorptions, polymerization tests could

be carried out at 405 and at 455 nm.
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Figure 6. UV-Visible absorption spectra of dyes 1-15 in acetonitrile. Reproduced with permission of
Ref. [291]

The different dyes were first examined as Type I photoinitiators of polymerization for
the FRP of (oxybis(methylene))bis(2-ethylpropane-2,1,3-triyl) tetraacrylate (TA), using 0.5 wt%
of dyes, in thin and thick films, upon irradiation at 405 and 455 nm (See Figure 7 and Table 2).



Table 1. Light absorption properties of dyes 1-15 including maximum absorption wavelengths
(Amax), molecular extinction coefficients at Amax, 405 and 455 nm.

PIs Amax (Nm) emax(M? cm?) €105 (M cm™?) &155 (M cm™?)
1) 330 500 260 30
(2) 380 1950 1500 90
(3) 382 1350 1070 100
4) 378 1980 1510 40
(5) 383 970 810 100
(6) 388 2300 2010 260
(7) 383 2000 1670 130
(8) 382 1700 1360 170
9) 387 1800 1550 210
(10) 385 1800 1630 570
1) 388 2370 2110 360
12) 333 3960 810 220
13) 334 6110 1100 120
(14) 336 5700 960 70
(15) 339 4670 1290 360
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Figure 7. Chemical structures of monomers, additives and references compounds.

Table 2. FCs using one component (0.5% w) photoinitiators after 100 s of irradiation with LED light (A
=405 and 455 nm).

Thin Samples Thin Samples Thick Samples Thick Samples
PIs (25 pm) (25 pm) (1.4 mm) (1.4 mm)
in laminate in laminate under air under air




@405 nm @455 nm @405 nm @455 nm

TPO 90% 61% 95% 77%
1 65% 48% 25% 1%
(2) 82% 80% 78% 78%
3) 68% 71% 84% 81%
4 81% 83% 83% 85%
5) 49% 55% 78% 74%
(6) 34% 53% 48% 68%
(7) 79% 76% 86% 80%
(6] 88% 87% 88% 84%
9 42% 24% 48% 65%

(10) 18% 32% 54% 54%
(11) 39% 32% 63% 66%
(12) 56% 65% 76% 78%
(13) 71% 73% 74% 78%
(14) 68% 59% 78% 61%
(15) 54% 48% 76% 67%

Noticeably, dye 1 which does not comprise a cleavable group only exhibited a low
photoinitiating ability, indicating the crucial role of the ester moiety on the photoinitiation
process. In this series of dyes, the most reactive dye was compound 8, capable to generate a
methyl radical subsequent to the decarboxylation reaction. A monomer conversion of 88%
could be determined during the FRP of TA at 405 nm in thin films (laminate) and in thick films
(under air). This value 1is comparable to that obtained with diphenyl(24,6-
trimethylbenzoyl)phosphine oxide (TPO). While getting a deeper insight into the substituent
effect, all compounds comprising alkyl substituents exhibited higher monomer conversions
that those comprising an aryl substituent. A reduction of the monomer conversion was
observed between thin and thick films, consistent with an inner filter effect occurring in the
case of thick films. Similarly, a reduction of the monomer conversion was detected at 455 nm
compared to 405 nm, attributable to lower molar extinction coefficients at 455 nm (See Table
1). In the case of dyes 12-15 that exhibit higher molar extinction coefficients than the 2-11 series,
lower monomer conversions could be clearly obtained, evidencing that the molar extinction
coefficient was not the only parameter governing the polymerization efficiency. The cleavage
yield and the reactivity of the resulting radicals have also to be considered. As interesting
feature, numerous naphthoquinone derivatives could outperform the benchmark TPO, both
in thin and thick films, evidencing the pertinence of the strategy. Especially, at 455 nm, TA
conversion obtained with dye 8 was higher than that obtained with the two-component
camphorquinone (CQ)/ethyl dimethylaminobenzoate (EDB) (0.5%/0.5% w/w) system or
Titanocene (Irgacure 784) (0.5% w) (See Figure 8). A good stability of the TA resin prepared



with dye 8 was also evidenced since an almost similar monomer conversion was obtained for
the resin after one month of storage, compared to the freshly prepared one.
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Figure 8. Polymerization profiles of TA in laminate (thickness = 25 um) using dye 8 (0.5%
w/w), CQ/EDB (0.5%/0.5% w/w); TPO (0.5% w/w) and titanocene (0.5% w/w) upon irradiation
at 455 nm. Reproduced with permission of Ref. [291]

By Fourier Transform Infrared spectroscopy (FTIR), occurrence of a decarboxylation
reaction with the most reactive dye, namely dye 8, could be evidenced during the
polymerization process, with the appearance of a CO: peak at 2337 cm™! (See Figure 9).
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Figure 9. Detection of CO: released during photopolymerization using (8). Reproduced with
permission of Ref. [291]

This ability to decarboxylate was notably demonstrated for all dyes comprising an
alkyl group on the ester side. Formation of carbon-centered radicals in the case of alkoxy
radicals was also confirmed by ESR experiments. Conversely, for all aryl-substituted
imidazolyl esters, no decarboxylation reaction could be detected by FTIR, explaining thus the
lower reactivity of these radicals. Considering that all naphthoquinones strongly absorb in the
visible range, the different compounds were also investigated as Type II photoinitiators, in
combination with an iodonium salt (Iod) or EDB. The different monomer conversions obtained
with the different two two-component photoinitiating systems are summarized in Table 3.



Table 3. Monomer conversions obtained during the FRP of TA using the different dyes as
mono-component (0.1% w) photoinitiators and two-component (0.1%/1% w/w)
photoinitiators with Iod or EDB after 100 s of irradiation with a LED at 405 nm.

Thickness (25 pum) in laminate Thickness (1.4 mm) under air

PI PI/Iod PI/EDB PI PI/Iod PI/EDB
(1) 60% 28% 83% 16% 56% 64%
(2) 43% 63% 74% 62% 84% 87%
(3) 43% 48% 53% 69% 84% 85%
4) 37% 60% 61% 65% 85% 86%
(5) 30% 27% 54% 58% 73% 84%
(6) 48% 47% 67% 52% 70% 85%
(7) 32% 56% 69% 64% 81% 86%
(8) 29% 59% 73% 70% 84% 85%
9) 44% 38% 66% 47% 63% 88%
(10) 45% 31% 62% 62% 76% 84%
(11) 41% 61% 49% 66% 70% 86%
(12) 39% 52% 55% 37% 46% 81%
(13) 25% 48% 67% 48% 72% 80%
(14) 23% 46% 51% 48% 75% 81%
(15) 62% 46% 6% 42% 57% 78%

Interestingly, in the case of the two-component dye/lod system, no improvement of the
monomer conversion was detected with the different systems, excepted with dye 13 for which
a two-fold enhancement of the monomer conversion was obtained (48% in two-component
system vs. 25% as mono-component system in thin samples). A similar trend was also
evidenced in thick samples, showing that dye 13 was efficient in photo-oxidation processes.
When combined with EDB, an enhancement of the monomer conversion was observed for all
dyes, with the best improvement for dye 13 (67% with EDB contrarily to 25% alone). As shown
in equation (rl), a photoinduced electron transfer between EDB and the photosensitizer can
occur in the excited state, generating EDB*n) subsequent to a hydrogen abstraction reaction.

P11+ EDB — PI*- + EDB** — PI*-H + EDB*(n) (r1)

Noticeably, when used as Type II photoinitiators with Iod, no decarboxylation reaction
could be detected anymore for all alkyl-substituted imidazolyl esters, evidencing the photo-
induced electron transfer between the excited chromophore and the additive to be faster than
the photocleavage. A different situation was found with EDB since the decarboxylation
reaction could be still detected in the presence of the sacrificial amine, supporting the
improvement of the monomer conversions in this case by the dual behaviors of Type I and
Type II photoinitiators occurring concomitantly for all alkyl-substituted imidazolyl esters.

2.2. Naphthoquinones in multicomponent photoinitiating systems



2.2.1. Photoinitiating systems based on natural naphthoquinones.

Investigation of natural dyes as photoinitiators of polymerization is an active research
tield, as the use of photoinitiators issued from renewable resources could help at preserving
the natural resources while potentially reducing the toxicity of photoinitiators. In this field,
curcumin has been a popular photoinitiator.[47-50] A few structures based on
naphthoquinones have also been proposed.[292] In 2020, Xiao and coworkers examined two
natural naphthoquinones, namely 5-hydroxy-1,4-naphthoquinone (5HNQ, juglone) and 2-
hydroxy-1,4-naphthoquinone (2HNQ, lawsone) (See structures in Figure 2).[293] From the
absorption viewpoint, if SHNQ and 2-HNQ only differ by the position of the hydroxy group,
a dramatic impact on the absorption properties could be detected, as shown in the Figure 10.
Thus, if 2HNQ exhibited a UV-centered absorption with an absorption maximum at 330 nm,
this value redshifted to 420 nm for 5SHNQ. A long tail extending up to 525 nm could also be
determined for 5SHNQ.
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Figure 10. UV-visible absorption spectra of 2HNQ and 5SHNQ in acetonitrile. Reproduced
with permission of Ref. [293]

Investigation of their photoinitiating abilities using different additives revealed 5SHNQ
to exhibit a poor initiating ability in photo-oxidation processes (See Table 4). Thus, upon
irradiation at 410 nm, 5SHNQ/Iod2, 5SHNQ/EDB and 5SHNQ/NPG photoinitiating systems only
furnished monomer conversions of 25, 30 and 36% respectively. No reaction was detected with
phenacyl bromide (R-Br) (See Figure 11). The higher monomer conversion obtained with NPG
was assigned to a decarboxylation process occurring on NPG, generating highly reactive
carbon-centered radicals.[53] Logically, at 455 nm, a reduction of the monomer conversion
could be evidenced, resulting from a reduction of the molar extinction coefficient at this
wavelength. By examining different three-component photoinitiating systems, the best
monomer conversion was obtained with the 5SHNQ/Iod2/NPG combination (46% conversion
vs. 42% with 5SHNQ/Iod2/EDB at 410 nm). For comparison, a slightly higher conversion could
be obtained with the reference system ITX/EDB (49% conversion at 410 nm). Conversely, the
two-component Iod2/NPG combination was outperformed by the three-component
S5HNQ/Iod2/NPG system (47% vs. 42% for lod2/NPG).



Table 4. TMPTA conversions obtained in laminate upon exposure to LED emitting at 410 nm
or 445 nm during 300 s in the presence of HNQ-based photoinitiating systems (HNQs, ITX: 0.5
wt%; lod2, EDB, NPG and R-Br: 2 wt%).

PISs LED@410 nm LED@445 nm
Conversion Conversion

5HNQ/EDB 30% 19%
5HNQ/R-Br npt np®
5HNQ/NPG 36% 29%
5HNQ/Iod2 25% 15%
Iod2/NPG 47% 33%
ITX/EDB 49% 18%
5HNQ/Iod2/NPG 46% 35%
5HNQ/EDB/Iod2 42% 15%
5HNQ/EDB/R-Br 31% 23%
2HNQ/EDB npt np®
2HNQ/R-Br np® np®
2HNQ/NPG np® np®
2HNQ/Iod2 np® np®
2HNQ/Iod2/NPG 29% np®
2HNQ/Iod2/EDB 18% np®
2HNQ/EDB/R-Br np® np®

2 Double bond conversion after photopolymerization for 300 s. ®np: no photopolymerization.
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Figure 11. Chemical structures of different monomers and additives used with 2HNQ and
5HNQ.

Upon addition of trimethylolpropane tris(3-mercaptopropionate) (trithiol) to the
TMPTA-based resins using the two-component 5SHNQ/NPG system, the TMPTA conversion
could increase up to 70% (contrarily to 36% for TMPTA alone), resulting from the concomitant
occurrence of two parallel mechanisms (homopolymerization of TMPTA and thiol-ene
polymerization). Examination of the photoinitiating ability of 2HNQ at 410 nm revealed this
dye to be less efficient than 5SHNQ), irrespective of the photoinitiating system. Noticeably, due
to the lack of absorption at 445 nm, no polymerization could be initiated with 2HNQ at this



wavelength. A different behavior was found during the cationic polymerization (CP) of
triethyleneglycol divinyl ether (DVE-3). In this case, 2HNQ could outperform 5SHNQ), in two-
component dye/Iod2 and in three-component dye/lod2/NVK systems (See Table 5). Using the
two-component 2HNQ/Iod2 system, a DVE3 conversion of 92% could be determined after 300
s of irradiation at 410 nm. Noticeably, if no FRP could be initiated at 445 nm with 2HNQ, the
CP of DVE3 remained possible, the monomer conversion only decreasing of 6% at 445 nm
(86% conversion) compared to that obtained at 405 nm.

Table 5. Monomer conversions obtained during the cationic polymerization of DVE-3 in
laminate upon irradiation at 410 and 445 nm with LEDs for 300 s, using HNQ-P (HNQ: 0.5
wt%; lod: 2 wt%; NVK: 3 wt%).

PISs LED@410nm  LED@445 nm
Conversion Conversion
5HNQ/Iod2 85% 59%
5HNQ/Iod2/NVK 87% 64%
2HNQ/Iod2 92% 86%
2HNQ/Iod2/NVK 87% 83%

2.2.2. Photocrosslinkable photoinitiators derived from natural naphthoquinones.

In 2021, Versace and coworkers went a step further by developing crosslinkable
photoinitiators.[294] Lawsone was selected as the natural dye and the introduction of allyl and
epoxy groups was examined. Two molecules derived from lawsone were proposed, namely 2-
(allyloxy)-1,4-naphthoquinone (HNQA) and (2-(oxiran-2ylmethoxy)-1,4-naphthoquinone
(HNQE) (See Figure 12). By functionalizing the hydroxy group of lawsone (2HNQ), the
corresponding derivatives could act as mono-component systems, contrarily to what was
observed for 2HNQ. Indeed, in the previous works done by Xiao and coworkers, 2HNQ was
unable to initiate any FRP or CP processes alone.[293]
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Figure 12. Chemical structures of the photopolymerizable photoinitiators HNQA and
HNQE, monomers and additives.

In order the resins to be totally biosourced, soybean oil acrylate (SOA) and limonene
1,2-epoxide (LME) were used as the monomers. Compared to the parent structure 2HNQ, no
modification of the absorption maxima was found for HNQA and HNQE after



functionalization of the hydroxy group, located at 335, 330 and 329 nm respectively in
acetonitrile. Photolysis experiments done at 385 nm in acetonitrile revealed the photolysis rate
to be insensitive to the presence of bis(4-methylphenyl)iodonium hexafluorophosphate (Iod3).
Besides, polymerization experiments done at 385 and at 405 nm with LEDs revealed the use of
Iod3 as a co-initiator to significantly improve the monomer conversion. In the case of HNQA,
a two-fold enhancement of the monomer conversion could be evidenced, shifting from 34% to
76% in the presence of Iod3 at 405 nm (See Table 6). This is typically indicative of the formation
of phenyl radicals that constitute an additional source of radicals, in complement to the HNQA

and HNQE radicals. The mechanism of radical generation is depicted in equations (r2) and
(r3).

2 HNQA (hv) — 2 HNQA* — HNQA " + ketyl radical (r2)

HNQA* + (MePh)aI* — HNQA *+ + (MePh).I* — HNQA*+ + MePh* + MePhl  (13)

Table 6. Monomer conversions determined in laminate upon irradiation at 385 nm (I = 44
mW/cm?) and 405 nm (I = 60 mW/cm?) with LEDs for 600s using HNQA (or HNQE) (0.5 wt%)
or HNQA (or HNQE)/Iod3 (0.5%/2%, w/w).

Acrylate Conversions (%)

Photoinitiating Systems LED@385 nm LED@405 nm
HNQE/SOA 51 63
HNQE/Iod/SOA 81 83
2HNQ/SOA - -
2HNQ/Iod/SOA - -
HNQA/SOA 30 34
HNQA/Iod/SOA 62 76

The cationic polymerization of 3,4-(epoxycyclohexane)methyl-3,4-epoxycyclo-
hexylcarboxylate (EPOX), a reference epoxy monomer in photopolymerization was also
examined at 385 nm and at 405 nm (See Figure 13).
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Figure 13. Polymerization profiles obtained during the CP of EPOX under air upon irradiation
at (A) 405 nm and (B) 385 nm using (1) HNQA/Iod3 (0.5/2% w/w) and (2) HNQE/Iod3 (0.5/2%
w/w). Reproduced with permission of Ref. [294]

At both wavelengths, a clear improvement of the monomer conversion for the
HNQA/Iod system compared to the HNQE/Iod system was observed. Thus, after 600 s of
irradiation, a conversion of 50% could be obtained with HNQA contrarily to only 30% with
HNQE at 405 nm. Almost no modification of the monomer conversions was observed between
those obtained at 385 nm and at 405 nm. Finally, the possibility to concomitantly initiate a
cationic polymerization and a thiol-ene polymerization was examined with a limonene 1,2-
epoxide (LME)/trithiol blend under air and in laminate (See Table 7). After 600 s of irradiation,
an almost quantitative conversion of LME could be evidenced, twice higher than that of
trithiol. This high vinylic conversion is indicative of a thiol-ene polymerization process. Under
air, lower trithiol conversion was detected, resulting from the oxygen inhibition. Indeed, thiyl
radicals can react with oxygen, producing unreactive peroxyl radicals. Besides, thanks to the
presence of trithiol, a proton transfer reaction can occur, regenerating thiyl radicals according
to the mechanism depicted in the equations (r4, r5).

