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Recent advances on naphthalic anhydrides and 1,8-naphthalimide-based photoinitiators of polymerization

Introduction

Photopolymerization which consists in converting a liquid resin into a solid polymer film upon exposure to a light source offers many striking advantages compared to the traditional thermal polymerization. Among the most interesting features, an efficient spatial and temporal control can be obtained, enabling to elaborate complex structures. [START_REF] Jasinski | Photopolymerization in dispersed systems[END_REF][START_REF] Garra | Photopolymerization processes of thick films and in shadow areas: a review for the access to composites[END_REF][START_REF] Ng | Application of oxygen tolerant PET-RAFT to polymerization-induced self-assembly[END_REF][START_REF] Pan | Photomediated controlled radical polymerization[END_REF] No workup following the polymerization process is also necessary. A fast polymerization process can also be obtained, outperforming from this viewpoint the traditional thermal polymerization which requires hours to produce the targeted polymers and a subsequent treatment to isolate the polymers in pure form. (See Figure 1). [START_REF] Fouassier | Photopolymerization reactions under visible lights: principle, mechanisms and examples of applications[END_REF][START_REF] Lin | Dual-wavelength (UV and blue) controlled photopolymerization confinement for 3D-printing: Modeling and analysis of measurements[END_REF] As the last advantage, photopolymerization can be carried out in solvent-free conditions drastically limiting the release of volatile organic compounds (VOCs). [START_REF] Lalevée | Recent developments of versatile photoinitiating systems for cationic ring opening polymerization operating at any wavelengths and und.er low light intensity sources[END_REF][START_REF] Tehfe | Photopolymerization reactions: On the way to a green and sustainable chemistry[END_REF][START_REF] Kostanski | Cationic polymerization using mixed cationic photoinitiator systems[END_REF] Benefiting from these different advantages, application of photopolymerization which was initially limited to coatings and adhesives [START_REF] Crivello | Photopolymer materials and processes for advanced technologies[END_REF][START_REF] Genty | Fast polymerization at low temperature of an infrared radiation cured epoxy-amine adhesive[END_REF] has recently been extended to emerging research fields such as 3D and 4Dprinting [START_REF] Zhang | A versatile 3D and 4D printing system through photocontrolled raft polymerization[END_REF][START_REF] Lee | Two-way 4D-printing: A review on the reversibility of 3dprinted shape memory materials[END_REF][START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF][START_REF] Aduba | Vat photopolymerization 3D printing of acid-cleavable PEG-methacrylate networks for biomaterial applications[END_REF] and high-tech applications. [START_REF] Dietlin | Photopolymerization upon LEDs: new photoinitiating systems and strategies[END_REF] The access to thick and filled samples is also possible thank to the recent development of new photoinitiating systems operating in the visible range and even in the near infrared region. [START_REF] Ng | Application of oxygen tolerant PET-RAFT to polymerization-induced self-assembly[END_REF][START_REF] Schmitz | NIR-Sensitized Photoinitiated Radical Polymerization and Proton Generation with Cyanines and LED Arrays[END_REF][START_REF] Brömme | Photochemical Oxidation of NIR Photosensitizers in the Presence of Radical Initiators and Their Prospective Use in Dental Applications[END_REF][START_REF] Schmitz | NIR LEDs and NIR lasers as feasible alternatives to replace oven processes for treatment of thermal-responsive coatings[END_REF][START_REF] Shiraishi | Comparison between NIR and UV-sensitized radical and cationic reactivity of iodonium salts comprising anions with different coordination behavior[END_REF][START_REF] Strehmel | Advances of near infrared sensitized radical and cationic photopolymerization: from graphic industry to traditional coatings[END_REF] Concerning this last point, light penetration inside the photocurable resin is the keypoint to efficiently initiate a polymerization process. As evidenced in the Figure 2, if the light penetration is limited to 600 µm at 400 nm in a polystyrene latex, this latter can reach 5 cm for an irradiation at 800 nm. [START_REF] Bonardi | High performance near infrared (NIR) photoinitiating systems operating under low light intensity and in presence of oxygen[END_REF] Figure 2. Light penetration inside a polystyrene latex with an average diameter of 112 nm. Reproduced with permission from Bonardi et al. [START_REF] Bonardi | High performance near infrared (NIR) photoinitiating systems operating under low light intensity and in presence of oxygen[END_REF]. Copyright 2018 American Chemical Society.

Spatial control

However, it has to be noticed that the light penetration is dependent of the selected resin but also of the overall formulations so that this curve should be determined for each new formulation. Indeed, light penetration inside a resin can be affected by multiple parameters. Thus, the turbidity, the refractive index of the liquid resin, the solubility of the different additives in resins, the molar extinction coefficient of the photosensitizer that can impede light penetration by acting as an internal filter, but also the ability of the different components to induce light scattering (especially if one of the component is partially dissolved) govern the light penetration inside the samples. Besides, if the light penetration can varied from a resin to another one, visible light resins remains appealing candidates for photopolymerization so that a great deal of efforts has been devoted by photopolymerists to develop such photoinitiating systems. In this field, photoinitiators that can be activated under low light intensity and in the visible range remains still scarce and only few families have been studied to date (see Scheme 1). Among all visible light photoinitiators reported in the literature, chalcones, [START_REF] Tehfe | Chalcone derivatives as highly versatile photoinitiators for radical, cationic, thiol-ene and IPN polymerization reactions upon visible lights[END_REF] iodonium salts, [START_REF] Mokbel | Specific cationic photoinitiators for Near UV and visible LEDs: Iodonium vs. ferrocenium structures[END_REF][START_REF] Villotte | Design of Iodonium Salts for UV or Near-UV LEDs for Photoacid Generator and Polymerization Purposes[END_REF][START_REF] Zivic | A novel naphthalimide scaffold based iodonium salt as a one-component photoacid/photoinitiator for cationic and radical polymerization under LED exposure[END_REF] acridine-1,8-dione, [START_REF] Tehfe | Novel highly efficient organophotocatalysts: truxene-acridine-1,8-diones as photoinitiators of polymerization[END_REF][START_REF] Xiao | Acridinediones: effect of substituents on their photoinitiating abilities in radical and cationic photopolymerization[END_REF] squaraines, porphyrins and bodipys, [START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF][START_REF] Al Mousawi | Zinc-tetraphenylporphyrin as high performance visible-light photoinitiator of cationic photosensitive resins for LED projector 3D printing applications[END_REF] push-pull dyes, [START_REF] Xiao | Julolidine or fluorenone based push-pull dyes for polymerization upon soft polychromatic visible light or green light[END_REF][START_REF] Tehfe | New push-pull dyes derived from Michler's ketone for polymerization reactions upon visible lights[END_REF][START_REF] Mokbel | End capped polyenic structures as visible light sensitive photoinitiators for polymerization of vinylethers[END_REF][START_REF] Garra | Ferrocene-based (photo)redox polymerization under long wavelengths[END_REF][START_REF] Abdallah | Phenothiazine derivatives as photoredox catalysts for cationic and radical photosensitive resins for 3D printing technology and photocomposites synthesis[END_REF][START_REF] Telitel | The 1,3-bis(dicyanomethylidene)-indane skeleton as a (photo) initiator in thermal ring opening polymerization at RT and radical or cationic photopolymerization[END_REF][START_REF] Mokbel | Michler's ketone as an interesting scaffold for the design of highperformance dyes in photoinitiating systems upon visible lights[END_REF][START_REF] Xiao | Structural effects in the indanedione skeleton for the design of low intensity 300-500 nm light sensitive initiators[END_REF] dihydroanthraquinone, [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] chromones, [START_REF] Tehfe | New chromone based photoinitiators for polymerization reactions upon visible lights[END_REF][START_REF] Al Mousawi | 3-Hydroxyflavone and N-phenyl-glycine in high performance photoinitiating systems for 3D printing and photocomposites synthesis[END_REF] 2,3diphenylquinoxaline derivatives, [START_REF] Xiao | Multicolor photoinitiators for radical and cationic polymerization: mono vs. poly functional thiophene derivatives[END_REF] pyridinium salts, [START_REF] Tehfe | New pyridinium salts as versatile compounds for dye sensitized photo-polymerization[END_REF] carbazoles, [START_REF] Zhang | The carbazole-bound ferrocenium salt as a specific cationic photoinitiator upon near-UV and visible LEDs (365-405 nm)[END_REF][START_REF] Al Mousawi | Carbazole scaffold based photoinitiators/photoredox catalysts for new LED projector 3D printing resins[END_REF][START_REF] Al Mousawi | Carbazole derivatives with thermally activated delayed fluorescence property as photoinitiators/photoredox catalysts for LED 3D printing technology[END_REF][START_REF] Al Mousawi | Novel Carbazole Skeleton-Based Photoinitiators for LED Polymerization and LED Projector 3D Printing[END_REF][START_REF] Al Mousawi | Carbazole-based compounds as photoinitiators for free radical and cationic polymerization upon near visible light illumination[END_REF][START_REF] Abdallah | Development of new high performance visible light photoinitiators based on carbazole scaffold and their applications in 3D printing and photocomposite synthesis[END_REF] helicenes, [START_REF] Al Mousawi | Azahelicenes as visible light photoinitiators for cationic and radical polymerization: preparation of photo-luminescent polymers and use in high performance LED projector 3D printing resins[END_REF][START_REF] Al Mousawi | Visible light chiral photoinitiator for radical polymerization and synthesis of polymeric films with strong chiroptical activity[END_REF] acridones, [START_REF] Abdallah | Acridone derivatives as high performance visible light photoinitiators for cationic and radical photosensitive resins for 3D printing technology and for low migration photopolymer property[END_REF][START_REF] Zhang | Novel panchromatic photo-polymerizable matrices: N,N'dibutyl-quinacridone as an efficient and versatile photoinitiator[END_REF] cyclohexanones, [START_REF] Li | The effect of polyethylene glycoldiacrylate complexation on type II photoinitiator and promotion for visible light initiation system[END_REF][START_REF] Li | In situ monitoring of photopolymerization by photoinitiator with luminescence characteristics[END_REF][START_REF] Li | Synthesis of furan derivative as LED light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing[END_REF] camphorquinones, [START_REF] Kamoun | Carboxylated camphorquinone as visible-light photoinitiator for biomedical application: Synthesis, characterization, and application[END_REF][START_REF] Santini | Photoinitiators in dentistry: a review[END_REF] thioxanthones, [START_REF] Karaca | Thioxanthone-benzothiophenes as photoinitiator for free radical polymerization[END_REF][START_REF] Wu | Thioxanthone based one-component polymerizable visible light photoinitiator for free radical polymerization[END_REF] flavones, [START_REF] Al Mousawi | Flavones as natural photoinitiators for light mediated free radical polymerization via light emitting diodes[END_REF] ferrocenes, [START_REF] Mokbel | Specific cationic photoinitiators for Near UV and visible LEDs: Iodonium vs. ferrocenium structures[END_REF][START_REF] Garra | Ferrocene-based (photo)redox polymerization under long wavelengths[END_REF] copper, [START_REF] Tehfe | New push-pull dyes derived from Michler's ketone for polymerization reactions upon visible lights[END_REF][START_REF] Xiao | Copper complexes in radical photoinitiating systems: applications to free radical and cationic polymerization under visible lights[END_REF][START_REF] Xiao | Copper complexes: the effect of ligands on their photoinitiation efficiencies in radical polymerization reactions under visible light[END_REF][START_REF] Xiao | Copper and iron complexes as visible-light-sensitive photoinitiators of polymerization[END_REF][START_REF] Al Mousawi | Copper photoredox catalysts for polymerization upon near UV or visible light: structure/reactivity/ efficiency relationships and use in LED projector 3D printing resins[END_REF][START_REF] Garra | New copper(I) complex based initiating systems in redox polymerization and comparison with the amine/benzoyl peroxide reference[END_REF][START_REF] Garra | Mechanosynthesis of a copper complex for redox initiating systems with a unique near infrared light activation[END_REF][START_REF] Mokbel | Copper PhotoRedox Catalyst "G1": A New High Performance Photoinitiator for Near-UV and Visible LEDs[END_REF][START_REF] Garra | Mechanosynthesized Copper (I) complex based initiating systems for redox polymerization: towards upgraded oxidizing and reducing agents[END_REF][START_REF] Garra | Copper-based (photo) redox initiating systems as highly efficient systems for interpenetrating polymer network preparation[END_REF][START_REF] Garra | Stable copper acetylacetonate-based oxidizing agents in redox (NIR photoactivated) polymerization: an opportunity for one pot grafting from approach and example on a 3D printed object[END_REF][START_REF] Mokbel | Simultaneous initiation of radical and cationic polymerization reactions using the "G1" copper complex as photoRedox catalyst: Applications of free radical/cationic hybrid photo-polymerization in the composites and 3D printing fields[END_REF] iridium [START_REF] Lalevée | Subtle ligand effects in oxidative photocatalysis with iridium complexes: application to photopolymerization[END_REF][START_REF] Lalevée | Iridium photocatalysts in free radical photopolymerization under visible lights[END_REF][START_REF] Lalevée | Photopolymerization of N-vinylcarbazole using visiblelight harvesting iridium complexes as photoinitiators[END_REF][START_REF] Telitel | Photoredox catalysis using a new iridium complex as an efficient toolbox for radical, cationic and controlled polymerizations under soft blue to green lights[END_REF][START_REF] Telitel | Photoredox process induced polymerization reactions: iridium complexes for panchromatic photoinitiating systems[END_REF][START_REF] Tehfe | Structural effects in the iridium complex series: photoredox catalysis and photoinitiation of polymerization reactions under visible lights[END_REF] and iron [START_REF] Tehfe | Structural effects in the iridium complex series: photoredox catalysis and photoinitiation of polymerization reactions under visible lights[END_REF][START_REF] Zhang | Iron complexes as photoinitiators for radical and cationic polymerization through photoredox catalysis processes[END_REF][START_REF] Telitel | Iron complexes as potential photocatalysts for controlled radical photopolymerizations: A tool for modifications and patterning of surfaces[END_REF][START_REF] Zhang | Visiblelight-sensitive photoredox catalysis by iron complexes: applications in cationic and radical polymerization reactions[END_REF][START_REF] Zhang | Novel iron complexes in visible-light-sensitive photoredox catalysis: effect of ligands on their photoinitiation efficiencies[END_REF][START_REF] Zhang | Iron-based metal-organic frameworks (MOF) as photocatalysts for radical and cationic polymerizations under near UV and visible LEDs (385 -405 nm)[END_REF] complexes can be cited as the most widely studied. Interest for visible light sources over the traditional UV light commonly used in industry is supported by the safety concerns raised by the harmful effects of ultraviolet radiations (skin and eyes damage). [START_REF] Mendes-Felipe | Stateof-the-Art and Future Challenges of UV Curable Polymer-Based Smart Materials for Printing Technologies[END_REF][START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF][START_REF] Park | A visible light-curable yet visible wavelength-transparent resin for stereolithography 3D printing[END_REF][START_REF] Yoshino | Effects of blue-light irradiation during dental treatment[END_REF] Considering that the easiness of synthesis, the high reaction yields, the photochemical and thermal stability are crucial parameters considered by industrials, two families of interest i.e.

