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Photopolymerization under visible light has known major breakthroughs in recent years due to the development of new irradiation setups based on Light-Emitting Diodes (LEDs) enabling now to polymerize resins with low light intensities but also by the urgent need to develop efficient photoinitiating systems perfectly fitting the light sources currently under use in 3D printers. If the use of visible light is the key parameter to increase the thickness of the polymerized films, visible light photoinitiators are also strongly colored compounds that can adversely impact the future use of photopolymers for daily applications. Indeed, colorless coatings are highly desired by industry, what can not currently be achieved by use of visible light photoinitiators. To address this issue, the development of photobleachable photoinitiating systems has become an active research field. In this review, an overview of the recent advances on photobleachable photoinitiators is provided. Face to the difficulty to access to these highly desired structures, a wide range of structures have been explored and an overview of the different structures is given.

Introduction

During the past decades, photopolymerization under visible light has known a revival of interest due to the emergence of new applications resulting from the development of cheap, lightweight, compact, long-living and low intensity irradiation setups that are Light-Emitting Diodes (LEDs) but also by the development of 3D printers employing photopolymerization as the internal technology. [START_REF] Pierau | Bio-sourced monomers and cationic photopolymerization-The green combination towards eco-friendly and non-toxic materials[END_REF][START_REF] Tehfe | Photopolymerization Reactions: On the Way to a Green and Sustainable Chemistry[END_REF][START_REF] Bongiovanni | Photoinduced Processes as a Way to Sustainable Polymers and Innovation in Polymeric Materials[END_REF][START_REF] Voet | Sustainable Photopolymers in 3D Printing: A Review on Biobased, Biodegradable, and Recyclable Alternatives[END_REF] The development of resins activable at 405 nm are thus now actively researched. Compared to the traditional thermal polymerization, the possibility to get a temporal and a spatial control of the polymerization process, the possibility to polymerize resins in solvent-free conditions (limiting the release of volatile organic compounds (VOCs)) make photopolymerization an appealing technology. [START_REF] Allegrezza | Visible and sunlight driven RAFT photopolymerization accelerated by amines: kinetics and mechanism[END_REF][START_REF] Sun | High-performance sunlight induced polymerization using novel push-pull dyes with high light absorption properties[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] Ciftci | Sunlight induced atom transfer radical polymerization by using dimanganese decacarbonyl[END_REF][START_REF] Decker | Interpenetrating polymer networks. II. Sunlight-induced polymerization of multifunctional acrylates[END_REF][START_REF] Tehfe | Green Chemistry: Sunlight-Induced Cationic Polymerization of Renewable Epoxy Monomers Under Air[END_REF][START_REF] Wang | Natural RAFT Polymerization: Recyclable-Catalyst-Aided, Opened-to-Air, and Sunlight-Photolyzed RAFT Polymerizations[END_REF][START_REF] Yu | Naphthalimide Aryl Sulfide Derivative Norrish Type I Photoinitiators with Excellent Stability to Sunlight under Near-UV LED[END_REF] Besides, in the past, photopolymerization was only done in the UV range, what is now at the origin of numerous safety concerns. Notably, ozone is produced during irradiation due to the high intensity of the UV light sources used. [START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF] Depending on the exposition time, UV light can be at the origin of skin cancers and eyes damages so that this technology is more and more discarded from industrial applications. [START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF][START_REF] Armstrong | The epidemiology of UV induced skin cancer, Consequences Expo[END_REF][START_REF] De Gruijl | Skin cancer and solar UV radiation[END_REF][START_REF] Narayanan | Review: Ultraviolet radiation and skin cancer[END_REF] To end, UV irradiation setups are expensive setups and energy-consuming devices. In this regards, the current energy savings drives that are imposed by numerous countries in Europe and the unprecedented increase of the energy costs has rendered this technology totally obsolete. In fact, shift of the absorption of photoinitiators from the UV range towards the visible light is beneficial in terms of curing depth. Indeed, if the light penetration is limited in the UV range (600 µm), it can reach 5 cm at 800 nm, enabling thus to polymerize thick samples (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 Bonardi et al. [START_REF] Bonardi | High Performance Near-Infrared (NIR) Photoinitiating Systems Operating under Low Light Intensity and in the Presence of Oxygen[END_REF] Besides, by shifting the irradiation wavelength in the visible range, photons of the emitted light are less energetic than UV photons so that highly reactive photoinitiating systems have to be found to compensate this. [START_REF] Tehfe | Photopolymerization Reactions: On the Way to a Green and Sustainable Chemistry[END_REF][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] Xiao | Visible light sensitive photoinitiating systems: Recent progress in cationic and radical photopolymerization reactions under soft conditions[END_REF][START_REF] Sun | Organic dye-based photoinitiating systems for visible-light-induced photopolymerization[END_REF][START_REF] Lalevée | Metal and metal-free photocatalysts: mechanistic approach and application as photoinitiators of photopolymerization[END_REF][START_REF] Xiao | Cationic and Thiol-Ene Photopolymerization upon Red Lights Using Anthraquinone Derivatives as Photoinitiators[END_REF][START_REF] Tehfe | Cationic photosensitive formulations based on silyl radical chemistry for green and red diode laser exposure[END_REF][START_REF] Garra | Redox two-component initiated free radical and cationic polymerizations: Concepts, reactions and applications[END_REF][START_REF] Zhang | Radical photoinitiation with LEDs and applications in the 3D printing of composites[END_REF][START_REF] Dumur | Recent Advances on Visible Light Metal-Based Photocatalysts for Polymerization under Low Light Intensity[END_REF][START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF][START_REF] Garra | Photopolymerization processes of thick films and in shadow areas: a review for the access to composites[END_REF][START_REF] Tomal | Water-Soluble Photoinitiators in Biomedical Applications[END_REF][START_REF] Corrigan | Seeing the Light: Advancing Materials Chemistry through Photopolymerization[END_REF][START_REF] Banerji | Cross-Linked Nonwoven Fibers by Room-Temperature Cure Blowing and in Situ Photopolymerization[END_REF][START_REF] Yilmaz | Light-induced step-growth polymerization[END_REF][START_REF] Layani | Novel Materials for 3D Printing by Photopolymerization[END_REF][START_REF] Dietlin | Photopolymerization upon LEDs: new photoinitiating systems and strategies[END_REF][START_REF] Shanmugam | Photocontrolled Living Polymerization Systems with Reversible Deactivations through Electron and Energy Transfer[END_REF] At present, photopolymerization is used in applications as varied as adhesives, dentistry, coatings, microelectronics, 3D and 4D printing. [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] In these different applications, the production of colourless polymers is a major requirement. However, when visible light photoinitiators are used, inherently, these dyes absorb in the visible range and therefore are coloured compounds, imposing a colour to the final polymers. [START_REF] Cramer | Recent Advances and Developments in Composite Dental Restorative Materials[END_REF] This issue can be addressed if photobleachable photoinitiating systems are developed. At present, examples of photoinitiators capable to bleach during polymerization remains scarce in the literature. In this field, phenylbis(2,4,6trimethylbenzoyl)phosphine oxide (BAPO) and 2,4,6-trimethylbenzoyl-diphenylphosphine oxide (TPO) that are UV photoinitiators exhibiting an absorption extending until the visible range are relevant examples of this (See Figure 2). [START_REF] Stiles | Photoinitiator Selection and Concentration in Photopolymer Formulations towards Large-Format Additive Manufacturing[END_REF] Figure 2. Chemical structures of BAPO and TPO.