RS+ R’-CH =CH:2(LME) — R’-CH*-CH2-SR + RS-H — R’-CH2-CH2-SR + RS* (r4)
R*+O2— ROO *+ RS-H — ROOH+ RS* (r5)

Table 7. Vinyl, thiol, and epoxy conversions determined after 600 s of irradiation of a
limonene-1,2-epoxide/trithiol (50 wt %/50 wt%) blend at 385 nm (I = 44 mW/cm?) and at 405
nm (I = 60 mW/cm?) under air and in laminate using the HNQA/Iod3 (0.5/2%, w/w) and
HNQE/Iod (0.5/2%, w/w) systems.

Vinyl Thiol
Conversions Conversions
(%) (%)
Photosensitive Formulations 385 nm 405 nm 385 nm 405 nm
HNQA/Tod3/LME/trithiol 96 2 98 a 43 47 a
98 b 98 b 640 53 b
HNQE/Iod3/LME/trithiol 98 a 100 a 53 a 59 a
98 b 100 620 58 b

aunder air, *in laminate.
2.2.3. Photoinitiators based on 2-phenylamino-1,4-naphthoquinones.

As mentioned in the introduction section, the first report mentioning the design of
photoinitiators based on the 1,4-naphthoquinone scaffold was reported by Sokotowska and
coworkers in 2012 using different electron acceptors (A1-A5) and donors (D1, D2, D4).[271]
The same structures were revisited one year later by the same authors using different
hydrogen donors (D1’-D4’) (See Figure 14).[295]
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Figure 14. Chemical structures of 2-phenylamino-1,4-naphthoquinones, different electron
donors and acceptors.

By UV-visible absorption spectroscopy, the authors evidenced the electron-donating
groups such as methoxy or methyl groups to redshift the absorption of dyes I and II whereas
the presence of halogens blue-shifted the absorption. All dyes exhibited an absorption
maximum varying between 468 and 492 nm, depending on the substitution pattern. The most
redshifted absorption was found for If and IIf bearing two halogen atoms. This redshift was
assigned to the formation of intermolecular hydrogen bonds but also to the formation of
hydrogen bonds with the solvent molecules. Polymerization experiments done on TMPTA
using the different dye/electron donor and dye/electron acceptor combinations and a Xenon
lamp revealed Ie/A2 and II/A2 to furnish the highest monomer conversions, namely all dyes
bearing halogens. While examining the CP of cyclohexene oxide, only low monomer
conversions were obtained. Interestingly, by using D1’-D4’, an improvement of the TMPTA
conversion could be obtained, attributable to the decomposition of the peroxyl radicals
according to a mechanism similar to that depicted in equation (r5).

2.2.4. Photoinitiators based on naphthoquinone-imidazolyl derivatives.

In 2023, Lalevée and coworkers reported a series of ten naphthoquinone-imidazolyl
derivatives differing by the electron donating groups (See Figure 15).[296] The different dyes
could be used in multicomponent photoinitiating systems in combination with Iod and EDB.
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Figure 15. Chemical structures of dyes 1-dye 10.

From the absorption viewpoint, this family of photoinitiators is interesting since the
absorption was broad, extending between 300 and 550 nm in chloroform (See Figure 16 and
Table 8).
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Figure 16. UV-visible absorption spectra of the different naphthoquinone-imidazolyl
derivatives in chloroform. Reproduced with permission of Ref. [296]

Table 8. Optical characteristics of the different naphthoquinone-imidazolyl derivatives:
maximum absorption wavelengths Amax; extinction coefficients at Amax (€max) and extinction
coefficients at the emission wavelength of the LED@405 nm(&e405nm)

No. Amax Emax E@405nm
(nm) (M1-cm?) (M1-cm?)

Dye 1 414 1840 1790

Dye 2 430 1850 1540

Dye 3 410 1470 1460

Dye 4 380 1300 1000

Dye 5 444 1930 1250



Dye 6 401 1460 1450

Dye 7 456 1890 1380
Dye 8 405 1600 1600
Dye 9 441 2510 2060
Dye 10 413 19370 19000

In this series of dyes, the highest molar extinction coefficient was found for dye 10
bearing the polyaromatic electron donor. Thus, if the molar extinction coefficient of all dyes
were below 1500 M'.cm, this value increased up to 19000 M-.cm! for dye 10. Benefiting from
the push-pull effect between the different electron donors and the electron accepting
naphthoquinone, a broad intramolecular charge transfer (ICT) band was detected in the visible
range, with an absorption maximum ranging between 401 nm for dye 6 up to 456 nm for dye
7. Considering the position of the ICT band, photopolymerization experiments could be
carried out at 405 nm. Photolysis experiments done in chloroform revealed the photolysis rate
of the two-component dye/lod and dye/EDB to be similar. In this series of dyes, the fastest
photolyzes were obtained with dye 4. In fact, photolysis rates were determined as being
comparable to that observed for ITX in the same conditions (ITX/Iod and ITX/EDB). When
tested as photoinitiators during the FRP of TMPTA, the highest monomer conversions were
obtained for dyes 4, 6 and 8 (See Figure 17).
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Figure 17. Monomer conversions obtained during the FRP of TMPTA under air upon
irradiation at 405 nm with a LED using (a) dyes/Iod (0.2%/2% w/w); (b) dyes/EDB (0.2%/2%
w/w) in thick films (2 mm). Irradiation starts at t = 10 s. Reproduced with permission of Ref.
[296]

Using the two-component dye/lod system, slightly higher monomer conversions were
obtained compared to that obtained with the dye/EDB combination. However, as drawback,
only five dyes could furnish a monomer conversion with Iod whereas all dyes could
polymerize TMPTA with EDB, even if major differences of monomer conversions exist. By
using the three-component dye/lod/EDB (0.2%/2%/0.2% w/w/w) system, a slight improvement
of the TMPTA conversion could be detected with dyes 4, 6, 8 already furnishing the highest
monomer conversions (See Figure 18). Comparison with the reference Iod/EDB system
revealed all three-component photoinitiating systems to furnish lower monomer conversions
than the reference system (85% conversion after 400 s). Besides, as shown in the Figure 18,
faster polymerization rates could be detected in the presence of dyes, thus demonstrating the
contribution of the dyes in the photoinitiation process. Beyond the simple polymerization of
TMPTA, differences could be detected for the different samples. As shown in the picture of



Figure 18, a strong shrinkage of the samples was found for all samples polymerized with the
three-component systems, what was not observed for the two two-component systems.
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Figure 18. TMPTA conversions obtained under air upon irradiation at 405 nm with a LED
using different photoinitiating systems : dyes (0.2 wt%)/Iod(2 wt%), dyes (0.2 wt%)/EDB(2
wt%) and dyes (0.2 wt%)/Iod(2 wt%)/EDB(2 wt%); thickness at ~ 2 mm; the irradiation starts
at t =10 s. Reproduced with permission of Ref. [296]

Additional comparisons were established with 2-isopropylthioxanthone (ITX) and
benzophenone (BP) which are both reference photoinitiators. As shown in the Figure 19,
almost similar conversions could be obtained with dye 4, ITX and BP using lod in two-
component systems. When combined with EDB, conversions obtained with dye 4 could be on
par with that of ITX and could outperform BP, irrespective of the photoinitiator content.

Interestingly, a high monomer conversion could be maintained, even for a photoinitiator
content as low as 0.05 wt%.
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Figure 19. TMPTA conversions obtained at 405 nm under air using (a) dye 4/lod(2 wt%),
ITX/Iod(2 wt%), BP/lod(2 wt%); (b) dye 4/EDB(2 wt%), ITX/EDB(2 wt%), BP/EDB(2 wt%);
thickness at ~ 2 mm; the irradiation starts at t = 10 s. Reproduced with permission of Ref. [296]



Table 9. Summary of the properties of the different naphthoquinones reported in this review.

system with Iod
or EDB

Dye Absorption range Absorption maximum Irradiation conditions Additives Monomers Polymerization Reference
(nm) (nm) and molar type
extinction coefficient
(M.cm™)
i o 400-600 478 xenon lamp (490 + 90 nm) no additive TMPTA FRP [273]
(n.p.) (50% in 1000 s)
i SH
;
i S_COM 400-550 442 xenon lamp (490 + 90 nm) no additive TMPTA FRP [273]
S/\COZH (2800) (60% in 1000 s)
(o]
2
i S 400-650 482 xenon lamp (490 + 90 nm) no additive TMPTA FRP [273]
S/\/OH (1700) (60% in 1000 s)
(o]
3
i S 400-600 493 xenon lamp (490 + 90 nm) no additive TMPTA FRP [273]
SNSH (2900) (30% in 1000 s)
o
4
i N 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
‘ N\>_© (500) two-component nm
° f system with Iod
! or EDB
°>&—<: 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
i Ry (1950) two-component nm
| N/>_© system with Iod
° or EDB
o O(;LCSHM 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
N 1350 two-component nm
() (1350) p




0 4 )\\( 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
: N’/ (1980) two-component nm
o system with Iod
4 or EDB
) :?—@Cm 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
@iﬁ%@ (970) two-component nm
o system with Iod
or EDB
. :?—@we 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
@@:@ (2300) two-component nm
o system with Iod
or EDB
o 03\\6 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
N (2000) two-component nm
d system with Iod
° or EDB
. o>\—CH3 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
[o}
= />_© (1700) two—comPonent nm
N system with Iod
° or EDB
o Z>\—\L© 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
‘ :@ (1800) two-component nm
S system with Iod
' or EDB
. :’}—@ 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
: N />_© (1800) two-component nm
T system with Iod
10 or EDB
) ° 330-500 380 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
X (2370) two-component nm
(:%)I@_@ system with Iod
" or EDB
o z oty 330-450 335 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
/ (3960) two-component nm

system with Iod
or EDB




. Z>-<1 330-450 335 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
@iﬁ:}Qom (6110) two-component nm
° ove system with Iod
" or EDB
o :H 330-450 335 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
@iﬁ:}Qm (5700) two-component nm
° o system with Iod
b or EDB
. }—é 330-450 335 LEDs at 405 and 455 nm no additive or TA FRP at 405 and 455 [291]
@IZ@OMe (4670) two-component nm
° ove system with Iod
i or EDB
o 300-450 330 LEDs at 410 and 455 nm EDB, Iod2, NPG, TMPTA or FRP at 410 and 445 [293]
(3227) R-Br, use of two trithiol/DVE-3 nm or thiol-ene
O‘ o and three- polymerization at
o H component 410 and 445 nm
systems
2HNQ
OH O 300-525 420 LEDs at 410 and 455 nm EDB, Iod2, NPG, TMPTA or FRP at 410 and 445 [293]
(4014) R-Br, use of two trithiol/DVE-3 nm or thiol-ene
O‘ and three- polymerization at
o component 410 and 445 nm
systems
5HNQ
i N 300-450 329 LEDs at 385 and 405 nm Iod3 EPOX or CP of EPOX and [294]
h LME/trithiol thiol-ene
o polymerization at
HNQA 385 and 405 nm
i 0_<5 300-450 330 LEDs at 385 and 405 nm Tod3 EPOX or CP of EPOX and [294]
LME/trithiol thiol-ene

HNQE

polymerization at
385 and 405 nm




L n.p. Ia: 487 Xenon lamp Al-A5, D1-D3, TMPTA FRP [271], [295]
C\\©1R2 Ib: 494 D1’-D4’
¢ Ic: 502
450
Id:Ry=H,Ry=Cl .
B i
e n.p. Ia : 490 Xenon lamp A1-A5, D1-D3, TMPTA FRP [271], [295]
B,\©iR2 IIb : 495 D1’-D4’
¢ Ilc : 503
a0
lld: Ry = H, Ry =Cl .
R i
2l n.p. 487 Xenon lamp Al-A5, D1-D3, TMPTA FRP [271], [295]
CI\© D1'-D4’
o
v
i N 2 300-550 414 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
@EN%@ (1840) two and three-
e component
systems
i = Y (O 300-550 430 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
A (1850) two and three-
Dye2 component
systems
i N 300-550 410 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
(i?u@) (1470) two and three-
oy / component
systems
i . d 300-550 380 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
@iﬁ%@ (1300) two and three-
o component
o systems
N 300-550 444 LED at 405 nm Tod, EDB, use of TMPTA FRP [296]
' (1930) two and three-

component
systems




Q&N\E”"C . 300-550 401 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
T (1460) two and three-
ores component
systems
©§;N\ - O 300-550 456 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
e O (1890) two and three-
oy component
systems
©<&N\ oot 300-550 405 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
T e, (1600) two and three-
ot component
systems
©<&N\ Ot 300-550 441 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
X ” (2510) two and three-
o component
p
systems
a ®) 300-600 413 LED at 405 nm Iod, EDB, use of TMPTA FRP [296]
@ﬁ O Q (19370) two and three-
rne component
systems

n.p. : not provided in the reference.




Conclusion

To conclude, naphthoquinones have only been scarcely used as photoinitiators of
polymerization to date. The first experiments were only carried out in 2013 whereas
photopolymerization is extensively studied since the 60s. Even if only few structures have
been examined to date, interesting structures have been designed and synthesized. Notably,
numerous Type II and Type I monocomponent photoinitiating systems have been proposed,
addressing the simplification of the photocurable resins. Especially, a series of imidazolyl-
based oxime esters has been proposed for the first time, exhibiting photoinitiating abilities
comparable to that of the conventional oxime esters. Compared to other dyes, numerous
derivatives could be prepared (introduction of crosslinkable groups, photocleavable groups),
resulting from the presence of hydroxy groups that greatly facilitated the chemical
modification of naphthoquinones. Natural presence of hydroxy groups enabling the covalent
linkage of various groups is often observed in natural products, differentiating natural dyes
from synthetic dyes. At present, several points remain to be improved. For instance, no
photobleachable photoinitiators have been designed with naphthoquinones. However, the
color imposed by visible-light photoinitiators is clearly a major issue speeding down the
development of visible light photopolymerization. With aim at polymerization in greener
conditions, no water-soluble naphthoquinones have been reported to date, opening the way
towards the polymerization in water. Finally, the ideal situation would be to be capable to
polymerize under sunlight or daylight. However, no naphthoquinones have been capable to
initiate to date a polymerization process in these conditions. A lot of works remains thus to be
done with naphthoquinones.

Acknowledgments

Aix Marseille University and the Centre National de la Recherche Scientifique (CNRS)

are acknowledged for financial supports.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] F.]Jasinski, P.B. Zetterlund, A.M. Braun, A. Chemtob, Photopolymerization in dispersed
systems, Prog. Polym. Sci. 84 (2018) 47-88.
https://doi.org/10.1016/j.progpolymsci.2018.06.006.

[2] C.Noe, M. Hakkarainen, M. Sangermano, Cationic UV-Curing of Epoxidized Biobased
Resins, Polymers. 13 (2021) 89. https://doi.org/10.3390/polym13010089.



[3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Y. Yuan, C. Li, R. Zhang, R. Liu, J. Liu, Low volume shrinkage photopolymerization
system using hydrogen-bond-based monomers, Prog. Org. Coat. 137 (2019) 105308.
https://doi.org/10.1016/j.porgcoat.2019.105308.

L.V. Khudyakov, J.C. Legg, M.B. Purvis, B.]. Overton, Kinetics of Photopolymerization
of Acrylates with Functionality of 1-6, Ind. Eng. Chem. Res. 38 (1999) 3353-3359.
https://doi.org/10.1021/ie990306i.

S.H. Dickens, ].W. Stansbury, K.M. Choi, C.J.E. Floyd, Photopolymerization Kinetics of
Methacrylate Dental Resins, Macromolecules. 36 (2003) 6043—-6053.
https://doi.org/10.1021/ma021675k.

A. Maffezzoli, A.D. Pietra, S. Rengo, L. Nicolais, G. Valletta, Photopolymerization of
dental composite matrices, Biomaterials. 15 (1994) 1221-1228.
https://doi.org/10.1016/0142-9612(94)90273-9.

T. Dikova, J. Maximov, V. Todorov, G. Georgiev, V. Panov, Optimization of
Photopolymerization Process of Dental Composites, Processes. 9 (2021) 779.
https://doi.org/10.3390/pr9050779.

