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The design of photoinitiating systems activable in the visible range and under low light intensity is an active research field supported by the vast applications of photopolymerization.

In the search for dyes that can exhibit panchromatic absorptions, anthraquinone has been identified as a promising scaffold. Over the years, numerous modifications have been carried out on this scaffold by molecular engineering, enabling to design water-soluble, panchromatic or photobleachable dyes. In this review, an overview of the recent advances concerning photopolymerization with anthraquinone-based photoinitiating systems is given.

Introduction

During the past decades, photopolymerization has been the focus of intense research efforts, resulting from the wide of applications using photopolymerization. [START_REF] Lalevée | Recent Developments of Versatile Photoinitiating Systems for Cationic Ring Opening Polymerization Operating at Any Wavelengths and under Low Light Intensity Sources[END_REF][START_REF] Chatgilialoglu | Recent Applications of the (TMS)3SiH Radical-Based Reagent[END_REF][START_REF] Lalevée | N-Heterocyclic Carbene Boranes Accelerate Type I Radical Photopolymerizations and Overcome Oxygen Inhibition[END_REF][START_REF] Lalevée | Dyes and Chromophores in Polymer Science[END_REF][START_REF] Zhang | Radical photoinitiation with LEDs and applications in the 3D printing of composites[END_REF] Notably, photopolymerization is commonly used for applications ranging from solvent-free paints, microelectronics, adhesives, dentistry, coatings and varnishes, and 3D and 4D printing to name but a few. [START_REF] Lalevée | Dyes and Chromophores in Polymer Science[END_REF][START_REF] Jasinski | Photopolymerization in dispersed systems[END_REF][START_REF] Noè | Cationic UV-Curing of Epoxidized Biobased Resins[END_REF][START_REF] Yuan | Low volume shrinkage photopolymerization system using hydrogen-bond-based monomers[END_REF][START_REF] Khudyakov | Kinetics of Photopolymerization of Acrylates with Functionality of 1-6[END_REF][START_REF] Dickens | Photopolymerization Kinetics of Methacrylate Dental Resins[END_REF][START_REF] Maffezzoli | Photopolymerization of dental composite matrices[END_REF][START_REF] Dikova | Optimization of Photopolymerization Process of Dental Composites[END_REF][START_REF] Andreu | 4D printing materials for vat photopolymerization[END_REF][START_REF] Chen | Photopolymerization and 3D/4D applications using newly developed dyes: Search around the natural chalcone scaffold in photoinitiating systems[END_REF][START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF][START_REF] Fouassier | Three-component photoinitiating systems: towards innovative tailor made high performance combinations[END_REF][START_REF] Lalevée | Metal and metal-free photocatalysts: mechanistic approach and application as photoinitiators of photopolymerization[END_REF][START_REF] Tomal | Visible Light Induced High Resolution and Swift 3D Printing System by Halogen Atom Transfer[END_REF] This intense research activity is also supported by the recent safety concerns raised by the use of UV light in industry. Notably, UV light can cause skin cancers and eye damages. Ozone can also be produced by UV light, constituting another drawback of UV photopolymerization. However, nowadays, the main concern that will end UV photopolymerization is the high energy consumption combined with the elevated costs of the UV irradiation setups. Considering that in the coming years, energy sobriety will be the main focus of numerous countries, this historical polymerization technique is now totally disconnected with the present preoccupation of our societies. Shift of the irradiation wavelength from the UV range towards the visible range exhibit several advantages. Notably, a higher light penetration can be achieved in the visible range, rendering visible light photopolymerization more attractive than UV photopolymerization. Indeed, use of UV photopolymerization was restricted to the polymerization of thin films and coatings. By polymerizing under visible light, a light penetration ranging between a few millimetres up to a few centimetres can be obtained, enabling to polymerize thick samples and samples containing fillers (See Figure 1). [START_REF] Bonardi | High Performance Near-Infrared (NIR) Photoinitiating Systems Operating under Low Light Intensity and in the Presence of Oxygen[END_REF] Figure 1. Light penetration in a polystyrene latex with an average diameter of 112 nm.