As shown in the Figure 3, BAPO and TPO respectively exhibit absorptions extending until 450 and 420 nm. Besides, upon irradiation, BAPO and TPO can furnish colorless photoproducts, enabling to produce colorless coatings. [START_REF] Kenning | Spatial and temporal evolution of the photoinitiation rate for thick polymer systems illuminated by polychromatic light: selection of efficient photoinitiators for LED or mercury lamps[END_REF] If these UV photoinitiators can be activated at 405 nm, red-shift of their absorptions at longer wavelength can only be obtained at the cost of an extensive synthetic work. New and innovative scaffolds have thus to be found. Figure 3. UV-visible absorption spectra of (a) BAPO and (b) TPO and their respective photolysis products. Reproduced with permission of Ref. [START_REF] Kenning | Spatial and temporal evolution of the photoinitiation rate for thick polymer systems illuminated by polychromatic light: selection of efficient photoinitiators for LED or mercury lamps[END_REF] In an effort to identify structures exhibiting this highly researched photobleaching property while being disconnected from the chemical structures of historical photoinitiators such as TPO or BAPO, a wide range of structures have been examined during the last decade, as exemplified with 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 reshaping 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] truxene derivatives, [START_REF] Tehfe | New Cleavable Photoinitiator Architecture with Huge Molar Extinction Coefficients for Polymerization in the 340-450 nm Range[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] metal organic framework (MOFs), [START_REF] Brahmi | New hybrid MOF/polymer composites for the photodegradation of organic dyes[END_REF][START_REF] Zhang | Iron-Based Metal-Organic Frameworks (MOF) as Photocatalysts for Radical and Cationic Polymerizations under Near UV and Visible LEDs (385-405 nm)[END_REF][START_REF] Brahmi | New Hybrid Fe-based MOFs/Polymer Composites for the Photodegradation of Organic Dyes[END_REF] conjugated polymers, [START_REF] Zhang | Polymeric Photoinitiators: A New Search toward High Performance Visible Light Photoinitiating Systems[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] Bodipy, [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] 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] 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] 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] 2,3diphenylquinoxaline derivatives, [START_REF] Xiao | Multicolor Photoinitiators for Radical and Cationic Polymerization: Monofunctional vs Polyfunctional Thiophene Derivatives[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] 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] zinc complexes, [START_REF] Tehfe | Zinc-based metal complexes as new photocatalysts in polymerization initiating systems[END_REF] pyrrole derivatives, [START_REF] Dumur | Recent advances on visible light pyrrole-derived photoinitiators of polymerization[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] thiophene derivatives, [START_REF] Dumur | Recent Advances on Visible Light Thiophene-based Photoinitiators of Polymerization[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] iodonium salts, [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] Zivic | Recent Advances and Challenges in the Design of Organic Photoacid and Photobase Generators for Polymerizations[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] Schiff bases, [START_REF] Lalevée | Dye photosensitized cationic ring-opening polymerization: Search for new dye skeletons[END_REF] dihydroanthraquinones, [START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[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] anthracene, [START_REF] Dumur | Recent Advances on Anthracene-based Photoinitiators of Polymerization[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] 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] naphthoquinones, [START_REF] Hammoud | Naphthoquinone-based imidazolyl esters as blue-lightsensitive Type I photoinitiators[END_REF]. In these different families, not so much photobleachable structures have been identified, justifying the ongoing effort to investigate more and more families of dyes. Beyond simply producing colourless coatings after polymerization, an improvement of the depth of cure can be achieved, a decrease of the optical density enabling a better light penetration within the resin during the polymerization process, and in turn the polymerization of thicker samples. Overall, photobleaching is beneficial for the colour of the final colour and the depth of cure. [START_REF] Terrones | Effects of Optical Attenuation and Consumption of a Photobleaching Initiator on Local Initiation Rates in Photopolymerizations[END_REF][START_REF] Da Silva Fontes | EPR in the Characterization of the Shade Effect on Translucence, Remaining Free Radicals, and Polymerization Depth of Commercially Available Resin Composites[END_REF][START_REF] Ebner | Resins for Frontal Photopolymerization: Combining Depth-Cure and Tunable Mechanical Properties[END_REF][START_REF] Duan | Structural Evidence for a Two-Regime Photobleaching Mechanism in a Reversibly Switchable Fluorescent Protein[END_REF] In this review, an overview of the different visible light photoinitiators capable to bleach is provided. Even if photobleaching is an important property, the reactivity of these photoinitiators remains however the primary parameter to consider for future use in industry and comparisons with benchmark photoinitiators are therefore given to evidence the interest of these photobleachable structures.