the 1,8-naphthalimides and the naphthalic anhydrides have emerged starting from 2014 as two promising families of molecules for the design of photoinitiators activable under low light intensity and in the visible range. More precisely, the possibility to finely tune the absorption properties of 1,8-naphthalimides and naphthalic anhydrides by various chemical modifications made these structures, versatile candidates for photoinitiation between 400 and 600 nm (See Figure 3). Notably, by chemical engineering, the solubility, the polyaromaticity or the fine tuning of the photophysical properties by modification of the substitution pattern of the naphthalene core could be carried out. In this review, an overview of the different naphthalimides and naphthalic anhydrides-based photoinitiators reported to date are presented. Based on the diversity of structures described in the literature (around 80 structures), numerous naphthalimides and naphthalic anhydride derivatives have been examined as photoinitiators of polymerization over the years, enabling to establish a structure-performance relationship.

Introduction of polymerizable units

Naphthalic anhydrides as photoinitiators of polymerization

2.1. Substitution at the 6-position.

Naphthalic anhydrides are extremely robust structures that have notably been examined for their photophysical properties, [START_REF] Sanchez | Electron-accepting π-conjugated species with 1,8-naphthalic anhydride or diketophosphanyl units[END_REF][START_REF] Xuhong | The synthesis, application and prediction of stokes shift in fluorescent dyes derived from 1,8-naphthalic anhydride[END_REF][93] as singlet emitters from Organic Light-Emitting Diodes (OLEDs), [START_REF] Islam | Aminonaphthalic Anhydrides as red-emitting materials: Electroluminescence, crystal structure, and photophysical properties[END_REF] as monomers for the elaboration of proton exchange membranes [START_REF] Wei | Enhanced hydrolytic stability of sulfonated polyimide ionomers using bis(naphthalic anhydrides) with low electron affinity[END_REF] or as fluorescent probes for cells imaging. [START_REF] Anand | A new Al 3+ selective fluorescent turn-on sensor based on hydrazide-naphthalic anhydride conjugate and its application in live cells imaging[END_REF] Concerning photopolymerization, the first use of a naphthalic anhydride derivative as photoinitiator of polymerization was reported in 2014 with NAPHT-1.

[97] By introducing a piperidinyl group at the 6-position of the naphthalic anhydride core, an absorption extending from 350 to 550 nm could be obtained, making NAPHT-1 an excellent candidate for photopolymerization carried out at 405 nm, corresponding presently to the wavelength under use in 3D printers. [START_REF] Steyrer | Visible light photoinitiator for 3d-printing of tough methacrylate resins[END_REF][START_REF] Quan | Photo-curing 3D printing technique and its challenges[END_REF][START_REF] Lai | Yellow triazine as an efficient photoinitiator for polymerization and 3D printing under LEDs[END_REF] When used in combination with an iodonium salt (Iod), N-vinylcarbazole (NVK), an amine (MDEA) or a triazine (R-Cl), the resulting photoinitiating systems could efficiently promote various types of photopolymerizations, including the free radical polymerization (FRP) of (meth)acrylates (TMPTA), the cationic polymerization (CP) or the free radical promoted cationic polymerization (FRPCP) of epoxides (EPOX) and vinylether monomers (DVE-3), the dual cure of acrylate/epoxide (TMPTA/EPOX) blends or the thiol-ene (trithiol/DVE-3) photopolymerization (see Scheme 2).

Considering the broadness of the absorption spectrum, photopolymerization with a halogen lamp (12 mW/cm², emission between 380 and 800 nm) or laser diodes emitting at 405 nm (110 mW/cm²), 457 nm (100 mW/ cm²) and 462 nm (10 mW/m²) could be efficiently initiated with regards to the outstanding molar extinction coefficients of NAPHT-1 at these specific wavelengths (9700, 4100 and 3400 M -1 .cm -1 at 405, 457 and 462 nm respectively), resulting from an efficient charge transfer between the piperidinyl group and the anhydride moiety. One of the keypoint to create an efficient photoinitiating system is the interaction rate constant between the iodonium salt and the photosensitizer, the iodonium salt being unable to absorb in the visible range.

1/Iod electron transfer reactions was highly negative so that the singlet route was determined as being the main route to produce radicals, according to the following equations r1-r3 :

𝑵𝑨𝑷𝑯𝑻 -𝟏 → 𝟏 𝑵𝑨𝑷𝑯𝑻 -𝟏 (ℎ𝜈) (𝑟1) 𝟏 𝑵𝑨𝑷𝑯𝑻 -𝟏 + 𝑃ℎ 2 𝐼 + → 𝑵𝑨𝑷𝑯𝑻 -𝟏 • + + 𝑃ℎ 2 𝐼 • (r2) 𝑃ℎ 2 𝐼 • → 𝑃ℎ • + 𝑃ℎ -𝐼 (r3) 
These results were confirmed by steady state photolysis experiments, a fast decrease of the absorption being observed for the NAPHT-1/Iod system upon irradiation with a halogen lamp (12 mW/cm², emission between 380 and 800 nm) (See Figure 4). Especially, the presence of an isobestic point also confirmed that no side-reaction occurred during photolysis. The remarkable photoinitiating ability of NAPHT-1 was evidenced during the CP of EPOX, a final monomer conversion of 57% being obtained for the two-component system NAPHT-1/Iod (0.5%/2%, w/w) upon irradiation with a halogen lamp. Use of a three-component system NAPHT-1/Iod/NVK (0.5%/2%/3%, w/w/w) did not enhance the final monomer conversion, still peaking at 77% after 800 s of irradiation, attesting of the high reactivity of NAPHT- High final monomer conversions of 62 and 73% were also attained with the three- in the same conditions. It has to be noticed that comparisons have been established with camphorquinone which is one of the rare benchmark photoinitiators exhibiting an absorption in the visible range. [START_REF] Fouassier | Photoinitiators for Polymer Synthesis -Scope, Reactivity, and Efficiency[END_REF][START_REF] Xiao | Visible light sensitive photoinitiating systems: Recent progress in cationic and radical photopolymerization reactions under soft conditions[END_REF][START_REF] Crivello | Photoinitiators for free radical, cationic and anionic photopolymerization[END_REF][105][START_REF] Davidson | Exploring the Science, Technology and Application of UV and EB Curing[END_REF][START_REF] Dietliker | A compilation of photoinitiators commercially available for UV today[END_REF][START_REF] Arikawa | Effect of various visible light photoinitiators on the polymerization and color of light-activated resins[END_REF][START_REF] Schroeder | Visible light polymerization of epoxy monomers using an iodonium salt with camphorquinone/ethyl-4dimethylaminobenzoate[END_REF] The remarkable efficiency of the reductive cycle involved in the three-component system NAPHT-1/MDEA/R-Cl (0.5%/2%/1%, w/w/w) can be explained on the basis of the equations r4-r8, producing the two initiating species R' • and MDEA (-H) • .

1,3 𝑵𝑨𝑷𝑯𝑻 -𝟏 + 𝑀𝐷𝐸𝐴 → 𝑵𝑨𝑷𝑯𝑻 -𝟏 • -+ 𝑀𝐷𝐸𝐴 • + → 𝑵𝑨𝑷𝑯𝑻 -𝟏 -𝐻 • + 𝑀𝐷𝐸𝐴 ( -𝐻) • (𝑟4) 𝑵𝑨𝑷𝑯𝑻 -𝟏 + 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝟏 • + + (𝑅' -𝐶𝑙) • - (𝑟5) 𝑵𝑨𝑷𝑯𝑻 -𝟏 -𝐻 • + 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝟏 + 𝐻 + + (𝑅' -𝐶𝑙) • -(𝑟6) 𝑵𝑨𝑷𝑯𝑻 -𝟏 • -+ 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝟏 + (𝑅' -𝐶𝑙) • -(𝑟7) (𝑅' -𝐶𝑙) • -→ 𝑅' • + 𝐶𝑙 -(𝑟8)
Possibility to polymerize methacrylates was also examined with a representative resin, namely the bisphenol A-glycidyl methacrylate (BISGMA)/triethylene-glycol-dimethacrylate (TEGDMA) (70%/30%) blend which is a resin commonly used in dentistry. [START_REF] Chen | BisGMA/TEGDMA dental composite containing high aspect-ratio hydroxyapatite nanofibers[END_REF][START_REF] Amirouche-Korichi | Shrinkage strain -Rates study of dental composites based on (BisGMA/TEGDMA) monomers[END_REF][START_REF] Mello De Paiva Campos | Evaluation of polymerization shrinkage in dental restorative experimental composites based: BisGMA/TEGDMA, filled with MMT[END_REF] Final monomer conversions of 40% was determined after 200 s of irradiation with a blue LED under air. As shown in the Figure 5, the simultaneous generation of Ph-NVK • and Ph-NVK + allows the concomitant polymerization of an epoxide and an acrylate and the formation of interpenetrated polymer network (IPN). Comparison of the final monomer conversions obtained in laminate and under air for the polymerization of a TMPTA/EPOX (50/50) blend revealed the conversion of TMPTA to be higher in laminate than under air as a result of oxygen inhibition, [START_REF] Belon | Overcoming the oxygen inhibition in the photopolymerization of acrylates: a study of the beneficial effect of triphenylphosphine[END_REF][START_REF] Yagci | Photoinitiated polymerization: Advances, challenges, and opportunities[END_REF][START_REF] Balta | Thioxanthone-anthracene: A new photoinitiator for free radical polymerization in the presence of oxygen[END_REF][START_REF] Höfer | Oxygen scavengers and sensitizers for reduced oxygen inhibition in radical photopolymerization[END_REF] whereas the opposite trend was found for EPOX, with a decrease of the monomer conversion in laminate compared to air and this behavior has already previously been reported in the literature (See Figure 6). [START_REF] Xiao | Acridinediones: effect of substituents on their photoinitiating abilities in radical and cationic photopolymerization[END_REF][START_REF] Xiao | Naphthalimide based methacrylated photoinitiators in radical and cationic photopolymerization under visible light[END_REF][START_REF] Xiao | Difunctional acridinediones as photoinitiators of polymerization under UV and visible lights: Structural effects[END_REF][START_REF] Xiao | Photochemical in situ elaboration of polyoxometalate (α-[SiMo 12 O 40 ] 4-)/polymer hybrid materials[END_REF] Noticeably, tack-free coatings could be obtained after only 60 s, even while using a light source of low light intensity (blue LED), evidencing the remarkable reactivity of this three-component system NAPHT-1 /Iod/NVK (0.5%/2%/3%, w/w/w). Finally, the thiol-ene polymerization of trithiol/DEV-3 revealed the cationic polymerization of DVE-3 to be competitive with the thiol-ene reaction, the monomer conversion approaching of 100% within 20 s whereas only a final conversion of 42% could be obtained for trithiol after 50 s in laminate (see Figure 7). To support the formation of a polymer film, equations r9 and r10 were proposed as a plausible mechanism. Photopolymerization profiles of a trithiol/DVE-3 blend (57%/43%, w/w) in laminate while using the two-component system NAPHT-1/Iod (0.5%/2%, w/w) upon irradiation with a laser diode at 457 nm (1) DVE-3 conversion (2) trithiol conversion. Reproduced with permission from Xiao et al. [START_REF] Xiao | Blue light sensitive dyes for various photopolymerization reactions: Naphthalimide and naphthalic anhydride derivatives[END_REF]. Copyright 2014 American Chemical Society.

𝑃ℎ • + 𝑅𝑆 -→ 𝑃ℎ -+ 𝑅𝑆 • (𝑟9) 𝑅𝑆 • + 𝑅' -𝐶𝐻 = 𝐶𝐻 2 𝑅' -𝐶𝐻 2 -𝐶𝐻 2 𝑆𝑅(𝑟10)

Influence of the substitution pattern on the optical properties.

Following this pioneering work, the same group examined in 2014 a series of 8 naphthalic anhydride derivatives (NAPHT-2-NAPHT-9) differing by the substitution pattern.