Reprinted with permission from Ref. [START_REF] Bonardi | High Performance Near-Infrared (NIR) Photoinitiating Systems Operating under Low Light Intensity and in the Presence of Oxygen[END_REF] As other advantages, an excellent spatial and temporal control of the polymerization process can be obtained, what cannot be achieved by the classical thermal polymerization in solution. However, if numerous advantages can be cited for visible light photopolymerization, the disadvantages can't be denied. Thus, visible light photoinitiators strongly absorb in the visible range, providing an undesired colour to the final coating. A lack of reactivity can also be mentioned. Indeed, visible light photons are less energetic than UV photons so that a reduction of the monomer conversions is often observed. Additionally, with aim at using energy-saving polymerization conditions, light-emitting diodes (LEDs) are now commonly used for photopolymerization. As the main advantages, these devices are cheap, compact and exhibit long operating lifetimes. Ideally, highly reactive photoinitiating systems could even be activated with daylight or sunlight. [START_REF] Dumur | Recent Advances on Photoinitiating Systems Designed for Solar Photocrosslinking Polymerization Reactions[END_REF] However, availability of sunlight photoinitiators is still scarce in the literature. Face to these considerations, the search for dyes capable to bleach is still an active research field, only few visible light photoinitiating systems exhibiting this highly researched property. [START_REF] Dumur | Recent advances on photobleachable visible light photoinitiators of polymerization[END_REF] With aim at developing highly reactive photoinitiating systems, an extensive screening has been developed during the last decades. A wide range of structures have been examined, as exemplified by dihydroanthraquinones, [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] N-heterocyclic carbene boranes, [START_REF] Lalevée | N-Heterocyclic Carbene Boranes Accelerate Type I Radical Photopolymerizations and Overcome Oxygen Inhibition[END_REF] curcumin, [START_REF] Zhao | A new role of curcumin: as a multicolor photoinitiator for polymer fabrication under household UV to red LED bulbs[END_REF][START_REF] Crivello | Curcumin: A naturally occurring long-wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Han | Facilely prepared blue-green light sensitive curcuminoids with excellent bleaching properties as high performance photosensitizers in cationic and free radical photopolymerization[END_REF][START_REF] Mishra | Curcumin, A Novel Natural Photoinitiator for the Copolymerization of Styrene and Methylmethacrylate[END_REF] benzylidene ketones, [START_REF] Bao | Double benzylidene ketones as photoinitiators for visible light photopolymerization[END_REF][START_REF] Fu | Photopolymerization of acrylate resin and ceramic suspensions with benzylidene ketones under blue/green LED[END_REF][START_REF] Dumur | Recent advances on benzylidene ketones as photoinitiators of polymerization[END_REF][START_REF] Zhao | Polyethylene glycol-functionalized benzylidene cyclopentanone dyes for two-photon excited photodynamic therapy[END_REF][START_REF] Fang | Cationic benzylidene cyclopentanone photosensitizers for selective photodynamic inactivation of bacteria over mammalian cells[END_REF][START_REF] Xue | Effect of Bridging Position on the Two-Photon Polymerization Initiating Efficiencies of Novel Coumarin/Benzylidene Cyclopentanone Dyes[END_REF][START_REF] Dumur | Recent advances on benzylidene cyclopentanones as visible light photoinitiators of polymerization[END_REF][START_REF] Egorov | Benzylidene Cyclopentanone Derivative Photoinitiator for Two-Photon Photopolymerization-Photochemistry and 3D Structures Fabrication for X-ray Application[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][START_REF] Xu | Novel ketone derivative-based photoinitiating systems for free radical polymerization under mild conditions and 3D printing[END_REF] perovskites, [START_REF] Brahmi | New hybrid perovskites/polymer composites for the photodegradation of organic dyes[END_REF][START_REF] Mokbel | Perovskites as new radical photoinitiators for radical and cationic polymerizations[END_REF] iron complexes, [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][START_REF] Garra | Ferrocene-based (photo)redox polymerization under long wavelengths[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 | Iron complexes as photoinitiators for radical and cationic polymerization through photoredox catalysis processes[END_REF][START_REF] Zhang | Visiblelight-sensitive photoredox catalysis by iron complexes: Applications in cationic and radical polymerization reactions[END_REF][START_REF] Zhang | Iron Complexes in Visible-Light-Sensitive Photoredox Catalysis: Effect of Ligands on Their Photoinitiation Efficiencies[END_REF][START_REF] Dumur | Recent advances on ferrocene-based photoinitiating systems[END_REF][START_REF] Dumur | Recent advances on iron-based photoinitiators of polymerization[END_REF] diketopyrrolopyrroles, [START_REF] Zhang | Panchromatic photoinitiators for radical, cationic and thiol-ene polymerization reactions: A search in the diketopyrrolopyrrole or indigo dye series[END_REF][START_REF] Xiao | Diketopyrrolopyrrole dyes: Structure/reactivity/efficiency relationship in photoinitiating systems upon visible lights[END_REF][START_REF] Xiao | Green light sensitive diketopyrrolopyrrole derivatives used in versatile photoinitiating systems for photopolymerizations[END_REF] viologen derivatives, [START_REF] Dumur | New Chelating Stilbazonium-Like Dyes from Michler's Ketone[END_REF][START_REF] Cao | Photocatalysis of viologens for photoinitiated polymerization using carboxylic acid as electron donors[END_REF][START_REF] Schnabel | Cationic photopolymerization with the aid of pyridinium-type salts[END_REF] naphthoquinones, [START_REF] Hammoud | Naphthoquinone-based imidazolyl esters as blue-lightsensitive Type I photoinitiators[END_REF] porphyrins, [START_REF] Al Mousawi | Zinc Tetraphenylporphyrin as High Performance Visible Light Photoinitiator of Cationic Photosensitive Resins for LED Projector 3D Printing Applications[END_REF][START_REF] Noirbent | Metalated porphyrins as versatile visible light and NIR photoinitiators of polymerization[END_REF][START_REF] Breloy | Bio-based porphyrins pyropheophorbide a and its Zn-complex as visible-light photosensitizers for free-radical photopolymerization[END_REF] dithienophospholes, [START_REF] Al Mousawi | π-Conjugated Dithienophosphole Derivatives as High Performance Photoinitiators for 3D Printing Resins[END_REF][START_REF] Dumur | Organic Electronics: An El Dorado in the Quest of New Photocatalysts for Polymerization Reactions[END_REF] thiophene derivatives, [START_REF] Dumur | Recent Advances on Visible Light Thiophene-based Photoinitiators of Polymerization[END_REF] 2,3-diphenylquinoxaline derivatives, [START_REF] Corakci | Long wavelength photosensitizers in photoinitiated cationic polymerization: The effect of quinoxaline derivatives on photopolymerization[END_REF][START_REF] Xiao | Multicolor Photoinitiators for Radical and Cationic Polymerization: Monofunctional vs Polyfunctional Thiophene Derivatives[END_REF] benzophenones, [START_REF] Liu | Monocomponent Photoinitiators based on Benzophenone-Carbazole Structure for LED Photoinitiating Systems and Application on 3D Printing[END_REF][START_REF] Xiao | Variations on the Benzophenone Skeleton: Novel High Performance Blue Light Sensitive Photoinitiating Systems[END_REF][START_REF] Zhang | Design of Novel Photoinitiators for Radical and Cationic Photopolymerizations under Near UV and Visible LEDs (385, 395, and 405 nm)[END_REF][START_REF] Liu | New multifunctional benzophenone-based photoinitiators with high migration stability and their applications in 3D printing[END_REF][START_REF] Liu | Novel Photoinitiators Based on Benzophenone-Triphenylamine Hybrid Structure for LED Photopolymerization[END_REF][START_REF] Liu | A monocomponent bifunctional benzophenone-carbazole type II photoinitiator for LED photoinitiating systems[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] Lin | Efficacy Modeling of New Multi-Functional Benzophenone-Based System for Free-Radical/Cationic Hybrid Photopolymerization Using 405 nm LED[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 Photoinitiator/Photoredox Catalysts: Toward New High Performance Photoinitiating Systems and Application in 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] 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 carbazole scaffold and their applications in 3d printing and photocomposite synthesis[END_REF][START_REF] Dumur | Recent advances on carbazole-based photoinitiators of polymerization[END_REF][START_REF] Liu | Nitro-Carbazole Based Oxime Esters as Dual Photo/Thermal Initiators for 3D Printing and Composite Preparation[END_REF][START_REF] Hammoud | 5,12-Dihydroindolo[3,2a]carbazole: A promising scaffold for the design of visible light photoinitiators of polymerization[END_REF][START_REF] Liu | Effect of Decarboxylation on the Photoinitiation Behavior of Nitrocarbazole-Based Oxime Esters[END_REF][START_REF] Hammoud | Chemical engineering around the 5,12-dihydroindolo[3,2-a]carbazole scaffold : Fine tuning of the optical properties of visible light photoinitiators of polymerization[END_REF][START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF][START_REF] Dumur | Recent advances on carbazole-based oxime esters as photoinitiators of polymerization[END_REF][START_REF] Hammoud | Dialkyl-5,12-dihydroindolo[3,2-a]carbazole-Based Oxime-Esters for LED Photoinitiating Systems and Application on 3D Printing[END_REF][START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF][START_REF] Bin | Carbazolebased Anion Ionic Water-Soluble Two-Photon Initiator for Achieving 3D Hydrogel Structures[END_REF] silyl glyoximides, [START_REF] Kirschner | Silyl Glyoximides: Toward a New Class of Visible Light Photoinitiators[END_REF] Bodipy, [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][START_REF] Xu | Utilizing Intramolecular Photoinduced Electron Transfer to Enhance Photothermal Tumor Treatment of Aza-BODIPY-Based Near-Infrared Nanoparticles[END_REF][START_REF] Skotnicka | New BODIPY Dyes Based on Benzoxazole as Photosensitizers in Radical Polymerization of Acrylate Monomers[END_REF][START_REF] Lu | Boron dipyrromethene (BODIPY) in polymer chemistry[END_REF][START_REF] Telitel | BODIPY derivatives and boranil as new photoinitiating systems of cationic polymerization exhibiting a tunable absorption in the 400-600 nm spectral range[END_REF][START_REF] Telitel | Photopolymerization of Cationic Monomers and Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes[END_REF] imidazole derivatives, [START_REF] Ma | Imidazole based dual photo/thermal initiators for highly efficient radical polymerization under air with a metal-free approach[END_REF] truxene derivatives, [START_REF] Tehfe | New Cleavable Photoinitiator Architecture with Huge Molar Extinction Coefficients for Polymerization in the 340-450 nm Range[END_REF] cyanines, [START_REF] Mokbel | On demand NIR activated photopolyaddition reactions[END_REF][START_REF] Mokbel | NIR Sensitizer Operating under Long Wavelength (1064 nm) for Free Radical Photopolymerization Processes[END_REF][START_REF] Launay | Near-infrared light for polymer re-shaping and re-processing applications[END_REF][START_REF] Caron | Near-Infrared PhotoInitiating Systems: Photothermal versus Triplet-Triplet Annihilation-Based Upconversion Polymerization[END_REF][START_REF] Bonardi | Photoinduced Thermal Polymerization Reactions[END_REF][START_REF] Launay | Safe near infrared light for fast polymers surface sterilization using organic heaters[END_REF][START_REF] Launay | Photothermal activation in the near infrared range for 4-dimensional printing using relevant organic dyes[END_REF] naphthalimides, [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][START_REF] Bonardi | New 1,8-Naphthalimide Derivatives as Photoinitiators for Free-Radical Polymerization Upon Visible Light[END_REF][START_REF] Zhang | Naphthalimide-Tertiary Amine Derivatives as Blue-Light-Sensitive Photoinitiators[END_REF][START_REF] Xiao | Naphthalimide Derivatives: Substituent Effects on the Photoinitiating Ability in Polymerizations under Near UV, Purple, White and Blue LEDs[END_REF][START_REF] Xiao | Naphthalimide-phthalimide derivative based photoinitiating systems for polymerization reactions under blue lights[END_REF][START_REF] Zhang | A benzophenone-naphthalimide derivative as versatile photoinitiator of polymerization under near UV and visible lights[END_REF][START_REF] Zhang | N-[2-(Dimethylamino)ethyl]-1,8-naphthalimide derivatives as photoinitiators under LEDs[END_REF][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][START_REF] Zhang | UVviolet-blue LED induced polymerizations: Specific photoinitiating systems at 365, 385, 395 and 405 nm[END_REF][START_REF] Xiao | Blue Light Sensitive Dyes for Various Photopolymerization Reactions: Naphthalimide and Naphthalic Anhydride Derivatives[END_REF][START_REF] Xiao | Naphthalimide based methacrylated photoinitiators in radical and cationic photopolymerization under visible light[END_REF][START_REF] Noirbent | Recent advances on naphthalic anhydrides and 1,8naphthalimide-based photoinitiators of polymerization[END_REF][START_REF] Rahal | Naphthalimide-Based Dyes as Photoinitiators under Visible Light Irradiation and their Applications: Photocomposite Synthesis, 3D printing and Polymerization in Water[END_REF][START_REF] Rahal | Naphthyl-Naphthalimides as High-Performance Visible Light Photoinitiators for 3D Printing and Photocomposites Synthesis[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] Xiao | Design of High Performance Photoinitiators at 385-405 nm: Search around the Naphthalene Scaffold[END_REF][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][START_REF] Chen | Water-soluble/visible-light-sensitive naphthalimide derivative-based photoinitiating systems: 3D printing of antibacterial hydrogels[END_REF][START_REF] Liu | N-naphthalimide ester derivatives as Type Ⅰ photoinitiators for LED photopolymerization[END_REF] Schiff bases, [START_REF] Lalevée | Dye photosensitized cationic ring-opening polymerization: Search for new dye skeletons[END_REF] triphenylamines, [START_REF] Dumur | Recent advances on visible light Triphenylamine-based photoinitiators of polymerization[END_REF][START_REF] Ladika | Synthesis and application of triphenylamine-based aldehydes as photoinitiators for multi-photon lithography[END_REF] anthracene, [START_REF] Dumur | Recent Advances on Anthracene-based Photoinitiators of Polymerization[END_REF] metal organic framework (MOFs), [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][START_REF] Brahmi | New hybrid MOF/polymer composites for the photodegradation of organic dyes[END_REF][START_REF] Brahmi | New Hybrid Fe-based MOFs/Polymer Composites for the Photodegradation of Organic Dyes[END_REF] furan derivatives, [START_REF] Dumur | Recent Advances on Furan-Based Visible Light Photoinitiators of Polymerization[END_REF] benzylidene ketones, [START_REF] Bao | Double benzylidene ketones as photoinitiators for visible light photopolymerization[END_REF][START_REF] Fu | Photopolymerization of acrylate resin and ceramic suspensions with benzylidene ketones under blue/green LED[END_REF] push-pull dyes, [START_REF] Garra | Ferrocene-based (photo)redox polymerization under long wavelengths[END_REF][START_REF] Tehfe | New pyridinium salts as versatile compounds for dye sensitized photopolymerization[END_REF][START_REF] Xiao | Julolidine or Fluorenone Based Push-Pull Dyes for Polymerization upon Soft Polychromatic Visible Light or Green Light[END_REF][START_REF] Mokbel | Michler's Ketone as an Interesting Scaffold for the Design of High-Performance Dyes in Photoinitiating Systems Upon Visible 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] 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] Xiao | Structural Effects in the Indanedione Skeleton for the Design of Low Intensity 300-500 nm Light Sensitive Initiators[END_REF][START_REF] Sun | Novel Push-Pull Dyes Derived from 1Hcyclopenta[b]naphthalene-1,3(2H)-dione as Versatile Photoinitiators for Photopolymerization and Their Related Applications: 3D Printing and Fabrication of Photocomposites[END_REF][START_REF] Sun | N-ethyl carbazole-1-allylidene-based push-pull dyes as efficient light harvesting photoinitiators for sunlight induced polymerization[END_REF][START_REF] Tehfe | Push-pull (thio)barbituric acid derivatives in dye photosensitized radical and cationic polymerization reactions under 457/473 nm laser beams or blue LEDs[END_REF][START_REF] Sun | High-performance sunlight induced polymerization using novel push-pull dyes with high light absorption properties[END_REF][START_REF] Mokbel | Photoinitiating systems of polymerization and in situ incorporation of metal nanoparticles into polymer matrices upon exposure to visible light: push-pull malonate and malononitrile based dyes[END_REF][START_REF] Helmy | Read de Alaniz, Design and Synthesis of Donor-Acceptor Stenhouse Adducts: A Visible Light Photoswitch Derived from Furfural[END_REF][START_REF] Sun | Sunlight Induced Polymerization Photoinitiated by Novel Push-Pull Dyes: Indane-1,3-Dione, 1H-Cyclopenta[b]Naphthalene-1,3(2H)-Dione and 4-Dimethoxyphenyl-1-Allylidene Derivatives[END_REF][START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF] perylenes, [START_REF] Xiao | Perylene derivatives as photoinitiators in blue light sensitive cationic or radical curable films and panchromatic thiol-ene polymerizable films[END_REF][START_REF] Xiao | Red-Light-Induced Cationic Photopolymerization: Perylene Derivatives as Efficient Photoinitiators[END_REF][START_REF] Dumur | Recent advances on perylene-based photoinitiators of polymerization[END_REF][START_REF] Tehfe | Green-Light-Induced Cationic Ring Opening Polymerization Reactions: Perylene-3,4:9,10bis(Dicarboximide) as Efficient Photosensitizers[END_REF] quinoxalines, [START_REF] Corakci | Long wavelength photosensitizers in photoinitiated cationic polymerization: The effect of quinoxaline derivatives on photopolymerization[END_REF][START_REF] Pyszka | Study on New Dental Materials Containing Quinoxaline-Based Photoinitiators in Terms of Exothermicity of the Photopolymerization Process[END_REF][START_REF] Pyszka | Photoinitiation abilities of indeno-and indoloquinoxaline derivatives and mechanical properties of dental fillings based on multifunctional acrylic monomers and glass ionomer[END_REF][START_REF] Arsu | Photoinduced free radical polymerization initiated with quinoxalines[END_REF][START_REF] Aydın | Photoinitiated free radical polymerization of methylmethacrylate by using of quinoxalines in the presence of aldehydes[END_REF][START_REF] Bulut | A quinoxaline derivative as a long wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Bulut | Quinoxaline derivatives as long wavelength photosensitizers in photoinitiated cationic polymerization of diaryliodonium salts[END_REF][START_REF] Cao | Triphenylamine-modified quinoxaline derivatives as two-photon photoinitiators[END_REF][START_REF] Balta | Quinoxaline derivatives as photoinitiators in UV-cured coatings[END_REF][START_REF] Kucybała | Development of new dyeing photoinitiators for free radical polymerization based on the 1H-pyrazolo[3,4-b]quinoxaline skeleton. Part 2[END_REF][START_REF] Podsiadły | The synthesis of novel, visible-wavelength, oxidizable polymerization sensitizers based on the 8-halogeno-5,12dihydroquinoxalino[2,3-b]quinoxaline skeleton[END_REF][START_REF] Yao | Combining photocleavable and hydrogen-abstracting groups in quinoxaline with thioether bond as hybrid photoinitiator[END_REF][START_REF] Sun | Study of methoxyphenylquinoxalines (MOPQs) as photoinitiators in the negative photo-resist[END_REF][START_REF] Ercan | Highly conjugated isoindigo and quinoxaline dyes as sunlight photosensitizers for onium salt-photoinitiated cationic polymerization of epoxy resins[END_REF] pyrenes, [START_REF] Tehfe | New insights into 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] 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][START_REF] Tehfe | Design of new Type I and Type II photoinitiators possessing highly coupled pyreneketone moieties[END_REF][START_REF] Dumur | Recent advances on pyrene-based photoinitiators of polymerization[END_REF][START_REF] Tehfe | A Multicolor Photoinitiator for Cationic Polymerization and Interpenetrated Polymer Network Synthesis: 2,7-Di-tert-butyldimethyldihydropyrene[END_REF][START_REF] Telitel | New functionalized aromatic ketones as photoinitiating systems for near visible and visible light induced polymerizations[END_REF][START_REF] Tehfe | Polyaromatic Structures as Organo-Photoinitiator Catalysts for Efficient Visible Light Induced Dual Radical/Cationic Photopolymerization and Interpenetrated Polymer Networks Synthesis[END_REF] polyoxometalates, [START_REF] Ghali | LED and solar photodecomposition of erythrosine B and rose Bengal using H3PMo12O40/polymer photocatalyst[END_REF][START_REF] Brahmi | Performance improvement of the photocatalytic process for the degradation of pharmaceutical compounds using new POM/polymer photocatalysts[END_REF][START_REF] Brahmi | Polyoxometalates/polymer composites for the photodegradation of bisphenol-A[END_REF] chromones and flavones, [START_REF] Tehfe | New chromone based photoinitiators for polymerization reactions under visible light[END_REF][START_REF] You | Flavonol dyes with different substituents in photopolymerization[END_REF][START_REF] Al Mousawi | 3-Hydroxyflavone and N-Phenylglycine in High Performance Photoinitiating Systems for 3D Printing and Photocomposites Synthesis[END_REF] pyridinium salts, [START_REF] Ma | Charge Transfer Complexes (CTCs) with Pyridinium Salts: Toward Efficient Dual Photochemical/Thermal Initiators and 3D Printing Applications[END_REF][START_REF] Kminek | A water-soluble poly(methylphenylsilylene) derivative as a photoinitiator of radical polymerization of hydrophilic vinyl monomers[END_REF] phenothiazines, [START_REF] Dumur | Recent advances on visible light Phenothiazine-based photoinitiators of polymerization[END_REF][START_REF] Deng | Novel chalcone-based phenothiazine derivative photoinitiators for visible light induced photopolymerization with photobleaching and good biocompatibility[END_REF][START_REF] Rahal | Design of new phenothiazine derivatives as visible light photoinitiators[END_REF][START_REF] Li | Novel A-π-D-π-A structure two-photon polymerization initiators based on phenothiazine and carbazole derivatives[END_REF][START_REF] Grishin | Radical polymerization of methyl methacrylate in the presence of methylene blue and organobromides under visible light irradiation[END_REF][START_REF] Xu | Phenothiazine-based charge-transfer complexes as visible-light photoinitiating systems for acrylate and thiol-ene photopolymerization[END_REF][START_REF] Zhu | Phenacyl Phenothiazinium Salt as a New Broad-Wavelength-Absorbing Photoinitiator for Cationic and Free Radical Polymerizations[END_REF][START_REF] Chao | Thiophene-substituted phenothiazine-based photosensitisers for radical and cationic photopolymerization reactions under visible laser beams (405 and 455 nm)[END_REF][START_REF] Zhou | D-D-A dyes with phenothiazine-carbazole/triphenylamine as double donors in photopolymerization under 455 nm and 532 nm laser beams[END_REF][START_REF] Wang | Aromatic amine-sulfone/sulfoxide conjugated D-π-A-π-D-type dyes in photopolymerization under 405 nm and 455 nm laser beams[END_REF][START_REF] Hao | Four new twophoton polymerization initiators with varying donor and conjugated bridge: Synthesis and two-photon activity[END_REF] coumarins, [START_REF] Abdallah | Coumarin derivatives as versatile photoinitiators for 3D printing, polymerization in water and photocomposite synthesis[END_REF][START_REF] Abdallah | Keto-coumarin scaffold for photoinitiators for 3D printing and photocomposites[END_REF][START_REF] Abdallah | Coumarins as Powerful Photosensitizers for the Cationic Polymerization of Epoxy-Silicones under Near-UV and Visible Light and Applications for 3D Printing Technology[END_REF][START_REF] Abdallah | Boron Compounds