Photoinitiators with photobleaching properties

Push-pull dyes

Push-push dyes are composed of an electron donor connected to an electron acceptor by mean of a conjugated spacer. [START_REF] Bureš | Fundamental aspects of property tuning in push-pull molecules[END_REF][START_REF] Hosseinnejad | New designed push-pull organic dyes based on the conjugated π-spacers for application in dye-sensitized solar cells: a computational chemistry study[END_REF][START_REF] Akchurin | Synthesis of novel push-pull fluorescent dyes -7-(diethylamino)furo[3,2-c]coumarin and 7-(diethylamino)thieno[3,2-c]coumarin derivatives[END_REF][START_REF] Centore | Push-Pull Azo-Chromophores Containing Two Fused Pentatomic Heterocycles and Their Nonlinear Optical Properties[END_REF][START_REF] Capobianco | Tuning Wavefunction Mixing in Push-Pull Molecules: From Neutral to Zwitterionic Compounds[END_REF][START_REF] Moinel | Push-pull organic dyes and dye-catalyst assembly featuring a benzothiadiazole unit for photoelectrochemical hydrogen production[END_REF] Depending of the conjugation length, the strength of the electron donor and the electron acceptor used, a fine tuning of the position of the intramolecular charge (ICT) transfer band can be obtained. [START_REF] Centore | Push-Pull Azo-Chromophores Containing Two Fused Pentatomic Heterocycles and Their Nonlinear Optical Properties[END_REF][START_REF] Capobianco | Tuning Wavefunction Mixing in Push-Pull Molecules: From Neutral to Zwitterionic Compounds[END_REF][START_REF] Moinel | Push-pull organic dyes and dye-catalyst assembly featuring a benzothiadiazole unit for photoelectrochemical hydrogen production[END_REF][START_REF] Balam-Villarreal | π-Extended push-pull azo-pyrrole photoswitches: synthesis, solvatochromism and optical band gaps[END_REF][START_REF] Ghanem | Synthesis of push-pull triarylamine dyes containing 5,6-difluoro-2,1,3-benzothiadiazole units by direct arylation and their evaluation as active material for organic photovoltaics[END_REF][START_REF] Keerthi | Architectural influence of carbazole push-pull-pull dyes on dye sensitized solar cells[END_REF] Push-pull dyes, by their intense ICT bands extending over the visible range and their remarkable molar extinction coefficients are excellent candidates for panchromatic initiation. [START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF][START_REF] Dumur | Recent advances on visible light photoinitiators of polymerization based on Indane-1,3-dione and related derivatives[END_REF] Over the years, pushpull dyes have been extensively studied for the design of photoinitiating systems. [START_REF] Sun | High-performance sunlight induced polymerization using novel push-pull dyes with high light absorption properties[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] 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] 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] In 2020, Lalevée and coworkers examined a series of push-pull dyes C1-C8 based on indane-1,3-dione and its extended version i.e. 1H-cyclopenta-naphthalene-1,3-dione as the electron acceptors and comprising different electron donors to elaborate the different dyes (See Figure 4). [START_REF] Sun | Free Radical Photopolymerization and 3D Printing Using Newly Developed Dyes: Indane-1,3-Dione and 1H-Cyclopentanaphthalene-1,3-Dione Derivatives as Photoinitiators in Three-Component Systems[END_REF] Figure 4. Chemical structures of C1-C8, the monomer and the different additives. These photoinitiators were notably tested at 405 nm for the free radical polymerization (FRP) of a tetrafunctional monomer, namely (oxybis(methylene))bis(2-ethylpropane-2,1,3-triyl) tetraacrylate (Ebecryl 40). Indeed, as shown in the Figure 5, all dyes absorb at 405 nm, even if this wavelength does not correspond to the maximum absorption for numerous dyes. Absorption maxima located at 482, 497, 537, 568, 509, 524, 571 and 602 nm could be determined for C1-C8 respectively. The broadest absorption was found for C8, its absorption extending between 400 and 800 nm. Noticeably, by replacing indane-1,3-dione as the electron acceptor by 1H-cyclopenta-naphthalene-1,3-dione, a redshift of the absorption was found between the two series of dyes (C1-C4 and C5-C8). Thus, a redshift of 27 nm between C1 and C5, C2 and C6, 34 nm between C3 and C7, C4 and C8 could be determined. Reproduced with permission of Ref. [START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF] Using the three-component dye:Iod:EDB (0.1%:2%:2% w/w/w) systems (where Iod1 and EDB stand for bis [4-(tert-butyl)phenyl]iodonium hexafluorophosphate and ethyl dimethylaminobenzoate respectively), final monomer conversions (FCs) ranging between 60% for C5 and 95% for C6 were determined (See Table 1). Noticeably, C1 and C5 furnished monomer conversions similar to the reference Iod1/EDB (2%:2% w/w) system (60% conversion after 400 s ate 405 nm). Even if all dyes have been prepared with dimethylaminobenzene-based donors, surprisingly, only C2 exhibiting photobleaching properties. Indeed, C6 despite its similarity of structure with C2 was unable to exhibit this interesting photobleaching property. Mechanism of photobleaching was not investigated by the authors. Conversely, by combining several techniques such as electrochemistry, steady state photolysis, fluorescence quenching and electron paramagnetic resonance (EPR) experiments, a full picture of the mechanism could be obtained. As shown in the Figure 6, presence of an oxidative and reductive cycle could concomitantly contribute to radicals generation. Thus, during the oxidative cycle, Ph • radicals could be obtained after photoinduced electron transfer between the excited dye and the electron deficient electron acceptor. EDB acting as a sacrificial amine contribute to reduce the oxidized Dye +• . Parallel to this, EDB can also react with the dye upon photoexcitation, producing EDB +• that can be converted as EDB • radicals by hydrogen abstraction. In addition, Dye-H • are also formed so that three different types of radicals are produced with this mechanism (EDB • , Ph • and Dye-H • radicals). In 2023, another series of indane-1,3-dione-based push-pull dyes was proposed as photobleachable photoinitiators. To examine this point, the authors investigated the impact of the substitution position in C9-C11. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF] Unfortunately, C11 could never be obtained by the authors, an unexpected cyclization reaction furnishing C12 instead of C11 (See Figure 7). Unexpected cyclization reactions were previously reported in the literature for an analogue of indane-1,3-dione, namely 1H-cyclopenta-naphthalene-1,3-dione. [START_REF] Pigot | Unprecedented Nucleophilic Attack of Piperidine on the Electron Acceptor during the Synthesis of Push-Pull Dyes by a Knoevenagel Reaction[END_REF][START_REF] Pigot | New push-pull dyes based on 2-(3-oxo-2,3-dihydro-1Hcyclopenta[END_REF][START_REF] Pigot | Indane-1,3-Dione: From Synthetic Strategies to Applications[END_REF] Jointly, a reduction of the molar extinction coefficient was observed for C10 (with molar extinction coefficients of 34670 and 26000 M -1 .cm -1 for C9 and C10 respectively), assigned to the steric hindrance induced by the piperidinyl groups. Steady state photolysis experiments done in acetonitrile revealed the C10/Iod2 and C10/MDEA combinations (where Iod2 and MDEA stand for diphenyliodonium hexafluorophosphate and N-methyldiethanolamine respectively) to give a faster photobleaching than the C9/Iod2 and C9/MDEA combinations upon irradiation at 455 nm. This fast bleaching was assigned to the formation of α-aminoalkyl radicals for C10, what is not possible for C9. Noticeably, C10 alone could also bleach in solution, resulting from the formation of α-aminoalkyl radicals (See Figure 9). Polymerization tests done at 455 nm using the difunctional 1,6-hexanediol diacrylate (HDDA) revealed C10 to act as a monocomponent photoinitiating system. Thus, a monomer conversion of 23% was determined after 10 min. of irradiation with C10 (1.0 × 10 -5 mol.g -1 ), lower than that obtained with the reference compound diphenyl(2,4,6-trimethylbenzoyl) phosphine oxide (TPO) at 405 nm (33%). Using MDEA as the co-initiator, a significant increase of the HDDA conversion was obtained with the two-component C10/MDEA combination, the conversion peaking at 48% (See Figure 10). When used as monocomponent system, an interesting photobleaching could be observed with C10, irrespective of the concentration. Colorless coatings could be obtained after 40 min. of irradiation (See Figure 11). The possibility to concomitantly induce the FRP of acrylates and the cationic polymerization (CP) of epoxides was also examined. In order to initiate this hybrid polymerization, the two-component C10/Iod2 system was used and the trimethylolpropane triacrylate (TMPTA)/ (3,4epoxycyclohexane)methyl 3,4-epoxycyclohexylcarboxylate (EPOX) blend was used as the mixture of monomer. In laminate and under air, conversions of 50%/43% and 26%/58% were respectively determined for TMPTA and EPOX. As anticipated, considering that the CP of EPOX is insensitive to EPOX, an improvement of the monomer conversion was obtained under air, whereas the FRP of TMPTA was strongly impacted by oxygen. [START_REF] Lalevée | Aminoalkyl Radicals: Direct Observation and Reactivity toward Oxygen, 2,2,6,6-Tetramethylpiperidine-N-oxyl, and Methyl Acrylate[END_REF][START_REF] Belon | Overcoming the oxygen inhibition in the photopolymerization of acrylates: A study of the beneficial effect of triphenylphosphine[END_REF][START_REF] Balta | Thioxanthone-Anthracene: A New Photoinitiator for Free Radical Polymerization in the Presence of Oxygen[END_REF][START_REF] Höfer | Oxygen scavengers and sensitizers for reduced oxygen inhibition in radical photopolymerization[END_REF][START_REF] Ligon | Strategies to Reduce Oxygen Inhibition in Photoinduced Polymerization[END_REF][START_REF] Rostami | Overcoming oxygen inhibition effect by TODA in acrylate-based ceramic-filled inks[END_REF][START_REF] Shanmugam | Aqueous RAFT Photopolymerization with Oxygen Tolerance[END_REF] Figure 10. Monomer conversion determined during the FRP of HDDA in laminate using TPO, C10/MDEA and C10 alone upon irradiation with a LED at 405 nm (TPO) and 455 nm (C10), respectively. [TPO] = [C10] = [MDEA] = 1.0 × 10 -5 mol.g -1 . Reproduced with permission of Ref. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF] Figure 11. HDDA conversions obtained at different concentrations of C10. Reproduced with permission of Ref. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF] In this work, the authors proposed a mechanism to support the photobleaching ability of C10 in monomers. Photobleaching can be obtained if the conjugation between the electron donor and the electron acceptor is suppressed during polymerization. As shown in the Scheme 1, upon photoexcitation, an electron transfer process between the piperidinyl and the indane-1,3-dione groups can occur, producing a benzyl radical and the piperidinyl radical cation. After intramolecular proton transfer, an α-aminoalkyl radical and a benzyl radical are formed, producing radicals capable to initiate polymerization processes. Parallel to this, C10 can be used as a hydrogen donor for the excited C10, producing a benzyl and an α-aminoalkyl radical by intermolecular electron and proton transfers. Overall, involvement of the double bond of push-pull dyes in the polymerization process contributed to photobleaching.

Scheme 1. Mechanism of photobleaching during polymerization.

Benefiting from this photobleaching process during polymerization, a depth of cure of 4.8 mm for HDDA after 60 min. of irradiation and 5.8 mm for the TMPTA/EPOX blend could be determined after 6 min. upon irradiation at 455 nm (See Figure 12).

Figure 12.

Depth of cure determined during the FRP of HDDA using C10 (a) and TMPTA/EPOX (b) blend using the two-component C10/Iod2 system upon irradiation at 455 nm. Reproduced with permission of Ref. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF] Photobleaching ability of push-pull dyes was not limited to dyes bearing indane-1,3dione as the electron acceptor. Indeed, photobleaching could also be observed for dyes bearing malononitrile as the electron acceptor (See Figure 13). A comparison could thus be carried out between C13/C15 and C14/C16. [START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF] Figure 13. Chemical structures of C13-C16.

From the absorption viewpoint, severe differences were found between C13 and C14, the absorption maximum peaking at 467 and 510 nm respectively. Conversely, a reduction of this difference could be evidenced between C15 and C16 i.e. only 9 nm between the absorption of C15 (435 nm) and C16 (444 nm) (See Figure 14). As anticipated, a redshift of the absorption maxima was evidenced between the malononitrile-and indane-1,3-dione-based dyes due to the higher electron-withdrawing ability of indane-1,3-dione compared to malononitrile. Interestingly, steady state photolysis experiments done in DMF at 455 nm revealed C16 to give the shortest photobleaching time, discoloration being obtained within 15 s. An elongated bleaching time was determined for C14, around 2 minutes. A different situation was found for C13 and C15. In the case of the ester derivatives, a dramatic elongation of the bleaching time was found. Thus, a photobleaching varying between 2 min. for the acid C14 and 60 min. for the esters C13 were determined by UV-visible absorption spectroscopy. Similarly, if a bleaching time of 15 s was found for the acid C16, this value increased up to 70 min. for C15. Faster photobleaching for the acids compared to the esters was assigned to the suppression of the back electron transfer, speeding up the discoloration. [START_REF] Dong | Thioxanthone acetic acid ammonium salts: highly efficient photobase generators based on photodecarboxylation[END_REF][START_REF] Blake | Photodecarboxylation of Xanthone Acetic Acids: C-C Bond Heterolysis from the Singlet Excited State[END_REF] Figure 14. UV-visible absorption spectra of C13-C16 recorded in acetonitrile. Reproduced with permission of Ref. [START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF] Examination of the photolysis kinetics of C16 in solvents of different polarities revealed the photolysis time to be longer in apolar solvent (70 min. in toluene) than in polar solvent (15 s in DMF). These differences were assigned to an easier deprotonation in polar solvents, facilitating the decarboxylation reaction. [START_REF] Budac | Photodecarboxylation: mechanism and synthetic utility[END_REF][START_REF] Karasu | Mechanistic Studies of Photoinitiated Free Radical Polymerization Using a Bifunctional Thioxanthone Acetic Acid Derivative as Photoinitiator[END_REF] As observed for C9 and C10, EPR experiments revealed the formation of benzyl radicals and α-aminoalkyl radicals, consistent with the previous trend. [START_REF] Lalevée | Aminoalkyl Radicals: Direct Observation and Reactivity toward Oxygen, 2,2,6,6-Tetramethylpiperidine-N-oxyl, and Methyl Acrylate[END_REF][START_REF] Sankar | The benzaldehyde oxidation paradox explained by the interception of peroxy radical by benzyl alcohol[END_REF] Overall, an initiation mechanism comparable to that proposed for C9 and C10 was given by the authors. Noticeably, in the case of the acid C16, the decarboxylation reaction can provide α-aminoalkyl radicals more reactive than in C15, speeding up the photobleaching (See Scheme 2).