Two substituents were mainly examined, namely the nitro and the amino groups (See Scheme As shown in the Figure 8, a dramatic influence of the substitution position could be determined with both the nitro and the amino groups. Notably, a blue shift of ca. 50 nm of the absorption maximum was found for NAPHT-3 while shifting the nitro group from the 5position in NAPHT-2 to the 6-position in NAPHT-3. A similar behavior was found while comparing NAPHT-4 and NAPHT-5, with a blue shift of 75 nm being detected for the maximum absorption of NAPHT-5 compared to that of NAPHT-4. Therefore, it can be concluded that the substitution at the 5,8-positions of the naphthalic core with electron-withdrawing groups is not favorable to create visible light photoinitiators. The most red-shifted absorptions were found for NAPHT-6-NAPHT-8 exhibiting electron-donating groups such as amino and thioalkyl groups. Even if NAPHT-9 showed a good absorption in the visible range, its low solubility in common organic solvents but also in resins impeded all polymerization tests with this molecule so that only NAPHT-4, NAPTH-6, NAPTH-7 and NAPTH-8 could be examined as photoinitiators. While comparing NAPHT-4, NAPTH-6, NAPTH-7, NAPHT-8 with NAPTH-1, none of them could outperform NAPTH-1, both during the CP of EPOX under air or during the FRP of TMPTA in laminate (See Table 1). Besides, comparison with the two former reference systems revealed that all the newly proposed photoinitiating systems could outperform the reference camphorquinone/Iod two-component systems during the FRP of acrylates, irrespective of the configuration used (two or three-component systems). Adapted from ref. [START_REF] Xiao | Naphthalic anhydride derivatives: Structural effects on their initiating abilities in radical and/or cationic photopolymerizations under visible light[END_REF] with permission from The Royal Society of Chemistry.

Opposite conclusions could be determined with the camphorquinone/MDEA photoinitiating system which could provide higher final monomer conversions during the FRP of TMPTA whatever the light source was. Only NAPHT-1 and NAPHT-7 could furnish higher final monomer conversions in these second conditions. Indeed, as previously mentioned, kinetic of production of initiating species is governed the interaction rate constants of the photoinitiators with Iod or MDEA. When MDEA is used as the additive for the two component systems, only NAPHT-1 and NAPHT-7 exhibit a rate constant of interaction which is diffusion controlled (4.2 × 10 9 M -1 .s -1 ). Parallel to this, the free energy changes ΔG for the 1 NAPHT-1/MDEA and 1 NAPHT-7/MDEA electron transfer reactions are highly negative (and higher than that determined for NAPHT-2-NAPHT-6, NAPHT-8 and NAPHT-9), indicating that the electron transfer is highly favorable for these two structures.

Extension of aromaticity

The previous results have evidenced that amino-substituted naphthalic anhydride could be efficient photoinitiators. To improve their light absorption properties in the visible range, extension of the aromaticity was envisioned with the introduction of aminothiazole groups in NAPHT-10 and NAPHT-11 (See Scheme 4). Interestingly, NAPHT-10 and NAPHT-11 were obtained as a mixture of regioisomers that could not be separated, subsequent to their syntheses. From a synthetic viewpoint, NAPHT-10 and NAPHT-11 could be prepared in one step starting from NAPHT-6 and NAPHT-7 respectively, upon reaction with potassium isocyanate and bromine in acetic acid (See Scheme 5). It has to be noticed that the preparation of photoinitiators as a non-separable mixture of isomers is relatively unusual, but a few examples of type I photoinitiators based on 2,2-dimethoxy-2-phenylacetophenone (DMPA) have been previously reported in the literature. [START_REF] Tehfe | New cleavable photoinitiator architecture with huge molar extinction coefficients for polymerization in the 340-450 nm range[END_REF][START_REF] Tehfe | Design of new Type I and Type II photoinitiators possessing highly coupled pyreneketone moieties[END_REF] Note that 2-isopropyl-9H-thioxanthen-9-one (ITX) which is a benchmark photoinitiator is often sold as a mixture of 2-and 4-isomers, the 4-isomers being a sideproduct of the synthesis of ITX. [START_REF] Lago | Photoinitiators: A food safety review, Food Add[END_REF][START_REF] Trinh | Mixture of azolium tetraphenylborate with isopropylthioxanthone: a new class of n-heterocyclic carbene (NHC) photogenerator for polyurethane, polyester, and ROMP polymers synthesis[END_REF] While coming back to NAPHT-10 and NAPHT-11, the two compounds were characterized by a low solubility in most of the common organic solvents. Besides, their solubility was sufficient in resins to initiate a polymerization process. The dyes exhibited an absorption maximum at 419 and 432 for NAPHT-10 and NAPHT-11 respectively, demonstrating the pertinence of the approach. Absorption maximum of NAPHT-10 (λ max = 419 nm, 6100 M -1 .cm -1 ) is close to that observed for NAPHT-1 (λ max = 413 nm, 9900 M -1 .cm -1 ).

However, the molar extinction coefficient of NAPHT-11 (λ max = 432 nm, 10100 M -1 .cm -1 ) is in for the two dyes, evidencing that the singlet route would predominate during the interactions of NAPHT-10 and NAPHT-11 with the additives. In the same conditions than that used for NAPHT-1-NAPHT-9, higher final monomer conversions were obtained for the CP of EPOX upon irradiation with a LED at 405 nm (110 mW/cm²) with this three-component system NAPHT-10 /Iod/NVK (0.5%/2%/3%, w/w/w) (57%) than with this three-component system NAPHT-11 /Iod/NVK (0.5%/2%/3%, w/w/w) (37%), consistent with the conclusions determined from the examination of their photophysical properties. A reduction of the monomer conversion was observed for the two dyes upon excitation with a LED at 455 nm (80 mW/cm²), consistent with a decrease of the molar extinction coefficients at this wavelength.

The two formulations were relatively stable since no reduction of the final monomer conversion was observed after one week of storage at room temperature. The FRP of TMPTA in laminate also revealed that a careful selection of the additives was necessary to get high monomer conversions. Thus, if moderate monomer conversions were obtained with 2,4,6tris(trichloromethyl)-1,3,5-triazine (R-Cl) as the additive, its replacement in the three- Enhancement of the TMPTA conversion with R'-Cl as the additive in the threecomponent system was notably assigned to its significant absorption at 405 nm, [START_REF] Zhang | A known photoinitiator for a novel technology: 2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine for near UV or visible LED[END_REF][START_REF] Pohlers | Mechanistic studies of photoacid generation from substituted 4,6-bis(trichloromethyl)-1,3,5-triazines[END_REF][START_REF] Kawamura | Synthesis and evaluation as a visible-light polymerization photoinitiator of a new dye-linked bis(trichloromethyl)-1,3,5-triazine[END_REF] what is not observed for R-Cl. Due to this additional absorption at 405 nm, the threecomponent system NAPHT-10/MDEA/R'-Cl (0.5%/2%/1%, w/w/w) could therefore be more efficient. Finally, 3D-printing experiments were carried out with NAPHT-10 to fabricate a dental crown. In this case, a mixture of triethylene glycol diacrylate/tricyclodecane dimethanol diacrylate (70%/30% w/w) was used as the resin to fabricate the 3D object (See Figure 9). 

Naphthalimides as photoinitiators of polymerization

Fine tuning of the optical properties by chemical engineering on the naphthalene core

Solubility of photoinitiators in the photocurable resins is a major issue as it often determines the efficiency of the photoinitiating system. In this aim, introduction of alkyl chains to improve the solubility is an efficient strategy that was naturally applied to naphthalimides.

From a synthetic viewpoint, the advantages of this strategy are twofold: improvement of the solubility of naphthalimides by the presence of the solubilizing chains and enhancement of the push-pull effect by converting the anhydride group as the phthalimide moiety. This approach was notably applied to a series of four dyes, namely NAPHT-12-NAPHT-15 that could be obtained in one step from their parent anhydrides NAPHT-6 and compounds 1-3 with reaction yields ranging from 74 to 89% (See Scheme 6). In this series, NAPHT-13 and NAPHT-15 showed the most red-shifted absorption as a result of the presence of the electron-donating groups at the 6-and the 6,7-positions respectively. Absorptions extending between 350 and 550 nm could be determined for these two dyes. Steady state photolysis experiments revealed the NAPHT-12-NAPTH-15/Iod interaction to be diffusion control with interaction rate constants higher than 10 9 M -1 .s -1 . If the four dyes NAPHT-12-NAPTH-15 could efficiently promote the CP of EPOX or the FRP of acrylates and overcome the performances obtained with the reference camphorquinone (See Table 2). Interestingly, one of the most interesting features of this series was the possibility to prepare colorless polyether coatings with the three-component system NAPHT-14/Iod/NVK (0.5%/2%/3%, w/w/w) based on NAPHT-14 whereas yellowish coatings were obtained with NAPHT-13. With these two dyes, stable formulations based on TMPTA as the monomer could also be prepared, the final monomer conversion remaining unchanged after one week of storage at room temperature (See Table 2). Colorless coatings could also be obtained with TMPTA-based resins, but only with NAPHT-13 as the dye. Indeed, slightly colored coatings were obtained with NAPTH-14, as shown in the Table 3. Emission spectra of the different light source used to initiate polymerization processes with NAPHT-13 and NAPHT-14 are presented in the Figure 10. Besides, for NAPHT-16-NAPHT-18, NAPHT21 and NAPHT-22, only a UV-centered absorption was found so that these different dyes could not be used as visible light photoinitiators. This is directly related to the lack of substitution on the naphthalene core so that not push-pull effect exists within these structures. Only NAPHT-20 showed a maximum absorption at 444 nm (ε = 800 M -1 .cm -1 ) but resulting from the presence of the azobenzene group. [START_REF] Vetráková | The absorption spectrum of cis-azobenzene[END_REF][START_REF] Cho | Molecularly engineered azobenzene derivatives for high energy density solid-state solar thermal fuels[END_REF][START_REF] Ahmed | Controlling azobenzene photoswitching through combined ortho-fluorination and -amination[END_REF][START_REF] Cabré | Rationally designed azobenzene photoswitches forefficient twophoton neuronal excitation[END_REF] Conversely, the strong push-pull effect existing in NAPHT-19 or NAPHT-23 could give rise to an intense ICT band with an absorption maximum at 410 nm (ε = 7 600 M -1 .cm -1 ) and at 431 nm (ε = 17 400 M -1 .cm -1 ) respectively, perfectly matching the emission spectra of a halogen lamp (380-800 nm, 12 mW/cm²) or laser diodes emitting at 405 nm (110 mW/cm²) or 457 nm (100 mW/cm²). Among this series, NAPHT-19 and NAPHT-23 proved to be the most efficient photoinitiators, providing final monomer conversions for the CP of EPOX under air or the FRP of TMPTA in laminate comparable to that obtained with NAPHT-1 (See Tables 1 and4). Here again, only NAPHT-25 and NAPHT-27 displayed an absorption centered in the visible range (417 and 426 nm respectively). However, besides this chemical modification, performances of NAPHT25 and NAPHT-27 remained comparable to that observed for NAPHT-12-NAPHT-23 (see Table 4).

Combination of photoinitiators

As previously demonstrated in this review, naphthalic anhydride and naphthalimide can be efficient photoinitiators of polymerization. This efficiency can be further increased by combining these two structures with well-known photoinitiators such as pyrene, [START_REF] Tehfe | Design of new Type I and Type II photoinitiators possessing highly coupled pyreneketone moieties[END_REF][START_REF] Tehfe | New insights in radical and cationic polymerizations upon visible light exposure: role of novel photoinitiator systems based on the pyrene chromophore[END_REF][START_REF] Telitel | New core-pyrene π-structure organophotocatalysts usable as highly efficient photoinitiators[END_REF][START_REF] Dumur | Recent advances on pyrene-based photoinitiators of polymerization[END_REF][START_REF] Uchida | nonsalt 1-(arylmethyloxy)pyrene photoinitiators capable of initiating cationic polymerization[END_REF][START_REF] Mishra | 1-(Bromoacetyl)pyrene, a novel photoinitiator for the copolymerization of styrene and methylmethacrylate[END_REF] anthraquinone [START_REF] Zhang | Photoinitiation mechanism and ability of monoamino-substituted anthraquinone derivatives as cationic photoinitiators of polymerization under LEDs[END_REF][START_REF] Zhang | Photopolymerization under various monochromatic UV/visible LEDs and IR lamp: Diamino-anthraquinone derivatives as versatile multicolor photoinitiators[END_REF] or benzophenone [START_REF] Xiao | Variations on the benzophenone skeleton: novel high-performance blue light sensitive photoinitiating systems[END_REF][START_REF] Zhang | A benzophenone-naphthalimide derivative as versatile photoinitiator for near UV and visible lights[END_REF][START_REF] Wang | Novel one-component polymeric benzophenone photoinitiator containing poly (ethylene glycol) as hydrogen donor[END_REF][START_REF] Temel | Photopolymerization and photophysical properties of amine linked benzophenone photoinitiator for free radical polymerization[END_REF][START_REF] Allushi | Conventional Type II photoinitiators as activators for photoinduced metal-free atom transfer radical polymerization[END_REF][START_REF] Hou | Synthesis and evaluation of 4-benzophenone methoxyl methacrylate as a polymerizable photoinitiator[END_REF] which are well-established UV/near UV-visible photoinitiators. Especially, a synergetic effect can be expected by the presence of two photoinitiators onto the same molecule. From a synthetic viewpoint, the covalent linkage of anthraquinone, benzophenone or pyrene to the naphthalimide core was easy, simply requiring 1,8-naphthalic anhydride to be engaged in reaction with 2-aminoanthraquinone, 4aminobenzophenone or 2-aminopyrene. [START_REF] Xiao | Blue light sensitive dyes for various photopolymerization reactions: Naphthalimide and naphthalic anhydride derivatives[END_REF] NAPHT-28-NAPHT-31 could be obtained in high yields, ranging between 89 and 98% (See Scheme 9). However, due to the lack of push-pull effects in NAPHT-28 and NAPHT-30, no polymerization under visible light could be carried out with these two dyes, their absorptions being centered in the UV range. Here again, the absorption maximum detected at 426 nm (ε = 4300 M -1 .cm -1 ) for NAPHT-29 can be assigned to the presence of the anthraquinone, [START_REF] Pullen | Anthraquinone photoinitiators for free radical polymerisation: Structure dependence on photopolymerisation activity[END_REF][START_REF] Breloy | Visible light anthraquinone functional phthalocyanine photoinitiator for free-radical and cationic polymerizations[END_REF][START_REF] Tozuka | 1-(Arylmethyloxy)-9,10-anthraquinones: photoinitiators for radical and cationic polymerizations[END_REF][START_REF] Fouassier | Dyes as photoinitiators or photosensitizers of polymerization reactions[END_REF][START_REF] Zhang | Multihydroxy-anthraquinone derivatives as free radical and cationic photoinitiators of various photopolymerizations under green LED[END_REF] furnishing the desired visible light absorption.