as Additives for the Cationic Polymerization Using Coumarin Derivatives in Epoxy Silicones[END_REF][START_REF] Chen | Photopolymerization of Coumarin-Containing Reversible Photoresponsive Materials Based on Wavelength Selectivity[END_REF][START_REF] Li | Coumarin-Based Oxime Esters: Photobleachable and Versatile Unimolecular Initiators for Acrylate and Thiol-Based Click Photopolymerization under Visible Light-Emitting Diode Light Irradiation[END_REF][START_REF] Rahal | Mono vs. Difunctional Coumarin as Photoinitiators in Photocomposite Synthesis and 3D Printing[END_REF][START_REF] Rajeshirke | Enhancement of NLO Properties in OBO Fluorophores Derived from Carbazole-Coumarin Chalcones Containing Carboxylic Acid at the N-Alykl Terminal End[END_REF][START_REF] Rahal | Design of ketocoumarin based photoinitiator for Free Radical Photopolymerization: Towards 3D printing and photocomposites applications[END_REF][START_REF] Rahal | 3-Carboxylic Acid and Formyl-Derived Coumarins as Photoinitiators in Photo-Oxidation or Photo-Reduction Processes for Photopolymerization upon Visible Light: Photocomposite Synthesis and 3D Printing Applications[END_REF][START_REF] Hammoud | Substituent effects on the photoinitiation ability of coumarin-based oxime-ester photoinitiators for free radical photopolymerization[END_REF][START_REF] Dumur | Recent advances on coumarin-based photoinitiators of polymerization[END_REF][START_REF] Liu | Recent advances on visible light Coumarin-based oxime esters as initiators of polymerization[END_REF][START_REF] Zhu | Broad wavelength sensitive coumarin sulfonium salts as photoinitiators for cationic, free radical and hybrid photopolymerizations[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] iodonium salts, [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[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][START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus 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] Tasdelen | Photoacid Generation by Stepwise Two-Photon Absorption: Photoinitiated Cationic Polymerization of Cyclohexene Oxide by Using Benzodioxinone in the Presence of Iodonium Salt[END_REF][START_REF] Crivello | Diaryliodonium Salts. A New Class of Photoinitiators for Cationic Polymerization[END_REF][START_REF] He | Photoreaction and photopolymerization studies on squaraine dyes/iodonium salts combination[END_REF][START_REF] Jun | Photopolymerization Initiated by Dimethylaminochalcone/Diphenyliodonium Salt Combination System Sensitive to Visible Light[END_REF][START_REF] Zivic | Recent Advances and Challenges in the Design of Organic Photoacid and Photobase Generators for Polymerizations[END_REF][START_REF] Petko | Symmetric Iodonium Salts Based on Benzylidene as One-Component Photoinitiators for Applications in 3D Printing[END_REF][START_REF] Petko | One-Component Cationic Photoinitiators from Tunable Benzylidene Scaffolds for 3D Printing Applications[END_REF] iridium complexes, [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 Visible-Light Harvesting Iridium Complexes as Photoinitiators[END_REF][START_REF] Tehfe | Structural Effects in the Iridium Complex Series: Photoredox Catalysis and Photoinitiation of Polymerization Reactions under Visible Lights[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] Dumur | Iridium (III) complexes as promising emitters for solid-state Light-Emitting Electrochemical Cells (LECs)[END_REF][START_REF] Dumur | Cationic iridium complex for the design of soft salt-based phosphorescent OLEDs and color-tunable light-emitting electrochemical cells[END_REF] thioxanthones, [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][START_REF] Karaca | Thioxanthone-benzothiophenes as photoinitiator for free radical polymerization[END_REF][START_REF] Balta | An annelated thioxanthone as a new Type II initiator[END_REF][START_REF] Balta | Thioxanthone-Diphenyl Anthracene: Visible Light Photoinitiator[END_REF][START_REF] Dadashi-Silab | Shining a light on an adaptable photoinitiator: advances in photopolymerizations initiated by thioxanthones[END_REF][START_REF] Eren | Photophysical and Photochemical Studies of Novel Thioxanthone-Functionalized Methacrylates through LED Excitation[END_REF][START_REF] Qiu | Thioxanthone photoinitiator containing polymerizable N-aromatic maleimide for photopolymerization[END_REF][START_REF] Tar | Panchromatic Type II Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative[END_REF][START_REF] Wu | Thioxanthone based one-component polymerizable visible light photoinitiator for free radical polymerization[END_REF][START_REF] Wu | High-Performance and Low Migration One-Component Thioxanthone Visible Light Photoinitiators[END_REF][START_REF] Wu | Visible light-emitting diode-sensitive thioxanthone derivatives used in versatile photoinitiating systems for photopolymerizations[END_REF][START_REF] Lalevée | Light-Harvesting Organic Photoinitiators of Polymerization[END_REF][START_REF] Esen | The investigation of photoinitiated polymerization of multifunctional acrylates with TX-BT by Photo-DSC and RT-FTIR[END_REF][START_REF] Lalevée | New thioxanthone and xanthone photoinitiators based on silyl radical chemistry[END_REF][START_REF] Gencoglu | A Water Soluble, Low Migration, and Visible Light Photoinitiator by Thioxanthone-Functionalization of Poly(ethylene glycol)-Containing Poly(β-amino ester)[END_REF][START_REF] Wang | New functionalized thioxanthone derivatives as type I photoinitiators for polymerization under UV-Vis LEDs[END_REF] chalcones, [START_REF] Chen | Photopolymerization and 3D/4D applications using newly developed dyes: Search around the natural chalcone scaffold in photoinitiating systems[END_REF][START_REF] Chen | Photoinitiators derived from natural product scaffolds: monochalcones in three-component photoinitiating systems and their applications in 3D printing[END_REF][START_REF] Tang | A high performance phenyl-free LED photoinitiator for cationic or hybrid photopolymerization and its application in LED cationic 3D printing[END_REF][START_REF] Xu | Allyloxy ketones as efficient photoinitiators with high migration stability in free radical polymerization and 3D printing[END_REF][START_REF] Xu | Design of ketone derivatives as highly efficient photoinitiators for free radical and cationic photopolymerizations and application in 3D printing of composites[END_REF][START_REF] Chen | Bis-chalcone derivatives derived from natural products as near-UV/visible light sensitive photoinitiators for 3D/4D printing[END_REF][START_REF] Liu | Design of photoinitiating systems based on the chalcone-anthracene scaffold for LED cationic photopolymerization and application in 3D printing[END_REF][START_REF] Giacoletto | Recent Advances in bis-Chalcone-Based Photoinitiators of Polymerization: From Mechanistic Investigations to Applications[END_REF][START_REF] Ibrahim-Ouali | Recent Advances on Chalcone-based Photoinitiators of Polymerization[END_REF][START_REF] Chen | In situ generation of Ag nanoparticles during photopolymerization by using newly developed dyes-based three-component photoinitiating systems and the related 3D printing applications and their shape change behavior[END_REF][START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF][START_REF] Tehfe | Chalcone derivatives as highly versatile photoinitiators for radical, cationic, thiol-ene and IPN polymerization reactions upon exposure to visible light[END_REF][START_REF] Sun | In silico rational design by molecular modeling of new ketones as photoinitiators in three-component photoinitiating systems: application in 3D printing[END_REF][START_REF] Chen | Interpenetrating polymer network hydrogels using natural based dyes initiating systems: antibacterial activity and 3D/4D performance[END_REF][START_REF] Yen | Triphenylamine-functionalized chalcones as onecomponent type II visible-light-absorbing photoinitiators for free radical photopolymerization[END_REF][START_REF] Gao | New long-wavelength D-π-A-π-D chalcone photoinitiator for visible light polymerization with photobleaching and biocompatibility properties[END_REF][START_REF] Deng | Synthesis and properties of novel bis-chalcone-based photoinitiators for LED polymerization with photobleaching and low migration[END_REF] gold complexes, [START_REF] Nzulu | A dinuclear gold(i) complex as a novel photoredox catalyst for light-induced atom transfer radical polymerization[END_REF] copper complexes, [START_REF] Xiao | Copper Complexes in Radical Photoinitiating Systems: Applications to Free Radical and Cationic Polymerization upon Visible LEDs[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] Garra | Copper-Based (Photo)redox Initiating Systems as Highly Efficient Systems for Interpenetrating Polymer Network Preparation[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] Garra | Mechanosynthesized copper(I) complex based initiating systems for redox polymerization: towards upgraded oxidizing and reducing agents[END_REF][START_REF] Mokbel | Copper photoredox catalyst "G1": a new high performance photoinitiator for near-UV and visible LEDs[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 photopolymerization in the composites and 3D printing fields[END_REF][START_REF] 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] Mau | Panchromatic Copper Complexes for Visible Light Photopolymerization[END_REF][START_REF] Mau | Concomitant initiation of radical and cationic polymerisations using new copper complexes as photoinitiators: Synthesis and characterisation of acrylate/epoxy interpenetrated polymer networks[END_REF][START_REF] Garra | Copper (Photo)redox Catalyst for Radical Photopolymerization in Shadowed Areas and Access to Thick and Filled Samples[END_REF][START_REF] Garra | A New Highly Efficient Amine-Free and Peroxide-Free Redox System for Free Radical Polymerization under Air with Possible Light Activation[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] Noirbent | Recent Advances on Copper Complexes as Visible Light Photoinitiators and (Photo) Redox Initiators of Polymerization[END_REF][START_REF] Borjigin | The new LED-Sensitive photoinitiators of Polymerization: Copper complexes in free radical and cationic photoinitiating systems and application in 3D printing[END_REF][START_REF] Rahal | Novel Copper Complexes as Visible Light Photoinitiators for the Synthesis of Interpenetrating Polymer Networks (IPNs)[END_REF][START_REF] Lin | Efficacy analysis of new copper complex for visible light (455, 530 nm) radical/cationic photopolymerization: The synergic effects and catalytic cycle[END_REF] helicenes, [START_REF] Mousawi | Azahelicenes as visible light photoinitiators for cationic and radical polymerization: Preparation of photoluminescent 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] zinc complexes, [START_REF] Tehfe | Zinc-based metal complexes as new photocatalysts in polymerization initiating systems[END_REF] squaraines, [START_REF] Giacoletto | Recent advances on squaraine-based photoinitiators of polymerization[END_REF][START_REF] Xiao | Panchromatic Photopolymerizable Cationic Films Using Indoline and Squaraine Dye Based Photoinitiating Systems[END_REF][START_REF] Launay | NIR Organic Dyes as Innovative Tools for Reprocessing/Recycling of Plastics: Benefits of the Photothermal Activation in the Near-Infrared Range[END_REF][START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF][START_REF] Balcerak | Novel photoinitiators based on difluoroborate complexes of squaraine dyes for radical polymerization of acrylates upon visible light[END_REF] pyrrole derivatives, [START_REF] Dumur | Recent advances on visible light pyrrole-derived photoinitiators of polymerization[END_REF][START_REF] Li | A pyrrole-carbazole photoinitiator for radical and cationic visible light LED photopolymerization[END_REF] conjugated polymers, [START_REF] Zhang | Polymeric Photoinitiators: A New Search toward High Performance Visible Light Photoinitiating Systems[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 photopolymerizable matrices: N,N'-dibutylquinacridone as an efficient and versatile photoinitiator[END_REF] acridine-1,8diones, [START_REF] Tehfe | Novel Highly Efficient Organophotocatalysts: Truxene-Acridine-1,8-diones as Photoinitiators of Polymerization[END_REF][START_REF] Xiao | Difunctional acridinediones as photoinitiators of polymerization under UV and visible lights: Structural effects[END_REF][START_REF] Xiao | Acridinediones: Effect of Substituents on Their Photoinitiating Abilities in Radical and Cationic Photopolymerization[END_REF] bisacylphenylphosphine oxide, [START_REF] Wu | Synthesis and characterization of low-migration bisacylphenylphosphine oxide photoinitiators[END_REF] and phenazines. [START_REF] Tehfe | Photoinitiators based on a phenazine scaffold: High performance systems upon near-UV or visible LED (385, 395 and 405 nm) irradiations[END_REF] Among structures that have been investigated for the design of photoinitiators, anthraquinone can be cited as a scaffold that was under-investigated compared to other structures. Besides, anthraquinone was extensively used for the design of various semi-conductors, chromophores and lightemitting materials for organic electronics. [START_REF] Gallmetzer | Anthraquinone and its derivatives as sustainable materials for electrochemical applications -a joint experimental and theoretical investigation of the redox potential in solution[END_REF][START_REF] Zhao | Trifluoromethylation of Anthraquinones for n-Type Organic Semiconductors in Field Effect Transistors[END_REF][START_REF] Luo | Synthetic Control of Electronic Property and Porosity in Anthraquinone-Based Conjugated Polymer Cathodes for High-Rate and Long-Cycle-Life Na-Organic Batteries[END_REF][START_REF] Birajdar | Direct Arylation: A Greener Synthesis of Anthraquinone-Naphthalene diimide-Based Small Chromophores for Applications in Organic Thin Film Transistors[END_REF] Anthraquinone was also employed for the design of various laxatives, antimicrobial and anti-inflammatory agents. [START_REF] Malik | Anthraquinones As Pharmacological Tools and Drugs[END_REF][START_REF] Sebak | Chemical diversity, medicinal potentialities, biosynthesis, and pharmacokinetics of anthraquinones and their congeners derived from marine fungi: a comprehensive update[END_REF][START_REF] Malik | Journey of anthraquinones as anticancer agents -a systematic review of recent literature[END_REF] As far as photopolymerization is concerned, the first report mentioning the use of anthraquinone as photoinitiator of polymerization was reported as soon as 1957 by Tordoff and coworkers. [START_REF] Dainton | The polymerization of acrylamide in aqueous solution. Part 3.-The hydrogen peroxide photosensitized reaction at 25° C[END_REF] In this pioneering work, the polymerization of acrylamide in aqueous solution sensitized by hydrogen peroxide and 9,10-anthraquinone-2,6-disulfonic acid disodium salt was examined. Besides, upon irradiation with a 366 nm light, the reaction proved to be too complex to be controlled. In 1960, Hermans and coworkers examined the grafting of various monomers on the cellulose backbone using 9,10-anthraquinone-2,6-disulfonic acid disodium salt as the photosensitizer. [START_REF] Geacintov | Grafting onto cellulose and cellulose derivatives using ultraviolet irradiation[END_REF] Noticeably, presence of oxygen was determined as enhancing the grafting efficiency on cellulose, resulting from the in-situ formation of hydroperoxyl radicals. A systematic study was proposed in 1968 by Anwaruddin and coworkers in which 9,10anthraquinone-2,6-disulfonic acid disodium salt, 9,10-anthraquinone-2,7-disulfonic acid disodium salt and 9,10-anthraquinone-2-sulfonic acid sodium salt were used as photosensitizers for the aqueous polymerization of acrylamide under inert atmosphere. [START_REF] Santappa | Vinyl polymerisation[END_REF] Interestingly, addition of sodium chloride in water totally suppressed the induction time, which varied between 2 and 3 hours without NaCl. A photoinduced electron transfer between the chlorine anion and the excited anthraquinone derivative was proposed as the initiating step. A similar reduction of the inhibition time could be demonstrated using 9,10anthraquinone-2,7-disulfonic acid disodium salt and ferric chloride during the photoinduced grafting of methyl methacrylate (MMA) on cellulose. [START_REF] Ogiwara | Photo-induced graft copolymerization of methyl methacrylate on cellulose[END_REF] However, this approach proved to be ineffective to form hydrogels with poly(N-isopropylacrylamide). [START_REF] Kubota | Photopolymerization synthesis of poly(N-isopropylacrylamide) hydrogels[END_REF] By using the watersoluble two-component 9,10-anthraquinone-2-sulfonic acid sodium salt/(4-benzoylbenzyl) trimethylammonium chloride system, grafting of acrylamide and N-isopropylacrylamide on polyethylene was obtained, enabling an efficient surface modification. [START_REF] Geuskens | Surface modification of polymers VII.: Photochemical grafting of acrylamide and N-isopropylacrylamide onto polyethylene initiated by anthraquinone-2-sulfonate adsorbed at the surface of the polymer[END_REF] Thus, the hydrophobic nature of the poly(ethylene) surface could be converted as a hydrophilic one. Photocrosslinking of polyethylene was also investigated by Kachan and coworkers in 1986 and investigation of the photochemical mechanism with 9,10-anthraquinone as the photoinitiator revealed photocrosslinking to occur during photoreduction of the dye. [START_REF] Zamotaev | Photochemical reactions of 9,10anthraquinone and some of its derivatives in polyethylene[END_REF] In 1975, Taylor and coworkers reported the photopolymerization of methyl methacrylate (MMA) in THF under aerobic and anaerobic conditions using anthraquinone and 2-tertbutylanthraquinone. [START_REF] Ledwith | Polmerization of Methyl Methacrylate Photoinitiated by Anthraquinone and 2-tert-Butylanthraquinone[END_REF] Photolysis experiments done in THF as the solvent revealed the mechanism to involve a hydrogen abstraction from THF by the excited anthraquinone, generating THF radicals (THF•). A similar mechanism of hydrogen abstraction was also evidenced with other solvents such as cyclohexane or isopropanol, [START_REF] Li | Effect of solvent on anthraquinone-sensitized photopolymerization of methyl methacrylate[END_REF] but also with triethylamine, generating α-aminoalkyl radicals. [START_REF] Encinas | Polymerization photoinitiated by carbonyl compounds. IX. Methyl methacrylate polymerization photoinitiated by anthraquinone in presence of triethylamine[END_REF] Extractability of photoinitiators can drastically limit the potential use of polymers and this issue was examined with the design of anthraquinone-based macrophotoinitiators. [START_REF] Allen | Synthesis, properties and photocuring behaviour of poly(2-acrylamido-anthraquinone)[END_REF][START_REF] Corrales | Free radical macrophotoinitiators: an overview on recent advances[END_REF] By introducing an acrylamide group on anthraquinone, the anthraquinone chromophore could serve as a photosensitizer for its own polymerization using lauroyl peroxide. In the presence of MMA, copolymer could be prepared with different 2-substituted amido and acryloxy-anthraquinones. [START_REF] Allen | Photoinitiator properties of 2substituted amido and acryloxyanthraquinones[END_REF] By use of water-soluble co-monomers such as acrylamide, 2-acrylamido-2-methylpropane sulphonic acid and 2acryloxyethyl trimethylammonium iodide, water-soluble copolymers comprising anthraquinone units could be obtained. [START_REF] Catalina | Synthesis, photochemical and photoinitiation activity of water-soluble copolymers with anthraquinone chromophores as side-chain groups[END_REF] By the presence of crosslinkable groups on anthraquinones, grafting of anthraquinones onto nylon-6,6-polymer could also be successfully obtained. [START_REF] Allen | Laser and microsecond flash photolysis of 2-substituted anthraquinones and photochemical cross-linking of nylon 6,6 polymer[END_REF][START_REF] Allen | Photochemical crosslinking of nylon-6,6 induced by 2-substituted anthraquinones[END_REF] Positions of the lowest singlet excited state π-π* relative to the triplet nπ* state was determined as playing an important role in photopolymerization. [START_REF] Allen | Photochemistry and photoinitiator properties of 2-substituted anthraquinones: 2. Photopolymerization and flash photolysis[END_REF][START_REF] Allen | Photochemistry and photoinitiator properties of 2-substituted anthraquinones 1. Absorption and luminescence characteristics[END_REF] Thus, without amine, all anthraquinone derivatives bearing electron-withdrawing groups proved to be more reactive than those bearing electron-donating groups. A different situation was found in the presence of amine. In this case, halogenated anthraquinones proved to the more reactive than the others. Anthraquinones were not only used for initiating the polymerization of acrylates and epoxides. The polymerization of styrene was notably examined in 2009 by Sakurai and coworkers with a series of 1-(arylmethyloxy)-9,10-anthraquinones. [START_REF] Tozuka | 1-(Arylmethyloxy)-9,10-anthraquinones: Photoinitiators for Radical and Cationic Polymerizations[END_REF] Here again, a strong influence of the substitution pattern of anthraquinones was evidenced during the polymerization of styrene, and better monomer conversions were obtained for the naphthalene-substituted anthraquinones compared to the phenyl-substituted ones. Hybrid polymerizations of styrene and epoxides was also examined in this work and could be possible due to the concomitant formation of arylmethyloxyl radicals and arylmethyl carbocations. Photodegradation of polymers was also another major concern of polymerists and the photodegradation of poly(styrene) was notably examined. [START_REF] Hrdlovič | Derivatives of 9,10-anthraquinone; emission spectra in polymer matrices at 77K and efficiency as initiators of degradation[END_REF][START_REF] Kaczmarek | Photoinitiated degradation of polystyrene in the presence of low-molecular organic compounds[END_REF][START_REF] Zamotaev | 9,10-Anthraquinone derivatives as photoinitiators of crosslinking or degradation of polyethylene[END_REF] Use of anthraquinone as a photosensitizer capable to initiate the crosslinking of alkali-soluble polymers bearing double bonds from both acrylate and maleic acid monoester groups was also examined. By using trimethylolpropane trimethacrylate (TMPTMA) as a diluent monomer, hydrogels containing up to 85% water could be prepared. [START_REF] Xie | Study on esterification of acrylic phenolic resin by maleic anhydride and photocrosslinking properties of the alkali-soluble product[END_REF] Finally, investigations of anthraquinones as photosensitizers was not limited to one-photon polymerization and the first examples of twophoton photosensitizers based on anthraquinone were reported in 2007 by Kawata and cowokers. [START_REF] Xing | Synthesis, optical and initiating properties of new two-photon polymerization initiators: 2,7-Bis(styryl)anthraquinone derivatives[END_REF] In order to get a large two-photon absorption cross-section, an oligo(phenylene-vinylene)-type structure was used for the design of the two photosensitizers, enabling to get two-photon absorption cross-sections of 1635GM and 995GM at 800 nm. The design of pressure sensitive adhesives using an anthraquinone-based photoinitiator was also recently reported in the literature. Influence of the photoinitiator concentration, the UV dose used for polymerization, and the rate of crosslinking was determined as impacting the mechanical properties of the pressure-sensitive adhesives. [START_REF] Czech | Novel Photoreactive Pressure-Sensitive Adhesives (PSA) Based on Acrylics Containing Additionable Photoinitiators[END_REF] In this review, the different anthraquinone derivatives that have been developed since 2010 are presented. A wide range of structures have been proposed in light of the rich history concerning the design of anthraquinone-based photoinitiators. Notably, metal complexes, phthalocyanine, water-soluble dyes or biosourced anthraquinones have been investigated for photopolymerization. In these different works, comparisons have been established to evidence the interest of these structures.