A. Andreu, P.-C. Sy, J.-H. Kim, C.S. Ng, S. Kim, I. Kim, J. Lee, J. Noh, A.S. Subramanian,
Y.-J. Yoon, 4D printing materials for vat photopolymerization, Addit. Manuf. 44 (2021)
102024. https://doi.org/10.1016/j.addma.2021.102024.

H. Chen, G. Noirbent, Y. Zhang, K. Sun, S. Liu, D. Brunel, D. Gigmes, B. Graff, F.
Morlet-Savary, P. Xiao, F. Dumur, J. Lalevée, Photopolymerization and 3D/4D
applications using newly developed dyes: Search around the natural chalcone scaffold
in photoinitiating systems, Dyes Pigments. 188 (2021) 109213.
https://doi.org/10.1016/j.dyepig.2021.109213.

A. Bagheri, J. Jin, Photopolymerization in 3D Printing, ACS Appl. Polym. Mater. 1
(2019) 593-611. https://doi.org/10.1021/acsapm.8b00165.

J.P. Fouassier, ]. Lalevée, Three-component photoinitiating systems: towards innovative
tailor made high performance combinations, RSC Adv. 2 (2012) 2621-2629.
https://doi.org/10.1039/C2RA00892K.

J. Lalevée, J.-P. Fouassier, Dyes and Chromophores in Polymer Science, ISTE Ltd and
John Wiley & Sons Inc, Hoboken, NJ, USA, 2015. https://www.wiley.com/en-
us/Dyes+and+Chromophores+in+Polymer+Science-p-9781848217423 (accessed February
11, 2023).

J. Lalevée, S. Telitel, P. Xiao, M. Lepeltier, F. Dumur, F. Morlet-Savary, D. Gigmes, J.-P.
Fouassier, Metal and metal-free photocatalysts: mechanistic approach and application
as photoinitiators of photopolymerization, Beilstein J. Org. Chem. 10 (2014) 863-876.
https://doi.org/10.3762/bjoc.10.83.

W. Tomal, H.C. Kiliclar, P. Fiedor, J. Ortyl, Y. Yagci, Visible Light Induced High
Resolution and Swift 3D Printing System by Halogen Atom Transfer, Macromol. Rapid
Commun. 44 (2023) 2200661. https://doi.org/10.1002/marc.202200661.

B.K. Armstrong, A. Kricker, The epidemiology of UV induced skin cancer,
Consequences Expo. Sunlightelements Assess Prot. 63 (2001) 8-18.
https://doi.org/10.1016/51011-1344(01)00198-1.

F.R. de Gruijl, Skin cancer and solar UV radiation, Eur. J. Cancer. 35 (1999) 2003—-2009.
https://doi.org/10.1016/S0959-8049(99)00283-X.

A.H. Bonardi, F. Dumur, T.M. Grant, G. Noirbent, D. Gigmes, B.H. Lessard, J.-P.
Fouassier, J. Lalevée, High Performance Near-Infrared (NIR) Photoinitiating Systems



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Operating under Low Light Intensity and in the Presence of Oxygen, Macromolecules.
51 (2018) 1314-1324. https://doi.org/10.1021/acs.macromol.8b00051.

P. Garra, C. Dietlin, F. Morlet-Savary, F. Dumur, D. Gigmes, J.-P. Fouassier, J. Lalevée,
Photopolymerization processes of thick films and in shadow areas: a review for the
access to composites, Polym. Chem. 8 (2017) 7088-7101.
https://doi.org/10.1039/C7PY01778B.

F. Dumur, Recent advances on photobleachable visible light photoinitiators of
polymerization, Eur. Polym. J. 186 (2023) 111874.
https://doi.org/10.1016/j.eurpolym;.2023.111874.

F. Dumur, The future of visible light photoinitiators of polymerization for
photocrosslinking applications, Eur. Polym. ]. 187 (2023) 111883.
https://doi.org/10.1016/j.eurpolym;.2023.111883.

S. Liu, H. Chen, Y. Zhang, K. Sun, Y. Xu, F. Morlet-Savary, B. Graff, G. Noirbent, C.
Pigot, D. Brunel, M. Nechab, D. Gigmes, P. Xiao, F. Dumur, J. Lalevée, Monocomponent
Photoinitiators based on Benzophenone-Carbazole Structure for LED Photoinitiating
Systems and Application on 3D Printing, Polymers. 12 (2020) 1394.
https://doi.org/10.3390/polym12061394.

P. Xiao, F. Dumur, B. Graff, D. Gigmes, ].P. Fouassier, ]. Lalevée, Variations on the
Benzophenone Skeleton: Novel High Performance Blue Light Sensitive Photoinitiating
Systems, Macromolecules. 46 (2013) 7661-7667. https://doi.org/10.1021/ma401766v.

J. Zhang, M. Frigoli, F. Dumur, P. Xiao, L. Ronchi, B. Graff, F. Morlet-Savary, ].P.
Fouassier, D. Gigmes, J. Lalevée, Design of Novel Photoinitiators for Radical and
Cationic Photopolymerizations under Near UV and Visible LEDs (385, 395, and 405
nm)., Macromolecules. 47 (2014) 2811-2819. https://doi.org/10.1021/ma500612x.

S. Liu, D. Brunel, G. Noirbent, A. Mau, H. Chen, F. Morlet-Savary, B. Graff, D. Gigmes,
P. Xiao, F. Dumur, ]. Lalevée, New multifunctional benzophenone-based photoinitiators
with high migration stability and their applications in 3D printing, Mater. Chem. Front.
5 (2021) 1982-1994. https://doi.org/10.1039/DOQMO0885K.

S. Liu, D. Brunel, K. Sun, Y. Zhang, H. Chen, P. Xiao, F. Dumur, J. Lalevée, Novel
Photoinitiators Based on Benzophenone-Triphenylamine Hybrid Structure for LED
Photopolymerization, Macromol. Rapid Commun. 41 (2020) 2000460.
https://doi.org/10.1002/marc.202000460.

S. Liu, D. Brunel, K. Sun, Y. Xu, F. Morlet-Savary, B. Graff, P. Xiao, F. Dumur, J. Lalevée,
A monocomponent bifunctional benzophenone-carbazole type II photoinitiator for LED
photoinitiating systems, Polym. Chem. 11 (2020) 3551-3556.
https://doi.org/10.1039/D0OPY00644K.

M.-A. Tehfe, F. Dumur, B. Graff, F. Morlet-Savary, J.-P. Fouassier, D. Gigmes, J. Lalevée,
Trifunctional Photoinitiators Based on a Triazine Skeleton for Visible Light Source and
UV LED Induced Polymerizations, Macromolecules. 45 (2012) 8639-8647.
https://doi.org/10.1021/ma301931p.

J.-T. Lin, J. Lalevee, Efficacy Modeling of New Multi-Functional Benzophenone-Based
System for Free-Radical/Cationic Hybrid Photopolymerization Using 405 nm LED,
(2021). https://doi.org/10.20944/preprints202106.0502.v1.

M. Topa-Skwarczynska, M. Galek, M. Jankowska, F. Morlet-Savary, B. Graff, J. Lalevée,
R. Popielarz, J. Ortyl, Development of the first panchromatic BODIPY-based one-
component iodonium salts for initiating the photopolymerization processes, Polym.
Chem. 12 (2021) 6873-6893. https://doi.org/10.1039/D1PY01263K.



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

N. Karaca, N. Ocal, N. Arsu, S. Jockusch, Thioxanthone-benzothiophenes as
photoinitiator for free radical polymerization, J. Photochem. Photobiol. Chem. 331
(2016) 22-28. https://doi.org/10.1016/j.jphotochem.2016.01.017.

D.K. Balta, N. Cetiner, G. Temel, Z. Turgut, N. Arsu, An annelated thioxanthone as a
new Type Il initiator, J. Photochem. Photobiol. Chem. 199 (2008) 316-321.
https://doi.org/10.1016/j.jphotochem.2008.06.008.

D.K. Balta, G. Temel, G. Goksu, N. Ocal, N. Arsu, Thioxanthone-Diphenyl Anthracene:
Visible Light Photoinitiator, Macromolecules. 45 (2012) 119-125.
https://doi.org/10.1021/ma202168m.

S. Dadashi-Silab, C. Aydogan, Y. Yagci, Shining a light on an adaptable photoinitiator:
advances in photopolymerizations initiated by thioxanthones, Polym. Chem. 6 (2015)
6595-6615. https://doi.org/10.1039/C5PY01004G.

T.N. Eren, N. Yasar, V. Aviyente, F. Morlet-Savary, B. Graff, ].P. Fouassier, ]. Lalevee, D.
Avci, Photophysical and Photochemical Studies of Novel Thioxanthone-Functionalized
Methacrylates through LED Excitation, Macromol. Chem. Phys. 217 (2016) 1501-1512.
https://doi.org/10.1002/macp.201600051.

J. Qiu, J. Wei, Thioxanthone photoinitiator containing polymerizable N-aromatic
maleimide for photopolymerization, J. Polym. Res. 21 (2014) 559.
https://doi.org/10.1007/s10965-014-0559-4.

H. Tar, D. Sevinc Esen, M. Aydin, C. Ley, N. Arsu, X. Allonas, Panchromatic Type II
Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative,
Macromolecules. 46 (2013) 3266-3272. https://doi.org/10.1021/ma302641d.

Q. Wu, X. Wang, Y. Xiong, ]. Yang, H. Tang, Thioxanthone based one-component
polymerizable visible light photoinitiator for free radical polymerization, RSC Adv. 6
(2016) 66098-66107. https://doi.org/10.1039/C6RA15349F.

Q. Wu, K. Tang, Y. Xiong, X. Wang, J. Yang, H. Tang, High-Performance and Low
Migration One-Component Thioxanthone Visible Light Photoinitiators, Macromol.
Chem. Phys. 218 (2017) 1600484. https://doi.org/10.1002/macp.201600484.

X. Wu, M. Jin, J.-P. Malval, D. Wan, H. Pu, Visible light-emitting diode-sensitive
thioxanthone derivatives used in versatile photoinitiating systems for
photopolymerizations, J. Polym. Sci. Part Polym. Chem. 55 (2017) 4037-4045.
https://doi.org/10.1002/pola.28871.

J. Lalevée, M.-A. Tehfe, F. Dumur, D. Gigmes, B. Graff, F. Morlet-Savary, ]J.-P. Fouassier,
Light-Harvesting Organic Photoinitiators of Polymerization, Macromol. Rapid
Commun. 34 (2013) 239-245. https://doi.org/10.1002/marc.201200578.

D.S. Esen, F. Karasu, N. Arsu, The investigation of photoinitiated polymerization of
multifunctional acrylates with TX-BT by Photo-DSC and RT-FTIR, Prog. Org. Coat. 70
(2011) 102-107. https://doi.org/10.1016/j.porgcoat.2010.10.010.

J. Lalevée, N. Blanchard, M.A. Tehfe, C. Fries, F. Morlet-Savary, D. Gigmes, ]J.P.
Fouassier, New thioxanthone and xanthone photoinitiators based on silyl radical
chemistry, Polym. Chem. 2 (2011) 1077-1084. https://doi.org/10.1039/COPY00392A.

T. Gencoglu, T.N. Eren, J. Lalevée, D. Avci, A Water Soluble, Low Migration, and
Visible Light Photoinitiator by Thioxanthone-Functionalization of Poly(ethylene
glycol)-Containing Poly([3-amino ester), Macromol. Chem. Phys. 223 (2022) 2100450.
https://doi.org/10.1002/macp.202100450.



[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Y. Wang, R. Chen, D. Liu, C. Peng, ]. Wang, X. Dong, New functionalized thioxanthone
derivatives as type I photoinitiators for polymerization under UV-Vis LEDs, New ].
Chem. 47 (2023) 5330-5337. https://doi.org/10.1039/D2NJ05996G.

E.A. Kamoun, A. Winkel, M. Eisenburger, H. Menzel, Carboxylated camphorquinone as
visible-light photoinitiator for biomedical application: Synthesis, characterization, and
application, Arab. J. Chem. 9 (2016) 745-754. https://doi.org/10.1016/j.arabjc.2014.03.008.
A. Santini, I.T. Gallegos, C.M. Felix, Photoinitiators in Dentistry: A Review, Prim. Dent.
J. 2 (2013) 30-33. https://doi.org/10.1308/205016814809859563.

J. Zhao, J. Lalevée, H. Lu, R. MacQueen, S.H. Kable, T.W. Schmidt, M.H. Stenzel, P.
Xiao, A new role of curcumin: as a multicolor photoinitiator for polymer fabrication
under household UV to red LED bulbs, Polym. Chem. 6 (2015) 5053-5061.
https://doi.org/10.1039/C5PY00661A.

J.V. Crivello, U. Bulut, Curcumin: A naturally occurring long-wavelength
photosensitizer for diaryliodonium salts, J. Polym. Sci. Part Polym. Chem. 43 (2005)
5217-5231. https://doi.org/10.1002/pola.21017.

W. Han, H. Fu, T. Xue, T. Liu, Y. Wang, T. Wang, Facilely prepared blue-green light
sensitive curcuminoids with excellent bleaching properties as high performance
photosensitizers in cationic and free radical photopolymerization, Polym. Chem. 9
(2018) 1787-1798. https://doi.org/10.1039/C8PY00166A.

A. Mishra, S. Daswal, Curcumin, A Novel Natural Photoinitiator for the
Copolymerization of Styrene and Methylmethacrylate, J. Macromol. Sci. Part A. 42
(2005) 1667-1678. https://doi.org/10.1080/10601320500246974.

M.-A. Tehfe, F. Dumur, P. Xiao, B. Graff, F. Morlet-Savary, J.-P. Fouassier, D. Gigmes, J.
Lalevée, New chromone based photoinitiators for polymerization reactions under
visible light, Polym. Chem. 4 (2013) 4234-4244. https://doi.org/10.1039/C3PY00536D.

J. You, H. Fu, D. Zhao, T. Hu, J. Nie, T. Wang, Flavonol dyes with different substituents
in photopolymerization, J. Photochem. Photobiol. Chem. 386 (2020) 112097.
https://doi.org/10.1016/j.jphotochem.2019.112097.

A. Al Mousawi, P. Garra, M. Schmitt, ]. Toufaily, T. Hamieh, B. Graff, ].P. Fouassier, F.
Dumur, J. Lalevée, 3-Hydroxyflavone and N-Phenylglycine in High Performance
Photoinitiating Systems for 3D Printing and Photocomposites Synthesis,
Macromolecules. 51 (2018) 4633-4641. https://doi.org/10.1021/acs.macromol.8b00979.
M.-A. Tehfe, F. Dumur, E. Contal, B. Graff, D. Gigmes, J.-P. Fouassier, ]. Lalevée, Novel
Highly Efficient Organophotocatalysts: Truxene—Acridine-1,8-diones as Photoinitiators
of Polymerization, Macromol. Chem. Phys. 214 (2013) 2189-2201.
https://doi.org/10.1002/macp.201300362.

P. Xiao, F. Dumur, M.-A. Tehfe, B. Graff, D. Gigmes, ].P. Fouassier, ]. Lalevée,
Difunctional acridinediones as photoinitiators of polymerization under UV and visible
lights: Structural effects, Polymer. 54 (2013) 3458-3466.
https://doi.org/10.1016/j.polymer.2013.04.055.

M. Abdallah, H. Le, A. Hijazi, M. Schmitt, B. Graff, F. Dumur, T.-T. Bui, F. Goubard, ]J.-
P. Fouassier, ]. Lalevée, Acridone derivatives as high performance visible light
photoinitiators for cationic and radical photosensitive resins for 3D printing technology
and for low migration photopolymer property, Polymer. 159 (2018) 47-58.
https://doi.org/10.1016/j.polymer.2018.11.021.

M.-A. Tehfe, F. Dumur, E. Contal, B. Graff, F. Morlet-Savary, D. Gigmes, J.-P. Fouassier,
J. Lalevée, New insights into radical and cationic polymerizations upon visible light



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

exposure: role of novel photoinitiator systems based on the pyrene chromophore,
Polym. Chem. 4 (2013) 1625-1634. https://doi.org/10.1039/C2PY20950K.

S. Telitel, F. Dumur, T. Faury, B. Graff, M.-A. Tehfe, D. Gigmes, J.-P. Fouassier, J.
Lalevée, New core-pyrene 7t structure organophotocatalysts usable as highly efficient
photoinitiators, Beilstein J. Org. Chem. 9 (2013) 877-890.
https://doi.org/10.3762/bjoc.9.101.

N. Uchida, H. Nakano, T. Igarashi, T. Sakurai, Nonsalt 1-(arylmethyloxy)pyrene
photoinitiators capable of initiating cationic polymerization, ]. Appl. Polym. Sci. 131
(2014) 40510. https://doi.org/10.1002/app.40510.

A. Mishra, S. Daswal, 1-(Bromoacetyl)pyrene, a novel photoinitiator for the
copolymerization of styrene and methylmethacrylate, Radiat. Phys. Chem. 75 (2006)
1093-1100. https://doi.org/10.1016/j.radphyschem.2006.01.013.