Polymerization tests revealed NAPHT-29 to remain a poor photoinitiator and a two-fold reduction of the final monomer conversion compared to that of NAPHT1 or NAPHT-19 could be determined during the CP of EPOX, irrespective of the formulations (two or threecomponent systems) or the irradiation wavelengths (see Table 4). Conversely, a less dramatic decrease of efficiency was found for NAPHT-31, a final monomer conversion of 52% being found for the three-component system NAPHT-31/Iod/NVK (0.5%/2%/3%, w/w/w) at 405 nm. was also found for NAPHT-32 (15.9 ns), enabling this dye to efficiently interact with the different additives.

𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 → 1 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 (ℎ𝜈) 𝑎𝑛𝑑 1 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 → 3 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 (𝑟11) 1 ,3 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 + 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐→ 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • -+ 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • + (𝑟12) 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • -+ 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • + → 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 -𝑯 • + 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 ( -H) • (𝑟13 ) 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • -+ R -Cl → 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 + ( R -Cl ) • - ( 𝑟14 ) 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 -H • + R -Cl → 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 + 𝐻 + + ( R -Cl) • -( 𝑟15 ) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 + R -Cl → 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • + + ( R -Cl ) • - (𝑟16) (R -Cl) • -→ R • + Cl -(𝑟17) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 + 𝑃ℎ 2 𝐼 + → 𝑵𝑨𝑷𝑯𝑻 -𝟑𝟐 • + + 𝑃ℎ 2 𝐼 • (𝑟18) 𝑃ℎ 2 𝐼 • → 𝑃ℎ • + 𝑃ℎ -𝐼(𝑟19)
As anticipated from the steady state experiments, NAPHT-32 could initiate as a singlecomponent system the FRP of TMPTA but the polymerization process was slow and final monomer conversions of 27 and 19% were determined after 400 s of irradiation with a LED at 405 nm (110 mW/cm²) and 455 nm (80 mW/cm²) respectively. Conversely, the polymerization process with the two-component systems NAPHT-32/R-Cl (0.5%/2%, w/w) or NAPHT-32/Iod (0.5%/2%, w/w) was extremely fast since final monomer conversions of ca. 60% and 55% were obtained with the two-component systems NAPHT-32/R-Cl (0.5%/2%, w/w) or NAPHT-32/Iod (0.5%/2%, w/w) within 100 s (see Table 5). Comparison with reference photoinitiating systems such as bis (2,4,6-trimethylbenzoyl)phenylphosphine oxide (BAPO), camphorquinone/Iod or camphorquinone/MDEA revealed NAPHT-32 to outperform these systems irrespective of the light source or the photoinitiating systems. Stability of the resins was also examined and a stability over one weak was found for the two-component system NAPHT-32/R-Cl. The CP of EPOX under air could also be initiated with the two-component system NAPHT-32/Iod (0.5%/2%, w/w) and final monomer conversions ranging between 56% and 70% could be determined, depending of the selected irradiation wavelength (385-470 nm). 

BAPO (0.5% w) - - - - - 56% 54% - CQ/Iod (0.5%/2%, w/w) np a - - - 18% - - - CQ/MDEA (0.5%/3%, w/w) - - - - 35% - - -
a np: no polymerization b determined after one week of storage at room temperature. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), laser diode at 470 nm (70 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²)

Naphthalimides with tertiary amines as co-initiators

Based on the pioneering work developed with NAPHT-32, many efforts have been devoted to design and synthesize a wide range of naphthalimides comprising a tertiary amine at different positions. Interests of these structures are numerous that these molecules can be considered as one-component photoinitiators combining both the photoinitiator and the amine classically used in two-component systems within a unique molecule. Indeed, amines are classically used as co-initiators in hydrogen abstraction-based photoinitiating systems. [START_REF] Tunc | Thioxanthone-ethylcarbazole as a soluble visible light photoinitiator for free radical and free radical promoted cationic polymerizations[END_REF][START_REF] Jauk | Photoinitiators with functional groups[END_REF] By mean of this strategy, drawbacks inherent to the use of amines (odor, toxicity) could be overcome [START_REF] Kamoun | Carboxylated camphorquinone as visible-light photoinitiator for biomedical application: Synthesis, characterization, and application[END_REF][START_REF] Wei | Effect on photopolymerization of the structure of amine coinitiators contained in novel polymeric benzophenone photoinitiators[END_REF][START_REF] Allen | Photoinitiators for UV and visible curing of coatings: mechanisms and properties[END_REF][START_REF] Haas | Recent advances in germanium-based photoinitiator chemistry[END_REF] and the migration issue resulting from the use of low molecular-weight compound can also be advantageously addressed. [START_REF] Aparicio | Migration of photoinitiators in food packaging: A Review[END_REF][START_REF] Dawidowicz | Does the increase of radiation energy really reduce the risk of photoinitiator migration from polygraphic varnish to packed product? The influence of UV radiation dose on the migration of 4phenylbenzophenone from polyacrylate varnish in food packaging, Food Packag[END_REF][START_REF] Kandirmaz | The synthesis of new type ii polymeric photoinitiator (thioxantone) via atom transfer radical polymerization and their curing and migration studies[END_REF][START_REF] Lago | Migration Studies of Two Common Components of UV-curing Inks into Food Simulants[END_REF] With aim at establishing a structure-performance relationship, 21 molecules NAPHT-33-NAPHT-53 were synthesized and tested as photoinitiators (See Scheme 10). [START_REF] Zhang | UVviolet-blue LED induced polymerizations: Specific photoinitiating systems at 365, 385, 395 and 405 nm[END_REF][START_REF] Zivic | Novel naphthalimideamine based photoinitiators operating under violet and blue LEDs and usable for various polymerization reactions and synthesis of hydrogels[END_REF][START_REF] Zhang | N-[2-(Dimethylamino)ethyl]-1,8-naphthalimide derivatives as photoinitiators under LEDs[END_REF][START_REF] Zhang | Naphthalimide-tertiary amine derivatives as blue-light-sensitive photoinitiators[END_REF][START_REF] Bonardi | New 1,8-naphthalimide derivatives as photoinitiators for free-radical polymerization upon visible light[END_REF] First, almost all dyes could produce radicals alone and therefore initiate the FRP of TMPTA in laminates (See Tables 6 and7). However, the final monomer conversions remained moderate, ranging from 30 to 35%. For a higher efficiency, their combination with R-Cl or Iod in two-component systems could lead to radicals without addition of a hydrogen donor. If differences in terms of final monomer conversions could be found between NAPHT-33-NAPHT-53, these variations can be mostly assigned to their different light absorption properties and their differences of molar extinction coefficients at the considered irradiation wavelengths (405, 455 or 470 nm). At 405 nm (110 mW/cm²), for the two-component systems NAPHT-x/Iod (0.5%/2%, w/w), the best In this last case, monomer conversions close to 65% were obtained. Concerning the three-component systems NAPHT-x/Iod/NVK (0.5%/2%/3%, w/w/w), NAPHT-37, NAPHT-40-NAPHT-42 and NAPTH-44 proved to be the most efficient dyes with conversions of ca. 65%. Finally, for the three-component system NAPHT-x/MDEA/R-Cl (0.5%/2%/3%, w/w/w), only NAPHT-39 could initiate an efficient FRP with a conversion of 61% at 405 nm. To support the formation of radicals, NAPHT-x (-H) • and R • were proposed as the initiating species, based on the equations r20-r24 detailed below.

𝑵𝑨𝑷𝑯𝑻 -𝒙 → 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 (ℎ𝜈) 𝑎𝑛𝑑 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 3 𝑵𝑨𝑷𝑯𝑻 -𝒙 (𝑟20) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 𝑵𝑨𝑷𝑯𝑻 -𝒙 • -+ 𝑵𝑨𝑷𝑯𝑻 -𝒙 • + → 𝑵𝑨𝑷𝑯𝑻 -𝒙 -𝑯 • + 𝑵𝑨𝑷𝑯𝑻 -𝒙 -𝑯 • (𝑟21 ) 𝑵𝑨𝑷𝑯𝑻 -𝒙 • -+ R ' -Cl → 𝑵𝑨𝑷𝑯𝑻 -𝒙 + ( R ' -Cl) • -( 𝑟22 ) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝒙 + R ' -Cl → 𝑵𝑨𝑷𝑯𝑻 -𝒙 • + + ( R ' -Cl) • -(𝑟23) ( R ' -Cl) • -→ R • + Cl - (𝑟24)
Similarly, high monomer conversions could also be obtained at 405 nm for the CP of EPOX. Notably, at 405 nm (110 mW/cm²), the best conversions for the EPOX resins were obtained with NAPHT-33, NAPHT-34 and NAPHT-41 when used in the two-component systems NAPHT-x (x = 33,47)/Iod (0.5%/2%, w/w), approaching 70%. When used in threecomponent systems NAPHT-x/Iod/NVK (0.5%/2%/3%, w/w/w), the best polymerization profiles were obtained with NAPHT-33, NAPHT-41 and NAPHT-44 with final monomer conversions close to 70%. If similar monomer conversions close to 70% could be obtained with the aforementioned two-and three-component systems, a faster polymerization process was however obtained with the three-component systems, resulting from the formation of the highly reactive cation Ph-NVK + according to the equations r25-r29.

𝑵𝑨𝑷𝑯𝑻 -𝒙 → 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 (ℎ𝜈) 𝑎𝑛𝑑 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 3 𝑵𝑨𝑷𝑯𝑻 -𝒙 (𝑟25) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝑃ℎ 2 𝐼 + →𝑵𝑨𝑷𝑯𝑻 -𝒙 • + + 𝑃ℎ 2 𝐼 • (𝑟26) 𝑃ℎ 2 𝐼 • → → 𝑃ℎ • + 𝑃ℎ -𝐼 (𝑟27) 𝑃ℎ • + 𝑁𝑉𝐾 → 𝑃ℎ -𝑁𝑉𝐾 • (𝑟28) 𝑃ℎ -𝑁𝑉𝐾 • + 𝑃ℎ 2 𝐼 • → 𝑃ℎ -𝑁𝑉𝐾 + + 𝑃ℎ • + 𝑃ℎ -𝐼 (𝑟29)
In the specific case of NAPHT-44, the possibility to initiate concomitantly the cationic/radical polymerization of an EPOX/TMPTA blend (50%/ 50% w/w) upon exposure to a LED at 405 nm under air or in laminate was examined. Typical polymerization profiles under air and in laminates are presented in the Figure 11. Under air, a lower TMPTA conversion was determined than in laminates, attributable to oxygen inhibition. Almost similar conversions could be obtained for EPOX and TMPTA, around 60%. Conversely, in laminate, a severe reduction of the EPOX conversion could be evidenced and this behaviour is classically observed for the photopolymerization of EPOX/TMPTA blends. [START_REF] Xiao | Blue light sensitive dyes for various photopolymerization reactions: Naphthalimide and naphthalic anhydride derivatives[END_REF][START_REF] Ribelli | Contribution of photochemistry to activator regeneration in ATRP[END_REF] Indeed, the lower conversion for EPOX monomer results from the fact that most of the free radicals generated are consumed to initiate the FRP of TMPTA, leading to a reduction of the radicals used to promote the FRPCP of EPOX. Notably, 4-dppba has previously been used in numerous photoinitiating systems based on flavones, [START_REF] Al Mousawi | 3-Hydroxyflavone and N-phenyl-glycine in high performance photoinitiating systems for 3D printing and photocomposites synthesis[END_REF][START_REF] Al Mousawi | Flavones as natural photoinitiators for light mediated free radical polymerization via light emitting diodes[END_REF] cyanines, [START_REF] Bonardi | Freeradical polymerization upon near-infrared light irradiation, merging photochemical and photothermal initiating methods[END_REF][START_REF] Bonardi | Photoinduced thermal polymerization reactions[END_REF] squaraines, BODIPYs and porphyrins [START_REF] Bonardi | High performance near infrared (NIR) photoinitiating systems operating under low light intensity and in presence of oxygen[END_REF][START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF] At the three selected wavelengths (395 nm (110 mW/cm²), 405 nm (110 mW/cm²), and 470 nm (80 mW/cm²)), NAPHT-48-NAPHT-53 worked clearly better than the benchmark camphorquinone which a reference for the dental composites [START_REF] Morlet-Savary | The camphorquinone/amine and camphorquinone/amine/phosphine oxide derivative photoinitiating systems: Overview, mechanistic approach, and role of the excitation light source[END_REF] or ethyl 4-(dimethylamino) benzoate (EDB) which is a well-established reference for photopolymerization of methacrylates in the near-UV or visible range. [START_REF] Fouassier | Photoinitiators for Polymer Synthesis -Scope, Reactivity, and Efficiency[END_REF][START_REF] Cook | photopolymerization kinetics of dimethacrylates using the camphorquinone/amine initiator system[END_REF] Notably, due to their extreme efficiency, a 5-fold reduction of the photoinitiator content could be applied to NAPHT-48-NAPHT-53 compared to the former NAPHT-1-NAPHT-47 so that threecomponent systems with the following composition could be used : NAPHT-x (x = 48-53)/Iod/4-dppba (0.1%/3%/2%, w/w/w). At such a low photoinitiator content, the reference two-component system CQ/EDB (0.1%/1% w/w) proved to be ineffective at 395 and 405 nm for the FPR of MIX-MA under air despites the averred absorption of camphorquinone at these wavelengths whereas final monomer conversions ranging between 70 and 80% could be obtained with the newly developed NAPHT-48-NAPHT-53. Only at 470 nm, the CQ/EDB system could compete with the three-component systems NAPHT-x (x = 48-53)/Iod/4-dppba (0.1%/3%/2%, w/w/w) due to a better adequation of its absorption with the emission of the lamp (See Figure 12). [START_REF] Bonardi | New 1,8-naphthalimide derivatives as photoinitiators for free-radical polymerization upon visible light[END_REF] (A) (B) (C) 

Water-soluble photoinitiators

The search for new photoinitiators activable under visible light is the focus of numerous efforts. If encouraging results have been obtained with photoinitiating systems that can operate in solvent-free conditions i.e. in purely organic conditions, less efforts have been devoted to elaborate water-soluble photoinitiators. In this aim, several strategies were proposed to chemically modify the photoinitiators such as the covalent linkage of alkyl chains bearing acid end groups, [START_REF] Balta | Thioxanthone based water-soluble photoinitiators for acrylamide photopolymerization[END_REF][START_REF] Huang | Study on a series of water-soluble photoinitiators for fabrication of hydrogels by two-photon polymerization[END_REF] the introduction of poly(ethylene glycol) chains, [START_REF] Wang | A highly efficient waterborne photoinitiator for visible-light-induced three-dimensional printing of hydrogels[END_REF] ammonium or sulfonate groups. [START_REF] Dadashi-Silab | Shining a light on an adaptable photoinitiator: advances in photopolymerizations initiated by thioxanthones[END_REF] An innovative strategy consisting in encapsulating the photoinitiator inside a water-soluble macrocycle (cyclodextrin (CD)) was examined with NAPHT-25 [START_REF] Zhang | Structure design of naphthalimide derivatives: toward versatile photoinitiators for near-uv/visible leds, 3D printing, and water-soluble photoinitiating systems[END_REF] and NAPHT-38. [START_REF] Zivic | Novel naphthalimideamine based photoinitiators operating under violet and blue LEDs and usable for various polymerization reactions and synthesis of hydrogels[END_REF] As interesting feature of this strategy, no chemical modification of the photoinitiator is required prior to its encapsulation in the macrocycle so that this strategy can be applied to almost all photoinitiators reported in the literature.