Anthraquinone-based photoinitiators of polymerization

Biosourced anthraquinones.

Investigations of natural dyes as photoinitiators of polymerization is an active research field, supported by the fact that these dyes are often abundant and exhibit only a low toxicity. [START_REF] Noirbent | Photoinitiators of polymerization with reduced environmental impact: Nature as an unlimited and renewable source of dyes[END_REF] In this field, one of the most popular natural dye in photopolymerization is undoubtedly curcumin which was at the basis of numerous photoinitiating systems. [START_REF] Zhao | A new role of curcumin: as a multicolor photoinitiator for polymer fabrication under household UV to red LED bulbs[END_REF][START_REF] Crivello | Curcumin: A naturally occurring long-wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Han | Facilely prepared blue-green light sensitive curcuminoids with excellent bleaching properties as high performance photosensitizers in cationic and free radical photopolymerization[END_REF][START_REF] Mishra | Curcumin, A Novel Natural Photoinitiator for the Copolymerization of Styrene and Methylmethacrylate[END_REF][START_REF] Bhattacharjee | A bis-indole/carbazole based C5-curcuminoid fluorescent probe with large Stokes shift for selective detection of biothiols and application to live cell imaging[END_REF][START_REF] Mishra | Curcumin, a natural colorant as initiator for photopolymerization of styrene: kinetics and mechanism[END_REF][START_REF] Abdul-Monem | Naturally Derived Photoinitiators for Dental and Biomaterials Applications[END_REF] By polymerizing polymethacrylates, biocompatible polymers could be obtained, the resulting polymers being not toxic for fibroblast HS-26 cells. [START_REF] Zhao | A new role of curcumin: as a multicolor photoinitiator for polymer fabrication under household UV to red LED bulbs[END_REF] 9,10-Anthraquinone derivatives can also be extracted from numerous plants and four derivatives, namely 1,8dihydroxyanthraquinone (18-DHAQ, chrysazine), 1,2-dihydroxyanthraquinone (12-DHAQ), 1,4-dihydroxyanthraquinone (14-DHAQ, quinizarin) and 1,5-dihydroxyanthraquinone (15-DHAQ) were tested as photoinitiators for the free radical photopolymerization (FRP) of multifunctional monomers, reversible addition-fragmentation chain transfer (RAFT) polymerization of monofunctional monomers and the cationic polymerization of epoxides (See Figure 2). [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] Notably, chrysazine and hypericin can be both extracted from a flowering plant named Hypericum genus. Hypericin is notably used in the photodynamical therapy of cancer [START_REF] Müller | Intramolecular Hydrogen Bonding in 1,8-Dihydroxyanthraquinone, 1-Aminoanthraquinone, and 9-Hydroxyphenalenone Studied by Picosecond Time-Resolved Fluorescence Spectroscopy in a Supersonic Jet[END_REF] and chrysazine as a laxative. [START_REF] Poudel | Microbial Biosynthesis of Chrysazin Derivatives in Recombinant Escherichia coli and Their Biological Activities[END_REF] On their sides, 12-DHAQ, 14-DHAQ (quinizarin) also exhibit biological activities as anticancer drugs by their remarkable abilities to bind to DNA. [START_REF] Ghosh | Spectroscopic and In Silico Evaluation of Interaction of DNA with Six Anthraquinone Derivatives[END_REF] Concerning 15-DHAQ, this molecule is used since 1916 as an antipsoriasis drug. [START_REF] Shockravi | Synthesis of 1,5-Dihydroxy-9,10-Anthraquinone, Iran[END_REF] In 2016, Xiao and coworkers investigated the four dyes as blue light sensitive photoinitiators. Indeed, as shown in the Figure 3 and Table 1, UV-visible absorption spectra in acetonitrile revealed 15-DHAQ and 18-DHAQ to absorb at the same positions, in the 350-500 nm range whereas a redshift of the absorption was detected for 14-DHAQ (375-550 nm range). In the case of 12-DHAQ, its absorption spectrum could not be acquired in acetonitrile due to its insolubility. It therefore clearly evidenced the crucial influence of the substitution pattern on the solubilities of dyes but also on their absorption properties. Theoretical calculations done on the different dyes revealed the electronic distribution to be totally different between dyes (See Figure 4). Thus, the highest occupied molecular orbital (HOMO) was determined to be located onto the polyphenol moieties whereas the lowest unoccupied molecular orbital (LUMO) was centered onto the quinone moiety. Especially, the two hydroxy groups of 14-DHAQ contribute to the HOMO orbital, supporting its redshifted absorption compared to 15-DHAQ and 18-DHAQ for which a weaker contribution to the HOMO orbital was found. In order to investigate their photoinitiating abilities during the FRP of a blend of multifunctional methacrylate monomers i.e. bisphenol A-glycidyl methacrylate (BisGMA)/triethyleneglycol dimethacrylate (TEGDMA), two different three-component systems were examined. First, by using the three-component dye/Iod/NVK (0.5%/2%/3%, wt%) system (where Iod and NVK respectively stand for diphenyliodonium hexafluorophosphate and N-vinylcarbazole), the highest monomer conversion was obtained with 18-DHAQ, furnishing 56% conversion after 300 s of irradiation at 455 nm with a LED. This value is close to that obtained with the second three-component dye/TEAOH/R-Br (0.5%/2%/3%, wt%) system (where TEAOH and R-Br respectively stand for triethanolamine and phenacyl bromide) for which a conversion of 55% was determined. Following 18-DHAQ in terms of reactivity, 14-DHAQ was the second most efficient photoinitiator of the series (40 and 48% for the dye/Iod/NVK (0.5%/2%/3%, wt%) system and dye/TEAOH/R-Br (0.5%/2%/3%, wt%) system respectively) (See Figure 5). Comparison with camphorquinone (CQ) which a benchmark photoinitiator revealed 18-DHAQ to outperform camphorquinone, irrespective of the photoinitiating system used. Interestingly, photopolymerization experiments could be successfully done at 518 nm with 14-DHAQ and 18-DHAQ, despites the weak molar extinction coefficient of 18-DHAQ at 518 nm (See Figure 6).