Scheme 2. Mechanism of photodecomposition of C15 and C16.

Photopolymerization of HDDA upon irradiation at 455 nm revealed C14 and C16 to outperform the camphorquinone CQ/MDEA combination (78 and 80% after 30 min. of irradiation vs. 72% for the CQ/MDEA combination) (See Figure 15). In the case of C13 and C15, longer induction time than that observed for the CQ/MDEA system could however be determined. To further improve the conversions obtained with C13 and C15, use of the twocomponent dye/MDEA systems enabled to reduce the induction times while increasing the monomer conversions. Thus, conversions around 90% were obtained with the two-component C14/MDEA and C16/MDEA systems. Finally, benefiting from the photobleaching of the resins upon polymerization, depths of cure of 12 mm for C14 ad 13 mm for C16 could be measured for the two dyes used as monocomponent systems (See Figure 16). A very low extractability of dyes from the HDDA polymer was also determined, extractability being respectively of 0.86, 0.56, 2.53 and 0.28% for C13-C16.

Chalcones

Chalcones have been extensively studied as type II photoinitiators of polymerization starting from 2019. [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] Xu | Novel ketone derivative-based photoinitiating systems for free radical polymerization under mild conditions and 3D printing[END_REF] Chalcones are bioinspired photoinitiators and can be prepared in one step, by a Claisen Schmidt condensation of an aldehyde and an acetophenone. [START_REF] Bui | Design and synthesis of chalcone derivatives as potential non-purine xanthine oxidase inhibitors[END_REF][START_REF] Ghouila | Extraction, identification and dyeing studies of Isosalipurposide, a natural chalcone dye from Acacia cyanophylla flowers on wool[END_REF][START_REF] Kumar | An efficient green protocol for the synthesis of chalcones by a Claisen-Schmidt reaction using bismuth(III)chloride as a catalyst under solvent-free condition[END_REF][START_REF] Muthukaruppan | A low cure thermo active polymerization of chalcone based benzoxazine and cross linkable olefin blends[END_REF][START_REF] Parekh | Synthesis and Antibacterial Activity of Chalcones and Pyrimidine-2-ones[END_REF][START_REF] Phan | Application of unsymmetrical bischalcone compounds in dye sensitized solar cell[END_REF][START_REF] Noirbent | Photoinitiators of polymerization with reduced environmental impact: Nature as an unlimited and renewable source of dyes[END_REF] Especially, this condensation can be carried out in green conditions, most of the time in ethanol and by using an aqueous solution of KOH or NaOH as the base. To end, the workup is often limited to a simple filtration, the chalcone precipitating in ethanol. As recently evidenced by several reviews, around 200 chalcones have been examined since 2019 as photoinitiators of polymerization. [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] 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 | 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] 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] Besides, among all these structures, only few of them displayed photobleaching properties. In this field, a relevant example has been reported by Nie and coworkers. [START_REF] Li | Synthesis of furan derivative as LED light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing[END_REF] Bis(furan-2-ylmethylidene)cyclohexan-1-one C17 which is a phenylfree photoinitiator exhibited an absorption maximum at 373 nm (ε = 38 200 M -1 .cm -1 ) and a long tail extending up to 460 nm in acetonitrile (See Figure 17). As a result of this, polymerization experiments were carried out at 365 nm. If a monomer conversion of 30% was determined in HDDA, this value increased up to 70% in polyethylene glycol diacrylate (PEGDA) upon irradiation at 365 nm for 900 s and for a photoinitiator content as low as 0.0625 wt%. A greater difference was found at 405 nm, the HDDA and PEGDA conversions reaching 10 and 80% respectively. Noticeably, C17 could form an exciplex with PEGDA, improving its light absorption properties and in turn the final monomer conversion. As shown in the Figure 18, a redshift of the absorption was found in PEGDA combined with an increase of the molar extinction coefficient. By mean of the exciplex formation, the absorption of C17 could be extended by ca 75 nm. [START_REF] Li | The effect of polyethylene glycoldiacrylate complexation on type II photoinitiator and promotion for visible light initiation system[END_REF] Figure 18. UV-visible absorption spectra of C17 in PEGDA and HDDA. Reproduced with permission of Ref. [START_REF] Li | Synthesis of furan derivative as LED light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing[END_REF] Benefit of this exciplex could be evidenced during the FRP of HDDA. While adding 5 wt% PEGDA in HDDA, the monomer conversion increased from 10 to 60%. This trend was confirmed during the FRP of TMPTA and hydroxyethyl acrylate (HEA), where the addition of 5 wt% PEGDA contributed to increase the monomer conversions. Comparison with the reference compound ITX revealed C17 to furnish a monomer conversion twice higher than that of ITX (78% vs. 35% for 2-iospropylthioxanthone (ITX) upon irradiation at 405 nm for 900 s (See Figure 19)). Once again, photobleaching of the resin was assigned to a suppression of the conjugation in C17, resulting from a photoinduced electron transfer followed by a proton transfer (See Scheme 3). C17 is a fluorescent molecule that can also be used as a fluorescent probe to monitor the polymerization process. Thus, during the FRP of PEGDA, the nonfluorescent 2,6-bis(furan-2-ylmethylene) cyclohexan-1-ol is formed during polymerization so that decrease of the fluorescence intensity resulting from C17 could be used as a visualization tool to follow the polymerization process. On the opposite, during the CP of epoxides, C17 could be used as a fluorescent probe, with fluorescence intensity increasing with the monomer viscosity during polymerization. [START_REF] Li | In situ monitoring of photopolymerization by photoinitiator with luminescence characteristics[END_REF] Figure 19. Monomer conversion obtained with C17 (0.0625%wt) in PEGDA, ITX (0.0625%wt) in PEGDA, C17 (0.0625%wt)/ PEGDA (5%wt) in HDDA, ITX (0.0625%wt)/ EDB (5%wt) in HDDA upon irradiation at 405 nm with a LED (I = 70 mW/cm²). Reproduced with permission of Ref. [START_REF] Li | Synthesis of furan derivative as LED light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing[END_REF] Scheme 3. Mechanism of photobleaching evidenced with C17.

Following this work, the same authors examined a new chalcone in which the peripheral furane groups of C17 were replaced by pyrroles in 2,6-bis((1H-pyrrol-2yl)methylene)cyclohexan-1-one C18. [START_REF] Li | Hydrogen bond complex used as visible light photoinitiating system for free radical photopolymerization: Photobleaching, water solubility[END_REF] Interestingly, due to the presence of a NH group in pyrrole, a photochemically induced trans-cis isomerization could occur, generating a structure stabilized by hydrogen bonds (See Scheme 4). [START_REF] Sigalov | Molecular Structure and Photoinduced Intramolecular Hydrogen Bonding in 2-Pyrrolylmethylidene Cycloalkanones[END_REF] Compared to C17, C18 due to the presence of the pyrrole groups exhibited a redshifted absorption by ca. 38 nm, with an absorption maximum peaking at 411 nm and a broad absorption extending up to 550 nm. Upon trans-cis isomerization, a redshift of the absorption maximum could be detected by UV visible absorption spectroscopy, at 450 nm. This isomerization was confirmed by NMR experiments. Photoinitiating systems prepared with the two-component C18/triethanolamine (TEOA) (3%/3% w/w) system proved to be insensitive to oxygen inhibition during the FRP of PEGDA at 465 nm. As shown in the Figure 20, a similar monomer conversion of 70% could be determined after 300 s of irradiation with and without air. Besides, a longer induction time and a slower polymerization rate could be determined under air.