However, the complexation constant must be sufficient in order the photoinitiator to remain inside the cavity of the macrocycle. When tested in water for the polymerization of the hydrophilic monomer 2-hydroxyethyl acrylate (HEA) using the two-component system NAPHT-25-CD/MDEA (0.2%/3% w/w), a monomer conversion of 80% could be obtained within 10 min of irradiation with a LED@405 nm (110 mW/cm²). Formation of a gel containing 70% of water was obtained (See Figure 13). If photoinitiators encapsulated in cyclodextrin have previously reported in the literature, [START_REF] Xing | A water soluble initiator prepared through host-guest chemical interaction for microfabrication of 3D hydrogels via twophoton polymerization[END_REF][START_REF] Zhang | Preparation and characterization of a water soluble methylated β-cyclodextrin/camphorquinone complex[END_REF][START_REF] Li | A water-soluble supramolecular structured photosensitive initiation system: Me-β-CD complex of xanthene dye/aryliodonium salt[END_REF][START_REF] Temel | Photopolymerization of acrylamide with benzophenone/methylated-β-cyclodextrin inclusion complex in the presence of jeffamine based dendrimers as coinitiators in aqueous media[END_REF][START_REF] Li | A water-soluble two-photon photopolymerization initiation system: Methylated-β-cyclodextrin complex of xanthene dye/aryliodonium salt[END_REF][START_REF] Alupei | Cyclodextrins in Polymer Synthesis: Photoinitiated Free-Radical Polymerization of N-Isopropylacrylamide in Water Initiated by a Methylated β-Cyclodextrin/2-Hydroxy-2-methyl-1-phenylpropan-1-one Host/Guest Complex[END_REF] In 2016, a similar strategy was developed with NAPHT-38, which is an anti-cancer agent known under the name of azonafide. [START_REF] Ingrassia | Naphthalimides and azonafides as promising anti-cancer agents[END_REF][START_REF] Langdon-Jones | Anticancer, azonafide-inspired fluorescent ligands and their rhenium(i) complexes for cellular imaging[END_REF][START_REF] Banerjee | Recent advances in the development of1,8naphthalimide based DNA targeting binders, anticancer and fluorescent cellular imaging agents[END_REF] It has to be noticed that NAPHT-37 (known under the name of amonafide) [START_REF] Norton | Synthesis and anticancer activities of 6aminoamonafide derivatives[END_REF][START_REF] Gellerman | Recent developments in the synthesis and applications of anticancer amonafide derivatives. a mini review[END_REF] also exhibits anticancer properties but the potential biological activities of NAPHT-37 and NAPHT-38 in polymer films such as bactericides or fungicides have never been examined. Interestingly, inclusion of NAPHT-38 in cyclodextrin was not an easy task and after numerous unsuccessful trials, sulfobutylether-β-cyclodextrin (SBE-β-CD) was selected as the appropriate macrocycle. [188] Notably, this macrocycle was selected due its elongated cavity size and a ratio of 1/24 was found between the complexed SBE-β-CD and the free SBE-β-CD. Further experiments also revealed that only one unit of NAPHT-38 was complexed inside the inclusion cavity. While using the two-component system NAPHT-38-SBE-β-CD/MDEA (0.1%/3% w/w) for the polymerization of hydroxyethylmethacrylate (HEMA) or HEA, a slower polymerization process compared to that found for the two-component system NAPHT-25-CD/MDEA was observed, a monomer conversion for HEMA of only 68% after one hour of irradiation at 405 nm (110 mW/cm²) being determined.

A hydrogel formed with the resulting poly(hydroxyethylmethacrylate) containing 70% of water as observed for the previous hydrogel.

Crosslinkable photoinitiators

Migratability of photoinitiators and additives inside the polymer films is a major issue that can drastically limit the potential applications of polymers. Notably, this issue should be addressed for the polymer films to comply with the requirements of food packaging or biocompatibility. [START_REF] Davidson | Polymeric and polymerisable free radical photoinitiators[END_REF][START_REF] Davidson | Type II polymeric photoinitiators (polyetherimides) with built-in amine synergist[END_REF] Over the years, several strategies have been developed to overcome this drawback and low migratable photoinitiators based on oligomers, trifunctional and bifunctional architectures or photoinitiators bearing a polymerizable unit have been proposed. [START_REF] Crivello | Photoinitiators for free radical, cationic and anionic photopolymerization[END_REF][START_REF] Dietliker | A compilation of photoinitiators commercially available for UV today[END_REF][START_REF] Tehfe | Trifunctional photoinitiators based on a triazine skeleton for visible light source and UV led induced polymerizations[END_REF][START_REF] Fouassier | Photoinitiation, Photopolymerization, Photocuring[END_REF][START_REF] Liska | Photoinitiators with functional groups. V. New water-soluble photoinitiators containing carbohydrate residues and copolymerizable derivatives thereof[END_REF][START_REF] Fouassier | Reactivity and excited state processes in a polymeric photoinitiator[END_REF][START_REF] Rosspeintner | Toward the photoinduced reactivity of 1,5-diphenylpenta-1,4-diyn-3-one (dpd): real-time investigations by magnetic resonance[END_REF][START_REF] Lalevée | New thioxanthone and xanthone photoinitiators based on silyl radical chemistry[END_REF][START_REF] Chen | Novel multifunctional hyperbranched polymeric photoinitiators with built-in amine coinitiators for UV curing[END_REF][START_REF] Jiang | A novel amphipathic polymeric thioxanthone photoinitiator[END_REF][START_REF] Yilmaz | Thioxanthonefluorenes as visible light photoinitiators for free radical polymerization[END_REF][START_REF] Yilmaz | Thioxanthone-carbazole as a visible light photoinitiator for free radical polymerization[END_REF][START_REF] Corrales | Free radical macrophotoinitiators: An overview on recent advances[END_REF][START_REF] Angiolini | Polymeric photoinitiators having benzoin methylether moieties connected to the main chain through the benzyl aromatic ring and their activity for ultraviolet-curable coatings[END_REF][START_REF] Allonas | Structure/properties relationships in photoinitiators of polymerization 12. A novel bifunctional compound[END_REF][START_REF] Pouliquen | Functionalized polysiloxanes with thioxanthone side groups: a study of their reactivity as radical polymerization macroinitiators[END_REF][START_REF] Dietlin | Reactivity and efficiency of difunctional radical photoinitiators[END_REF][START_REF] Raad | Oligomeric photocatalysts in photoredox catalysis: towards high performance and low migration polymerization photoinitiating systems[END_REF][START_REF] Tehfe | Polyaromatic chromophores as organophotoinitiator catalysts for efficient visible light induced dual radical/cationic photopolymerization and Interpenetrated Polymer Networks formation[END_REF][START_REF] Xiao | Green light sensitive diketopyrrolopyrrole derivatives used in versatile photoinitiating systems for photopolymerizations[END_REF] With aim at designing low migratable initiators, the best strategy is undoubtedly the introduction of a polymerizable group so that the photoinitiator is Due to the weak absorption at 405 nm, NAPHT-55 could only initiate polymerization while using a halogen lamp (12 mW/cm²). Thus, NAPHT-54/Iod/NVK (1%/2%/3%, w/w/w) could induce a faster polymerization and provide a higher EPOX conversion than its analogue three-component system NAPHT-55/Iod/NVK (1%/2%/3%, w/w/w). A final conversion of 65% could be obtained with NAPHT-54, far from the 40% monomer conversion obtained with NAPHT-55. A similar trend was observed for the FRP of TMPTA (See Table 8). Examination of the extractability revealed that less than 0.3% (based on the initial amount of NAPHT-54) could be extracted from the polymer film. It has to be noticed that not only the photoinitiator is rendered not extractible. Indeed, concerning the two additives, N-vinylcarbazole (NVK) is also supposed to be immobilized into the polymer network by polymerization with its vinyl group and Iod by the production of the Ph • radicals at the origin of the polymerization process. [START_REF] Dumur | Recent advances on carbazole-based photoinitiators of polymerization[END_REF] Table 8. EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT- [START_REF] Li | The effect of polyethylene glycoldiacrylate complexation on type II photoinitiator and promotion for visible light initiation system[END_REF] ). [START_REF] Yang | A green and highly efficient naphthalimide visible photoinitiator with an ability initiating free radical polymerization under air[END_REF] Choice of an ether group was motivated by the fact that this group was previously reported in the literature as having the potential to reduce the oxygen inhibition and improve the initiation efficiency. [START_REF] Lee | The effect of monomer structure on oxygen inhibition of (meth)acrylates photopolymerization[END_REF][START_REF] Sakayori | Synthesis of a novel high sensitive photo-radical initiator with good thermal stability based on naphthalic-1,8-N-alkylimide derivatives[END_REF] Due to the distance between the ether group and the chromophore units, no influence on the absorption properties was expected and the In the present case, comparison of the polymerization profiles obtained for NAPHT-60

and NAPHT-61 revealed that the presence of the methacryloyl group on NAPHT-60 did not influence the polymerization process as previously detected for NAPHT-56 and NAPHT-57.

Comparison of the polymerization profiles of HDDA for NAPHT-56 and NAPHT-60 when used as a one-component system evidenced the higher photoinitiating ability of NAPHT-60.

However, examination of the photophysical properties of NAPHT-56 and NAPHT-60 also revealed NAPHT-60 to possess a longer phosphorescence lifetime (19.6 ms vs. 14.2 ms) so that the improvement of the polymerization rate can be assigned to its higher ability to create radicals and not to the presence of the ether linkage. [START_REF] Allen | Photochemistry and photopolymerization activities of novel phenylthiobenzophenone and diphenylthiophene photoinitiators[END_REF][START_REF] Allen | Photochemistry of carbonyl photoinitiators. Photopolymerisation, flash photolysis and spectroscopic study[END_REF] Comparison of the extractability of NAPHT-60 and NAPHT-61 confirmed the trend previously observed for NAPH-56-NAPHT-59, with a 4-fold reduction of the extractability for the crosslinkable photoinitiator (6.2% vs. 24.6% for NAPHT-60 and NAPHT-61 respectively).