Figure 5.

Monomer conversions obtained during the FRP of Bis-GMA/TEGDMA blend (70%/30%, w/w) in laminate in the presence of (a) dye/Iod/NVK (0.5%/2%/3%, wt%) and CQ/Iod (0.5%/2%, wt%) as the reference. (b) Dye/TEAOH/R-Br (0.5%/2%/3%, wt%) and CQ/TEAOH (0.5%/2%, wt%) as the reference, irradiation at 455 nm. Reproduced with permission from ref. [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] Figure 6. Monomer conversions obtained during the FRP of Bis-GMA/TEGDMA blend (70%/30%, w/w) in laminate in the presence of dye/Iod/NVK (0.5%/2%/3%, wt%), irradiation at 518 nm. Reproduced with permission from ref. [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] To support the remarkable photoinitiating abilities of 14-DHAQ and 18-DHAQ, photochemical mechanism was investigated by mean of complementary techniques including photolysis experiments, electron spin resonance (ESR) experiments and cyclic voltammetry. The following mechanism was proposed by the authors. Thus, upon photoexcitation of the dye, a photoinduced electron transfer between the excited dye and the iodonium salt can occur (see r2 and r3, Scheme 1), producing initiating aryl radicals (Ph • ) by decomposition of the unstable iodine radical. Reactivity of the aryl radicals can be improved upon introduction of NVK, generating the highly reactive Ph-NVK • (see r4). Parallel to this, cations can also be formed by equation (r5), enabling to initiate the cationic polymerization of epoxides. In the case of the second photoinitiating system, a different mechanism takes place, based on a photoinduced electron transfer followed by a hydrogen abstraction process, enabling to generate DHAQ-H • and TEAOH • (-H) radicals (See equation r6). By reaction with phenacyl bromide, initiating radicals R • can be formed (See equation r7). Noticeably, no direct correlation between the molar extinction coefficient and the monomer conversion could be evidenced, 15-DHAQ and 18-DHAQ exhibiting similar absorption properties, but also the lowest and the highest monomer conversions. Therefore, it was concluded that other parameters such as the solubility in resins, the rate constant of electron transfer were governing the polymerization efficiency. Occurrence of a back electron transfer between 15-DHAQ and TEAOH or Iod was suggested as a plausible explanation supporting the lower polymerization efficiency of this dye. DHAQ → 1 DHAQ (hν) and

1 DHAQ → 3 DHAQ (r1) 1,3 DHAQ + Ph2I + → DHAQ •+ + Ph2I • (r2) Ph2I • → Ph • + Ph-I (r3) Ph • + NVK → Ph-NVK • (r4) Ph-NVK • + Ph2I + → Ph-NVK + + Ph • + Ph-I (r5) 1,3 DHAQ + TEAOH → DHAQ •-+ TEAOH •+ → DHAQ-H • + TEAOH • (-H) (r6) DHAQ •-+ R-Br → DHAQ + (R-Br) •-→ DHAQ + R • + Br - (r7)
Scheme 1. Chemical mechanism involved with the first (eq. r1-r5) and the second (eq. r6-r7) three-component photoinitiating systems.

Interestingly, promising results were obtained during photoRAFT experiments with a monofunctional monomer. By using di(ethylene glycol) methyl ether methacrylate (DEGMEMA) as the monomer and 4-cyanopentanoic acid dithiobenzoate (CPADB) as the RAFT agent, polymers of controlled size could be obtained (Mn = 7500 g/mol, D = 1.14) after four hours of irradiation at 455 nm using the three-component 18-DHAQ/Iod/CPADB (0.2%/0.8%/1% w/w/w) system. In the absence of the RAFT agent, a lower control of the polymerization process was obtained and a higher polydispersity was determined (Mn = 31100 g/mol, D = 1.75). Finally, the possibility of initiating the cationic polymerization of epoxides was examined during the CP of (3,4-epoxycyclohexane)methyl 3,4epoxycyclohexylcarboxylate (EPOX). Here again, the trend of reactivity previously established was confirmed, with 18-DHAQ outperforming the other dyes (See Figure 7). In 2020, Versace and coworkers revisited quinizarin (i.e. 18-DHAQ) in the context of crosslinkable photoinitiators. [START_REF] Sautrot-Ba | Quinizarin Derivatives as Photoinitiators for Free-Radical and Cationic Photopolymerizations in the Visible Spectral Range[END_REF] Two polymerizable groups were introduced, namely an epoxide and an allyl group (See Figure 8). In 2022, the methacrylated version Q1Ac and Q2Ac were proposed by the same authors. [START_REF] Breloy | Methacrylated Quinizarin Derivatives for Visible-Light Mediated Photopolymerization: Promising Applications in 3D-Printing Biosourced Materials under LED@405 nm[END_REF] Parallel to quinizarin, Versace and coworkers also developed the photopolymerizable version of purpurin (1,2,4-trihydroxyanthraquinone, 124-THAQ) and introduced one or three allyl groups (PmA and PA respectively). [START_REF] Sautrot-Ba | Purpurin derivatives as visible-light photosensitizers for 3D printing and valuable biological applications[END_REF] It has to be noticed that the introduction of polymerizable units on anthraquinones has previously been reported in the literature by Ritter and coworkers in 2013. [START_REF] Dollendorf | Polymerization of novel methacrylated anthraquinone dyes[END_REF] In that work, by copolymerizing blue, green and red-absorbing dyes, copolymers with broad absorption could be obtained. Noticeably, upon alkylation of the phenol groups, a significant blueshift of the absorption maxima was found for ZA and ZE in acetonitrile (λmax = 415 and 407 nm respectively) compared to the parent structure quinizarin (QZ) (λmax = 477 nm) (See Figure 9). Molar extinction coefficients of 6000 and 5530 M -1 .cm -1 were also determined for the two dyes, greatly higher than that of camphorquinone (66 M -1 .cm -1 at 466 nm). Based on their absorptions, polymerization experiments could be carried out at 405, 455 and 470 nm. Reproduced with permission of Ref. [START_REF] Sautrot-Ba | Quinizarin Derivatives as Photoinitiators for Free-Radical and Cationic Photopolymerizations in the Visible Spectral Range[END_REF] During the CP of EPOX, the higher photoinitiating ability of the quinizarin derivatives (ZA and ZE) compared to the parent structure was demonstrated. Thus, if no monomer conversion could be detected with QZ and camphorquinone with the two-component dye/Iod1 system (where Iod1 stands for 4-(2-methylpropyl)phenyliodonium hexafluorophosphate), irrespective of the irradiation conditions, a conversion of 76% could be evidenced with ZA after 800 s of irradiation with a Xe lamp, higher than that obtained with ZE (57%). For all the other irradiation conditions, ZE greatly outperformed ZA in terms of monomer conversion (See Table 2). The same trend of reactivity was demonstrated during the FRP of TMPTA. If ZA could outperform ZE upon irradiation with a Xe lamp, a different situation was found with LEDs of narrower emission. Noticeably, good monomer conversions could be obtained with two different two-component systems based on MDEA or Iod1. However, a higher polymerization efficiency was determined with Iod1, evidencing the higher reactivity of the oxidative pathway. Here again, all photoinitiating systems based on QZ were less efficient than those based on ZA and ZE, attributable to the presence of phenolic groups on QZ acting as termination agents quenching the chain growth but also to the ability of phenols to act as inhibitors of polymerization. [START_REF] Mauguière-Guyonnet | On the inhibiting effect of phenolic compounds in the photopolymerization of acrylates under high-intensity and polychromatic UV/visible lights[END_REF][START_REF] Kice | Inhibition of polymerization. II. Methyl acrylate[END_REF] Finally, the concomitant polymerization of TMPTA and EPOX was examined, enabling to access to interpenetrated polymer networks (IPNs). Due to oxygen inhibition, higher TMPTA conversions were obtained in laminate than under air. [START_REF] Belon | Overcoming the oxygen inhibition in the photopolymerization of acrylates: A study of the beneficial effect of triphenylphosphine[END_REF] Conversely, due to the higher polymerization rate of TMPTA, a decrease of the EPOX conversion was determined in laminate compared to that determined under air (See Table 3). The most interesting result of this study concerned the antibacterial properties provided to IPNs by the presence of quinizarin derivatives. Indeed, the design of antibacterial materials is an active research field. [START_REF] Pierau | Light and Hydrogels: A New Generation of Antimicrobial Materials[END_REF] Due to the presence of the dyes within the polymer films, singlet oxygen could be produced at the surface of the irradiated films, enabling to provide antibacterial properties to the polymer films. Indeed, singlet oxygen formed by photosensitization with quinizarin can oxidize the olefinic double bonds of bacteria, leading to their deaths. [START_REF] Condat | Photoinduced curcumin derivativecoatings with antibacterial properties[END_REF][START_REF] Sautrot-Ba | Paprika, Gallic Acid, and Visible Light: The Green Combination for the Synthesis of Biocide Coatings[END_REF] Inspired by the photoinitiating abilities of natural anthraquinones, a series of three poly(hydroxy)anthraquinones was investigated by Xiao and coworkers, differing by the number of hydroxy groups but also by the substituent positions (See Figure 10). [START_REF] Zhang | Multihydroxy-Anthraquinone Derivatives as Free Radical and Cationic Photoinitiators of Various Photopolymerizations under Green LED[END_REF] Figure 10. Chemical structures of different poly(hydroxy)anthraquinones.

In this series, 1,2,4-trihydroxyanthraquinone (124-THAQ, purpurin) is also a natural product that can be extracted from the roots of a madder plant (Rubia cordifolia), a plant which is of the same family from which quinizarin (1,4-dihydroxyanthraquinone) is extracted (Rubia tinctorum). For comparison, other non-natural poly(hydroxy)anthraquinone were investigated, namely 1,2,7-trihydroxyanthraquinone (127-THAQ), anthrapurpurin) and 1,2,5,8-tetrahydroxyanthraquinone (1258-THAQ, quinalizarin). In this series of dyes, all anthraquinones bearing hydroxy groups in para-position exhibited the most redshifted absorptions. Thus, 124-THAQ and 1258-THAQ exhibited absorption maxima at 477 and 480 nm contrarily to 411 nm for 127-THAQ that does not comprise two hydroxy groups in paraposition to each other (See Figure 11). Based on their absorptions, polymerization experiments could be carried out at 518 nm (i.e. with green light) with all dyes. the non-reactivity of this system. Based on the fluorescence and steady state photolysis experiments, the following order of reactivity could be established: 124-THAQ, then 1258-THAQ and 127-THAQ. This trend of reactivity determined in solution was confirmed during the FRP experiments. Thus, during the FRP of a BisGMA/TEGDMA blend, monomer conversions of 41% could be determined with the two-component 124-THAQ/Iod (0.5%/2%, w/w) system, consistent with the aforementioned higher photochemical reactivity of 124-THAQ compared to the other dyes (36% with 1258-THAQ and no monomer conversion with 127-THAQ).

Amino-substituted anthraquinones.

Natural anthraquinones are mainly substituted with hydroxy groups and their photoinitiating abilities have been clearly demonstrated in the different aforementioned works. Inspired by these results, a series of amino-substituted anthraquinones was designed and examined as photoinitiators of polymerization. A series of three amino-substituted anthraquinones (DB1, DB3 and OBN) was reported in 2013 by Lalevée and coworkers (See Figure 12). [START_REF] Xiao | Cationic and Thiol-Ene Photopolymerization upon Red Lights Using Anthraquinone Derivatives as Photoinitiators[END_REF] In this series of commercially dyes, various applications have been reported.