Figure 20.

Monomer conversions obtained during the FRP of PEGDA using the twocomponent C18/TEOA (3%/3% w/w) system upon irradiation at 465 nm with a LED. Reproduced with permission of Ref. [START_REF] Li | Hydrogen bond complex used as visible light photoinitiating system for free radical photopolymerization: Photobleaching, water solubility[END_REF] TEOA is a well-known water-soluble amine capable to provide a certain solubility in water to molecules that are normally insoluble in water if considered alone (See Figure 21). Using the C18/TEOA (3%/3% w/w) combination in water, acrylamide (AM) (50% in water) could be polymerized, a monomer conversion of 75% was obtained after 900 s of irradiation at 465 nm. Finally, to support the polymerization efficiency, a mechanism was proposed by the authors. Thus, upon photoexcitation, a trans-cis isomerization reaction can occur, improving the light absorption properties of C18. Besides, due to the formation of hydrogen bonds, this isomerized form of C18 is unable to react with the different additives. Conversely, in the ground state, C18 is capable to interact with TEOA, by formation of hydrogen bonds. Transcis isomerization of C18 is thus efficiently limited in these conditions. Upon photoexcitation, the FRP of acrylates can be initiated, resulting from a photoinduced electron transfer between C18 and TEOA, followed by a proton transfer generating the colorless 2,6-bis((1H-pyrrol-2yl)methylene)cyclohexan-1-ol and the initiating α-aminoalkyl radicals on TEOA (See Figure 22). In 2020, the group of Lalevée and coworkers examined another series of chalcones based on furane. [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] Compared to the work of Nie and coworkers, a butadienyl spacer was introduced between the central cyclohexanone and the peripheral pyrrole groups in C19 and C20 (See Figure 23). Logically, compared to C17 (λmax = 373 nm) a redshift of the absorption maxima for C19 and C20 was found at 410 nm in acetonitrile, consistent with an elongation of the π-conjugation. Polymerization tests done with the three-component dye/Iod1/TEOA (0.1%/2%/2% w/w/w) system revealed C19 and C20 to furnish monomer conversions of 72 and 74% respectively after 400 s of irradiation at 405 nm during the FRP of Ebecryl 40. Compared to C17, a faster photobleaching was obtained with C19 and C20 since the complete discoloration was observed within 400 s in Ebrecryl 40 (See Figure 24) contrarily to 900 s for C17 in PEGDA. A mechanism of photobleaching comparable to that proposed by Nie and coworkers for C17 was suggested by the authors. Photobleaching of photoinitiators was not limited to one-photon polymerization and this ability was also demonstrated for a series of photoinitiators used for two-photon polymerization. Interestingly, C21-C23 possess the same carbazolyl peripheral groups but differ by the size of the central ring (See Figure 25). [START_REF] Hu | Conjugated Ketocarbazoles as Efficient Photoinitiators: From Facile Synthesis to Efficient Two-photon Polymerization[END_REF] Figure 25. Chemical structures of C21-C23 used for two-photon polymerization.

If photobleaching of photoinitiators is highly researched, water solubility is another active research field as it paves the way towards photopolymerization in water. Recently, the formation of charge transfer complexes (CTC) has been identified as an efficient strategy for the design of water-soluble photoinitiators. [START_REF] Garra | Visible light photoinitiating systems by charge transfer complexes: Photochemistry without dyes[END_REF][START_REF] Li | Visible light and water-soluble photoinitiating system based on the charge transfer complex for free radical photopolymerization[END_REF] In this field, TEOA is an interesting coinitiator as it can additionally provide water solubility to organic dyes that are normally insoluble in water. In the present case, formation of a CTC with TEOA was used to improve a b the solubility of C24 bearing a short polyethylene glycol chain (See Figure 26). [START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF] If the solubility of C24 was low in water (around 0.3 wt% in water), this value increased up to 5 wt% for the CTC formed with TEOA. Photopolymerization experiments done at 405 nm with a LED for the FRP of PEGDA (50% in water) could be carried out at different concentrations. Besides, an optimum conversion was found for 2 wt% (85% conversion at 650 s), the conversion decreasing at 3 wt% (83% conversion) due to inner filter effect adversely affecting the light penetration in resins. A good bleaching of the polymer was obtained within 650 s, as shown in the Figure 26. 

Coumarins

Coumarins have been extensively studied as visible light photoinitiators of polymerization due to their exceptional reactivity. [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] Xue | Effect of Bridging Position on the Two-Photon Polymerization Initiating Efficiencies of Novel Coumarin/Benzylidene Cyclopentanone Dyes[END_REF][START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF][START_REF] Williams | Ketocoumarins as photosensitizers and photoinitiators[END_REF][START_REF] Klausen | Dualwavelength efficient two-photon photorelease of glycine by π-extended dipolar coumarins[END_REF] In light of this reactivity, various derivatives were designed and synthesized such as iodonium salts, [START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus ferrocenium structures[END_REF] oxime esters, [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] water soluble structures, [START_REF] Abdallah | Coumarin derivatives as versatile photoinitiators for 3D printing, polymerization in water and photocomposite synthesis[END_REF] or fused carbazole-coumarin hybrid structures. [START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF] Coumarins are versatile structures and more than 100 structures were reported in the literature, these structures being combined with different additives. [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] 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] 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] 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] Different structures exhibiting photobleaching properties were identified. Notably, the iodonium salts C25 and C26 could combined high polymerization efficiency as well as photobleaching ability due to the fragmentation of the structures upon irradiation (See Figure 27). [START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus ferrocenium structures[END_REF] In these structures, the concomitant presence of the photosensitizer and the iodonium salt enabled these structures to be used as mono-component systems. The two dyes C25 and C26 exhibited absorption maxima at 347 nm, so that the FRP of TPMTA, the CP of EPOX or thiol-ene polymerizations could be done at 365 and 405 nm. A strong influence of the counteranion on the polymerization efficiency was evidenced. Thus, at 385 nm (I = 500 mW/cm²), the EPOX conversion increased from 39% for C25 (1 wt%) up to 55% for C26 (1 wt%) after 200 s of irradiation (See Figure 28). The higher efficiency of C26 was notably assigned to the lower nucleophilicity of SBF6 - compared to PF6 -enabling an easier separation of the ion pair. Parallel to this, nucleophilic anions are well-known to prematurely terminate the cationic chain reaction, what is clearly observed with C25 and C26. [START_REF] Crivello | Cationic polymerization -Iodonium and sulfonium salt photoinitiators[END_REF][START_REF] Crivello | The discovery and development of onium salt cationic photoinitiators[END_REF] Noticeably, a good bleaching of the polymer films was observed during the CP of EPOX. [START_REF] Tehfe | Photopolymerization Reactions: On the Way to a Green and Sustainable Chemistry[END_REF]. Reproduced with permission of Ref. [START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus ferrocenium structures[END_REF] Since a couple of years, Type I photoinitiators that are monocomponent systems are about to become more studied than Type II photoinitiators. [START_REF] Liu | Recent advances on visible light Coumarin-based oxime esters as initiators of polymerization[END_REF][START_REF] Liu | Effect of Decarboxylation on the Photoinitiation Behavior of Nitrocarbazole-Based Oxime Esters[END_REF][START_REF] Dumur | Recent advances on carbazole-based oxime esters as photoinitiators of polymerization[END_REF][START_REF] Müller | Recent Advances in Type I Photoinitiators for Visible Light Induced Photopolymerization[END_REF][START_REF] Chen | Substituted stilbene-based oxime esters used as highly reactive wavelength-dependent photoinitiators for LED photopolymerization[END_REF][START_REF] Lee | Effect of the Steric Hindrance and Branched Substituents on Visible Phenylamine Oxime Ester Photoinitiators: Photopolymerization Kinetics Investigation through Photo-DSC Experiments[END_REF][START_REF] Rahal | Investigation of pyrene vs Anthracene-based oxime esters: Role of the excited states on their polymerization initiating abilities[END_REF][START_REF] Qiu | Polymerizable Oxime Esters: An Efficient Photoinitiator with Low Migration Ability for 3D Printing to Fabricate Luminescent Devices[END_REF][START_REF] Qiu | Cleavable Unimolecular Photoinitiators Based on Oxime-Ester Chemistry for Two-Photon Three-Dimensional Printing[END_REF] Indeed, Type I photoinitiators contribute to simplify the composition of the photocurable resins. Among all Type I photoinitiators, oxime esters are widely studied due to their easiness of synthesis and their low cost. Indeed, cheap reagents such as hydroxylamine hydrochloride, sodium acetate and triethylamine can be used for the synthesis of these structures that can be obtained in two steps starting from an aldehyde or a ketone (See Scheme 5). Interest of these structures relies in their ability to undergo an homolytic cleavage of the N-O bond, resulting in the formation of an iminyl radical and an aryloxy/acyloxy radical. Subsequent to the decarboxylation reaction, alkyl or aryl radicals are formed that cannot recombine with iminyl radicals. In turn, radicals thus formed can only contribute to polymerization.