M.-A. Tehfe, F. Dumur, B. Graff, F. Morlet-Savary, D. Gigmes, ].-P. Fouassier, J. Lalevée,
Design of new Type I and Type II photoinitiators possessing highly coupled pyrene—
ketone moieties, Polym. Chem. 4 (2013) 2313-2324. https://doi.org/10.1039/C3PY21079K.
F. Dumur, Recent advances on pyrene-based photoinitiators of polymerization, Eur.
Polym. J. 126 (2020) 109564. https://doi.org/10.1016/j.eurpolym;.2020.109564.

M.-A. Tehfe, F. Dumur, N. Vila, B. Graff, C.R. Mayer, ].P. Fouassier, D. Gigmes, ].
Lalevée, A Multicolor Photoinitiator for Cationic Polymerization and Interpenetrated
Polymer Network Synthesis: 2,7-Di-tert-butyldimethyldihydropyrene, Macromol.
Rapid Commun. 34 (2013) 1104-1109. https://doi.org/10.1002/marc.201300302.

S. Telitel, F. Dumur, D. Gigmes, B. Graff, ].P. Fouassier, J. Lalevée, New functionalized
aromatic ketones as photoinitiating systems for near visible and visible light induced
polymerizations, Polymer. 54 (2013) 2857-2864.
https://doi.org/10.1016/j.polymer.2013.03.062.

M.-A. Tehfe, . Lalevée, S. Telitel, E. Contal, F. Dumur, D. Gigmes, D. Bertin, M. Nechab,
B. Graff, F. Morlet-Savary, J.-P. Fouassier, Polyaromatic Structures as Organo-
Photoinitiator Catalysts for Efficient Visible Light Induced Dual Radical/Cationic
Photopolymerization and Interpenetrated Polymer Networks Synthesis,
Macromolecules. 45 (2012) 4454—4460. https://doi.org/10.1021/ma300760c.

F. Dumur, Recent Advances on Anthracene-based Photoinitiators of Polymerization,
Eur. Polym. J. (2022) 111139. https://doi.org/10.1016/j.eurpolym;.2022.111139.

J. Zhang, D. Campolo, F. Dumur, P. Xiao, D. Gigmes, J.P. Fouassier, J. Lalevée, The
carbazole-bound ferrocenium salt as a specific cationic photoinitiator upon near-UV
and visible LEDs (365405 nm), Polym. Bull. 73 (2016) 493-507.
https://doi.org/10.1007/s00289-015-1506-1.

A. Al Mousawi, F. Dumur, P. Garra, J. Toufaily, T. Hamieh, B. Graff, D. Gigmes, ]J.P.
Fouassier, ]J. Lalevée, Carbazole Scaffold Based Photoinitiator/Photoredox Catalysts:
Toward New High Performance Photoinitiating Systems and Application in LED
Projector 3D Printing Resins, Macromolecules. 50 (2017) 2747-2758.
https://doi.org/10.1021/acs.macromol.7b00210.

A. Al Mousawi, D.M. Lara, G. Noirbent, F. Dumur, ]J. Toufaily, T. Hamieh, T.-T. Bui, F.
Goubard, B. Graff, D. Gigmes, ]J.P. Fouassier, J. Lalevée, Carbazole Derivatives with
Thermally Activated Delayed Fluorescence Property as Photoinitiators/Photoredox
Catalysts for LED 3D Printing Technology, Macromolecules. 50 (2017) 4913-4926.
https://doi.org/10.1021/acs.macromol.7b01114.



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

A. Al Mousawi, P. Garra, F. Dumur, T.-T. Bui, F. Goubard, J. Toufaily, T. Hamieh, B.
Graff, D. Gigmes, ].P. Fouassier, J. Lalevée, Novel Carbazole Skeleton-Based
Photoinitiators for LED Polymerization and LED Projector 3D Printing, Molecules. 22
(2017) 2143. https://doi.org/10.3390/molecules22122143.

A.A. Mousawi, A. Arar, M. Ibrahim-Ouali, S. Duval, F. Dumur, P. Garra, ]J. Toufaily, T.
Hamieh, B. Graff, D. Gigmes, J.-P. Fouassier, ]J. Lalevée, Carbazole-based compounds as
photoinitiators for free radical and cationic polymerization upon near visible light
illumination, Photochem. Photobiol. Sci. 17 (2018) 578-585.
https://doi.org/10.1039/C7PP00400A.

M. Abdallah, D. Magaldi, A. Hijazi, B. Graff, F. Dumur, ].-P. Fouassier, T.-T. Bui, F.
Goubard, J. Lalevée, Development of new high-performance visible light
photoinitiators based on carbazole scaffold and their applications in 3d printing and
photocomposite synthesis, J. Polym. Sci. Part Polym. Chem. 57 (2019) 2081-2092.
https://doi.org/10.1002/pola.29471.

F. Dumur, Recent advances on carbazole-based photoinitiators of polymerization, Eur.
Polym. J. 125 (2020) 109503. https://doi.org/10.1016/j.eurpolym;.2020.109503.

S. Liu, B. Graff, P. Xiao, F. Dumur, J. Lalevée, Nitro-Carbazole Based Oxime Esters as
Dual Photo/Thermal Initiators for 3D Printing and Composite Preparation, Macromol.
Rapid Commun. 42 (2021) 2100207. https://doi.org/10.1002/marc.202100207.

F. Hammoud, A. Hijazi, S. Duval, J. Lalevée, F. Dumur, 5,12-Dihydroindolo[3,2-
aJcarbazole: A promising scaffold for the design of visible light photoinitiators of
polymerization, Eur. Polym. J. 162 (2022) 110880.
https://doi.org/10.1016/j.eurpolym;.2021.110880.

S. Liu, N. Giacoletto, M. Schmitt, M. Nechab, B. Graff, F. Morlet-Savary, P. Xiao, F.
Dumur, J. Lalevée, Effect of Decarboxylation on the Photoinitiation Behavior of
Nitrocarbazole-Based Oxime Esters, Macromolecules. 55 (2022) 2475-2485.
https://doi.org/10.1021/acs.macromol.2c00294.

F. Hammoud, A. Hijazi, M. Ibrahim-Ouali, J. Lalevée, F. Dumur, Chemical engineering
around the 5,12-dihydroindolo[3,2-a]carbazole scaffold : Fine tuning of the optical
properties of visible light photoinitiators of polymerization, Eur. Polym. J. 172 (2022)
111218. https://doi.org/10.1016/j.eurpolymj.2022.111218.

C. Xu, S. Gong, X. Wu, Y. Wu, Q. Liao, Y. Xiong, Z. Li, H. Tang, High-efficient
carbazole-based photo-bleachable dyes as free radical initiators for visible light
polymerization, Dyes Pigments. 198 (2022) 110039.
https://doi.org/10.1016/j.dyepig.2021.110039.

F. Dumur, Recent advances on carbazole-based oxime esters as photoinitiators of
polymerization, Eur. Polym. J. 175 (2022) 111330.
https://doi.org/10.1016/j.eurpolym;.2022.111330.

F. Hammoud, N. Giacoletto, M. Nechab, B. Graff, A. Hijazi, F. Dumur, J. Lalevée, 5,12-
Dialkyl-5,12-dihydroindolo[3,2-a]carbazole-Based Oxime-Esters for LED Photoinitiating
Systems and Application on 3D Printing, Macromol. Mater. Eng. 307 (2022) 2200082.
https://doi.org/10.1002/mame.202200082.

W. Liao, Q. Liao, Y. Xiong, Z. Li, H. Tang, Design, synthesis and properties of
carbazole-indenedione based photobleachable photoinitiators for photopolymerization,
J. Photochem. Photobiol. Chem. 435 (2023) 114297.
https://doi.org/10.1016/j.jphotochem.2022.114297.



[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

F.-C. Bin, M. Guo, T. Lij, Y.-C. Zheng, X.-Z. Dong, J. Liu, F. Jin, M.-L. Zheng, Carbazole-
based Anion Ionic Water-Soluble Two-Photon Initiator for Achieving 3D Hydrogel
Structures, Adv. Funct. Mater. n/a (2023) 2300293.
https://doi.org/10.1002/adfm.202300293.

B. Bao, J. You, D. Li, H. Zhan, L. Zhang, M. Li, T. Wang, Double benzylidene ketones as
photoinitiators for visible light photopolymerization, J. Photochem. Photobiol. Chem.
429 (2022) 113938. https://doi.org/10.1016/j.jphotochem.2022.113938.

H. Fu, Y. Qiu, J. You, T. Hao, B. Fan, ]. Nie, T. Wang, Photopolymerization of acrylate
resin and ceramic suspensions with benzylidene ketones under blue/green LED,
Polymer. 184 (2019) 121841. https://doi.org/10.1016/j.polymer.2019.121841.

F. Dumur, Recent advances on benzylidene ketones as photoinitiators of
polymerization, Eur. Polym. J. 178 (2022) 111500.
https://doi.org/10.1016/j.eurpolym;.2022.111500.

Y. Zhao, W. Wang, F. Wu, Y. Zhou, N. Huang, Y. Gu, Q. Zou, W. Yang, Polyethylene
glycol-functionalized benzylidene cyclopentanone dyes for two-photon excited
photodynamic therapy, Org. Biomol. Chem. 9 (2011) 4168—4175.
https://doi.org/10.1039/COOB01278E.

Y. Fang, T. Liu, Q. Zou, Y. Zhao, F. Wu, Cationic benzylidene cyclopentanone
photosensitizers for selective photodynamic inactivation of bacteria over mammalian
cells, RSC Adv. 5 (2015) 56067-56074. https://doi.org/10.1039/C5RA06143A.

J. Xue, Y. Zhao, F. Wu, D.-C. Fang, Effect of Bridging Position on the Two-Photon
Polymerization Initiating Efficiencies of Novel Coumarin/Benzylidene Cyclopentanone
Dyes, J. Phys. Chem. A. 114 (2010) 5171-5179. https://doi.org/10.1021/jp909745q.

F. Dumur, Recent advances on benzylidene cyclopentanones as visible light
photoinitiators of polymerization, Eur. Polym. J. 181 (2022) 111639.
https://doi.org/10.1016/j.eurpolym;.2022.111639.

A.E. Egorov, A.A. Kostyukov, D.A. Shcherbakov, D.A. Kolymagin, D.A. Chubich, R.P.
Matital, M.V. Arsenyev, L.D. Burtsev, M.G. Mestergazi, E.R. Zhiganshina, S.A.
Chesnokov, A.G. Vitukhnovsky, V.A. Kuzmin, Benzylidene Cyclopentanone Derivative
Photoinitiator for Two-Photon Photopolymerization-Photochemistry and 3D Structures
Fabrication for X-ray Application, Polymers. 15 (2023).
https://doi.org/10.3390/polym15010071.

J. Li, X. Zhang, S. Ali, M.Y. Akram, J. Nie, X. Zhu, The effect of polyethylene
glycoldiacrylate complexation on type II photoinitiator and promotion for visible light
initiation system, J. Photochem. Photobiol. Chem. 384 (2019) 112037.
https://doi.org/10.1016/j.jphotochem.2019.112037.

J. Li, S. Li, Y. Li, R. Li, J. Nie, X. Zhu, In situ monitoring of photopolymerization by
photoinitiator with luminescence characteristics, J. Photochem. Photobiol. Chem. 389
(2020) 112225. https://doi.org/10.1016/j.jphotochem.2019.112225.

J. Li, Y. Hao, M. Zhong, L. Tang, ]J. Nie, X. Zhu, Synthesis of furan derivative as LED
light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing,
Dyes Pigments. 165 (2019) 467-473. https://doi.org/10.1016/j.dyepig.2019.03.011.

Y. Xu, G. Noirbent, D. Brunel, Z. Ding, D. Gigmes, B. Graff, P. Xiao, F. Dumur, J.
Lalevée, Novel ketone derivative-based photoinitiating systems for free radical
polymerization under mild conditions and 3D printing, Polym. Chem. 11 (2020) 5767-
5777. https://doi.org/10.1039/DOPY00990C.



[95] H. Chen, G. Noirbent, K. Sun, D. Brunel, D. Gigmes, F. Morlet-Savary, Y. Zhang, S. Liu,
P. Xiao, F. Dumur, ]. Lalevée, Photoinitiators derived from natural product scaffolds:
monochalcones in three-component photoinitiating systems and their applications in
3D printing, Polym. Chem. 11 (2020) 4647—-4659. https://doi.org/10.1039/DOPY00568A.

[96] L. Tang, J. Nie, X. Zhu, A high performance phenyl-free LED photoinitiator for cationic
or hybrid photopolymerization and its application in LED cationic 3D printing, Polym.
Chem. 11 (2020) 2855-2863. https://doi.org/10.1039/D0PY00142B.

[97] Y. Xu, G. Noirbent, D. Brunel, Z. Ding, D. Gigmes, B. Graff, P. Xiao, F. Dumur, J.
Lalevée, Allyloxy ketones as efficient photoinitiators with high migration stability in
free radical polymerization and 3D printing, Dyes Pigments. 185 (2021) 108900.
https://doi.org/10.1016/j.dyepig.2020.108900.

[98] Y. Xu, Z. Ding, H. Zhu, B. Graff, S. Knopf, P. Xiao, F. Dumur, J. Lalevée, Design of
ketone derivatives as highly efficient photoinitiators for free radical and cationic
photopolymerizations and application in 3D printing of composites, J. Polym. Sci. 58
(2020) 3432-3445. https://doi.org/10.1002/pol.20200658.

[99] H. Chen, G. Noirbent, S. Liu, D. Brunel, B. Graff, D. Gigmes, Y. Zhang, K. Sun, F.
Morlet-Savary, P. Xiao, F. Dumur, J. Lalevée, Bis-chalcone derivatives derived from
natural products as near-UV/visible light sensitive photoinitiators for 3D/4D printing,
Mater. Chem. Front. 5 (2021) 901-916. https://doi.org/10.1039/DOQMO00755B.

[100]S. Liu, Y. Zhang, K. Sun, B. Graff, P. Xiao, F. Dumur, J. Lalevée, Design of
photoinitiating systems based on the chalcone-anthracene scaffold for LED cationic
photopolymerization and application in 3D printing, Eur. Polym. ]J. 147 (2021) 110300.
https://doi.org/10.1016/j.eurpolymj.2021.110300.

[101]N. Giacoletto, F. Dumur, Recent Advances in bis-Chalcone-Based Photoinitiators of
Polymerization: From Mechanistic Investigations to Applications, Molecules. 26 (2021)
3192. https://doi.org/10.3390/molecules26113192.

[102] M. Ibrahim-Quali, F. Dumur, Recent Advances on Chalcone-based Photoinitiators of
Polymerization, Eur. Polym. ]J. 158 (2021) 110688.
https://doi.org/10.1016/j.eurpolym].2021.110688.

[103]H. Chen, G. Noirbent, S. Liu, Y. Zhang, K. Sun, F. Morlet-Savary, D. Gigmes, P. Xiao, F.
Dumur, J. Lalevée, In situ generation of Ag nanoparticles during photopolymerization
by using newly developed dyes-based three-component photoinitiating systems and
the related 3D printing applications and their shape change behavior, J. Polym. Sci. 59
(2021) 843-859. https://doi.org/10.1002/pol.20210154.

[104]H. Chen, M. Vahdati, P. Xiao, F. Dumur, J. Lalevée, Water-Soluble Visible Light
Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D
Printing of Hydrogels, Polymers. 13 (2021) 1395. https://doi.org/10.3390/polym13183195.

[105]M.-A. Tehfe, F. Dumur, P. Xiao, M. Delgove, B. Graff, ].-P. Fouassier, D. Gigmes, ]J.
Lalevée, Chalcone derivatives as highly versatile photoinitiators for radical, cationic,
thiol-ene and IPN polymerization reactions upon exposure to visible light, Polym.
Chem. 5 (2014) 382-390. https://doi.org/10.1039/C3PY00922].

[106]K. Sun, Y. Xu, F. Dumur, F. Morlet-Savary, H. Chen, C. Dietlin, B. Graff, J. Lalevée, P.
Xiao, In silico rational design by molecular modeling of new ketones as photoinitiators
in three-component photoinitiating systems: application in 3D printing, Polym. Chem.
11 (2020) 2230-2242. https://doi.org/10.1039/C9PY01874C.

[107]1H. Chen, C. Regeard, H. Salmi, F. Morlet-Savary, N. Giacoletto, M. Nechab, P. Xiao, F.
Dumur, J. Lalevée, Interpenetrating polymer network hydrogels using natural based



dyes initiating systems: antibacterial activity and 3D/4D performance, Eur. Polym. J. 166
(2022) 111042. https://doi.org/10.1016/j.eurpolym;.2022.111042.