Notably, aside from photopolymerization disperse blue 1 (DB1) and disperse blue 3 (DB3) are primarily used in hair colour formulations whereas oil blue N (OBN) is used for staining fatty substances in animal tissues. As the main interest of introducing amino groups on anthraquinones, absorptions at long wavelengths can be obtained. As shown in the Figure 13, DB1, DB2 and OBN exhibited absorption maxima located at 635 nm, therefore significantly red-shifted compared to that of the hydroxy-substituted quinizarin (477 nm). Benefiting from this redshifted absorption, polymerization experiments could be performed at 536 nm with a laser diode and at 630 nm with a LED. OBN/Iod (0.5%/2%, w/w) system to be remarkably performant upon irradiation with a laser diode (98% DVE conversion) or with a LED (68% conversion). However, a low trithiol conversion could also be determined (35 and 20% conversions), evidencing that DVE was also polymerizing with mean of a cationic process in competition with the thiol-ene polymerization (See Figure 14). Red curve: DVE-3 conversion, blue curve: trithiol conversion. Reproduced with permission of Ref. [START_REF] Xiao | Cationic and Thiol-Ene Photopolymerization upon Red Lights Using Anthraquinone Derivatives as Photoinitiators[END_REF] The two competing mechanisms are depicted in the Scheme 2, in equations r8-r15. AQD → 1 AQD (hν) and 1 AQD → 3 AQD (r8)

1,3 AQD + Ph2I + → AQD •+ + Ph2I • (r9) AQD •+ + Ph2I • → AQD •+ + Ph • + Ph-I (r10) Ph • + RS-H → Ph-H + RS • (r11) RS • + R'-CH=CH2 → R'-CH • -CH2SR (r12) R'-CH • -CH2SR + RSH → R'-CH2-CH2SR + RS • (r13) Ph • + VE → Ph-VE • (r14) Ph-VE • + Ph2I + → Ph-VE + + Ph • + Ph-I (r15)
Scheme 2. Photochemical mechanisms involved in the thiol-ene polymerization and the cationic polymerization of DVE-3.

Cationic polymerization of EPOX with the different two-component dyes/Iod (0.5%/2% w/w) system revealed QA, DB1 and DB3 to be ineffective. Upon introduction of Nvinylcarbazole (NVK) to the photoinitiating system (3 wt%), only low EPOX conversions were obtained after 800 s of irradiation with a halogen lamp. Thus, conversions of 28, 38 and 59%

were respectively obtained with the three-component OBN/Iod/NVK (0.5%/2%/3% w/w/w) systems. The same trend of reactivity was confirmed during the FRP of TMPTA, OBN outperforming DB1 and DB3. For comparison, no polymerization could be detected with QA due to the insufficient absorption at these wavelengths, irrespective of the photoinitiating systems (See Table 4). To support the higher reactivity of the photoinitiating systems in the presence of NVK, the formation of Ph-NVK • radicals exhibiting a higher reactivity than the Ph • radicals was proposed (See Scheme 3). a photopolymerization under air for 800 s; b photopolymerization in laminate for 400 s.

Ph • + NVK → Ph-NVK • (r16) Ph-NVK • + Ph2I + → Ph-NVK + + Ph • + Ph-I ( 
If the polymerization efficiency is the focus of numerous studies, an interesting work done by Versace and coworkers on diaminoanthraquinone also focused on an application for the final polymers. In the present case, the design of antifouling and biocide coatings were examined. [START_REF] Tomane | Photoinitiating Systems Based on Anthraquinone Derivatives: Synthesis of Antifouling and Biocide Coatings[END_REF] In this work, 2,6-diaminoanthraquinone (AQD) was examined as a photoinitiator of polymerization in combination with Iod and benzyl alcohol for the cationic polymerization of epoxides (See Figure 15). AQD → 1 AQD (hν) and

1 AQD → 3 AQD (r18) 1,3 AQD + Ph2I + + PF6 -→ AQD •+ + Ph2I • + PF6 - (r19) Ph2I • → Ph • + Ph-I (r20) AQD •+ + PF6 -+ DH → AQD + PF6 -+ DH •+ (r21) DH •+ + PF6 -→ H + + PF6 -+ DH(-H) • (r22) AQD-H • + Ph2I + + PF6 -→ AQD + H + + PF6 -+ Ph2I • (r23) D • + Ph2I + + PF6 -→ D + + Ph2I • + PF6 - (r24) 
Scheme 4. Mechanism involved in the cationic polymerization of epoxides.

Due to the in-situ liberation of protic acid, 3-glycidyloxypropyltrimethoxysilane (GPTMS) could be hydrolyzed, enabling the formation of Si-O-Si bond between silane groups and thus the formation of a silica network concomitant to the formation of the polymer. By the presence of the GPTMS coating, anti-adhesion properties but also a biocide activity could be demonstrated for the epoxy-based polymers against Gram-negative bacteria (E. coli) and Gram-positive bacteria (S. aureus). Conversely, control experiments done for epoxy-based polymers not containing GPTMS coating did not exhibit any antibacterial or anti-adhesion properties.

On his side, Xiao and coworkers investigated a series of diamino-substituted anthraquinones (AHAQ, 14-DAAQ and 15-DAAQ) differing from AQD by the substitution pattern (See Figure 16). [START_REF] Zhang | Disubstituted Aminoanthraquinone-Based Multicolor Photoinitiators: Photoinitiation Mechanism and Ability of Cationic Polymerization under Blue, Green, Yellow, and Red LEDs[END_REF] Figure 16. Chemical structures of AHAQ, 14-DAAQ and 15-DAAQ.

Here again, a strong influence of the substitution pattern could be evidenced, the absorption maxima varying from 479 nm for 15-DAAQ to 544 nm for 14-DAAQ and 522 nm for AHAQ. As previously observed, the most redshifted absorption was found for 14-DAAQ bearing two amino groups in para-position from each other (See Figure 17). Reproduced with permission of Ref. [START_REF] Zhang | Disubstituted Aminoanthraquinone-Based Multicolor Photoinitiators: Photoinitiation Mechanism and Ability of Cationic Polymerization under Blue, Green, Yellow, and Red LEDs[END_REF] Photopolymerization experiments done at 455, 518, 594 and 636 nm evidenced the perfect adequation between absorption and reactivity. Thus, if a higher polymerization ability was found for 15-DAAQ at 455 and 518 nm, 14-DAAQ outperformed 15-DAAQ at 594 and 636 nm due to a better adequation of its absorption spectrum with the emission of the light sources.

Functionalization of the amino groups of anthraquinone by different structures was also investigated as a tool enabling to improve the solubility of dyes in resins, finely tune the absorption properties of anthraquinones but also to improve the free radical efficiency. Indeed, if OBN proved to be an efficient photoinitiator to promote the CP of EPOX in combination with Iod and NVK, the ability to initiate the FRP of TMPTA remained low. In 2019, Xiao and coworkers examined a series of diaminoanthraquinones bearing different groups as versatile multicolor photoinitiators activable under blue, green and red LED irradiations (See Figure 18), and capable to promote FRP, CP and even thiol-ene polymerizations. [START_REF] Zhang | Photopolymerization under various monochromatic UV/visible LEDs and IR lamp: Diamino-anthraquinone derivatives as versatile multicolor photoinitiators[END_REF][START_REF] Peng | Thiol-Ene Photopolymerization under Blue, Green and Red LED Irradiation[END_REF] As previously observed for DB1, DB3 and OBN, an absorption centered in the 500-700 nm range could be determined for SB36, SB68 and SG3 (See Figure 19). Absorption maxima at 638, 606

and 635 nm could be measured for SB36, SB68 and SG3, close to that of OBN (638 nm). It was thus determined that the functionalization of the amino groups of anthraquinone did not significantly affect the position of the absorption maxima. Noticeably, cationic polymerization of EPOX revealed the newly designed anthraquinone derivatives to give lower monomer conversions than OBN in three-component dye/Iod/NVK (0.5%/2%/3%, w/w/w) systems, except SB36 that could compete with OBN (56% conversion vs. 62% conversion with OBN (See Figure 20). To support this result, the higher reactivity of OBN •+ compared to SB36 •+ was proposed. Noticeably, an improvement of the EPOX conversion could be obtained with OBN upon irradiation with a LED at 636 nm (62% conversion) compared to a laser diode at 635 nm (54% conversion) and this unexpected result was assigned to a better overlap of the absorption spectrum of OBN with the emission of LED compared to the laser diode. Investigation of SB36 during the FRP of TMPTA with the threecomponent SB36/Iod/NVK (0.5%/2%/3% w/w/w) systems revealed the TMPTA conversion to be lower than that obtained with OBN (18% conversions after 300 s of irradiation at 636 nm vs.

28% for OBN). Besides, by modifying the additives and by using the three-component dye/TEAOH/R-Cl system (where R-Cl stands for 2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine), the conversion could be increased up to 42% in the same irradiation conditions.

Figure 20.

Polymerization profiles obtained during the CP of EPOX using different threecomponent AAQs/Iod(/NVK) (0.5%/2%/3%, w/w/w) systems upon irradiation with a LED at 636 nm. Reproduced with permission of Ref. [START_REF] Zhang | Photopolymerization under various monochromatic UV/visible LEDs and IR lamp: Diamino-anthraquinone derivatives as versatile multicolor photoinitiators[END_REF].

Considering the high reactivity of SB36, thiol-ene polymerization with this dye was also studied with a wide range of monomers. [START_REF] Peng | Thiol-Ene Photopolymerization under Blue, Green and Red LED Irradiation[END_REF] Finally, a series of mono-amino substituted anthraquinones (AAQ, MAAQ, and BAAQ) was studied by the same authors (See Figure 21). [START_REF] Zhang | Photoinitiation Mechanism and Ability of Monoamino-Substituted Anthraquinone Derivatives as Cationic Photoinitiators of Polymerization under LEDs[END_REF][START_REF] Zhang | Substituent Effects on Photoinitiation Ability of Monoaminoanthraquinone-Based Photoinitiating Systems for Free Radical Photopolymerization under LEDs[END_REF] As observed for the disubstituted ones, the CP of EPOX or the FRP of TMPTA could be efficiently promoted upon irradiation at shorter wavelengths compared to that used for the disubstituted ones (455 nm vs 635 nm), due to blue-shifted absorptions standing in the 350-600 nm range. 

Water-soluble anthraquinones.

The design of water-soluble photoinitiators constitutes one of the main challenges of the coming decades. [START_REF] Dumur | Recent advances on water-soluble photoinitiators of polymerization[END_REF] Indeed, with aim at developing polymerization processes more respectful from the environment, polymerization in water offers the possibility to polymerize in safer conditions. In order to provide water solubility, different approaches can be used. The first one consists in the chemical modification of water insoluble dyes. However, the main drawback of this approach is the number of synthetic steps that are required in order to access to the desired structures. With aim at developing water soluble dyes without extensive synthetic steps, an efficient strategy consisted in forming charge transfer complexes with a water-soluble molecule and in this field, the electron-donating triethanolamine has been extensively studied. [START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF][START_REF] Dumur | Recent advances on water-soluble photoinitiators of polymerization[END_REF] Encapsulation of organic dyes in cavities such as cyclodextrins or cucurbiturils constitutes another efficient strategy enabling to minimize the synthetic steps. [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][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] This strategy is notably based on a host-guest interaction between a hydrophobic cavity and a water-insoluble dye. In 2014, Duan and coworkers proposed a water soluble two-photon polymerization (TPP) initiator, namely 2,7-bis(2-(4pentaneoxyphenyl)vinyl)anthraquinone (N) with a C2v symmetry [START_REF] Xing | A water soluble initiator prepared through host-guest chemical interaction for microfabrication of 3D hydrogels via two-photon polymerization[END_REF] whose structure was strongly inspired by his previous works done in 2007 on the same scaffold. [START_REF] Xing | Synthesis, optical and initiating properties of new two-photon polymerization initiators: 2,7-Bis(styryl)anthraquinone derivatives[END_REF] As the main difference, two pentoxy chains were introduced on N to improve the solubility in organic solvent but also improve its hydrophobicity (See Figure 22). In the present case, 2hydroxypropyl-β-cyclodextrins (2-Hp-β-CDs) was used as the host for N, producing the water-soluble supramolecular structure WI. Upon encapsulation of N in 2-Hp-β-CDs, a blueshift of the absorption was detected, shifting from 328 nm in chloroform to 290 nm in water. A long tail extending up to 600 nm for WI was found, making this dye an interesting photoinitiator under visible light. Examination of their optical properties in chloroform for N and water for WI revealed the two-absorption cross-section δTPA values to be of 600 GM at 820 nm and 300 GM at 770 nm respectively. Especially, for WI, a δTPA value of 200 GM at 780 nm could be determined in water, greatly higher than that of commercial photoinitiators. [START_REF] Tian | Hydrophobic Chromophores in Aqueous Micellar Solution Showing Large Two-Photon Absorption Cross Sections[END_REF] Figure 22. Chemical structure of N and DBMP. Two-photon polymerization experiments done on poly(ethylene glycol) diacrylate (PEGDA) in water using WI as the initiator and 2-benzyl-2-(dimethylamino)-4'morpholinobutyrophenone (DBMP) as the photosensitizer revealed the threshold energy to be of 8.6 mW at the scanning rate of 10 µm/s. This value increased to 10.2 mW at the scanning rate of 50 µm/s. As shown in the Figure 23, smooth and continuous lines could be obtained while using 0.03 wt% of WI. 