As final examples of crosslinkable photoinitiator is (See Scheme 15). [START_REF] Yang | A multifunctionalized macromolecular silicone-naphthalimide visible photoinitiator for free radical polymerization[END_REF] It has to be noticed that, in this last case, a macrophotoinitiator NAPHT-63, has been prepared by polymerizing 3-bis(trimethylsilyoxy)methylsiyl-propylmethacrylate with NAPHT-62. ). [START_REF] Xiao | 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[END_REF] NAPHT-64 Notably, for the nitro-based structures NAPHT-64 and NAPHT-66, an absorption strongly centered in the UV range (with absorption maxima at 329 and 317 nm respectively) was found but long tail extending until 500 and 700 nm were also detected for NAPHT-64 and NAPHT-66 respectively, so that their absorption spectra could overlap with the emission of numerous light sources (See Figure 14). Conversely, NAPHT-65 and NAPHT-67 substituted with amino groups showed an intense ICT band in the visible range with absorption maxima at 422 and 441 nm, with long tails extending until 550 and 600 nm respectively. Considering the broadness of the absorptions, NAPHT-64-NAPHT-67 were tested in photoinitiating systems irradiated with LEDs at 405, 455 and 470 nm but also with a halogen lamp. A comparison with the previous structures NAPHT-1-NAPHT-55 can also be established, NAPHT-64-NAPHT-67 being tested in the same resins with the same additives and irradiated with the same light sources. A summary of the polymerization results is provided in the Table 9. and the light sources. To illustrate this, if a monomer conversion of 16% was obtained with the three-component system NAPHT-6/Iod/NVK (0.5%/2%/3%, w/w/w) for the polymerization of EPOX at 405 nm, this latter could be increase up to 59% with NAPHT-65 in the same conditions due to improved light absorption properties (See Tables 1 and9). The same hold true while comparing NAPHT-7 and NAPHT-67. Notably, a 18% increase of the TMPTA conversion can be observed for NAPHT-67 (52%) while using the three-component system NAPHT-67/Iod/NVK (0.5%/2%/3%, w/w/w) whereas a final monomer conversion of only 34% could be obtained with NAPHT-7 in the same system upon irradiation at 405 nm (110 mW/cm²). Remarkably, NAPHT-66 showed a panchromatic behavior in laminate and polymerization of TMPTA with LEDs emitting at 532 nm (100 mW/cm²) and 635 nm (100 mW/cm²) could still provide high conversions, 35 and 32% respectively with the NAPHT-66/MDEA/R-Cl (0.5%/2%/3%, w/w/w) system. These conversions are lower than those determined at 455 nm (80 mW/cm², 45%) but the lower monomer conversions can be directly assigned to the molar extinction coefficients at the considered irradiation wavelengths. was not justified as no modification of the monomer conversions could be clearly evidenced (See Tables 9 and10). It has to be noticed that even if these last examples of photoinitiators (NAPHT-68-NAPH-70) are panchromatic on the basis of their absorption spectra, photopolymerization tests remained limited to irradiations between 405 and 455 nm and not at longer wavelengths as it would have been interesting to examine. which exhibit only a UV-centered absorption, benefits of this additional ring to red-shift the absorption is clearly evidenced. As anticipated from their absorption spectra, all dyes could efficiently initiate the CP of EPOX or the FRP of TMPTA at 405 nm (See Table 11). Besides, despites their remarkable absorption properties, NAPHT-75 and NAPHT-76 could only furnish final monomer conversions lower than 50% so that tacky polymers could only be obtained.
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This counter-performance can be directly assigned to their low solubility in resins. These two dyes were not tested for the FRP of acrylate. A deeper insight into the monomer conversions reported in the Table 11 also revealed that drastic differences can be found between NAPHT-71-NAPHT-74 even if almost similar absorptions in terms of absorption maxima and molar extinction coefficients were determined. In fact, a deeper insight into the photochemical mechanism revealed the photoinitiating ability of NAPHT-61-NAPHT-74 not to be related to the position of the aminothiazole group but rather to the detrimental role of an uncontrollable back electron transfer between the photoinitiators and the additives, as mentioned in equations r31b and r36b. 

𝑵𝑨𝑷𝑯𝑻 -𝒙 → 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 (ℎ𝜈) 𝑎𝑛𝑑 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 3 𝑵𝑨𝑷𝑯𝑻 -𝒙 (𝑟30) 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 (ℎ𝜈) 𝑎𝑛𝑑 1 𝑵𝑨𝑷𝑯𝑻 -𝒙 → 3 𝑵𝑨𝑷𝑯𝑻 -𝒙 (𝑟31𝑎) 𝑵𝑨𝑷𝑯𝑻 -𝒙 • + + 𝑃ℎ 2 𝐼 • → 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝑃ℎ 2 𝐼 + (𝑟31𝑏) 𝑃ℎ 2 𝐼 • → 𝑃ℎ • + 𝑃ℎ -𝐼(𝑟32) 𝑃ℎ • + 𝑁𝑉𝐾 → 𝑃ℎ -𝑁𝑉𝐾 • (𝑟33) 𝑃ℎ -𝑁𝑉𝐾 • + 𝑃ℎ 2 𝐼 • → 𝑃ℎ -𝑁𝑉𝐾 + + 𝑃ℎ • + 𝑃ℎ -𝐼 (𝑟34) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝑀𝐷𝐸𝐴 → 𝑵𝑨𝑷𝑯𝑻 -𝒙 • -+ 𝑀𝐷𝐸𝐴 • + → 𝑵𝑨𝑷𝑯𝑻 -𝒙 -𝐻 • + 𝑀𝐷𝐸𝐴 ( -𝐻) • (𝑟35𝑎) 𝑵𝑨𝑷𝑯𝑻 -𝒙 • -+ 𝑀𝐷𝐸𝐴 • + → 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝑀𝐷𝐸𝐴 (𝑟36) 𝑵𝑨𝑷𝑯𝑻 -𝒙 • -+ 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝒙 + (𝑅' -𝐶𝑙) • -(𝑟37) 1,3 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝒙 • + + (𝑅' -𝐶𝑙) • -(𝑟38) 𝑵𝑨𝑷𝑯𝑻 -𝒙 -𝐻 • + 𝑅' -𝐶𝑙 → 𝑵𝑨𝑷𝑯𝑻 -𝒙 + 𝐻 + + (𝑅' -𝐶𝑙) • -(𝑟39) (𝑅' -𝐶𝑙) • -→ 𝑅' • + 𝐶𝑙 -(𝑟40)

Naphthalimide based iodonium salts

Iodonium salts are extensively studied in the literature to initiate the CP of epoxides.

However, iodonium salts suffer from a lack of absorption in the visible range [START_REF] Dietlin | Photopolymerization upon LEDs: new photoinitiating systems and strategies[END_REF][START_REF] Fouassier | Photoinitiators for Polymer Synthesis -Scope, Reactivity, and Efficiency[END_REF][START_REF] Xiao | Visible light sensitive photoinitiating systems: Recent progress in cationic and radical photopolymerization reactions under soft conditions[END_REF][START_REF] Dietliker | A compilation of photoinitiators commercially available for UV today[END_REF][START_REF] Yagci | Photoinitiated cationic polymerization of unconventional monomers[END_REF][START_REF] Kahveci | Photochemistry and Photophysics of Polymer Materials[END_REF][START_REF] Yagci | Photoinitiated polymerization: Advances, challenges, and opportunities[END_REF][START_REF] Crivello | Dyes and Chromophores in Polymer Science[END_REF][START_REF] Sangermano | Cationic UV-curing: Technology and applications[END_REF][START_REF] Crivello | Ring-opening polymerization and special polymerization processes[END_REF][START_REF] Pappas | Photoinitiated Cationic Polymerization by Photosensitization of Onium Salts[END_REF][START_REF] Dektar | Photochemistry of triarylsulfonium salts[END_REF][START_REF] Yagci | N-alkoxy-pyridinium and N-alkoxy-quinolinium salts as initiators for cationic photopolymerizations[END_REF][START_REF] Denizligil | Photochemically and thermally induced radical promoted cationic polymerization using an allylic sulfonium salt[END_REF][START_REF] Crivello | Synthesis and characterization of second-generation dialkylphenacylsulfonium salt photoinitiators[END_REF][START_REF] Durmaz | visible light initiated free radical promoted cationic polymerization using acylgermane based photoinitiator in the presence of onium salts[END_REF][START_REF] Crivello | Radical-Promoted Visible Light Photoinitiated Cationic Polymerization of Epoxides[END_REF][START_REF] Bulut | A quinoxaline derivative as a long wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Liu | Cationic photopolymerization of bisphenol A diglycidyl ether epoxy under 385 nm[END_REF][START_REF] Taskin | Polystyrene-bpoly(2-vinyl phenacyl pyridinium) salts as photoinitiators for free radical and cationic polymerizations and their photoinduced molecular associations[END_REF] so that the use of a dye acting as a photosensitizer is often required to ensure light absorption and allow this cationic photoinitiator to be activated in the visible range. To extend the spectral response of iodonium salts to the visible range, an iodonium salt resulting from the covalent coupling between the naphthalimide chromophore and a diphenyliodonium salt was proposed in 2016 (See Scheme 19). [START_REF] Zivic | A novel naphthalimide scaffold based iodonium salt as a one-component photoacid/photoinitiator for cationic and radical polymerization under LED exposure[END_REF] By mean of this covalent linkage, a red-shift of the absorption maximum by about 110 nm relative to that of the diphenyliodonium salt could be observed for NAPHT-77. Indeed, if the absorption maximum of diphenyliodonium salt is located at 230 nm, absorption of NAPHT-77 was shifted to 340 nm, with a tail extending until 400 nm. As the main advantages of this strategy, the covalent linkage of the two groups allowed to both simplify the formulation of the resins but also to increase the performance of the resulting system by inducing intramolecular processes instead of intermolecular reaction to generate the initiating species. Based on its absorption, If the photophysical properties of NAPHT-78 were comparable to that of NAPHT-77, major differences in terms of final monomer conversions could be found between the different salts during the CP of EPOX under air and upon irradiation with a LED at 365 nm.

NAPHT
Notably, it is well-reported in the literature that the counteranions of low nucleophilicity (SbF 6 - , PF 6 -, bis(trifluoromethane)sulfonamide) can preserve the cationic propagating center compared to counteranions of high nucleophilicity (Cl -; TfO -). [101,[START_REF] Xiao | Visible light sensitive photoinitiating systems: Recent progress in cationic and radical photopolymerization reactions under soft conditions[END_REF][START_REF] Crivello | Photoinitiators for free radical, cationic and anionic photopolymerization[END_REF]] By a higher dissociation of the ion pair, the cationic initiating species is more easily accessible to react with the monomer, improving the polymerization efficiency (See Figure 15). Finally, one of the intriguing characteristics of NAPHT-78 was its ability to form a charge transfer complex with an amine i.e. trimethylaniline (TMA) so that this photoinitiator that do not exhibit any absorption in the visible range could initiate a polymerization of TMPTA at 405 nm. The possibility to create a charge transfer between an electron-rich amine and an electrodeficient iodonium salt has recently been reported in the literature. [START_REF] Garra | Charge transfer complexes as pan-scaled photoinitiating systems: from 50 µm 3d printed polymers at 405 nm to extremely deep photopolymerization (31 cm)[END_REF] In the present case, to evidence the effectiveness of the strategy, a laser write experiment was carried out at 405 nm with the NAPHT-78.TFSI/TMA charge transfer complex and a 3D-structure could be printed by polymerizing TMPTA as the monomer (See Figure 16). 

Conclusion

In this review, a series of 78 naphthalimides reported in the literature have been presented and discussed. If naphthalic anhydrides have been investigated as photoinitiators, the limitations of this approach have rapidly been evidenced, the chemical modification being restrained to the naphthalene core. Following this initial approach, versatility of naphthalimides have rapidly been demonstrated since the extension of aromaticity, the covalent linkage of polymerizable groups, the functionalization of naphthalimides with iodonium salts or tertiary amines have been extensively studied. Considering that the ability of naphthalimides to initiate a polymerization process has now been clearly evidenced, the potential added value of these photoinitiators over traditional photoinitiators has still to be demonstrated. Indeed, even if a report has recently examined the water-resistance of a polymer film induced by the presence of the naphthalimide-based photoinitiator inside the polymer network, the biological activities of naphthalimides which are well-known in the literature have never been examined in polymer films. Notably, naphthalimides could give rise to polymers with antibacterial or antifungal properties. However, at present, this point has never been examined and it deserves to be investigated in the Future.
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 261 Scheme 1. Examples of twenty-six families of visible light photoinitiators recently reported in the literature.
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 3 Figure 3. The different chemical modifications enabling to finely tune the optical properties of 1,8-naphthalimides and naphthalic anhydrides.
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 45 Figure 4. a) Steady state photolysis of NAPHT-1/Iod in acetonitrile upon irradiation with a halogen lamp b) emission spectrum of the halogen lamp. Reproduced with permission from Xiao et al. [97]. Copyright 2014 American Chemical Society.
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 6 Figure 6. Photopolymerization profiles of an EPOX/TMPTA blend (50%/50%, w/w) in the presence of NAPHT-1 /Iod/NVK (0.5%/2%/3%, w/w/w) under air (a) and in laminate (b) upon irradiation with a LED emitting at 462 nm. Reproduced with permission from Xiao et al.[START_REF] Xiao | Blue light sensitive dyes for various photopolymerization reactions: Naphthalimide and naphthalic anhydride derivatives[END_REF].Copyright 2014 American Chemical Society.
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 17 Figure 7. Photopolymerization profiles of a trithiol/DVE-3 blend (57%/43%, w/w) in laminate while using the two-component system NAPHT-1/Iod (0.5%/2%, w/w) upon irradiation with a laser diode at 457 nm (1) DVE-3 conversion (2) trithiol conversion. Reproduced with permission from Xiao et al.[START_REF] Xiao | Blue light sensitive dyes for various photopolymerization reactions: Naphthalimide and naphthalic anhydride derivatives[END_REF]. Copyright 2014 American Chemical Society.
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 3 Scheme 3. Chemical structures of NAPHT-2-NAPHT-9.
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 8 Figure 8. UV-visible absorption spectra of NAPHT-2-NAPHT-9 recorded in acetonitrile.Adapted from ref.[START_REF] Xiao | Naphthalic anhydride derivatives: Structural effects on their initiating abilities in radical and/or cationic photopolymerizations under visible light[END_REF] with permission from The Royal Society of Chemistry.
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 4 Scheme 4. Chemical structures of NAPHT-10 and NAPHT-11.
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 5 Scheme 5. Synthetic routes to NAPHT-10 and NAPHT-11.

better agreement with that of determined for NAPHT- 1 . 10 and NAPHT- 11 .

 11011 More generally, the broad absorption of NAPHT-10 and NAPHT-11 extending between 350 and 600 nm made these two structures ideal candidates for photoinitiation upon irradiation at 405 and 455 nm or with a halogen lamp. Examination of the electronic distribution of their Highest Occupied Molecular Orbitals (HOMOs) and their Lowest Unoccupied Molecular Orbitals (LUMOs) revealed the HOMO levels of NAPHT-10 and NAPHT-11 to comprise the aminothiazole groups, destabilizing the HOMO energy level and red-shifting the absorption of these two dyes towards the visible range. By electrochemistry, only one oxidation peak was found for NAPHT-10 and NAPHT-11, suggesting that the different isomers have rather similar redox properties. A similar behavior was also evidenced by photoluminescence, only one fluorescence decay being detected for NAPHT-However, determination of the excited state lifetime revealed a 4-fold enhancement of the lifetime for NAPHT-10 (28.3 ns) compared to NAPHT-11 (8.1 ns) ensuring a better reactivity for NAPHT-10, the dye having more time to react in the excited state with the different additives. By laser flash photolysis experiments, no triplet states were detected

  component system NAPHT-10 or NAPHT-11/MDEA/R'-Cl (0.5%/2%/1%, w/w/w) by R'-Cl where R'-Cl stands for 2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine could increase the final monomer conversion of 16% (46% for the three-component system NAPHT-10/MDEA/R-Cl (0.5%/2%/1%, w/w/w) and 62% for the three-component system NAPHT-10/MDEA/R'-Cl (0.5%/2%/1%, w/w/w) respectively).