Scheme 5. Synthetic route to oxime esters and mechanism of photocleavage.

In 2018, Liu and coworkers reported a series of four coumarin-based oxime esters C27-C30 differing by the photocleavable groups but also by the substitution pattern on the coumarin core (See Figure 29). [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] From the absorption viewpoint, all coumarin oxime esters exhibited similar absorption maxima, located at 433 nm for C27 and 436 nm for C28-C30.

Steady state photolysis experiments done at 450 nm revealed C27 to exhibit a photolysis behavior totally different from that of C28-C30. Thus, if photolysis of C27 only resulted in a slight decrease of the intensity of the charge transfer band, consistent with a low photolysis rate. Conversely, a complete disappearance of the absorption in the visible range could be detected for C28 after 20 min. of irradiation. (See Figure 30). Especially, a fast photobleaching was detected in solution, consistent with a fast photocleavage of the N-O bond. The same trend was confirmed with C29 and C30, substituted at the same position on the coumarin core. Reproduced with permission of 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] The higher reactivity of C28-C30 vs. C27 was confirmed during the FRP of TMPTA. This if a conversion of only 20% was obtained with C27 upon irradiation at 450 nm for 300 s, these values increased up to 50, 57 and 60% were determined for C30, C29 and C28 respectively. Comparison with the two reference photoinitiating systems i.e. the twocomponent CQ/EDB system and titanocene revealed C28 to outperform the two-component systems but to exhibit a lower polymerization rate and a lower final monomer conversion than titanocene (See Figure 31). Thus, conversions of 50, 60 and 70% were respectively obtained with CQ/EDB, C28 and titanocene.

Figure 31.

Comparisons of monomer conversions obtained during the FRP of TMPTA using different photoinitiating systems. Reproduced with permission of 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] Noticeably, a good photobleaching was observed during thiol-ene polymerization of the binary PETMP/TAIC and PETMP/TAC systems (where TAC, PETMP and TAIC respectively stand for triallyl cyanurate, (3-mercaptopropionate) and triallyl isocyanurate respectively. Thus, if a polymer of 4.8 mm thick could be prepared with C28, an excellent bleaching over 2.6 mm thick could be obtained after 2 min. of irradiation of the polymer film. This fading phenomenon was assigned to the formation of colourless photolysis products producing colourless coatings (See Figure 32). However, mechanism of photobleaching was not investigated in detail. Reproduced with permission of 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] An excellent photobleaching was also reported for a water-soluble coumarin C31 specifically designed for this purpose (See Figure 33). [START_REF] Abdallah | Coumarin derivatives as versatile photoinitiators for 3D printing, polymerization in water and photocomposite synthesis[END_REF] C31 proved to be an excellent candidate for the synthesis of hydrogels using HEA or 2-(hydroxyethyl) methacrylate (HEMA) as the monomers (50% in water). In this case, the two-component C31/MDEA combination was used. Conversely, C31 exhibited a poor solubility in monomers such as TMPTA or EPOX. Apart this drawback, a good photobleaching was evidenced in acrylates resins such as TMPTA or a dental resin [START_REF] Dickens | Photopolymerization Kinetics of Methacrylate Dental Resins[END_REF][START_REF] Dikova | Optimization of Photopolymerization Process of Dental Composites[END_REF][START_REF] Cramer | Recent Advances and Developments in Composite Dental Restorative Materials[END_REF][START_REF] Chen | BisGMA/TEGDMA dental composite containing high aspect-ratio hydroxyapatite nanofibers[END_REF][START_REF] Alizadehgharib | The effects of the dental methacrylates TEGDMA, Bis-GMA, and UDMA on neutrophils in vitro[END_REF][START_REF] Arikawa | Effect of various visible light photoinitiators on the polymerization and color of light-activated resins[END_REF] composed of a blend of monomers i.e. BISGMA/TEGDMA (70%/30% w/w) using a three-component C31/Iod1/NPG (0.1%/0.2%/0.2% w/w/w) system (with NPG = N-phenylglycine). This property was not observed during the CP of EPOX. Finally, hybrid structures based on the carbazole/coumarin combination and the carbazole/coumarin/benzophenone combinations were successfully obtained and proved to be photobleachable photoinitiating systems (See Figure 34). [START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF] Figure 34. Chemical structures of C32-C34.

By designing a fused carbazole/coumarin hybrid structure, absorption maxima located at 402, 395 and 401 nm were respectively determined for C32-C34. Due to their absorptions extending between 325 and 475 nm, polymerization tests could be carried out at 405, 435, 450 and 475 nm. Noticeably, for all dyes, the intense absorption band detected in the visible range was assigned to an admixture of HOMO => LUMO and HOMO-1 =>LUMO transitions (with HOMO and LUMO which stand for highest occupied molecular orbital and lowest unoccupied molecular orbital respectively). For the three dyes, steady state photolysis experiments done in acetonitrile revealed the photolysis rates to be slow for the dyes considered alone. Upon addition of MDEA, a fast photobleaching could be detected in solution. To illustrate this, if a 20% reduction of the absorbance was detected for C34 after 13 min. of irradiation at 405 nm, this value was reduced to only 3 s upon addition of MDEA, suggesting a hydrogen abstraction on MDEA, the generation of α-aminoalkyl radicals and a Type II behavior for C32-C34. Considering that a photolysis process occurs for the different dyes and that the EPR experiments have demonstrated the formation of benzyl radicals and α-aminoalkyl radicals, the photoinitiation mechanism depicted in the Figure 35 was proposed. The possibility of two parallel pathways contributing to radicals generation was proposed. The first one is based on an intramolecular interaction between the carbazole unit and the benzophenone unit after photoexcitation of the dye. A photoinduced electron transfer can occur, producing B. Thus, by hydrogen abstraction, C is formed. Parallel to this, an intermolecular interaction can also occur between excited dyes, resulting in an intermolecular photoinduced electron transfer (See D). By intermolecular hydrogen abstraction, E can be formed. Due to the formation of benzyl radicals in C and E, the conjugated structure of coumarins is destroyed, resulting in a blue shift of the absorption and the optical detection of a photobleaching process. Reproduced with permission of Ref. [START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF] Occurrence of a photobleaching process was confirmed during the FRP of various acrylate monomers such as TMPTA, HDDA or tri(propylene glycol) diacrylate (TPGDA).

Interestingly, comparisons between the three photopolymers revealed the photobleaching to be better in HDDA compared to TMPTA and TPGDA. Benefiting from the photobleaching a depth of cure around 20 mm was found for the three monomers upon irradiation at 405 and 450 nm. A severe reduction of the cure depth was evidenced in the case of resins containing 10% ZrO2 fillers. In this case, the depth of cure was reduced to 5 mm, irrespective of the monomer as shown in the Figure 36. A good cytocompatibility was also determined for the three photoinitiators, the survival rate of L929 cells being around 80% for cells cultured on polymers films containing C32-C34. Cytotoxicity of photoinitiators is an important parameter to consider, especially in medicine and for food packaging. Indeed, toxicity of photoinitiators can rapidly restrict the scope of applications of photopolymers prepared with these structures. 