Anthraquinone-based phthalocyanines

The design of panchromatic photoinitiators is an active research field supported by the fact that such photoinitiators are easier to excite with light than dyes exhibiting a narrower absorption. [START_REF] Zhang | Panchromatic photoinitiators for radical, cationic and thiol-ene polymerization reactions: A search in the diketopyrrolopyrrole or indigo dye series[END_REF][START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][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][START_REF] Tar | Panchromatic Type II Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative[END_REF][START_REF] Mau | Panchromatic Copper Complexes for Visible Light Photopolymerization[END_REF][START_REF] Xiao | Panchromatic Photopolymerizable Cationic Films Using Indoline and Squaraine Dye Based Photoinitiating Systems[END_REF][START_REF] Zhang | Novel panchromatic photopolymerizable matrices: N,N'-dibutylquinacridone as an efficient and versatile photoinitiator[END_REF] Indeed, these dyes can be excited at different wavelengths while maintaining an excellent monomer conversion. Considering that anthraquinone exhibits an absorption centered in the 300-450 nm range, absorption spectra of anthraquinone could be extended by its covalent linkage to phthalocyanine. [START_REF] Breloy | Visible Light Anthraquinone Functional Phthalocyanine Photoinitiator for Free-Radical and Cationic Polymerizations[END_REF] Choice of phthalocyanine was also motivated by the ability of phthalocyanine to reduce oxygen inhibition during FRP experiments upon irradiation in the B band of phthalocyanines with a UV light. [START_REF] Childress | Independent Control of Singlet Oxygen and Radical Generation via Irradiation of a Two-Color Photosensitive Molecule[END_REF] Despites the wide range of phthalocyanines reported in the literature, use of phthalocyanines as photoinitiators remains scarce and attributable to the low solubility of these structures. [START_REF] Corrigan | A Photoinitiation System for Conventional and Controlled Radical Polymerization at Visible and NIR Wavelengths[END_REF][START_REF] Korkut | Type II photoinitiator substituted zinc phthalocyanine: Synthesis, photophysical and photopolymerization studies[END_REF] In 2020, the functionalization of a zinc phthalocyanine (Zn-Pc) by peripheral anthraquinone units was examined by Versace and coworkers (See Figure 24). [START_REF] Breloy | Visible Light Anthraquinone Functional Phthalocyanine Photoinitiator for Free-Radical and Cationic Polymerizations[END_REF] Figure 24. Chemical structures of AQ-Zn-Pc, ZnPc, HAQ and camphorquinone.

By attaching four anthraquinone units onto the phthalocyanine core, AQ-Zn-Pc could exhibit a molar extinction coefficient of 44 000 M -1 .cm -1 at 342 nm and 38 000 M -1 .cm -1 at 650 nm respectively in DMSO (See Figure 25), greatly higher than that of anthraquinone (6 000 M -1 .cm - 1 at 325 nm). Considering the broad absorption of AQ-Zn-Pc, photopolymerization experiments could be carried out at 385, 405, 455 and 470 nm with LEDs. Among the different two-component systems used for the FRP of TMPTA, almost similar monomer conversions were obtained with the two-component AQ-Zn-PC/TT system (where TT stands for trimethylolpropane tris(3-mercaptopropionate)), the well-established AQ-Zn-PC/Iod2 system (where Iod2 stands for bis(4-methylphenyl)iodonium hexafluorophosphate) and the two-component AQ-Zn-PC /MDEA system (See Tables 5, 6 and7). Especially, the highest monomer conversions were obtained at 385 and 405 nm, due to the high molar extinction coefficient of AQ-Zn-PC in the 300-400 nm range. Interest of the anthraquinone-phthalocyanine combination was demonstrated by comparing the photoinitiating abilities of AQ, HAQ and ZnPc. Thus, if the anthraquinone-phthalocyanine combination was capable to initiate a polymerization in the 385-530 nm range, this ability was considerably reduced for AQ, HAQ and ZnPC, the dyes considered separately being only able to initiate a polymerization between 385 and 405 nm. Comparison with reference systems based on camphorquinone revealed camphorquinone to outperform AQ-Zn-Pc at 455 nm due to the lack of absorption of AQ-Zn-Pc at this wavelength. Conversely, at 405 nm, similar monomer conversions were obtained with AQ-Zn-Pc and CQ. Besides, interest for AQ-Zn-Pc as photoinitiators still exists, polymerization experiments being possible at five different wavelengths. By combining the photolysis, fluorescence quenching and EPR experiments, the photochemical mechanism involved in the three different conditions could be established and are detailed in the Scheme 5.

AQ-Zn-Pc → 1 AQ-Zn-Pc (hν) and 1 AQ-Zn-Pc → 3 AQ-Zn-Pc (r8) 1,3 AQ-Zn-Pc + Ph2I + → AQ-Zn-Pc

•+ + Ph2I • (r9) Ph2I • → Ph • + Ph-I (r10) 1,3 AQ-Zn-Pc + MDEA → AQ-Zn-Pc •-+ MDEA •+ → AQ-Zn-Pc-H • + MDEA • (-H) (r11) 1,3 AQ-Zn-Pc + R-SH → AQ-Zn-Pc • (+H) + RS • (r12)
Scheme 5. Chemical mechanism involved with the three two-component systems comprising AQ-Zn-Pc as the photoinitiator.

Anthraquinone-based metal complexes

Oxygen inhibition and extractability of photoinitiators are two major drawbacks numerous photoinitiating systems are facing. An interesting study was notably recently devoted to investigate the migratability of a series of 14 benchmark photoinitiators in food. [START_REF] Van Den Houwe | Migration of photoinitiators from cardboard into dry food: evaluation of Tenax® as a food simulant[END_REF] With aim at addressing these two drawbacks, a series of zirconium-based complexes was proposed by Allonas and coworkers, bearing benzophenone or anthraquinone-based ligands (See Figure 26). [START_REF] Zhou | Synthesis and characterization of organozirconiums with type-II photoinitiator ligands as multifunctional photoinitiators for free radical photopolymerization[END_REF] Figure 26. Chemical structures of zirconium-based complexes.

In terms of absorption properties, formation of the metal complexes contributed to improve the molar extinction coefficients, compared to the ligands considered alone. In the case of Zr-OAQ, a fourfold enhancement of the molar extinction coefficient can be evidenced, compared to the ligand AQ-N-OH (32400 M -1 .cm -1 vs. 7400 M -1 .cm -1 for AQ-N-OH). Noticeably, a similar absorption maximum was found between the metal complex and the free ligand (388 nm). A different situation was found for Zr-OBP for which a blue shift by ca. 35 nm was found between the ligand and the corresponding metal complex (325 nm vs 360 nm for BP-OH). Photopolymerization tests done on a bisphenol A diacrylate/1-6-hexanediol diacrylate (HDDA) blend (80/20) using the two-component dye/EDB systems revealed the two ligands to furnish low monomer conversions at low photoinitiator content. This issue could be addressed by increasing the concentration up to 2 mol%, enabling to get a final conversion around 60% with BP-OH and only 50% with AQ-N-OH, due to its low solubility in monomers. By using the corresponding complexes as photosensitizers, a significant increase of the monomer conversion could be detected, attributable to the simultaneous presence of four benzophenone and anthraquinone units capable to react with EDB (See Figure 27). By determining the depth conversion profile of the different samples, a significant reduction of the inhibited layer was determined for all samples polymerized with Zr-OAQ. The higher polymerization rates of the inhibited layer were assigned in the case of metal complexes used as photoinitiators to the ability of zirconium complexes to convert peroxyl radicals as initiating radicals. This ability was notably previously demonstrated with a type I photoinitiator, namely diphenyl(2,4,6-trimethylbenzoyl)-phosphine oxide (TPO). [START_REF] Courtecuisse | Zirconium complexes to overcome oxygen inhibition in free-radical photopolymerization of acrylates: Kinetic, mechanism, and depth profiling[END_REF] By ligand exchange with peroxyl radicals, new initiating radicals could be produced according to the mechanism depicted in the Scheme 6. [START_REF] Courtecuisse | Zirconium complexes to overcome oxygen inhibition in free-radical photopolymerization of acrylates: Kinetic, mechanism, and depth profiling[END_REF] Figure 27. polymerization profiles obtained with different two-component dye/EDB systems upon irradiation by a UV light. Reproduced with permission of Ref. [START_REF] Zhou | Synthesis and characterization of organozirconiums with type-II photoinitiator ligands as multifunctional photoinitiators for free radical photopolymerization[END_REF] Scheme 6. mechanism enabling to overcome oxygen inhibition with zirconium complexes.

As shown in the Figure 28, an increase of the monomer conversion by going far from the surface could be evidenced. 

Anthraquinone derivatives as monocomponent photoinitiating systems

As stated above, all anthraquinone derivatives have been investigated in combination with different additives, anthraquinones considered alone being unable to initiate any polymerization processes. This point was addressed in 2021 with the development of Q3 and Q4 that could act as monocomponent photoinitiators (See Figure 29). [START_REF] Zhu | A new anthraquinone derivative as a near UV and visible light photoinitiator for free-radical, thiol-ene and cationic polymerizations[END_REF] Their photoinitiating abilities were notably examined with the previously reported allyl quinizarin QA and Q3 bearing allyl groups. Interestingly, Q4 exhibited an absorption maximum at 368 nm (ε = 5893 M -1 .cm -1 ), with a tail extending up to 450 nm. Compared to QA and Q3, a blue shift of the absorption of Q4 was found (λmax (QA) = 413 nm, λmax (Q3) = 487 nm), evidencing the crucial importance of unsubstituted phenol groups to get an absorption centered in the visible range (See Figure 30). Photolysis experiments done in acetonitrile and under air revealed the photolysis process to be very fast at 365 nm but slow at 405 nm (See Figure 31), indicating the low photochemical activity of this dye at 405 nm. A different situation was found for the two-component Q4/Iod combination for which an efficient photobleaching of the solutions could be demonstrated both at 365 and 405 nm. To support the efficient photobleaching detected in solution but also its ability to act as monocomponent system, the following mechanism was proposed, based on theoretical calculations (See Scheme 7). Scheme 7. Mechanism of photoinitiation proposed with Q4.

Notably, upon photoexcitation of Q4, an intermolecular hydrogen abstraction process in the excited state can occur, producing two initiating radicals [Q4+H] • and [Q4-H] • . Theoretical calculations also revealed [Q4-H] • radicals to be less reactive than [Q4+H] • radicals due to a more localized single electron and a higher steric hindrance around the odd electron. Comparison of the photoinitiating abilities of QA, Q3 and Q4 during the FRP of TPGDA and HDDA used as monocomponent systems revealed QA and Q4 to exhibit similar reactivities in TPGDA and HDDA both at 365 and 405 nm. A lower reactivity of QA compared to Q4 could however be evidenced at 405 nm in HDDA, even if a similar monomer conversion could be obtained after 800 s of irradiation. Due to a low absorption of Q3, a lower monomer conversion was obtained in both monomers irrespective of the irradiation wavelength (See Figure 32). Interestingly, during the FRP of TMPTA, similar monomer conversions could be obtained for the different dyes used alone (1 wt%) or in combination with Iod (3 wt%)., evidencing the dominant role of hydrogen abstraction mechanism in the polymerization process. Considering that the thiol-ene reaction is also promoted by free radical species, the polymerization of a trithiol/TMPTA (50%/50% w/w) blend was also examined, enabling to get TMPTA conversions higher than 84% and trithiol conversions higher than 44% (See Table 8). Finally, the possibility to initiate the cationic polymerization of EPOX with the twocomponent dye/Iod (1%/3% w/w) system was also examined as well as the concomitant polymerization of a TMPTA/EPOX blend with these systems at 365 and 405 nm. In these different experiments, the lowest monomer conversions were obtained with Q3, in accordance with the lower molar extinction coefficients of Q3 at these two irradiation wavelengths.

Iodonium salt based on anthraquinone

Still with aim at developing mono-component systems, in 2021, Xiao and coworkers prepared an iodonium salt bearing an anthraquinone as the chromophore (Ant-Iod) (See Figure 33). For comparison, another iodonium salt was also prepared with a natural dye, namely a flavone (Flav-Iod). [START_REF] Peng | Newly Synthesized Chromophore-linked Iodonium Salts as Photoinitiators of Free Radical Photopolymerization[END_REF] Figure 33. Chemical structure of Ant-Iod and Flav-Iod.

By introducing a flavone or an anthraquinone moiety as the chromophores, an absorption extending until 425 nm could be detected in acetonitrile whereas no absorption after 300 nm could be detected for the parent Iod1 (See Figure 34). Absorption maxima located at 336 nm for Ant-Iod and 344 nm for Flav-Iod were respectively determined. The red-shifted absorption of Flav-Iod compared to Ant-Iod is directly related to its more extended πconjugation. Considering that Iod1 was used as a reference iodonium salt, polymerization experiments were carried out by irradiating in the 250-650 nm range but also in the 320-480 nm range. As shown in the Figure 35 during the FRP of TMPTA, Ant-Iod and Flav-Iod could act as mono-component systema and outperform Iod1 due to higher molar extinction coefficients in the visible range and thus a better adequation with the light source (250-650 nm range). This trend was confirmed by irradiating in the 320-480 nm range. In this spectral range, Flav-Iod clearly outperformed Ant-Iod and Iod1. TMPTA conversions of 46% (250-650 nm range) and 41% (320-480 nm range) were obtained with Flav-Iod. Reproduced with permission of Ref. [START_REF] Peng | Newly Synthesized Chromophore-linked Iodonium Salts as Photoinitiators of Free Radical Photopolymerization[END_REF] The monomer conversions could be improved upon addition of EDB, assigned to the formation of charge transfer complex (CTC) with EDB, improving the light absorption properties. [START_REF] Dumur | Recent Advances on Furan-Based Visible Light Photoinitiators of Polymerization[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] 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][START_REF] Lin | A Critical Review for Synergic Kinetics and Strategies for Enhanced Photopolymerizations for 3D-Printing and Additive Manufacturing[END_REF][START_REF] Sun | Organic dye-based photoinitiating systems for visible-light-induced photopolymerization[END_REF] Using the two-component dye/EDB system, TMPTA conversions of 25, 30 and 40 % could be obtained while reducing the iodonium concentration to only 8.4 µmol/g (and [EDB] = 103.5 µmol/g) (See Figure 36). Considering the Iod1/EDB combination is considered as a reference system, the two newly developed iodonium salts therefore exhibited higher monomer conversions than Iod1 due to improved light absorption properties. 