[108]S.-C. Yen, ]J.-S. Ni, Y.-C. Chen, Triphenylamine-functionalized chalcones as one-
component type II visible-light-absorbing photoinitiators for free radical
photopolymerization, Eur. Polym. J. 187 (2023) 111885.
https://doi.org/10.1016/j.eurpolym;.2023.111885.

[109]Y. Gao, J. Qu, New long-wavelength D-mt-A—7t-D chalcone photoinitiator for visible
light polymerization with photobleaching and biocompatibility properties, Polym.
Chem. 14 (2023) 952-962. https://doi.org/10.1039/D2PY01601].

[110]L. Deng, J. Qu, Synthesis and properties of novel bis-chalcone-based photoinitiators for
LED polymerization with photobleaching and low migration, Prog. Org. Coat. 174
(2023) 107240. https://doi.org/10.1016/j.porgcoat.2022.107240.

[111]H. Mokbel, F. Dumur, ]. Lalevée, On demand NIR activated photopolyaddition
reactions, Polym. Chem. 11 (2020) 4250-4259. https://doi.org/10.1039/DOPY00639D.

[112]H. Mokbel, B. Graff, F. Dumur, J. Lalevée, NIR Sensitizer Operating under Long
Wavelength (1064 nm) for Free Radical Photopolymerization Processes, Macromol.
Rapid Commun. 41 (2020) 2000289. https://doi.org/10.1002/marc.202000289.

[113] V. Launay, F. Dumur, D. Gigmes, ]. Lalevée, Near-infrared light for polymer re-shaping
and re-processing applications, J. Polym. Sci. 59 (2021) 2193-2200.
https://doi.org/10.1002/pol.20210450.

[114] A. Caron, G. Noirbent, D. Gigmes, F. Dumur, J. Lalevée, Near-Infrared Photolnitiating
Systems: Photothermal versus Triplet-Triplet Annihilation-Based Upconversion
Polymerization, Macromol. Rapid Commun. 42 (2021) 2100047.
https://doi.org/10.1002/marc.202100047.

[115] A.-H. Bonardi, F. Bonardi, F. Morlet-Savary, C. Dietlin, G. Noirbent, T.M. Grant, J.-P.
Fouassier, F. Dumur, B.H. Lessard, D. Gigmes, J. Lalevée, Photoinduced Thermal
Polymerization Reactions, Macromolecules. 51 (2018) 8808-8820.
https://doi.org/10.1021/acs.macromol.8b01741.

[116] V. Launay, F. Dumur, L. Pieuchot, ]. Lalevée, Safe near infrared light for fast polymers
surface sterilization using organic heaters, Mater. Chem. Front. 6 (2022) 1172-1179.
https://doi.org/10.1039/D1QMO01609A.

[117] V. Launay, R. Wolf, F. Dumur, J. Lalevée, Photothermal activation in the near infrared
range for 4-dimensional printing using relevant organic dyes, Addit. Manuf. 58 (2022)
103031. https://doi.org/10.1016/j.addma.2022.103031.

[118]P. Garra, D. Brunel, G. Noirbent, B. Graff, F. Morlet-Savary, C. Dietlin, V.F. Sidorkin, F.
Dumur, D. Duché, D. Gigmes, J.-P. Fouassier, ]. Lalevée, Ferrocene-based (photo)redox
polymerization under long wavelengths, Polym. Chem. 10 (2019) 1431-1441.
https://doi.org/10.1039/CI9PY00059C.

[119]M.-A. Tehfe, A. Zein-Fakih, J. Lalevée, F. Dumur, D. Gigmes, B. Graff, F. Morlet-Savary,
T. Hamieh, J.-P. Fouassier, New pyridinium salts as versatile compounds for dye
sensitized photopolymerization, Eur. Polym. J. 49 (2013) 567-574.
https://doi.org/10.1016/j.eurpolym;.2012.10.010.

[120]P. Xiao, M. Frigoli, F. Dumur, B. Graff, D. Gigmes, ].P. Fouassier, ]. Lalevée, Julolidine
or Fluorenone Based Push—-Pull Dyes for Polymerization upon Soft Polychromatic
Visible Light or Green Light., Macromolecules. 47 (2014) 106-112.
https://doi.org/10.1021/ma402196p.



[121]H. Mokbel, F. Dumur, B. Graff, C.R. Mayer, D. Gigmes, J. Toufaily, T. Hamieh, J.-P.
Fouassier, ]. Lalevée, Michler’s Ketone as an Interesting Scaffold for the Design of High-
Performance Dyes in Photoinitiating Systems Upon Visible Light, Macromol. Chem.
Phys. 215 (2014) 783-790. https://doi.org/10.1002/macp.201300779.

[122]M.-A. Tehfe, F. Dumur, B. Graff, F. Morlet-Savary, J.-P. Fouassier, D. Gigmes, J. Lalevée,
New Push-Pull Dyes Derived from Michler’s Ketone For Polymerization Reactions
Upon Visible Lights., Macromolecules. 46 (2013) 3761-3770.
https://doi.org/10.1021/ma400766z.

[123]H. Mokbel, F. Dumur, C.R. Mayer, F. Morlet-Savary, B. Graff, D. Gigmes, ]. Toufaily, T.
Hamieh, J.-P. Fouassier, J. Lalevée, End capped polyenic structures as visible light
sensitive photoinitiators for polymerization of vinylethers, Dyes Pigments. 105 (2014)
121-129. https://doi.org/10.1016/j.dyepig.2014.02.002.

[124]S. Telitel, F. Dumur, T. Kavalli, B. Graff, F. Morlet-Savary, D. Gigmes, J.-P. Fouassier, J.
Lalevée, The 1,3-bis(dicyanomethylidene)indane skeleton as a (photo) initiator in
thermal ring opening polymerization at RT and radical or cationic
photopolymerization, RSC Adv. 4 (2014) 15930-15936.
https://doi.org/10.1039/C3RA42819B.

[125]P. Xiao, F. Dumur, B. Graff, F. Morlet-Savary, L. Vidal, D. Gigmes, ].P. Fouassier, J.
Lalevée, Structural Effects in the Indanedione Skeleton for the Design of Low Intensity
300-500 nm Light Sensitive Initiators., Macromolecules. 47 (2014) 26-34.
https://doi.org/10.1021/ma402149¢.

[126]K. Sun, S. Liu, C. Pigot, D. Brunel, B. Graff, M. Nechab, D. Gigmes, F. Morlet-Savary, Y.
Zhang, P. Xiao, F. Dumur, ]. Lalevée, Novel Push-Pull Dyes Derived from 1H-
cyclopenta[b]naphthalene-1,3(2H)-dione as Versatile Photoinitiators for
Photopolymerization and Their Related Applications: 3D Printing and Fabrication of
Photocomposites, Catalysts. 10 (2020) 1196. https://doi.org/10.3390/catal10101196.

[127]K. Sun, S. Liu, H. Chen, F. Morlet-Savary, B. Graff, C. Pigot, M. Nechab, P. Xiao, F.
Dumur, J. Lalevée, N-ethyl carbazole-1-allylidene-based push-pull dyes as efficient
light harvesting photoinitiators for sunlight induced polymerization, Eur. Polym. J. 147
(2021) 110331. https://doi.org/10.1016/j.eurpolym;.2021.110331.

[128] M.-A. Tehfe, F. Dumur, B. Graff, F. Morlet-Savary, D. Gigmes, J.-P. Fouassier, J. Lalevée,
Push—pull (thio)barbituric acid derivatives in dye photosensitized radical and cationic
polymerization reactions under 457/473 nm laser beams or blue LEDs, Polym. Chem. 4
(2013) 3866-3875. https://doi.org/10.1039/C3PY00372H.

[129]K. Sun, H. Chen, Y. Zhang, F. Morlet-Savary, B. Graff, P. Xiao, F. Dumur, J. Lalevée,
High-performance sunlight induced polymerization using novel push-pull dyes with
high light absorption properties, Eur. Polym. J. 151 (2021) 110410.
https://doi.org/10.1016/j.eurpolym;.2021.110410.

[130]H. Mokbel, F. Dumur, S. Telitel, L. Vidal, P. Xiao, D.-L. Versace, M.-A. Tehfe, F. Morlet-
Savary, B. Graff, ].-P. Fouassier, D. Gigmes, J. Toufaily, T. Hamieh, J. Lalevée,
Photoinitiating systems of polymerization and in situ incorporation of metal
nanoparticles into polymer matrices upon exposure to visible light: push—pull malonate
and malononitrile based dyes, Polym. Chem. 4 (2013) 5679-5687.
https://doi.org/10.1039/C3PY00846K.

[131]S. Helmy, S. Oh, F.A. Leibfarth, C.J. Hawker, J. Read de Alaniz, Design and Synthesis of
Donor—Acceptor Stenhouse Adducts: A Visible Light Photoswitch Derived from
Furfural, J. Org. Chem. 79 (2014) 11316-11329. https://doi.org/10.1021/j0502206g.



[132] K. Sun, C. Pigot, Y. Zhang, T. Borjigin, F. Morlet-Savary, B. Graff, M. Nechab, P. Xiao, F.
Dumur, J. Lalevée, Sunlight Induced Polymerization Photoinitiated by Novel Push—Pull
Dyes: Indane-1,3-Dione, 1H-Cyclopenta[b]Naphthalene-1,3(2H)-Dione and 4-
Dimethoxyphenyl-1-Allylidene Derivatives, Macromol. Chem. Phys. 223 (2022)
2100439. https://doi.org/10.1002/macp.202100439.

[133] C. Pigot, G. Noirbent, D. Brunel, F. Dumur, Recent advances on push—pull organic dyes
as visible light photoinitiators of polymerization, Eur. Polym. ]J. 133 (2020) 109797.
https://doi.org/10.1016/j.eurpolym;.2020.109797.

[134]P. Xiao, F. Dumur, T.T. Bui, F. Goubard, B. Graff, F. Morlet-Savary, J.P. Fouassier, D.
Gigmes, J. Lalevée, Panchromatic Photopolymerizable Cationic Films Using Indoline
and Squaraine Dye Based Photoinitiating Systems, ACS Macro Lett. 2 (2013) 736-740.
https://doi.org/10.1021/mz400316y.

[135] A. Bonardi, F. Bonardi, G. Noirbent, F. Dumur, C. Dietlin, D. Gigmes, ].-P. Fouassier, J.
Lalevée, Different NIR dye scaffolds for polymerization reactions under NIR light,
Polym. Chem. 10 (2019) 6505-6514. https://doi.org/10.1039/C9PY01447K.

[136]P. Xiao, F. Dumur, D. Thirion, S. Fagour, A. Vacher, X. Sallenave, F. Morlet-Savary, B.
Graff, ].P. Fouassier, D. Gigmes, J. Lalevée, Multicolor Photoinitiators for Radical and
Cationic Polymerization: Monofunctional vs Polyfunctional Thiophene Derivatives,
Macromolecules. 46 (2013) 6786—-6793. https://doi.org/10.1021/ma401389t.

[137]F. Dumur, Recent Advances on Visible Light Thiophene-based Photoinitiators of
Polymerization, Eur. Polym. J. (2022) 111120.
https://doi.org/10.1016/j.eurpolym;.2022.111120.

[138]Y. Xu, T. Feng, T. Yang, H. Wei, H. Yang, G. Li, M. Zhao, S. Liu, W. Huang, Q. Zhao,
Utilizing Intramolecular Photoinduced Electron Transfer to Enhance Photothermal
Tumor Treatment of Aza-BODIPY-Based Near-Infrared Nanoparticles, ACS Appl.
Mater. Interfaces. 10 (2018) 16299-16307. https://doi.org/10.1021/acsami.8b03568.

[139] A. Skotnicka, J. Kabatc, New BODIPY Dyes Based on Benzoxazole as Photosensitizers
in Radical Polymerization of Acrylate Monomers, Materials. 15 (2022).
https://doi.org/10.3390/ma15020662.

[140]P. Lu, K.-Y. Chung, A. Stafford, M. Kiker, K. Kafle, Z.A. Page, Boron dipyrromethene
(BODIPY) in polymer chemistry, Polym. Chem. 12 (2021) 327-348.
https://doi.org/10.1039/D0PY01513].

[141]S. Telitel, N. Blanchard, S. Schweizer, F. Morlet-Savary, B. Graff, J.-P. Fouassier, ].
Lalevée, BODIPY derivatives and boranil as new photoinitiating systems of cationic
polymerization exhibiting a tunable absorption in the 400-600 nm spectral range,
Polymer. 54 (2013) 2071-2076. https://doi.org/10.1016/j.polymer.2013.02.013.

[142]S. Telitel, J. Lalevée, N. Blanchard, T. Kavalli, M.-A. Tehfe, S. Schweizer, F. Morlet-
Savary, B. Graff, ].-P. Fouassier, Photopolymerization of Cationic Monomers and
Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes,
Macromolecules. 45 (2012) 6864—6868. https://doi.org/10.1021/ma301293m.

[143]M. Abdallah, A. Hijazi, B. Graff, ].-P. Fouassier, G. Rodeghiero, A. Gualandi, F. Dumur,
P.G. Cozzi, ]. Lalevée, Coumarin derivatives as versatile photoinitiators for 3D printing,
polymerization in water and photocomposite synthesis, Polym. Chem. 10 (2019) 872-
884. https://doi.org/10.1039/C8PY01708E.

[144] M. Abdallah, F. Dumur, A. Hijazi, G. Rodeghiero, A. Gualandi, P.G. Cozzi, ]. Lalevée,
Keto-coumarin scaffold for photoinitiators for 3D printing and photocomposites, J.
Polym. Sci. 58 (2020) 1115-1129. https://doi.org/10.1002/pol.20190290.



[145]M. Abdallah, A. Hijazi, F. Dumur, J. Lalevée, Coumarins as Powerful Photosensitizers
for the Cationic Polymerization of Epoxy-Silicones under Near-UV and Visible Light
and Applications for 3D Printing Technology, Molecules. 25 (2020) 2063.
https://doi.org/10.3390/molecules25092063.

[146]M. Abdallah, A. Hijazi, P.G. Cozzi, A. Gualandi, F. Dumur, ]. Lalevée, Boron
Compounds as Additives for the Cationic Polymerization Using Coumarin Derivatives
in Epoxy Silicones, Macromol. Chem. Phys. 222 (2021) 2000404.
https://doi.org/10.1002/macp.202000404.

[147]Q. Chen, Q. Yang, P. Gao, B. Chi, J. Nie, Y. He, Photopolymerization of Coumarin-
Containing Reversible Photoresponsive Materials Based on Wavelength Selectivity, Ind.
Eng. Chem. Res. 58 (2019) 2970-2975. https://doi.org/10.1021/acs.iecr.8b05164.

[148]Z. Li, X. Zou, G. Zhu, X. Liu, R. Liu, Coumarin-Based Oxime Esters: Photobleachable
and Versatile Unimolecular Initiators for Acrylate and Thiol-Based Click
Photopolymerization under Visible Light-Emitting Diode Light Irradiation, ACS Appl.
Mater. Interfaces. 10 (2018) 16113-16123. https://doi.org/10.1021/acsami.8b01767.

[149]M. Rahal, H. Mokbel, B. Graff, ]. Toufaily, T. Hamieh, F. Dumur, J. Lalevée, Mono vs.
Difunctional Coumarin as Photoinitiators in Photocomposite Synthesis and 3D Printing,
Catalysts. 10 (2020) 1202. https://doi.org/10.3390/catal10101202.

[150] M. Rajeshirke, M.C. Sreenath, S. Chitrambalam, I.H. Joe, N. Sekar, Enhancement of
NLO Properties in OBO Fluorophores Derived from Carbazole-Coumarin Chalcones
Containing Carboxylic Acid at the N-Alykl Terminal End, J. Phys. Chem. C. 122 (2018)
14313-14325. https://doi.org/10.1021/acs.jpcc.8b02937.

[151]M. Rahal, B. Graff, J. Toufaily, T. Hamieh, F. Dumur, J. Lalevée, Design of keto-
coumarin based photoinitiator for Free Radical Photopolymerization: Towards 3D
printing and photocomposites applications, Eur. Polym. J. 154 (2021) 110559.
https://doi.org/10.1016/j.eurpolym;.2021.110559.

[152]M. Rahal, B. Graff, J. Toufaily, T. Hamieh, G. Noirbent, D. Gigmes, F. Dumur, ]. Lalevée,
3-Carboxylic Acid and Formyl-Derived Coumarins as Photoinitiators in Photo-
Oxidation or Photo-Reduction Processes for Photopolymerization upon Visible Light:
Photocomposite Synthesis and 3D Printing Applications, Molecules. 26 (2021).
https://doi.org/10.3390/molecules26061753.

[153] F. Hammoud, N. Giacoletto, G. Noirbent, B. Graff, A. Hijazi, M. Nechab, D. Gigmes, F.
Dumur, J. Lalevée, Substituent effects on the photoinitiation ability of coumarin-based
oxime-ester photoinitiators for free radical photopolymerization, Mater. Chem. Front. 5
(2021) 8361-8370. https://doi.org/10.1039/D1QMO01310F.