Figure 9 .

 9 Figure 9. Dental crown fabricated with a 3D-printers while using NAPHT-10 as the photoinitiator (a) the virtual object. (b) the real object. Adapted from ref. [52] with permission from The Royal Society of Chemistry.

Scheme 6 .

 6 Scheme 6. Synthetic routes to NAPHT-12-NAPHT-15.

Figure 10 .Scheme 7 .

 107 Figure 10. Emission spectra of the light sources used to investigate NAPHT-12-NAPHT-15. a) halogen lamp b) white LED c) LED at 405 nm d) LED at 455 nm e) LED at 470 nm. Reprinted with permission from Xiao et al. [128] Copyright © 2015 John Wiley & Sons, Inc.

Scheme 8 .

 8 Scheme 8. Chemical structures of NAPHT-24-NAPHT-27.

Scheme 9 .

 9 Scheme 9. Synthetic routes to NAPHT-28-NAPHT-31.

Scheme 10 .

 10 Scheme 10. Chemical structures of NAPHT-32-NAPHT-53.

Figure 11 .

 11 Figure 11. Photopolymerization profile of an EPOX/TMPTA blend (50%/50%, w/w) in the presence of NAPHT-44/Iod/NVK (0.5%/2%/3%, w/w/w) under air (a) or in laminate (b). upon irradiation with a LED at 405 nm. Reprinted with permission from Zhang et al. [163] Copyright © 2018 John Wiley & Sons, Inc.

Iod2Scheme 11 .

 11 Scheme 11. Chemical structures of monomers and additives used with NAPHT-48-NAPHT-53.

Figure 12 .

 12 Figure 12. Photopolymerization profiles of Mix-MA under air for (1) NAPHT-48/Iod2/4-dppba (0.1%/3%/2% w/w/w) (2) NAPHT-49/Iod2/4-dppba (0.1%/3%/2% w/w/w) (3) NAPHT-50/Iod2/4-dppba (0.1%/3%/2% w/w/w) (4) NAPHT-52/Iod2/4-dppba (0.1%/3%/2% w/w/w) (5) NAPHT-53/Iod2/4-dppba (0.1%/3%/2% w/w/w) (6) NAPHT-51/Iod2/4-dppba (0.1%/3%/2% w/w/w) (7) CQ/EDB (0.1%/1% w/w) for irradiations done at (A) 395 nm, (B) 405 nm and (C) 470 nm. Reprinted with permission from Bonardi et al. [165] Copyright © 2019 MDPI.

  none of them could initiate a polymerization under low light intensity as NAPHT-25-CD could do.

Figure 13 .

 13 Figure 13. Gel formed by photopolymerization at 405 nm of HEA in water. Reproduced with permission from Zhang et al. [129]. Copyright 2015 American Chemical Society.

Scheme 12 .

 12 Scheme 12. Chemical structures of NAPHT-54-NAPHT-55.

Scheme 13 .

 13 Scheme 13. Chemical structures of NAPHT-56-NAPHT-59.

NAPHT- 59 .Scheme 14 .

 5914 Scheme 14. Chemical structures of NAPHT-60 and NAPHT-61.

Scheme 15 . 62 ( 8 % 63 . 3 . 6 .

 156286336 Scheme 15. Chemical structures of NAPHT-62 and NAPHT-63.

Scheme 16 .

 16 Scheme 16. Chemical structures of NAPHT-64-NAPHT-67.

  a np: no polymerization b determined after one week of storage at room temperature. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), laser diode at 470 nm (70 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²) Compared to their parent structures, NAPHT-3, NAPHT-5-7, a significant enhancement of the monomer conversions for EPOX and TMPTA can be clearly demonstrated with NAPHT-64-NAPHT-67, irrespective of the photoinitiating systems (two or three-component system)

Finally, polymerization testsScheme 17 .

 17 Scheme 17. Synthetic route to NAPHT-68-NAPHT-70.

Figure 14 .

 14 Figure 14. UV-visible absorption spectra of a) NAPHT-64-NAPHT-67 in acetonitrile b) NAPHT-68-NAPHT-70 in toluene. Adapted from ref. [224] with permission from The Royal Society of Chemistry. Reprinted with permission from Xiao et al. [225] Copyright © 2015 John Wiley & Sons, Inc

Scheme 18 .

 18 Scheme 18. Chemical structures of NAPHT-71-NAPHT-76.

Scheme 19 . 6 CPScheme 20 . 78 Scheme 21 .

 196207821 Scheme 19. Chemical structure of NAPHT-77 and different monomers.

Figure 15 .

 15 Figure 15. Polymerization profiles of EPOX while using NAPHT-78 as the photoinitiator upon irradiation under air with a LED emitting at 365 nm. 1) NAPHT-78.OTf 2) NAPHT-78.PF 6 3) NAPHT-78.Cl 4) NAPHT-78.TFSI 5) NAPHT-78.SBF 6 Reprinted with permission from Villotte et al. [25] Copyright © 2019 MDPI

Figure 16 .

 16 Figure 16. 3D structure obtained by laser write experiments with the NAPHT-78.TFSI/TMA charge transfer complex, upon irradiating at 405 nm a TMPTA resin with a LED. Reprinted with permission from Villotte et al. [25] Copyright © 2019 MDPI

  

  

Table 1 .

 1 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-1-NAPH-11 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	Laser diode	Laser diode	Laser diode	Halogen	Laser diode	LED
		lamp	(405 nm)	(455 nm)	(457 nm)	lamp	(405 nm)	(455 nm)
	NAPHT-1/Iod	77%	-	-	-	49%	-	-
	(0.5%/2%, w/w)							
	NAPHT-1/Iod/NVK	77%	62%	-	73%	57%	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-1/MDEA	-	-	-	-	15%	-	-
	(0.5%/2%, w/w)							
	NAPHT-1/MDEA/R-Cl	-	-	-	-	45%	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-4/Iod	5%	-	-	-	-	42%	22%
	(0.5%/2%, w/w)							
	NAPHT-4/Iod/NVK	10%	5%	55%	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-6/Iod	20%	-	-	-	-	23%	20%
	(0.5%/2%, w/w)							
	NAPHT-6/Iod/NVK	30%	16%	57%	-	-	-	44%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-7/Iod	37%	-	-	-	-	25%	27%
	(0.5%/2%, w/w)							
	NAPHT-7/Iod/NVK	41%	37%	57%	-	45%	34%	43%
	(0.5%/2%/3%, w/w/w)							
	CQ/Iod (0.5%/2%, w/w)	np a	-	-	-	18	-	-
	CQ/Iod/NVK	np a						
	(0.5%/2%/3%, w/w/w)							
	NAPHT-7/MDEA	-	-	-	-	-	-	8%
	(0.5%/2%, w/w)							
	NAPHT-7/MDEA/R-Cl	-	-	-	-	20%	26%	46%
	(0.5%/2%/3%, w/w/w)							
	CQ/MDEA (0.5%/2%, w/w)	-	-	-	-	35%	-	34%
	NAPHT-8/Iod	np a	-	-	-	-	41%	21%
	(0.5%/2%, w/w)							
	NAPHT-8/Iod/NVK	np a	5%	57%	-	-	-	42%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-10/Iod	-	12%	-	-	-	12%	-
	(0.5%/2%, w/w)							
	NAPHT-10/Iod/NVK	np a	57%	34%	-	np a	49%	21%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-10/MDEA	-	-	-	-		16%	
	(0.5%/2%, w/w)							
	NAPHT-10/MDEA/R'-Cl	-	-	-	-	62%	58%	57%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-10/MDEA/R-Cl	-	-	-	-	46%	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-11/Iod	np a	-	-	-	-	< 10%	-
	(0.5%/2%, w/w)							
	NAPHT-11/Iod/NVK	np a	37%	5%	-	-	34%	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-11/MDEA	-	-	-	-	-	< 10%	-
	(0.5%/2%, w/w)							
	NAPHT-10/MDEA/R'-Cl	-	-	-	-	52%	61%	57%
	(0.5%/2%/3%, w/w/w)							

a np: no polymerization. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 457 nm (100 mW/cm²), LED at 455 nm (80 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²)

Table 2 .

 2 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-12-NAPH-15 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	White	LED	LED	LED	Halogen	White	LED	LED
		lamp	LED	(405 nm)	(455 nm)	(470 nm)	lamp	LED	(405 nm)	(455 nm)
	NAPHT-12/Iod	55%	-	-	-	-	-	-	-	-
	(0.5%/2%, w/w)									
	NAPHT-12/Iod/NVK	58%	59%	59%	63%	58%	-	-	-	-
	(0.5%/2%/3%, w/w/w)									
	NAPHT-13/Iod	48%	-	-	-	-	-	51%	-	-
	(0.5%/2%, w/w)									
	NAPHT-13/Iod/NVK	51%	58%	60%	60%,62% b	60%	53%	60%	56%	61%,60% b
	(0.5%/2%/3%, w/w/w)									
	NAPHT-13/MDEA	-	-	-	-	-	-	28%		
	(0.5%/2%, w/w)									
	NAPHT-13/MDEA/R-Cl	-	-	-	-	-	58%	62%	66%	64%,55% b
	(0.5%/2%/3%, w/w/w)									
	NAPHT-14/Iod	<5%	-	-	-	-	-	16%	-	-
	(0.5%/2%, w/w)									
	NAPHT-14/Iod/NVK	25%	59%	58%	64%,63% b	27%	46%	55%	67%	58%,52% b
	(0.5%/2%/3%, w/w/w)									
	NAPHT-14/MDEA	-	-	-	-	-	-	34%		
	(0.5%/2%, w/w)									
	NAPHT-14/MDEA/R-Cl	-	-	-	-	-	47%	55%	67%	57%,49% b
	(0.5%/2%/3%, w/w/w)									
	NAPHT-15/Iod	31%	-	-	-	-	-	-	-	-
	(0.5%/2%, w/w)									
	NAPHT-15/Iod/NVK	29%	33%	46%	34%	30%	-	-	-	-
	(0.5%/2%/3%, w/w/w)									
	CQ/Iod	np a	-	-	-	-	18%	-	-	-
	(0.5%/2%, w/w)									
	CQ/Iod/NVK	np a	-	-	-	<70%	-	-	-	-
	(0.5%/2%/3%, w/w/w)									
	CQ/MDEA	-	-	-	-	-	35%	-	-	-
	(0.5%/2%, w/w)									

Table 3 .

 3 Color

	PISs 1	Color before irradiation	Color after irradiation	PISs	Color before irradiation	Color after irradiation
		Yellowish-green++	Yellowish-brown+		Yellowish+	Colorless
	NAPHT-			NAPHT-		
	13/Iod/NVK			14/Iod/NVK		
	(0.5%/2%/3%,			(0.5%/2%/3%,		
	w/w/w)			w/w/w)		
		Yellowish-green++	Yellow+		Yellowish+	Colorless
	NAPHT-			NAPHT-		
	13/MDEA/R'-Cl			14/MDEA/R'-Cl		
	(0.5%/2%/3%,			(0.5%/2%/3%,		
	w/w/w)			w/w/w)		

changes observed during the photopolymerization of TMPTA in laminate while using NAPHT-13 and NAPTH-14 in different photoinitiating systems upon irradiation with a LED at 455 nm (80 mW/cm²). Reprinted with permission from Xiao et al.

[START_REF] Xiao | Naphthalimide Derivatives: Substituent Effects on the Photoinitiating Ability in Polymerizations under Near UV, Purple, White and Blue LEDs[END_REF] 

Copyright © 2015 John Wiley & Sons, Inc.

1 PISs : Photoinitiating systems.

Table 4 .

 4 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-19-NAPH-23 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	Laser	Laser	Laser	Halogen	LED	Laser
		lamp	diode	diode	diode	lamp	(405 nm)	diode
			(405 nm)	(455 nm)	(457 nm)			(457 nm)
	NAPHT-19/Iod	14%	-	-	-	34%	-	-
	(0.5%/2%, w/w)							
	NAPHT-19/Iod/NVK	62%	39%	-	68%	46%	-	51%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-19/MDEA	-	-	-	-	21%	-	-
	(0.5%/2%, w/w)							
	NAPHT-19/MDEA/R-Cl	-	-	-	-	39%	-	43%
	(0.5%/2%/3%, w/w/w)							
	NAPHT-20/Iod	np a	-	-	-	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-20/Iod/NVK	np a	-	-	np a	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-23/Iod	53%	63%	62%	61%	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-23/Iod/NVK	-	58%	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-24/Iod	-	27%	18%	-	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-24/Iod/NVK	-	67%	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-25/Iod	59%	59%	62%	59%	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-25/Iod/NVK	59%	62%,62% b	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-27/Iod	55%	62%	56%	60%	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-27/Iod/NVK	-	60%	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-29/Iod	np a	-	-	30%	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-29/Iod/NVK	np a	-	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							
	NAPHT-31/Iod	-	28%	13%	-	-	-	-
	(0.5%/2%, w/w)							
	NAPHT-31/Iod/NVK	-	52%	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)							

a np: no polymerization. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), laser diode at 457 nm (100 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²).

Considering that NAPHT-19 was prepared from NAPHT-1 by use of 4-nitroaniline to

Table 5 .