Acylgermanes

In the search for photobleachable structures, germanium-based photoinitiators have been the workhorse of photopolymerists during numerous years. [START_REF] Radebner | Tetraacylgermanes: Highly Efficient Photoinitiators for Visible-Light-Induced Free-Radical Polymerization[END_REF] Bis(4-methoxybenzoyl)diethylgermane (Ivocerin) is a benchmark photoinitiator. [START_REF] Püschmann | Synthesis and characterization of diacylgermanes: persistent derivatives with superior photoreactivity[END_REF][START_REF] Haas | Recent Advances in Germanium-Based Photoinitiator Chemistry[END_REF] However, its absorption remains limited beyond 500 nm so that new structures were investigated. [START_REF] Ganster | New Photocleavable Structures. Diacylgermane-Based Photoinitiators for Visible Light Curing[END_REF] Recently, the development of a straightforward synthetic route enabling to access to tetraacylgermanes has been proposed by Haas and coworkers, enabling to produce photoinitiators with a red-shifted n-π* absorption compared to mono-and bisacylgermanes. [START_REF] Eibel | From mono-to tetraacylgermanes: extending the scope of visible light photoinitiators[END_REF] Three tetra-acylgermanes were notably proposed i.e. C39-C42 and their photoinitiating and photobleaching properties compared to that of bis-and tris-acylgermanes C35-C38 (See Figure 37). From the mechanism viewpoint, acylgermanes behave as Type I photoinitiators, with an homolytic triplet-state α-cleavage of the Ge-(C=O) bond upon photoexcitation, producing benzoyl and germyl radicals (See Scheme 6). Examination of their UV-visible absorption spectra in acetonitrile revealed all photoinitiators with the electron-donating methoxy groups in C37 and C41 to exhibit blueshifted absorptions and higher molar extinction coefficients compared to C36 and C39 respectively. A similar blueshift was observed between the mesitoyl derivatives C38 and C40. Only a bathochromic shift of the absorption was observed for the asymmetrically substituted C42 (See Figure 38). Comparison of the photobleaching ability of C35-C42 in a mixture acetonitrile/methyl methacrylate (MMA) (v/v) at 385 and 470 nm revealed the photobleaching to be more efficient at 385 nm. Only the monoacylgermane C35 showed a weak photobleaching at both wavelengths. Noticeably, at 470 nm, C38 and C41 exhibited a lower photobleaching ability contrarily to what was observed at 385 nm, directly related to their low absorption at this wavelength. Among the series of acylgermanes, C42 showed the fastest photobleaching of the series at 470 nm (See Figure 39). Examination of the quantum yields of decomposition revealed the tetraacylgermanes C39-C42 to be twice lower than that of C36 and C37. However, the lower quantum yields of decomposition of C38-C42 are compensated by their unique abilities to produce four radicals in a stepwise photocleavage, enabling in turn to get high monomer conversions. Parallel to this study done on acylgermanes, a similar study was done by the same authors on acylstannanes and tetrakis(2,4,6-trimethylbenzoyl)stannane C40-Sn exhibited similar photobleaching properties to that of C40 (See Figure 37). 

Other structures

As evidenced in this review, the access to photobleachable structures is not an easy task. In the course of their investigations, numerous research groups have identified photobleachable structures. Sometimes, this photobleaching ability was detected for only one photoinitiator belonging to an extended series of structures. For instance, photobleaching was identified with a zinc complex C43 (See Figure 40). In this case, C43 was both used as a photoinitiator in the two-component C43/MDEA combination but also as an additive for 2,2dimethoxy-2-phenylacetophenone (DMPA) enabling the in-situ generation of Zn-based fillers. [START_REF] Versace | Zinc complex based photoinitiating systems for acrylate polymerization under air; in situ formation of Zn-based fillers and composites[END_REF] Indeed, chemical stability of Schiff base ligands is ensured by imines and imines are well-known to highly sensitive to acidic or protic conditions. [START_REF] Dumur | Photoluminescence of Zinc Complexes: Easily Tunable Optical Properties by Variation of the Bridge Between the Imido Groups of Schiff Base Ligands[END_REF][START_REF] Bernardo | Complexation behaviour and stability of Schiff bases in aqueous solution. The case of an acyclic diimino(amino) diphenol and its reduced triamine derivative[END_REF] In the case of photoinitiators, this weakness can be advantageously used for the design of photobleachable photoinitiators or additives. Mechanism of photobleaching proposed with C43 is depicted in the Scheme 7. Notably, photoinduced fragmentation of DMPA produces initiating radicals (equation r1). Under air, free radicals can be trapped by oxygen, generating ROO • peroxyl
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radicals (equation r2). Interestingly, unreactive peroxyl radicals can be converted as initiating radicals R' • , jointly inducing the decomposition of the Zn complex and the formation of Zn fillers (equations r3 and r4). 

Ph-C(=O)-C(OCH3)2Ph → Ph-C(=O) • + • C(OCH3)2Ph (hν) (r1) R • + O2 → ROO • (r2) ROO • + ZnC→→→ Zn-based products (hν) (r3) Zn-based products → R' • + Zn metal (hν) (r4) 
Scheme 7. Mechanism proposed by Lalevée and coworkers to support the photobleaching observed with C43 and the formation of Zn fillers.

Similarly, photobleaching was also evidenced for another zinc complex C44 using the three-component C44/Iod2/DVE-3 (0.2%/6%/2% w/w/w) system during the FRP of TMPTA at 532 nm with a laser diode in laminate. [START_REF] Tehfe | Zinc-based metal complexes as new photocatalysts in polymerization initiating systems[END_REF] However, origin of this photobleaching was not elucidated by the authors. Dyes exhibiting an extended π-conjugation are ideal candidates for the addition of radicals or Bronsted acids onto the π-conjugated system, enabling to suppress the electronic delocalization and therefore the formation of colorless side-products.

Photobleaching was notably evidenced with the oligophenylene C45 during the free radical promoted cationic polymerization (FRPCP) of EPOX upon irradiation with a halogen lamp using the three-component C45/NVK/Iod2 (0.2%/5%/2% w/w/w) system (See Figure 41). [START_REF] Lalevée | Dye photosensitized cationic ring-opening polymerization: Search for new dye skeletons[END_REF] If Ph-NVK + cations can contribute to the CP of EPOX, interaction of the excited dye with Nvinylcarbzole (NVK) can produce Ph-NVK • exhibiting a higher reactivity than Ph • radicals (See Scheme 8). Addition of Ph-NVK • or Ph • on C45 could contribute to photobleaching. A similar mechanism is certainly at the origin of the photobleaching observed with a photoinitiating system based on the diketopyrrolopyrrole C46. Using the three-component C46/Iod2/EDB (0.016%/2%/2% w/w/w) system during the FRP of a BisGMA/TEGDMA (70/30 V/V) blend at 477 nm, a transparent coating could be obtained. [START_REF] Bouzrati-Zerelli | New violet to yellow light sensitive diketo pyrrolo-pyrrole photoinitiators: high performance systems with unusual bleaching properties and solubility in water[END_REF] The same holds true for the naphthalimides C47 (FRP of TMPTA using C47/Iod2/NVK (0.5/2/3%, w/w/w) at 477 nm), [START_REF] Xiao | Naphthalimide-phthalimide derivative based photoinitiating systems for polymerization reactions under blue lights[END_REF] C48 (FRP of TMPTA using C47/Iod2/NVK (0.5/2/3%, w/w/w) at 477 nm). [START_REF] Xiao | Naphthalimide Derivatives: Substituent Effects on the Photoinitiating Ability in Polymerizations under Near UV, Purple, White and Blue LEDs[END_REF] In 2018, Wang and coworkers identified a series of curcuminoids C49-C52 exhibiting excellent photobleaching properties during the FRP of TPGDA at 405 nm using two-component dye/Iod3 (0.1%/3% w/w) systems where Iod3 stands for bis(4-methylphenyl)iodonium hexafluorophosphate (See Figure 42). [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] Noticeably, photobleaching observed during the FRP of TPGDA was not obtained during the CP of EPOX. The formation of radicals on the π-conjugated spacer of dyes is an efficient strategy to suppress the push-pull effect existing between the electron donor and the electron acceptor.

This strategy was notably applied to cinnamoyl formate derivatives C53-C56 [START_REF] Tang | Cinnamoylformate derivatives photoinitiators with excellent photobleaching ability and cytocompatibility for visible LED photopolymerization[END_REF] and cinnamoyl dyes (See Figure 43). [START_REF] Liao | Photobleachable cinnamoyl dyes for radical visible photoinitiators[END_REF] Figure 43. Chemical structures of C53-C60.