[154]F. Dumur, Recent advances on coumarin-based photoinitiators of polymerization, Eur.
Polym. J. 163 (2022) 110962. https://doi.org/10.1016/j.eurpolym;.2021.110962.

[155]Z. Liu, F. Dumur, Recent advances on visible light Coumarin-based oxime esters as
initiators of polymerization, Eur. Polym. J. 177 (2022) 111449.
https://doi.org/10.1016/j.eurpolymj.2022.111449.

[156]Y. Zhu, L. Li, Y. Zhang, Y. Ou, J. Zhang, Y. Yagci, R. Liu, Broad wavelength sensitive
coumarin sulfonium salts as photoinitiators for cationic, free radical and hybrid
photopolymerizations, Prog. Org. Coat. 174 (2023) 107272.
https://doi.org/10.1016/j.porgcoat.2022.107272.

[157]M. Abdallah, T.-T. Bui, F. Goubard, D. Theodosopoulou, F. Dumur, A. Hijazi, J.-P.
Fouassier, J. Lalevée, Phenothiazine derivatives as photoredox catalysts for cationic and



radical photosensitive resins for 3D printing technology and photocomposite synthesis,
Polym. Chem. 10 (2019) 6145-6156. https://doi.org/10.1039/CO9PY01265F.

[158]F. Dumur, Recent advances on visible light Phenothiazine-based photoinitiators of
polymerization, Eur. Polym. J. 165 (2022) 110999.
https://doi.org/10.1016/j.eurpolym;.2022.110999.

[159]Y. Zhang, F. Morlet-Savary, M. Schmitt, B. Graff, A. Rico, M. Ibrahim-Ouali, F. Dumur,
J. Lalevée, Photoinitiation behavior of phenothiazines containing two oxime ester
functionalities (OXEs) in free radical photopolymerization and 3D printing application,
Dyes Pigments. 215 (2023) 111202. https://doi.org/10.1016/j.dyepig.2023.111202.

[160]F. Dumur, Recent Advances on Furan-Based Visible Light Photoinitiators of
Polymerization, Catalysts. 13 (2023). https://doi.org/10.3390/catal13030493.

[161]N. Zivic, M. Bouzrati-Zerrelli, S. Villotte, F. Morlet-Savary, C. Dietlin, F. Dumur, D.
Gigmes, ].P. Fouassier, J. Lalevée, A novel naphthalimide scaffold based iodonium salt
as a one-component photoacid/photoinitiator for cationic and radical polymerization
under LED exposure, Polym. Chem. 7 (2016) 5873-5879.
https://doi.org/10.1039/C6PY01306F.

[162] A.-H. Bonardi, S. Zahouily, C. Dietlin, B. Graff, F. Morlet-Savary, M. Ibrahim-Ouali, D.
Gigmes, N. Hoffmann, F. Dumur, J. Lalevée, New 1,8-Naphthalimide Derivatives as
Photoinitiators for Free-Radical Polymerization Upon Visible Light, Catalysts. 9 (2019)
637. https://doi.org/10.3390/catal9080637.

[163]]. Zhang, N. Zivic, F. Dumur, P. Xiao, B. Graff, ].P. Fouassier, D. Gigmes, J. Lalevée,
Naphthalimide-Tertiary Amine Derivatives as Blue-Light-Sensitive Photoinitiators,
ChemPhotoChem. 2 (2018) 481-489. https://doi.org/10.1002/cptc.201800006.

[164] P. Xiao, F. Dumur, J. Zhang, B. Graff, D. Gigmes, ].P. Fouassier, J. Lalevée,
Naphthalimide Derivatives: Substituent Effects on the Photoinitiating Ability in
Polymerizations under Near UV, Purple, White and Blue LEDs (385, 395, 405, 455, or
470 nm), Macromol. Chem. Phys. 216 (2015) 1782-1790.
https://doi.org/10.1002/macp.201500150.

[165]P. Xiao, F. Dumur, J. Zhang, B. Graff, D. Gigmes, ].P. Fouassier, J. Lalevée,
Naphthalimide-phthalimide derivative based photoinitiating systems for
polymerization reactions under blue lights, J. Polym. Sci. Part Polym. Chem. 53 (2015)
665-674. https://doi.org/10.1002/pola.27490.

[166]]. Zhang, N. Zivic, F. Dumur, P. Xiao, B. Graff, D. Gigmes, ].P. Fouassier, J. Lalevée, A
benzophenone-naphthalimide derivative as versatile photoinitiator of polymerization
under near UV and visible lights, J. Polym. Sci. Part Polym. Chem. 53 (2015) 445-451.
https://doi.org/10.1002/pola.27451.

[167]]. Zhang, N. Zivic, F. Dumur, P. Xiao, B. Graff, ].P. Fouassier, D. Gigmes, J. Lalevée, N-
[2-(Dimethylamino)ethyl]-1,8-naphthalimide derivatives as photoinitiators under LEDs,
Polym. Chem. 9 (2018) 994-1003. https://doi.org/10.1039/C8PY00055G.

[168]]. Zhang, F. Dumur, P. Xiao, B. Graff, D. Bardelang, D. Gigmes, ]J.P. Fouassier, J. Lalevée,
Structure Design of Naphthalimide Derivatives: Toward Versatile Photoinitiators for
Near-UV/Visible LEDs, 3D Printing, and Water-Soluble Photoinitiating System:s,
Macromolecules. 48 (2015) 2054-2063. https://doi.org/10.1021/acs.macromol.5b00201.

[169]]. Zhang, N. Zivic, F. Dumur, P. Xiao, B. Graff, ].P. Fouassier, D. Gigmes, J. Lalevée, UV-
violet-blue LED induced polymerizations: Specific photoinitiating systems at 365, 385,
395 and 405 nm, Polymer. 55 (2014) 6641-6648.
https://doi.org/10.1016/j.polymer.2014.11.002.



[170]P. Xiao, F. Dumur, B. Graff, D. Gigmes, J.P. Fouassier, J. Lalevée, Blue Light Sensitive
Dyes for Various Photopolymerization Reactions: Naphthalimide and Naphthalic
Anhydride Derivatives., Macromolecules. 47 (2014) 601-608.
https://doi.org/10.1021/ma402376x.

[171]P. Xiao, F. Dumur, M. Frigoli, M.-A. Tehfe, B. Graff, ].P. Fouassier, D. Gigmes, J.
Lalevée, Naphthalimide based methacrylated photoinitiators in radical and cationic
photopolymerization under visible light, Polym. Chem. 4 (2013) 5440-5448.
https://doi.org/10.1039/C3PY00766A.

[172] G. Noirbent, F. Dumur, Recent advances on naphthalic anhydrides and 1,8-
naphthalimide-based photoinitiators of polymerization, Eur. Polym. J. 132 (2020)
109702. https://doi.org/10.1016/j.eurpolym;.2020.109702.

[173] M. Rahal, H. Mokbel, B. Graff, V. Pertici, D. Gigmes, ]J. Toufaily, T. Hamieh, F. Dumur,
J. Lalevée, Naphthalimide-Based Dyes as Photoinitiators under Visible Light Irradiation
and their Applications: Photocomposite Synthesis, 3D printing and Polymerization in
Water, ChemPhotoChem. 5 (2021) 476—490. https://doi.org/10.1002/cptc.202000306.

[174]M. Rahal, B. Graff, J. Toufaily, T. Hamieh, M. Ibrahim-Ouali, F. Dumur, J. Lalevée,
Naphthyl-Naphthalimides as High-Performance Visible Light Photoinitiators for 3D
Printing and Photocomposites Synthesis, Catalysts. 11 (2021) 1269.
https://doi.org/10.3390/catal11111269.

[175]N. Zivic, ]. Zhang, D. Bardelang, F. Dumur, P. Xiao, T. Jet, D.-L. Versace, C. Dietlin, F.
Morlet-Savary, B. Graff, ].P. Fouassier, D. Gigmes, J. Lalevée, Novel naphthalimide-
amine based photoinitiators operating under violet and blue LEDs and usable for
various polymerization reactions and synthesis of hydrogels, Polym. Chem. 7 (2015)
418-429. https://doi.org/10.1039/C5PY01617G.

[176] P. Xiao, F. Dumur, B. Graff, F. Morlet-Savary, D. Gigmes, ].P. Fouassier, J. Lalevée,
Design of High Performance Photoinitiators at 385-405 nm: Search around the
Naphthalene Scaffold, Macromolecules. 47 (2014) 973-978.
https://doi.org/10.1021/ma402622v.

[177]P. Xiao, F. Dumur, J. Zhang, B. Graff, D. Gigmes, ].P. Fouassier, J. Lalevée, Amino and
nitro substituted 2-amino-1H-benzo[de]isoquinoline-1,3(2H)-diones: as versatile
photoinitiators of polymerization from violet-blue LED absorption to a panchromatic
behavior, Polym. Chem. 6 (2015) 1171-1179. https://doi.org/10.1039/C4PY01409].

[178] H. Chen, L. Pieuchot, P. Xiao, F. Dumur, ]. Lalevée, Water-soluble/visible-light-sensitive
naphthalimide derivative-based photoinitiating systems: 3D printing of antibacterial
hydrogels, Polym. Chem. 13 (2022) 2918-2932. https://doi.org/10.1039/D2PY00417H.

[179]S. Liu, N. Giacoletto, B. Graff, F. Morlet-Savary, M. Nechab, P. Xiao, F. Dumur, J.
Lalevée, N-naphthalimide ester derivatives as Type I photoinitiators for LED
photopolymerization, Mater. Today Chem. 26 (2022) 101137.
https://doi.org/10.1016/j.mtchem.2022.101137.

[180]H. Mokbel, J. Toufaily, T. Hamieh, F. Dumur, D. Campolo, D. Gigmes, ].P. Fouassier, J.
Ortyl, J. Lalevée, Specific cationic photoinitiators for near UV and visible LEDs:
Iodonium versus ferrocenium structures, J. Appl. Polym. Sci. 132 (2015) 42759.
https://doi.org/10.1002/app.42759.

[181]S. Villotte, D. Gigmes, F. Dumur, J. Lalevée, Design of lodonium Salts for UV or Near-
UV LEDs for Photoacid Generator and Polymerization Purposes, Molecules. 25 (2020)
149. https://doi.org/10.3390/molecules25010149.



[182] M.A. Tasdelen, V. Kumbaraci, S. Jockusch, N.J. Turro, N. Talinli, Y. Yagci, Photoacid
Generation by Stepwise Two-Photon Absorption: Photoinitiated Cationic
Polymerization of Cyclohexene Oxide by Using Benzodioxinone in the Presence of
Iodonium Salt, Macromolecules. 41 (2008) 295-297. https://doi.org/10.1021/ma7023649.

[183]].V. Crivello, ] HW. Lam, Diaryliodonium Salts. A New Class of Photoinitiators for
Cationic Polymerization, Macromolecules. 10 (1977) 1307-1315.
https://doi.org/10.1021/ma60060a028.

[184] Y. He, W. Zhou, F. Wu, M. Li, E. Wang, Photoreaction and photopolymerization studies
on squaraine dyes/iodonium salts combination, J. Photochem. Photobiol. Chem. 162
(2004) 463—471. https://doi.org/10.1016/51010-6030(03)00390-3.

[185]L.I. Jun, L.I. Miaozhen, S. Huaihai, Y. Yongyuan, W. Erjian, Photopolymerization
Initiated by Dimethylaminochalcone/Diphenyliodonium Salt Combination System
Sensitive to Visible Light, Chin. ] Polym Sci. 11 (1993) 163-170.

[186]N. Zivic, P.K. Kuroishi, F. Dumur, D. Gigmes, A.P. Dove, H. Sardon, Recent Advances
and Challenges in the Design of Organic Photoacid and Photobase Generators for
Polymerizations, Angew. Chem. Int. Ed. 58 (2019) 10410-10422.
https://doi.org/10.1002/anie.201810118.

[187]F. Petko, M. Galek, E. Hola, M. Topa-Skwarczynska, W. Tomal, M. Jankowska, M. Pilch,
R. Popielarz, B. Graff, F. Morlet-Savary, ]J. Lalevee, J. Ortyl, Symmetric Iodonium Salts
Based on Benzylidene as One-Component Photoinitiators for Applications in 3D
Printing, Chem. Mater. 34 (2022) 10077-10092.
https://doi.org/10.1021/acs.chemmater.2c02796.

[188]F. Petko, M. Galek, E. Hola, R. Popielarz, J. Ortyl, One-Component Cationic
Photoinitiators from Tunable Benzylidene Scaffolds for 3D Printing Applications,
Macromolecules. 54 (2021) 7070-7087. https://doi.org/10.1021/acs.macromol.1c01048.

[189]F. Dumur, Recent advances on Anthraquinone-based photoinitiators of polymerization,
Eur. Polym. J. 191 (2023) 112039. https://doi.org/10.1016/j.eurpolym;.2023.112039.

[190]P. Xiao, F. Dumur, M. Frigoli, B. Graff, F. Morlet-Savary, G. Wantz, H. Bock, ]J.P.
Fouassier, D. Gigmes, J. Lalevée, Perylene derivatives as photoinitiators in blue light
sensitive cationic or radical curable films and panchromatic thiol-ene polymerizable
films, Eur. Polym. J. 53 (2014) 215-222. https://doi.org/10.1016/j.eurpolym;.2014.01.024.

[191]P. Xiao, F. Dumur, B. Graff, D. Gigmes, ].P. Fouassier, J. Lalevée, Red-Light-Induced
Cationic Photopolymerization: Perylene Derivatives as Efficient Photoinitiators,
Macromol. Rapid Commun. 34 (2013) 1452-1458.
https://doi.org/10.1002/marc.201300383.

[192]F. Dumur, Recent advances on perylene-based photoinitiators of polymerization, Eur.
Polym. J. 159 (2021) 110734. https://doi.org/10.1016/j.eurpolym;.2021.110734.

[193]M.-A. Tehfe, F. Dumur, B. Graff, D. Gigmes, ].-P. Fouassier, J. Lalevée, Green-Light-
Induced Cationic Ring Opening Polymerization Reactions: Perylene-3,4:9,10-
bis(Dicarboximide) as Efficient Photosensitizers, Macromol. Chem. Phys. 214 (2013)
1052-1060. https://doi.org/10.1002/macp.201200728.

[194]P. Xiao, W. Hong, Y. Li, F. Dumur, B. Graff, ].P. Fouassier, D. Gigmes, J. Lalevée, Green
light sensitive diketopyrrolopyrrole derivatives used in versatile photoinitiating
systems for photopolymerizations, Polym. Chem. 5 (2014) 2293-2300.
https://doi.org/10.1039/C3PY01599H.

[195]B. Corakci, S.O. Hacioglu, L. Toppare, U. Bulut, Long wavelength photosensitizers in
photoinitiated cationic polymerization: The effect of quinoxaline derivatives on



photopolymerization, Polymer. 54 (2013) 3182-3187.
https://doi.org/10.1016/j.polymer.2013.04.008.

[196]1. Pyszka, L. Skowronski, B. Jedrzejewska, Study on New Dental Materials Containing
Quinoxaline-Based Photoinitiators in Terms of Exothermicity of the
Photopolymerization Process, Int. J. Mol. Sci. 24 (2023) 2752.
https://doi.org/10.3390/ijms24032752.

[197]1. Pyszka, B. Jedrzejewska, Photoinitiation abilities of indeno- and indoloquinoxaline
derivatives and mechanical properties of dental fillings based on multifunctional acrylic
monomers and glass ionomer, Polymer. 266 (2023) 125625.
https://doi.org/10.1016/j.polymer.2022.125625.

[198]N. Arsu, M. Aydin, Photoinduced free radical polymerization initiated with
quinoxalines, Angew. Makromol. Chem. 270 (1999) 1-4.
https://doi.org/10.1002/(SICI)1522-9505(19990901)270:1<1:: AID-APMC1>3.0.CO;2-2.

[199]M. Aydin, N. Arsu, Photoinitiated free radical polymerization of methylmethacrylate
by using of quinoxalines in the presence of aldehydes, Prog. Org. Coat. 56 (2006) 338—
342. https://doi.org/10.1016/j.porgcoat.2006.06.006.

[200]U. Bulut, G.E. Gunbas, L. Toppare, A quinoxaline derivative as a long wavelength
photosensitizer for diaryliodonium salts, J. Polym. Sci. Part Polym. Chem. 48 (2010)
209-213. https://doi.org/10.1002/pola.23779.

[201]U. Bulut, M. Kolay, S. Tarkuc, Y.A. Udum, L. Toppare, Quinoxaline derivatives as long
wavelength photosensitizers in photoinitiated cationic polymerization of
diaryliodonium salts, Prog. Org. Coat. 73 (2012) 215-218.
https://doi.org/10.1016/j.porgcoat.2011.11.004.