 5 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-32 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	LED	LED	LED	Halogen	LED	LED	LED
		lamp	(405 nm)	(455 nm)	(470 nm)	lamp	(405 nm)	(455 nm)	(470 nm)
	NAPHT-32 (0.5% w)					-	27%	19%	-
	NAPHT-32/R-Cl	-	-	-	-	51%	61%,60% b	59%	56%
	(0.5%/3%, w/w)								
	NAPHT-32/Iod	56%	64%	70%	68%	55%	57%	55%	55%
	(0.5%/2%, w/w)								

Table 6 .

 6 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-33-NAPH-39 photoinitiating systems and reference systems.

			EPOX				TMPTA		
		Halogen	LED	LED	LED	Halogen	LED	LED	LED
		lamp	(405 nm)	(455 nm)	(470 nm)	lamp	(405 nm)	(455 nm)	(470 nm)
	NAPHT-33 (0.5% w)	-	-	-	-	-	36%	np a	-
	NAPHT-33/Iod	-	70%	22%	-	-	61%	-	-
	(0.5%/2%, w/w)								
	NAPHT-33/Iod/NVK	np a	64%,69% b	64%	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)								
	NAPHT-33/R-Cl	-	-	-	-	46%	68%,65% b	59%	-
	(0.5%/3%, w/w)								
	NAPHT-34 (0.5% w)	-	-	-	-	-	32%	-	-
	NAPHT-34/Iod	37%	68%,71% b	63%	-	-	-	-	-
	(0.5%/2%, w/w)								
	NAPHT-34/R-Cl	-	-	-	-	47%	62%,61% b	58%	-
	(0.5%/3%, w/w)								
	CQ/Iod	np a	-	-	-	18%	-	-	-
	(0.5%/2%, w/w)								
	CQ/Iod/NVK	np a	-	-	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)								
	CQ/MDEA	-	-	-	-	35%	-	-	-
	(0.5%/2%, w/w)								
	NAPHT-35/Iod	-	np a	-	-	-	-	-	-
	(0.5%/2%, w/w)								
	NAPHT-35/Iod/NVK	-	36%	-	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)								
	NAPHT-35/R-Cl	-	-	-	-	-	41%	-	-
	(0.5%/3%, w/w)								
	NAPHT-36/Iod	-	-	-	-	-	37%	-	-
	(0.5%/2%, w/w)								
	NAPHT-36/Iod/NVK	-	-	-	-	-	-	-	-
	(0.5%/2%/3%, w/w/w)								
	NAPHT-37 (0.5% w)	-	-	-	-	-	25%	np a	-
	NAPHT-37/Iod	42%	66%,67% b	66%	68%	-	57%	53%	-
	(0.5%/2%, w/w)								
	NAPHT-37/R-Cl	-	-	-	-	-	60%	-	-
	(0.5%/3%, w/w)								
	NAPHT-37/Iod/NVK	-	-	-	-	-	63%,63% b	-	-
	(0.5%/2%/3%, w/w/w)								
	NAPHT-38/Iod	-	np a	-	-	-	29%	-	-
	(0.5%/2%, w/w)								
	NAPHT-38/Iod/NVK	-	63%	57%	-	-	55%	49%	-
	(0.5%/2%/3%, w/w/w)								
	NAPHT-39/Iod	-	66%	-	-	-	-	-	-
	(0.5%/2%, w/w)								
	NAPHT-39/R-Cl	-	-	-	-	42%	-	54%,54% b	-
	(0.5%/3%, w/w)								
	NAPHT-39/MDEA/R-Cl	-	-	-	-	-	61%	64%,61% b	58%
	(0.5%/2%/3%, w/w/w)								
	BAPO (0.5% w)	-	-	-	-	-	56%	54%	-

Table 7 .

 7 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-40-NAPH-47 photoinitiating systems and reference systems. np: no polymerization b determined after one week of storage at room temperature. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), laser diode at 470 nm (70 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²)

			EPOX				TMPTA		
		Halogen	LED	LED	LED	Halogen	LED	LED	LED
		lamp	(405 nm)	(455 nm)	(470 nm)	lamp	(405 nm)	(455 nm)	(470 nm)
	NAPHT-40 (0.5% w)						np a		
	NAPHT-41 (0.5% w)						np a		
	NAPHT-42 (0.5% w)						37%	33%	
	NAPHT-43 (0.5% w)						34%		
	NAPHT-40/Iod (0.5%/2%, w/w)						np a		
	NAPHT-41/Iod (0.5%/2%, w/w)		70%	67%			52%		
	NAPHT-42/Iod (0.5%/2%, w/w)	43%	64%	61%	64%		60%		
	NAPHT-43/Iod (0.5%/2%, w/w)		65%						
	NAPHT-41/R-Cl						42%		
	(0.5%/3%, w/w)								
	NAPHT-42/R-Cl					60%	64%/64% b	62%	62%
	(0.5%/3%, w/w)								
	NAPHT-43/R-Cl					49%	60%/60% b	56%	56%
	(0.5%/3%, w/w)								
	NAPHT-40/Iod/NVK		70%				62%		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-41/Iod/NVK						61%	59%	
	(0.5%/2%/3%, w/w/w)								
	NAPHT-42/Iod/NVK			65%			64%/65% b		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-41/MDEA						59%		
	(0.5%/2%, w/w)								
	NAPHT-42/MDEA						65%/61% b		
	(0.5%/2%, w/w)								
	BAPO (0.5% w)	-	-	-	-	-	56%,30% b	-	-
	NAPHT-44 (0.5% w)						24%		
	NAPHT-45 (0.5% w)						29%	20%	
	NAPHT-46 (0.5% w)						40%	29%	
	NAPHT-47 (0.5% w)						np a		
	NAPHT-44/Iod (0.5%/2%, w/w)	53%	63%	67%	68%		57%		
	NAPHT-45/Iod (0.5%/2%, w/w)	54%		63%					
	NAPHT-46/Iod (0.5%/2%, w/w)	23%		65%					
	NAPHT-47/Iod (0.5%/2%, w/w)		67%	58%			np a		
	NAPHT-44/R-Cl					50%	62%,60% b	59%	57%
	(0.5%/3%, w/w)								
	NAPHT-45/R-Cl					54%	63%	62%	
	(0.5%/3%, w/w)								
	NAPHT-46/R-Cl					58%	64%	60%	
	(0.5%/3%, w/w)								
	NAPHT-47/R-Cl						np a		
	(0.5%/3%, w/w)								
	NAPHT-44/Iod/NVK		69,65% b				63%,64% b		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-45/Iod/NVK			65%					
	(0.5%/2%/3%, w/w/w)								
	NAPHT-46/Iod/NVK			64%					
	(0.5%/2%/3%, w/w/w)								
	NAPHT-47/Iod/NVK						36%		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-47/MDEA/R-Cl						48%		
	(0.5%/2%/3%, w/w/w)								

a

Table 9 .

 9 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-64-NAPH-67 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	LED	LED	LED	Halogen	LED	LED	LED
		lamp	(405 nm)	(455 nm)	(470 nm)	lamp	(405 nm)	(455 nm)	(470 nm)
	NAPHT-64/Iod (0.5%/2% w/w)		np a						
	NAPHT-65/Iod (0.5%/2% w/w)		59%				12%		
	NAPHT-66/Iod (0.5%/2% w/w)		<5%						
	NAPHT-67/Iod (0.5%/2% w/w)		55%				41%		
	NAPHT-64/Iod/NVK		51%						
	(0.5%/2%/3%, w/w/w)								
	NAPHT-65/Iod/NVK	41%	62%,66% b	59%	62%		50%		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-66/Iod/NVK		23%						
	(0.5%/2%/3%, w/w/w)								
	NAPHT-67/Iod/NVK	44%	58%	55%	51%	44%	52%,57% b	48%	49%
	(0.5%/2%/3%, w/w/w)								
	NAPHT-65/MDEA (0.5%/2%						19%		
	w/w)								
	NAPHT-67/MDEA (0.5%/2%						50%		
	w/w)								
	NAPHT-65/MDEA/R-Cl						6%		
	(0.5%/2%/3%, w/w/w)								
	NAPHT-67/MDEA/R-Cl					49%	61%,61% b	57%	56%
	(0.5%/2%/3%, w/w/w)								

Table 10 .

 10 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-68-NAPH-70 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	LED	Halogen	LED
		lamp	(455 nm)	lamp	(455 nm)
	NAPHT-68/Iod (0.5%/2% w/w)	4%	-		
	NAPHT-69/Iod (0.5%/2% w/w)	55%	57%	35%	
	NAPHT-70/Iod (0.5%/2% w/w)	np a			
	NAPHT-68/Iod/NVK	12%	32%		28%
	(0.5%/2%/3%, w/w/w)				
	NAPHT-69/Iod/NVK	63%	65%,58% b	55%	58%,55% b
	(0.5%/2%/3%, w/w/w)				
	NAPHT-70/Iod/NVK	np a	np a		
	(0.5%/2%/3%, w/w/w)				
	NAPHT-69/MDEA			14%	57%,52% b
	(0.5%/2%, w/w)				
	NAPHT-69/MDEA/R-Cl			45%	
	(0.5%/2%/3%, w/w/w)				
	a np: no polymerization b determined after one week of storage at room temperature. Light
	intensity of the different light sources: laser diode at 455 nm (80 mW/cm²), halogen lamp:
	380-800 nm (12 mW/cm²)				

3.7. Naphthalimides with extended core

To enhance the molar extinction coefficient of dyes, a well-known strategy consists in extending the aromaticity of molecules, what was done with NAPHT-71-NAPHT-76 (See

Scheme 18) 

in which an additional aminothiazole group was introduced following the procedure previously detailed in this review.

[START_REF] Xiao | New role of aminothiazo-naphthalimide derivatives: outstanding photoinitiators for cationic and radical photopolymerizations under visible LEDs[END_REF] 

Choice of this peripheral group for the design of NAPHT-71-NAPHT-76 was notably justified by the well-established photoassisted biological activity of these families of naphthalimides, ranging from DNA cleavage and anticancer applications.

[START_REF] Li | Novel 2-aminothiazonaphthalimides as visible light activatable photonucleases: effects of intercalation, heterocyclic-fused area and side chains[END_REF][START_REF] Liang | B1-induced caspase-independent apoptosis in MCF-7 cells is mediated by down-regulation of Bcl-2 via p53 binding to P2 promoter TATA box[END_REF][START_REF] Liang | B1, a Novel Amonafide Analogue, Overcomes the Resistance Conferred by Bcl-2 in Human Promyelocytic Leukemia HL60 Cells[END_REF][START_REF] Qian | Highly efficient antitumor agents of heterocycles containing sulfur atom: Linear and angular thiazonaphthalimides against human lung cancer cell in vitro[END_REF][START_REF] Liang | B1, a novel naphthalimide-based DNA intercalator, induces cell cycle arrest and apoptosis in HeLa cells via p53 activation[END_REF] 

Table 11 .

 11 EPOX and TMPTA conversions obtained under air upon exposure to different visible light sources for 800 s for the EPOX resins (under air), for 400s for the TMPTA resins (in laminate) for NAPHT-71-NAPH-76 photoinitiating systems and reference systems.EPOX TMPTA

		Halogen	LED	LED	Halogen	LED	LED
		lamp	(405 nm)	(455 nm)	lamp	(405 nm)	(455 nm)
	NAPHT-71/Iod (0.5%/2% w/w)		np a			43%	
	NAPHT-72/Iod (0.5%/2% w/w)		57%			29%	
	NAPHT-73/Iod (0.5%/2% w/w)		np a				
	NAPHT-74/Iod (0.5%/2% w/w)		55%			40%	
	NAPHT-75/Iod (0.5%/2% w/w)		25%				
	NAPHT-76/Iod (0.5%/2% w/w)		24%				
	NAPHT-71/Iod/NVK	np a	47%	np a	40%	56%	49%
	(0.5%/2%/3%, w/w/w)						
	NAPHT-72/Iod/NVK	29%	56%,62% b	54%	23%	58%,54% b	31%
	(0.5%/2%/3%, w/w/w)						
	NAPHT-73/Iod/NVK		41%				
	(0.5%/2%/3%, w/w/w)						
	NAPHT-74/Iod/NVK	23%	57%	55%	41%	58%	50%
	(0.5%/2%/3%, w/w/w)						
	NAPHT-75/Iod/NVK		43%				
	(0.5%/2%/3%, w/w/w)						
	NAPHT-76/Iod/NVK		50%	39%			
	(0.5%/2%/3%, w/w/w)						
	NAPHT-71/MDEA (0.5%/2%					31%	
	w/w)						
	NAPHT-72/MDEA (0.5%/2%					37%	
	w/w)						
	NAPHT-71/MDEA/R-Cl				36%	49%	50%
	(0.5%/2%/3%, w/w/w)						
	NAPHT-72/MDEA/R-Cl				47%	61%,57% b	56%
	(0.5%/2%/3%, w/w/w)						
	a np: no polymerization b determined after one week of storage at room temperature. Light
	intensity of the different light sources: laser diode at 455 nm (80 mW/cm²), halogen lamp:
	380-800 nm (12 mW/cm²)						

  -77 could be activated with LEDs at 365 nm (500 mW/cm²), 385 nm (38 mW/cm²) and 395 nm (42 mW/cm²) without any additives. NAPHT-77 could notably initiate the CP of epoxides, divinyl ether or the concomitant polymerization of epoxides/divinyl ether blends, but also the free radical polymerization of methacrylates.

				H 3 C	CH 3			Br	O	PF 6
	O						O	N	I
	H 2 C	O	O		O		O	CH 2	O
	CH 3	OH				OH	CH 3
				BisGMA			NAPHT-77
			O				
		H 2 C	O	O	O	O	CH 2
		CH 3			O	

a np: no polymerization b determined after one week of storage at room temperature. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), LED at 470 nm ( 80 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²), white LED : 80 mW/cm².

a np: no polymerization b determined after one week of storage at room temperature. Light intensity of the different light sources: laser diode at 405 nm (110 mW/cm²), laser diode at 455 nm (80 mW/cm²), laser diode at 470 nm (70 mW/cm²), halogen lamp : 380-800 nm (12 mW/cm²)
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