Anthraquinones of extended aromaticities

One of the key-element to get high molar extinction coefficients in the visible range consists in extending the aromaticity of the dyes. This point was examined by Sokołowska in 2012 and two benzo [2,3-b]phenazine derived anthraquinones were proposed, namely dyes IIIa and IIIc (See Figure 37). To investigate their photoinitiating abilities, different electron donors and acceptors were used, as shown in Figure 37. By extending the conjugation in IIIa and IIIc, absorption maxima located at 288 and 370 nm were respectively found in 1-methyl-2pyrrolidinone. Noticeably, by introducing the electron-donating methoxy group, a red-shift of the absorption by ca 82 nm was detected for IIIc compared to IIIa, resulting from an intramolecular charge transfer. Among electron donors and acceptors tested during the FRP of TMPTA, the best monomer conversions were obtained with A2 and D2. Concerning the polymerization rates, this is with A1 and D1 that the polymerizations were the fastest at the beginning of the polymerization. Parallel to the FRP of TMPTA, the cationic polymerization of cyclohexane oxide was also examined with IIIa and IIIc. With the two dyes, high monomer conversions could be obtained using A3 and A4 as the additives i.e. the iodonium salts. 

Conclusion

To conclude, anthraquinones have been introduced as the chromophore in a wide range of photoinitiators so that polymerization experiments could be carried out from the UV range up to 700 nm. By connecting anthraquinones to phthalocyanine, panchromatic photoinitiators could even be obtained. At present, the design of water-soluble anthraquinones is still lacking and only one supramolecular architecture based on cyclodextrin has been reported to date. Besides, polymerization in water offers a unique opportunity to polymerize in conditions more respectful from the environment. To date, no Type I photoinitiators have been designed with anthraquinone. Besides, a significant simplification of the composition of the resin could be obtained with these structures. Indeed, only multicomponent systems have been reported at a few exceptions. Considering the remarkable light absorption properties of anthraquinones, and in light of the numerous structures that have been developed, the future challenge of photoinitiators (water-solubility, migratability, simplification of the photocurable resins with the design of monocomponent systems) will be certainly addressed in the coming years. Another major focus of future works will also consist in designing photobleachable photoinitiators. Indeed, if the possibility of designing highly efficient photoinitiating systems with anthraquinone has been demonstrated, none of them have been reported to be capable to bleach at present. Future works will also consist in developing anthraquinones for photocontrolled/living radical polymerization. At present, this aspect of photopolymerization has not been investigated yet.
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 3 Figure 3. UV-visible absorption spectra of three dihydroxyanthraquinones 14-DHAQ, 15-DHAQ, 18-DHAQ recorded in acetonitrile. Reproduced with permission from Ref. [22].
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 4 Figure 4. Contour plots of the HOMO and LUMO energy levels of dihydroxyanthraquinone using DFT at the UB3LYP/6-31G* level. Reproduced with permission from Ref. [22].
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 7 Figure 7. Monomer conversions obtained during the CP of EPOX using different threecomponent photoinitiating systems.Reproduced with permission from ref.[START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] 
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 8 Figure 8. Chemical structures of crosslinkable quinizarin derivatives QA and QE.
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 9 Figure 9. UV-visible absorption spectra of QA, QE and quinizarin (QZ) in acetonitrile.Reproduced with permission of Ref.[START_REF] Sautrot-Ba | Quinizarin Derivatives as Photoinitiators for Free-Radical and Cationic Photopolymerizations in the Visible Spectral Range[END_REF] 
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 11 Figure 11. UV-visible absorption spectra of different poly(hydroxy)anthraquinones in acetonitrile. Reproduced with permission of Ref.[341] Fluorescence quenching experiments done with Iod revealed the photobleaching to be very fast for 124-THAQ and 127-THAQ whereas almost no quenching was detected with 1258-THAQ, indicative of an inefficient electron transfer. A lower reactivity during FRP experiments can be thus anticipated for 1258-THAQ. During steady state photolysis experiments done in acetonitrile, if a decrease of the light absorption was detected for the twocomponent 124-THAQ and 1258-THAQ/Iod systems, no modification of the absorption properties was detected for the two-component system based on 127-THAQ, demonstrating
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 12 Figure 12. Chemical structures of different amino-substituted anthraquinones.
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 13 Figure13. UV-visible absorption spectra of different amino-substituted anthraquinones recorded in acetonitrile. Reproduced with permission of Ref.[START_REF] Xiao | Cationic and Thiol-Ene Photopolymerization upon Red Lights Using Anthraquinone Derivatives as Photoinitiators[END_REF] 

  photopolymerization experiments done with trimethylolpropane tris(3mercaptopropionate) (trithiol)/DVE (57%/43% w/w) blend revealed the two-component
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 14 Figure 14. Polymerization profiles obtained during the thiol-ene polymerization of a Trithiol/DVE-3 (57%/43%, w/w) blend in laminate using the two-component OBN/Iod (0.5%/2%, w/w) system upon irradiation with (a) Laser diode at 635 nm (b) LED at 630 nm.

r17) Scheme 3 .

 3 Scheme 3. Mechanism of radical and cation generation occuring upon addition of NVK to the formulation.

Figure 15 .

 15 Figure 15. Chemical structure of AQD.By electron spin resonance spin-trapping (ESR ST) experiments, a mechanism of hydrogen abstraction between AQD and benzyl alcohol (DH) could be evidenced, occurring directly from the excited dye or by mean of the phenyl radicals (See Scheme 4, equations r18-r24). As a result of this, HPF6 and D + cations could be generated, improving the polymerization efficiency.
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 17 Figure 17. UV-visible absorption spectra of AHAQ, 14-DAAQ and 15-DAAQ in acetonitrile.
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 18 Figure 18. Chemical structures of SB36, SB68 and SG3.
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 19 Figure 19. UV-visible absorption spectra of SB36, SB68 and SG3 in acetonitrile. Reproducedwith permission of Ref.[START_REF] Zhang | Photopolymerization under various monochromatic UV/visible LEDs and IR lamp: Diamino-anthraquinone derivatives as versatile multicolor photoinitiators[END_REF] 
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 21 Figure 21. Chemical structures of AAQ, MAAQ and BAAQ.
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 23 Figure 23. SEM images of TPP microfabrications using WI as the initiator. Reproduced with permission of Ref. [350]
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 25 Figure 25. UV-visible absorption spectra of AQ-Zn-Pc in DMSO (red line) and anthraquinone(black line). Reproduced with permission of Ref.[START_REF] Breloy | Visible Light Anthraquinone Functional Phthalocyanine Photoinitiator for Free-Radical and Cationic Polymerizations[END_REF] 
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 28 Figure 28. Monomer conversion determined as a function of the distance from the surface of the samples exposed to air. Reproduced with permission of Ref.[START_REF] Zhou | Synthesis and characterization of organozirconiums with type-II photoinitiator ligands as multifunctional photoinitiators for free radical photopolymerization[END_REF] 
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 29 Figure 29. Chemical structure of Q4.
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 3031 Figure 30. UV-visible absorption spectra of QA, Q3 and Q4 in acetonitrile. Reproduced with permission of Ref. [359]
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 32 Figure 32. TPGDA (A, B) and HDDA (C, D) conversions determined upon excitation at 365 nm (A, C) and 405 nm (B, D) and by using the different dyes as monocomponent systems (1 wt%). Reproduced with permission of Ref.[START_REF] Zhu | A new anthraquinone derivative as a near UV and visible light photoinitiator for free-radical, thiol-ene and cationic polymerizations[END_REF] 
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 34 Figure 34. UV-visible absorption spectra of Iod1, Ant-Iod and Flav-Iod. Reproduced with permission of Ref. [360]
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 35 Figure 35. TMPTA conversions obtained with the different iodonium salts (C = 29.6 µmol/g) used as mono-component photoinitiating systems in different irradiation conditions.Reproduced with permission of Ref.[START_REF] Peng | Newly Synthesized Chromophore-linked Iodonium Salts as Photoinitiators of Free Radical Photopolymerization[END_REF] 
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 36 Figure 36. TMPTA conversions obtained with the iodonium salt/EDB combinations.Reproduced with permission of Ref.[START_REF] Peng | Newly Synthesized Chromophore-linked Iodonium Salts as Photoinitiators of Free Radical Photopolymerization[END_REF] 
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 37 Figure 37. Chemical structures of IIIa and IIIc, different electron donors and acceptors.

  

  

Table 1 .

 1 Light absorption properties of the studied anthraquinone derivatives: absorption maxima λmax, extinction coefficients at λmax and at the maximum emission wavelengths of the

	different LED bulbs				
	compounds	λmax (nm)	εmax (M -1 .cm -1 )	ε455 nm (M -1 .cm -1 )	ε518 nm (M -1 .cm -1 )
	14-DHAQ	477	7200	7000	3000
	15-DHAQ	417	7000	3500	150
	18-DHAQ	426	6700	3900	50

Table 2 .

 2 EPOX

	and TMPTA conversions obtained with the two-component dye/Iod1
	(0.5%/2.0%, wt%) or the two-component dye/MDEA (0.5%/2%, wt%) systems upon irradiation
	at different wavelengths for 800 s.			
	EPOX conversion under air	
	Xenon lamp	LED@405 nm	LED@455 nm	LED@470 nm

Table 3 .

 3 Monomer conversions obtained during the photopolymerization of an EPOX/TMPTA (50/50 w/w) blend upon irradiation at 455 nm for 800 s.

	QA/Iod (0.5/2.0%, w/w)		QE/Iod (0.5/2.0%, w/w)
	under air	72	48	49	50
	in laminate	52	76	39	87

Table 4 .

 4 EPOX or TMPTA final conversions obtained upon exposure to the halogen lamp and the laser diode at 635 nm in the presence of anthraquinone derivative based PISs.

	PISs	Halogen lamp EPOX a TMPTA b EPOX a Laser diode at 635 nm TMPTA b
	Iod	0	0	-
	QA/Iod (0.5%/2%)	0	-	-
	QA/Iod/NVK (0.5%/2%/3%)	0	-	-
	DB1/Iod (0.5%/2%)	0	-	-
	DB1/Iod/NVK (0.5%/2%/3%)	28%	-	-
	DB3/Iod (0.5%/2%)	0	-	-
	DB3/Iod/NVK (0.5%/2%/3%)	38%	-	-
	OBN/Iod (0.5%/2%)	53%	12%	10%
	OBN/Iod/NVK (0.5%/2%/3%)	59%	24%	13%
	OBN/MDEA (0.5%/2%)	-	27%	22%
	OBN/MDEA/R-Br (0.5%/2%/3%)	-	28%	25%
	OBN (2%)	-	22%	6%
	OBN/R-Br (2%/3%)	-	25%	8%

Table 5 .

 5 TMPTA conversions obtained in laminate using different two-component dye/TT (0.25%/5% w/w) photoinitiating systems based on AQ-Zn-Pc, AQ, CQ, 2hydroxyanthraquinone (HAQ) and ZnPc upon irradiation with different LEDs and a Xenon lamp for 800 s.

		385 nm 405 nm 455 nm 470 nm 530 nm Xe lamp
	AQ-Zn-Pc/TT	40%	45%	21%	15%	18%	20%
	AQ/TT	50%	33%	np	np	np	27%
	CQ/TT		40%	39%			40%
	HAQ/TT	50%	60%	33%	10%	np	40%
	ZnPc/TT	22%	35%	np	np	np	np
	np: no polymerization						

Table 6 .

 6 TMPTA conversions obtained in laminate using different two-component dye/MDEA (0.25%/5% w/w) photoinitiating systems based on AQ-Zn-Pc, AQ, CQ, 2hydroxyanthraquinone (HAQ) and ZnPc upon irradiation with different LEDs and a Xenon lamp for 800 s.

		385 nm 405 nm 455 nm 470 nm 530 nm Xe lamp
	AQ-Zn-Pc/MDEA	50%	50%	25%	20%	20%	50%
	AQ/ MDEA	50%	40%	np	np	np	42%
	CQ/ MDEA		55%	50%			40%
	HAQ/ MDEA	45%	55%	25%	np	np	30%
	ZnPc/ MDEA	7%	21%	np	np	np	np
	np: no polymerization						

Table 7 .

 7 TMPTA conversions obtained in laminate using different two-component dye/Iod2 (0.25%/5% w/w) photoinitiating systems based on AQ-Zn-Pc, AQ, CQ, 2hydroxyanthraquinone (HAQ) and ZnPc upon irradiation with different LEDs and a Xenon lamp for 800 s.

		385 nm 405 nm 455 nm 470 nm 530 nm Xe lamp
	AQ-Zn-Pc/ Iod2	42%	44%	20%	20%	20%	45%
	AQ/ Iod2	55%	59%	np	np	np	34%
	CQ/ Iod2		40%	50%			38%
	HAQ/ Iod2	60%	60%	np	np	np	np
	ZnPc/ Iod2	np	25%	np	np	np	np

Table 8 .

 8 Monomer conversions obtained during the thiol-ene polymerization of a TMPTA/trithiol (50%/50% v/v) blend) upon irradiation at 365 and 405 nm using 1 wt% of dyes.

			LED at 365 nm			LED at 405 nm	
		QA	Q3	Q4	QA	Q3	Q4
	TMPTA	93	90	86	86	84	92
	Trithiol	59	54	46	44	47	51
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