[202] X. Cao, F. Jin, Y.-F. Li, W.-Q. Chen, X.-M. Duan, L.-M. Yang, Triphenylamine-modified
quinoxaline derivatives as two-photon photoinitiators, New J. Chem. 33 (2009) 1578-
1582. https://doi.org/10.1039/B900464E.

[203]D. Karaca Balta, S. Keskin, F. Karasu, N. Arsu, Quinoxaline derivatives as
photoinitiators in UV-cured coatings, Prog. Org. Coat. 60 (2007) 207-210.
https://doi.org/10.1016/j.porgcoat.2007.07.024.

[204] Z. Kucybata, I. Pyszka, J. Paczkowski, Development of new dyeing photoinitiators for
free radical polymerization based on the 1H-pyrazolo[3,4-b]quinoxaline skeleton. Part
2, J. Chem. Soc. Perkin Trans. 2. 7 (2000) 1559-1567. https://doi.org/10.1039/BO00583P.

[205]R. Podsiadly, A.M. Szymczak, K. Podemska, The synthesis of novel, visible-wavelength,
oxidizable polymerization sensitizers based on the 8-halogeno-5,12-
dihydroquinoxalino[2,3-b]quinoxaline skeleton, Dyes Pigments. 82 (2009) 365-371.
https://doi.org/10.1016/j.dyepig.2009.02.008.

[206]].-Y. Yao, H.-H. Hou, X.-D. Ma, H.-J. Xu, Z.-X. Shi, J. Yin, X.-S. Jiang, Combining photo-
cleavable and hydrogen-abstracting groups in quinoxaline with thioether bond as
hybrid photoinitiator, Chin. Chem. Lett. 28 (2017) 6-12.
https://doi.org/10.1016/j.cclet.2016.06.008.

[207]L. Sun, X. Jiang, J. Yin, Study of methoxyphenylquinoxalines (MOPQs) as
photoinitiators in the negative photo-resist, Prog. Org. Coat. 67 (2010) 225-232.
https://doi.org/10.1016/j.porgcoat.2009.12.005.

[208]B.T. Ercan, S.S. Gultekin, T. Yesil, H. Dincalp, S. Koyuncu, Y. Yagci, C. Zafer, Highly
conjugated isoindigo and quinoxaline dyes as sunlight photosensitizers for onium salt-
photoinitiated cationic polymerization of epoxy resins, Polym. Int. 71 (2022) 867-873.
https://doi.org/10.1002/pi.6357.



[209] F. Dumur, Recent Advances on Quinoxaline-Based Photoinitiators of Polymerization,
Catalysts. 13 (2023). https://doi.org/10.3390/catal13040718.

[210]]. Lalevée, M. Peter, F. Dumur, D. Gigmes, N. Blanchard, M.-A. Tehfe, F. Morlet-Savary,
J.P. Fouassier, Subtle Ligand Effects in Oxidative Photocatalysis with Iridium
Complexes: Application to Photopolymerization, Chem. — Eur. J. 17 (2011) 15027-15031.
https://doi.org/10.1002/chem.201101445.

[211]]. Lalevée, M.-A. Tehfe, F. Dumur, D. Gigmes, N. Blanchard, F. Morlet-Savary, J.P.
Fouassier, Iridium Photocatalysts in Free Radical Photopolymerization under Visible
Lights, ACS Macro Lett. 1 (2012) 286-290. https://doi.org/10.1021/mz2001753.

[212]]. Lalevée, F. Dumur, C.R. Mayer, D. Gigmes, G. Nasr, M.-A. Tehfe, S. Telitel, F. Morlet-
Savary, B. Graff, ].P. Fouassier, Photopolymerization of N-Vinylcarbazole Using
Visible-Light Harvesting Iridium Complexes as Photoinitiators, Macromolecules. 45
(2012) 4134—4141. https://doi.org/10.1021/ma3005229.

[213]M.-A. Tehfe, M. Lepeltier, F. Dumur, D. Gigmes, ]J.-P. Fouassier, J. Lalevée, Structural
Effects in the Iridium Complex Series: Photoredox Catalysis and Photoinitiation of
Polymerization Reactions under Visible Lights, Macromol. Chem. Phys. 218 (2017)
1700192. https://doi.org/10.1002/macp.201700192.

[214]S. Telitel, F. Dumur, S. Telitel, O. Soppera, M. Lepeltier, Y. Guillaneuf, J. Poly, F. Morlet-
Savary, P. Fioux, J.-P. Fouassier, D. Gigmes, J. Lalevée, Photoredox catalysis using a
new iridium complex as an efficient toolbox for radical, cationic and controlled
polymerizations under soft blue to green lights, Polym. Chem. 6 (2014) 613-624.
https://doi.org/10.1039/C4PY01358A.

[215]S. Telitel, F. Dumur, M. Lepeltier, D. Gigmes, J.-P. Fouassier, J. Lalevée, Photoredox
process induced polymerization reactions: Iridium complexes for panchromatic
photoinitiating systems, Comptes Rendus Chim. 19 (2016) 71-78.
https://doi.org/10.1016/j.crci.2015.06.016.

[216]F. Dumur, D. Bertin, D. Gigmes, Iridium (III) complexes as promising emitters for
solid-state Light-Emitting Electrochemical Cells (LECs), Int. ]J. Nanotechnol. 9 (2012)
377-395. https://doi.org/10.1504/]JNT.2012.045343.

[217]F. Dumur, G. Nasr, G. Wantz, C.R. Mayer, E. Dumas, A. Guerlin, F. Miomandre, G.
Clavier, D. Bertin, D. Gigmes, Cationic iridium complex for the design of soft salt-based
phosphorescent OLEDs and color-tunable light-emitting electrochemical cells, Org.
Electron. 12 (2011) 1683-1694. https://doi.org/10.1016/j.0rgel.2011.06.014.

[218]M.-A. Tehfe, D. Gigmes, F. Dumur, D. Bertin, F. Morlet-Savary, B. Graff, J. Lalevée, J.-P.
Fouassier, Cationic photosensitive formulations based on silyl radical chemistry for
green and red diode laser exposure, Polym. Chem. 3 (2012) 1899-1902.
https://doi.org/10.1039/C1PY00460C.

[219]P. Xiao, F. Dumur, J. Zhang, J.P. Fouassier, D. Gigmes, J. Lalevée, Copper Complexes in
Radical Photoinitiating Systems: Applications to Free Radical and Cationic
Polymerization upon Visible LEDs, Macromolecules. 47 (2014) 3837-3844.
https://doi.org/10.1021/ma5006793.

[220]P. Xiao, F. Dumur, J. Zhang, D. Gigmes, ].P. Fouassier, ]. Lalevée, Copper complexes:
the effect of ligands on their photoinitiation efficiencies in radical polymerization
reactions under visible light, Polym. Chem. 5 (2014) 6350-6357.
https://doi.org/10.1039/C4PY00925H.



[221]P. Xiao, ]. Zhang, D. Campolo, F. Dumur, D. Gigmes, J.P. Fouassier, J. Lalevée, Copper
and iron complexes as visible-light-sensitive photoinitiators of polymerization, J.
Polym. Sci. Part Polym. Chem. 53 (2015) 2673-2684. https://doi.org/10.1002/pola.27762.

[222]P. Garra, M. Carré¢, F. Dumur, F. Morlet-Savary, C. Dietlin, D. Gigmes, J.-P. Fouassier, ].
Lalevée, Copper-Based (Photo)redox Initiating Systems as Highly Efficient Systems for
Interpenetrating Polymer Network Preparation, Macromolecules. 51 (2018) 679-688.
https://doi.org/10.1021/acs.macromol.7b02491.

[223]P. Garra, F. Dumur, F. Morlet-Savary, C. Dietlin, D. Gigmes, ].P. Fouassier, ]J. Lalevée,
Mechanosynthesis of a Copper complex for redox initiating systems with a unique near
infrared light activation, J. Polym. Sci. Part Polym. Chem. 55 (2017) 3646-3655.
https://doi.org/10.1002/pola.28750.

[224]P. Garra, F. Dumur, A.A. Mousawi, B. Graff, D. Gigmes, F. Morlet-Savary, C. Dietlin,
J.P. Fouassier, ]J. Lalevée, Mechanosynthesized copper(I) complex based initiating
systems for redox polymerization: towards upgraded oxidizing and reducing agents,
Polym. Chem. 8 (2017) 5884-5896. https://doi.org/10.1039/C7PY01244F.

[225]H. Mokbel, D. Anderson, R. Plenderleith, C. Dietlin, F. Morlet-Savary, F. Dumur, D.
Gigmes, J.-P. Fouassier, J. Lalevée, Copper photoredox catalyst “G1”: a new high
performance photoinitiator for near-UV and visible LEDs, Polym. Chem. 8 (2017) 5580-
5592. https://doi.org/10.1039/C7PY01016H.

[226]H. Mokbel, D. Anderson, R. Plenderleith, C. Dietlin, F. Morlet-Savary, F. Dumur, D.
Gigmes, J.P. Fouassier, J. Lalevée, Simultaneous initiation of radical and cationic
polymerization reactions using the “G1” copper complex as photoredox catalyst:
Applications of free radical/cationic hybrid photopolymerization in the composites and
3D printing fields, Prog. Org. Coat. 132 (2019) 50-61.
https://doi.org/10.1016/j.porgcoat.2019.02.044.

[227] A.A. Mousawi, A. Kermagoret, D.-L. Versace, J. Toufaily, T. Hamieh, B. Graff, F.
Dumur, D. Gigmes, ].P. Fouassier, ]. Lalevée, Copper photoredox catalysts for
polymerization upon near UV or visible light: structure/reactivity/efficiency
relationships and use in LED projector 3D printing resins, Polym. Chem. 8 (2017) 568—
580. https://doi.org/10.1039/C6PY01958G.

[228] A. Mau, G. Noirbent, C. Dietlin, B. Graff, D. Gigmes, F. Dumur, J. Lalevée,
Panchromatic Copper Complexes for Visible Light Photopolymerization, Photochem. 1
(2021). https://doi.org/10.3390/photochem1020010.

[229] A. Mau, C. Dietlin, F. Dumur, J. Lalevée, Concomitant initiation of radical and cationic
polymerisations using new copper complexes as photoinitiators: Synthesis and
characterisation of acrylate/epoxy interpenetrated polymer networks, Eur. Polym. J. 152
(2021) 110457. https://doi.org/10.1016/j.eurpolym;.2021.110457.

[230]P. Garra, F. Dumur, D. Gigmes, A. Al Mousawi, F. Morlet-Savary, C. Dietlin, J.P.
Fouassier, ]. Lalevée, Copper (Photo)redox Catalyst for Radical Photopolymerization in
Shadowed Areas and Access to Thick and Filled Samples, Macromolecules. 50 (2017)
3761-3771. https://doi.org/10.1021/acs.macromol.7b00622.

[231]P. Garra, F. Dumur, F. Morlet-Savary, C. Dietlin, ].P. Fouassier, ]. Lalevée, A New
Highly Efficient Amine-Free and Peroxide-Free Redox System for Free Radical
Polymerization under Air with Possible Light Activation, Macromolecules. 49 (2016)
6296—6309. https://doi.org/10.1021/acs.macromol.6b01615.

[232]P. Garra, A. Kermagoret, A.A. Mousawi, F. Dumur, D. Gigmes, F. Morlet-Savary, C.
Dietlin, ].P. Fouassier, ]. Lalevée, New copper(I) complex based initiating systems in



redox polymerization and comparison with the amine/benzoyl peroxide reference,
Polym. Chem. 8 (2017) 4088-4097. https://doi.org/10.1039/C7PY00726D.

[233] G. Noirbent, F. Dumur, Recent Advances on Copper Complexes as Visible Light
Photoinitiators and (Photo) Redox Initiators of Polymerization, Catalysts. 10 (2020).
https://doi.org/10.3390/catal10090953.

[234] T. Borjigin, G. Noirbent, D. Gigmes, P. Xiao, F. Dumur, J. Lalevée, The new LED-
Sensitive photoinitiators of Polymerization: Copper complexes in free radical and
cationic photoinitiating systems and application in 3D printing, Eur. Polym. J. 162
(2022) 110885. https://doi.org/10.1016/j.eurpolym;.2021.110885.

[235]M. Rahal, G. Noirbent, B. Graff, ]. Toufaily, T. Hamieh, D. Gigmes, F. Dumur, ]. Lalevée,
Novel Copper Complexes as Visible Light Photoinitiators for the Synthesis of
Interpenetrating Polymer Networks (IPNs), Polymers. 14 (2022).
https://doi.org/10.3390/polym14101998.

[236]].-T. Lin, ]. Lalevee, D.-C. Cheng, Efficacy analysis of new copper complex for visible
light (455, 530 nm) radical/cationic photopolymerization: The synergic effects and
catalytic cycle, PLOS ONE. 17 (2022) e0270679.
https://doi.org/10.1371/journal.pone.0270679.

[237]M.-A. Tehfe, F. Dumur, S. Telitel, D. Gigmes, E. Contal, D. Bertin, F. Morlet-Savary, B.
Graff, ].-P. Fouassier, ]. Lalevée, Zinc-based metal complexes as new photocatalysts in
polymerization initiating systems, Eur. Polym. J. 49 (2013) 1040-1049.
https://doi.org/10.1016/j.eurpolym;.2013.01.023.

[238]F. Nzulu, S. Telitel, F. Stoffelbach, B. Graff, F. Morlet-Savary, J. Lalevée, L. Fensterbank,
J.-P. Goddard, C. Ollivier, A dinuclear gold(i) complex as a novel photoredox catalyst
for light-induced atom transfer radical polymerization, Polym. Chem. 6 (2015) 4605—
4611. https://doi.org/10.1039/C5PY00435G.

[239]]. Zhang, F. Dumur, P. Horcajada, C. Livage, P. Xiao, ].P. Fouassier, D. Gigmes, ]J.
Lalevée, Iron-Based Metal-Organic Frameworks (MOF) as Photocatalysts for Radical
and Cationic Polymerizations under Near UV and Visible LEDs (385405 nm),
Macromol. Chem. Phys. 217 (2016) 2534-2540. https://doi.org/10.1002/macp.201600352.

[240]S. Telitel, F. Dumur, D. Campolo, J. Poly, D. Gigmes, J.P. Fouassier, J. Lalevée, Iron
complexes as potential photocatalysts for controlled radical photopolymerizations: A
tool for modifications and patterning of surfaces, J. Polym. Sci. Part Polym. Chem. 54
(2016) 702-713. https://doi.org/10.1002/pola.27896.

[241]]. Zhang, D. Campolo, F. Dumur, P. Xiao, J.P. Fouassier, D. Gigmes, J. Lalevée, Iron
complexes as photoinitiators for radical and cationic polymerization through
photoredox catalysis processes, J. Polym. Sci. Part Polym. Chem. 53 (2015) 42—49.
https://doi.org/10.1002/pola.27435.

[242]]. Zhang, D. Campolo, F. Dumur, P. Xiao, ].P. Fouassier, D. Gigmes, ]J. Lalevée, Visible-
light-sensitive photoredox catalysis by iron complexes: Applications in cationic and
radical polymerization reactions, J. Polym. Sci. Part Polym. Chem. 54 (2016) 2247-2253.
https://doi.org/10.1002/pola.28098.

[243]]. Zhang, D. Campolo, F. Dumur, P. Xiao, J.P. Fouassier, D. Gigmes, ]J. Lalevée, Iron
Complexes in Visible-Light-Sensitive Photoredox Catalysis: Effect of Ligands on Their
Photoinitiation Efficiencies, ChemCatChem. 8 (2016) 2227-2233.
https://doi.org/10.1002/cctc.201600320.

[244]F. Dumur, Recent advances on ferrocene-based photoinitiating systems, Eur. Polym. J.
147 (2021) 110328. https://doi.org/10.1016/j.eurpolym;.2021.110328.



[245]F. Dumur, Recent advances on iron-based photoinitiators of polymerization, Eur.
Polym. J. 139 (2020) 110026. https://doi.org/10.1016/j.eurpolym;.2020.110026.

[246] C. Brahmi, M. Benltifa, C. Vaulot, L. Michelin, F. Dumur, A. Airoudj, F. Morlet-Savary,
B. Raveau, L. Bousselmi, J. Lalevée, New hybrid perovskites/polymer composites for
the photodegradation of organic dyes, Eur. Polym. J. 157 (2021) 110641.
https://doi.org/10.1016/j.eurpolym;.2021.110641.

[247]H. Mokbel, F. Dumur, B. Raveau, F. Morlet-Savary, C. Simonnet-Jégat, D. Gigmes, J.
Toufaily, T. Hamieh, J.P. Fouassier, J. Lalevée, Perovskites as new radical
photoinitiators for radical and cationic polymerizations, Org. Chem. More Radic. Ever
Before. 72 (2016) 7686-7690. https://doi.org/10.1016/j.tet.2016.03.057.

[248]C. Brahmi, M. Benltifa, C. Vaulot, L. Michelin, F. Dumur, F. Millange, M. Frigoli, A.
Airoudj, F. Morlet-Savary, L. Bousselmi, J. Lalevée, New hybrid MOF/polymer
composites for the photodegradation of organic dyes, Eur. Polym. J. 154 (2021) 110560.
https://doi.org/10.1016/j.eurpolym;.2021.110560.

[249] C. Brahmi, M. Benltifa, C. Vaulot, L. Michelin, F. Dumur, E. Gkaniatsou, C. Sicard, A.
Airoudj, F. Morlet-Savary, L. Bousselmi, J. Lalevée, New Hybrid Fe-based
MOFs/Polymer Composites for the Photodegradation of Organic Dyes,
ChemistrySelect. 6 (2021) 8120-8132. https://doi.org/10.1002/slct.202102194.

[250] M. Ghali, M. Benltifa, C. Brahmi, L. Elbassi, F. Dumur, C. Simonnet-Jégat, L. Bousselmi,
J. Lalevée, LED and solar photodecomposition of erythrosine B and rose Bengal using
H3PMo12040/polymer photocatalyst, Eur. Polym. J. 159 (2021) 110743.
https://doi.org/10.1016/j.eurpolym].2021.110743.

[251]C. Brahmi, M. Benltifa, M. Ghali, F. Dumur, C. Simonnet-Jégat, M. Valérie, F. Morlet-
Savary, L. Bousselmi, J. Lalevée, Performance improvement of the photocatalytic
process for the degradation of pharmaceutical compounds using new POM/polymer
photocatalysts, J. Environ. Chem. Eng. 9 (2021) 106015.
https://doi.org/10.1016/j.jece.2021.106015.

[252]C. Brahmi, M. Benltifa, M. Ghali, F. Dumur, C. Simonnet-Jégat, V. Monnier, F. Morlet-
Savary, L. Bousselmi, J. Lalevée, Polyoxometalates/polymer composites for the
photodegradation of bisphenol-A, J. Appl. Polym. Sci. 138 (2021) 50864.
https://doi.org/10.1002/app.50864.

[253] M.A. Lago, A.R.-B. de Quirds, R. Senddn, J. Bustos, M.T. Nieto, P. Paseiro,
Photoinitiators: a food safety review, Food Addit. Contam. Part A. 32 (2015) 779-798.
https://doi.org/10.1080/19440049.2015.1014866.

[254]F. Hammoud, A. Hijazi, M. Schmitt, F. Dumur, ]. Lalevée, A review on recently
proposed oxime ester photoinitiators, Eur. Polym. J. 188 (2023) 111901.
https://doi.org/10.1016/j.eurpolym;.2023.111901.

[255]K. Sun, P. Xiao, F. Dumur, ]. Lalevée, Organic dye-based photoinitiating systems for
visible-light-induced photopolymerization, J. Polym. Sci. 59 (2021) 1338-1389.
https://doi.org/10.1002/pol.20210225.

[256]P. Xiao, J. Zhang, F. Dumur, M.A. Tehfe, F. Morlet-Savary, B. Graff, D. Gigmes, J.P.
Fouassier, J. Lalevée, Visible light sensitive photoinitiating systems: Recent progress in
cationic and radical photopolymerization reactions under soft conditions, Prog. Polym.
Sci. 41 (2015) 32-66. https://doi.org/10.1016/j.progpolymsci.2014.09.001.

[257] A. Allushi, C. Kutahya, C. Aydogan, J. Kreutzer, G. Yilmaz, Y. Yagci, Conventional
Type II photoinitiators as activators for photoinduced metal-free atom transfer radical
polymerization, Polym. Chem. 8 (2017) 1972-1977. https://doi.org/10.1039/C7PY00114B.



[258]Y.-C. Chen, Y.-T. Kuo, Photocuring Kinetic Studies of TMPTMA Monomer by Type II
Photoinitiators of Different Weight Ratios of 2-Chlorohexaaryl Biimidazole (o-CI-HABI)
and N-Phenylglycine (NPG), J. Photopolym. Sci. Technol. 31 (2018) 487-492.
https://doi.org/10.2494/photopolymer.31.487.

[259]]. Kirschner, A. Baralle, B. Graff, ].-M. Becht, J.E. Klee, ]. Lalevée, 1-Aryl-2-
(triisopropylsilyl)ethane-1,2-diones: Toward a New Class of Visible Type I
Photoinitiators for Free Radical Polymerization of Methacrylates, Macromol. Rapid
Commun. 40 (2019) 1900319. https://doi.org/10.1002/marc.201900319.

[260]]. Christmann, X. Allonas, C. Ley, A. Ibrahim, C. Croutxé-Barghorn, Triazine-Based
Type-II Photoinitiating System for Free Radical Photopolymerization: Mechanism,
Efficiency, and Modeling, Macromol. Chem. Phys. 218 (2017) 1600597.
https://doi.org/10.1002/macp.201600597.

[261]]. Kreutzer, K. Kaya, Y. Yagci, Poly(propylene oxide)-thioxanthone as one-component
Type II polymeric photoinitiator for free radical polymerization with low migration
behavior, Eur. Polym. J. 95 (2017) 71-81. https://doi.org/10.1016/j.eurpolym;j.2017.07.030.

[262]R. Rani, K. Sethi, S. Kumar, R.S. Varma, R. Kumar, Natural naphthoquinones and their
derivatives as potential drug molecules against trypanosome parasites, Chem. Biol.
Drug Des. 100 (2022) 786-817. https://doi.org/10.1111/cbdd.14122.

[263]N.M. Evdokimov, S. Van slambrouck, P. Heffeter, L. Tu, B. Le Calvé¢, D. Lamoral-Theys,
C.J. Hooten, P.Y. Uglinskii, S. Rogel;j, R. Kiss, W.F.A. Steelant, W. Berger, ].]. Yang, C.G.
Bologa, A. Kornienko, I.V. Magedov, Structural Simplification of Bioactive Natural
Products with Multicomponent Synthesis. 3. Fused Uracil-Containing Heterocycles as
Novel Topoisomerase-Targeting Agents, ]. Med. Chem. 54 (2011) 2012-2021.
https://doi.org/10.1021/jm1009428.

[264]F. de Carvalho da Silva, V. Francisco Ferreira, Natural Naphthoquinones with Great
Importance in Medicinal Chemistry, Curr. Org. Synth. 13 (2016) 334-371.
https://doi.org/10.2174/1570179412666150817220343.

[265] A.S. Soares, F.L. Barbosa, A.L. Riidiger, D.L. Hughes, M.J. Salvador, A.R. Zampronio,
M.E.A. Stefanello, Naphthoquinones of Sinningia reitzii and Anti-
inflammatory/Antinociceptive Activities of 8-Hydroxydehydrodunnione, J. Nat. Prod.
80 (2017) 1837-1843. https://doi.org/10.1021/acs.jnatprod.6b01186.

[266] L.-O. Klotz, X. Hou, C. Jacob, 1,4-Naphthoquinones: From Oxidative Damage to
Cellular and Inter-Cellular Signaling, Molecules. 19 (2014) 14902-14918.
https://doi.org/10.3390/molecules190914902.

[267]1K.A. Idriss, H. Sedaira, E.Y. Hashem, M.S. Saleh, S.A. Soliman, The visible absorbance
maximum of 2-hydroxy-1,4-naphthoquinone as a novel probe for the hydrogen bond
donor abilities of solvents and solvent mixtures, Monatshefte Fiir Chem. Chem. Mon.
127 (1996) 29—42. https://doi.org/10.1007/BF00807406.

[268] C.J.P. Spruit, Absorption spectra of quinones. I. Naphthoquinones and
naphthohydroquinones, Recl. Trav. Chim. Pays-Bas. 68 (1949) 309-324.
https://doi.org/10.1002/recl.19490680403.

[269] G. Gottarelli, G.P. Spada, A linear dichroism study of the 1,4-naphthoquinone
chromophore, J. Chem. Soc. Perkin Trans. 2. (1984) 1501-1504.
https://doi.org/10.1039/P29840001501.

[270]K.Y. Chu, J. Griffiths, Naphthoquinone colouring matters. Part 3. Synthesis and
electronic absorption spectra of 1,4-naphthoquinones containing electron donor groups



in both rings, J. Chem. Soc. Perkin 1. (1979) 696-701.
https://doi.org/10.1039/P19790000696.

[271] A.M. Szymczak, R. Podsiadly, K. Podemska, J. Sokotowska, Dyes derived from 1,4-
naphthoquinone as initiators for radical and cationic photopolymerisation, Color.
Technol. 128 (2012) 378-386. https://doi.org/10.1111/j.1478-4408.2012.00391.x.

[272]L. Pierau, C. Elian, J. Akimoto, Y. Ito, S. Caillol, D.-L. Versace, Bio-sourced monomers
and cationic photopolymerization-The green combination towards eco-friendly and
non-toxic materials, Prog. Polym. Sci. 127 (2022) 101517.
https://doi.org/10.1016/j.progpolymsci.2022.101517.

[273]R. Strzelczyk, R. Podsiadly, Derivatives of 1,4-naphthoquinone as visible-light-
absorbing one-component photoinitiators for radical polymerisation, Color. Technol.
131 (2015) 229-235. https://doi.org/10.1111/cote.12144.

[274]L. Cokbaglan, N. Arsu, Y. Yagci, S. Jockusch, N.J. Turro, 2-Mercaptothioxanthone as a
Novel Photoinitiator for Free Radical Polymerization, Macromolecules. 36 (2003) 2649—
2653. https://doi.org/10.1021/ma0214613.

[275]F. Karasu, N. Arsu, S. Jockusch, N.J. Turro, Mechanistic Studies of Photoinitiated Free
Radical Polymerization Using a Bifunctional Thioxanthone Acetic Acid Derivative as
Photoinitiator, Macromolecules. 42 (2009) 7318-7323.
https://doi.org/10.1021/ma9008669.

[276]].L. Aparicio, M. Elizalde, Migration of Photoinitiators in Food Packaging: A Review,
Packag. Technol. Sci. 28 (2015) 181-203. https://doi.org/10.1002/pts.2099.

[277]C.Y. Barlow, D.C. Morgan, Polymer film packaging for food: An environmental
assessment, Resour. Conserv. Recycl. 78 (2013) 74-80.
https://doi.org/10.1016/j.resconrec.2013.07.003.

[278] EFSA Panel on Contaminants in the Food Chain (CONTAM), H.K. Knutsen, ]J.
Alexander, L. Barregard, M. Bignami, B. Briischweiler, S. Ceccatelli, B. Cottrill, M.
Dinovi, L. Edler, B. Grasl-Kraupp, C. Hogstrand, L. (Ron) Hoogenboom, C.S. Nebbia,
I.P. Oswald, A. Petersen, M. Rose, A.-C. Roudot, T. Schwerdtle, C. Vleminckx, G.
Vollmer, K. Chipman, B. De Meulenaer, M. Dinovi, W. Mennes, J. Schlatter, D. Schrenk,
K. Baert, B. Dujardin, H. Wallace, Risks for public health related to the presence of furan
and methylfurans in food, EFSA J. 15 (2017) e05005.
https://doi.org/10.2903/j.efsa.2017.5005.

[279] A. Rodriguez-Bernaldo de Quirds, R. Paseiro-Cerrato, S. Pastorelli, R. Koivikko, C.
Simoneau, P. Paseiro-Losada, Migration of Photoinitiators by Gas Phase into Dry
Foods, J. Agric. Food Chem. 57 (2009) 10211-10215. https://doi.org/10.1021/jf9026603.

[280] A. Werner, A. Piguet, 660. Beckmann’sche Umlagerung durch Benzolsulfonsaurechlorid
bei Gegenwart von Alkali oder Pyridin, Berichte Dtsch. Chem. Ges. 37 (1904) 4295-4315.
https://doi.org/10.1002/cber.19040370407.

[281]G.A. Delzenne, U. Laridon, H. Peeters, Photopolymerization initiated by O-acyloximes,
Eur. Polym. J. 6 (1970) 933-943. https://doi.org/10.1016/0014-3057(70)90028-5.

[282]Y.-L. Pang, Y.-Q. Zou, Synthesis and photopolymerization kinetics of a novel oxime
ester sulfonic acid photoacid generator, in: Adv. Resist Mater. Process. Technol. XXIX,
SPIE, 2012: pp. 467-475. https://doi.org/10.1117/12.916239.

[283] X. Ma, R. Gu, L. Yu, W. Han, J. Li, X. Li, T. Wang, Conjugated phenothiazine oxime
esters as free radical photoinitiators, Polym. Chem. 8 (2017) 6134-6142.
https://doi.org/10.1039/C7PY00797C.



[284]R. Mallavia, R. Sastre, F. Amat-Guerri, Photofragmentation and photoisomerization of
O-acyl-a-oxooximes: Quantum yields and mechanism, J. Photochem. Photobiol. Chem.
138 (2001) 193-201. https://doi.org/10.1016/51010-6030(00)00393-2.

[285]C.J. Groenenboom, H.]. Hageman, P. Oosterhoff, T. Overeem, ]J. Verbeek,
Photoinitiators and photoinitiation Part 11. The photodecomposition of some O-acyl 2-
oximinoketones, J. Photochem. Photobiol. Chem. 107 (1997) 261-269.
https://doi.org/10.1016/51010-6030(96)04617-5.

[286] Y. Miyake, H. Takahashi, N. Akai, K. Shibuya, A. Kawai, Structure and Reactivity of
Radicals Produced by Photocleavage of Oxime Ester Compounds Studied by Time-
resolved Electron Paramagnetic Resonance Spectroscopy, Chem. Lett. 43 (2014) 1275-
1277. https://doi.org/10.1246/c1.140296.

[287] AllonasXavier, Lalevée]Jacques, FouassierJean-Pierre, TachiHideki, ShiraiMasamitsu,
TsunookaMasahiro, Triplet State of O-Acyloximes Studied by Time-Resolved
Absorption Spectroscopy, Chem. Lett. 29 (2004) 1090-1091.
https://doi.org/10.1246/cl1.2000.1090.

[288]M. Yoshida, H. Sakuragi, T. Nishimura, S. Ishikawa, K. Tokumaru, Nature of the
excited triplet states in the photolysis of o-acyloximes, Chem. Lett. 4 (1975) 1125-1130.
https://doi.org/10.1246/cl.1975.1125.

[289]].T. Offenloch, E. Blasco, S. Bastian, C. Barner-Kowollik, H. Mutlu, Self-reporting visible
light-induced polymer chain collapse, Polym. Chem. 10 (2019) 4513-4518.
https://doi.org/10.1039/CI9PY00834A.

[290]C. Belon, X. Allonas, C. Croutxé-barghorn, J. Lalevée, Overcoming the oxygen
inhibition in the photopolymerization of acrylates: A study of the beneficial effect of
triphenylphosphine, J. Polym. Sci. Part Polym. Chem. 48 (2010) 2462-2469.
https://doi.org/10.1002/pola.24017.

[291]F. Hammoud, A. Pavlou, A. Petropoulos, B. Graff, M.G. Siskos, A. Hijazi, F. Morlet-
Savary, F. Dumur, J. Lalevée, Naphthoquinone-based imidazolyl esters as blue-light-
sensitive Type I photoinitiators, Polym. Chem. 13 (2022) 4817-4831.
https://doi.org/10.1039/D2PY00753C.

[292]M.M. Abdul-Monem, Naturally Derived Photoinitiators for Dental and Biomaterials
Applications, Eur. Dent. Res. Biomater. J. 1 (2021) 72-78.

[293] X. Peng, D. Zhu, P. Xiao, Naphthoquinone derivatives: Naturally derived molecules as
blue-light-sensitive photoinitiators of photopolymerization, Eur. Polym. J. 127 (2020)
109569. https://doi.org/10.1016/j.eurpolym].2020.109569.

[294]C. Elian, V. Brezova, P. Sautrot-Ba, M. Breza, D.-L. Versace, Lawsone Derivatives as
Efficient Photopolymerizable Initiators for Free-Radical, Cationic
Photopolymerizations, and Thiol —Ene Reactions, Polymers. 13 (2021).
https://doi.org/10.3390/polym13122015.

[295] A.M. Szymczak, R. Podsiadly, K. Podemska, J. Sokotowska, Dyes based on a 1,4-
naphthoquinone skeleton as new type II photoinitiators for radical polymerisation,
Color. Technol. 129 (2013) 284-288. https://doi.org/10.1111/cote.12030.

[296] T. Borjigin, M. Schmitt, N. Giacoletto, A. Rico, H. Bidotti, M. Nechab, Y. Zhang, B. Graff,
F. Morlet-Savary, P. Xiao, F. Dumur, ]. Lalevée, The Blue-LED-Sensitive
Naphthoquinone-Imidazolyl Derivatives as Type II Photoinitiators of Free Radical
Photopolymerization, Adv. Mater. Interfaces. 10 (2023) 2202352.
https://doi.org/10.1002/admi.202202352.