In the case of cinnamoyl formate derivatives C53-C56, excellent photoinitiating abilities were found both at 405 and 455 nm during the FRP of TPGDA, despites weak absorptions at these two wavelengths, as shown in the Figure 44. Notably, at 405 nm, only the twocomponent C54/EDB system could outperform the reference photoinitiating ITX/EDB system (84% vs 82% for ITX after 20 s of irradiation). Monomer conversions higher than 75% were obtained for the other dyes. At 455 nm where the absorption of ITX is more limited, C53/EDB and C54/EDB could both furnish higher monomer conversions than ITX/EDB (80% vs. 70% for ITX). For the other dyes, conversions comparable to that obtained with ITX were obtained (See In the case of C53, an extractability as low as 0.086% was determined, confirming its incorporation in the polymer networks. Conversely, for ITX, an extractability of 0.97% was determined, due to its inability to crosslink with the polymer network. By mean of EPR experiments, formation of benzyl radicals in the case of C60 and αaminoalkyl radicals for C57-C59 was clearly evidenced. Therefore, two different photobleaching mechanism could be proposed for C57-C59 and C60, depending on the fact the dyes comprise or not hydrogen donors. Notably, in the case of C60, upon irradiation, C60 is promoted in its excited state (A) and a photoinduced electron transfer can occur between triphenylamine and the α,β-insaturated system (B), generating an initiating benzyl radical (See Figure 47). Parallel to this, the excited C60 can interact with another C60 molecule in the ground state to furnish by intermolecular electron transfer a benzyl radical (C). In the case of
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C57-C59, formation of benzyl and α-aminoalkyl radicals was also evidenced by EPR. For C57-C59, a more traditional mechanism was proposed, consisting first in a photoinduced electron transfer followed in second step by an intramolecular proton transfer so that benzyl and αaminoalkyl radicals could be simultaneously formed (E,F). Possibility of an intermolecular electron transfer between an excited and a ground state molecule was also suggested as a plausible way enabling to generate benzyl and α-aminoalkyl radicals (G,H). In all cases, involvement of the α,β-insaturated system in the formation of benzyl radicals contribute to an efficient photobleaching with these dyes. Reproduced with permission of Ref. [START_REF] Liao | Photobleachable cinnamoyl dyes for radical visible photoinitiators[END_REF] In 2019, Wang and coworkers investigated two benzylidene ketones (C61 and C62) for the polymerization of acrylate resins and ceramic suspensions (See Figure 48). [START_REF] Fu | Photopolymerization of acrylate resin and ceramic suspensions with benzylidene ketones under blue/green LED[END_REF] The two dyes exhibited an absorption extending up to 510 nm for C61 and 460 nm for C62 due to a less extended π-conjugation (See Figure 49). Photopolymerization experiments were thus carried C60 out at 460 and 520 nm with the two dyes. Besides, due to the reduced absorption of C62 at 520 nm, a severe reduction of the TPGDA conversion was observed using the two-component C62/TEOA system (60% conversion at 520 nm vs. 75% conversion at 460 nm). Conversely, a similar TPGDA conversion was obtained with the two-component C61/TEOA system at 460 and 520 nm, the conversion being of 60%. Photobleaching observed during photopolymerization was assigned to the formation of 1,5-diarylpenta-1,4-dien-3-ol radicals, resulting from a photoinduced electron transfer followed by a proton transfer generating this none-conjugated structure and the initiating α-aminoalkyl radicals on TEOA (See Scheme 10). 

C62 C61

Benzylidene ketone is a versatile scaffold for the design of photobleachable photoinitiators. [START_REF] Xue | Effect of Bridging Position on the Two-Photon Polymerization Initiating Efficiencies of Novel Coumarin/Benzylidene Cyclopentanone Dyes[END_REF][START_REF] Fu | Photopolymerization of acrylate resin and ceramic suspensions with benzylidene ketones under blue/green LED[END_REF][START_REF] Bao | Double benzylidene ketones as photoinitiators for visible light photopolymerization[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] Dumur | Recent advances on benzylidene cyclopentanones as visible light photoinitiators of polymerization[END_REF] Indeed, if excellent photoinitiating abilities were obtained by introducing peripheral triphenylamine or carbazole groups in C61 and C62, introduction of phenothiazine was examined by Qu and coworkers. [START_REF] Deng | Novel chalcone-based phenothiazine derivative photoinitiators for visible light induced photopolymerization with photobleaching and good biocompatibility[END_REF] Indeed, phenothiazine is a wellknown electron donor that was used for the design of numerous photoinitiators due to the easiness of chemical modifications. [START_REF] Deng | Novel chalcone-based phenothiazine derivative photoinitiators for visible light induced photopolymerization with photobleaching and good biocompatibility[END_REF][START_REF] Dumur | Recent advances on visible light Phenothiazine-based photoinitiators of polymerization[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 beams11Electronic supplementary information (ESI) available: Detailed synthesis of all dyes and associated spectra[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] A similar easiness of chemical modifications can also be mentioned for carbazole [START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF][START_REF] Liu | Effect of Decarboxylation on the Photoinitiation Behavior of Nitrocarbazole-Based Oxime Esters[END_REF][START_REF] Dumur | Recent advances on carbazole-based oxime esters as photoinitiators of polymerization[END_REF][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 on 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] 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] Hammoud | Dialkyl-5,12-dihydroindolo[3,2-a]carbazole-Based Oxime-Esters for LED Photoinitiating Systems and Application on 3D Printing[END_REF] and triphenylamine [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], but also for other popular scaffolds for the design of photoinitiators such as naphthalimide, [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] Xiao | Naphthalimide-phthalimide derivative based photoinitiating systems for polymerization reactions under blue lights[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] 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] 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 | UV-violet-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-lightsensitive 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] benzophenone, [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] acridine-1,8-dione, [START_REF] Tehfe | Novel Highly Efficient Organophotocatalysts: Truxene-Acridine-1,8-diones as Photoinitiators of Polymerization[END_REF][START_REF] Xiao | 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] pyrene, [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 pyrene-ketone 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] thioxanthones, [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] 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 saltbased phosphorescent OLEDs and color-tunable light-emitting electrochemical cells[END_REF] or 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] In these different cases, interesting structure/performance relationship could be established. Due to the presence of phenothiazine, a broader absorption spectrum could be determined for C63, the absorption extending up to 560 nm contrarily to 500 nm for C61 and C62 (See Figure 63). This is directly related to the fact that triphenylamine and carbazole do not absorb in the visible when unsubstituted contrarily to phenothiazine that already exhibits an absorption in the visible range. Benefiting from this broad absorption, polymerization tests could be carried out at 440 nm but also under sunlight. In the two cases, similar curing times could be determined during the FRP of HEMA, TPGDA and TMPTA, evidencing the high reactivity of the three-component dye/Iod/EDB system. A bleaching mechanism similar to that presented in the Scheme 10 was proposed by the authors.

Recently, with aim at simplifying the composition of the photocurable resins, an oxime ester C64 was designed with the benzylidene ketone scaffold and its photoinitiating ability was compared to that of bis-chalcones C65 and C66. [START_REF] Wu | Photobleachable bischalcones-based oxime ester dyes for radical visible photopolymerization[END_REF] Interestingly, due to the presence of the diethylamino groups in C64-C66, an intramolecular and/or intermolecular electron transfer could occur with the ketone group. Oxygen alkyl radicals could thus be formed. Parallel to this, a homolytic cleavage of the N-O bond could occur upon irradiation, generating after decarboxylation vinyl radicals (See Scheme 11). Overall, by the convenient substitution of the benzylidene ketone C64 and the bis-chalcones C65 and C66, C64-C66 could simultaneously act as Type I and Type II photoinitiators, what is unusual for photoinitiators. In 2017, an erythrosine derivative i.e. C67 (See Figure 51) exhibited a higher photobleaching ability during the CP of epoxides than during the FRP of acrylates when used in three-component C67/Iod2/EDB systems. [START_REF] Nan | Different photoinitiating ability and photobleaching efficiency of erythrosine B derivatives in radical/cationic photopolymerization[END_REF] To support this, the authors suggested that during the free radical polymerization, the α-aminoalkyl radicals formed on EDB could give rise to a back electron transfer between the C67 radical anion and the tertiary amine radical, regenerating the dye in its initial redox state and restoring the color. Such a back electron transfer between erythrosine and a tertiary amine has previously been reported in the literature by Stansbury and coworkers. [START_REF] Kim | Kinetic pathway investigations of three-component photoinitiator systems for visible-light activated free radical polymerizations[END_REF] Conversely, during the CP of epoxides, carbocations of the tertiary amine formed by photoinduced electron and proton transfer can contribute to the polymerization process, and consumption of the amine radicals converted as cations decreases the probability of back electron transfer between amine the radicals and the dye radical anion, resulting in an effective bleaching of the polymers. This higher ability to bleach during CP processes than during FRP was also reported for a spiroxanthene C68 [START_REF] Mokbel | A glance at violet LED sensitive photoinitiators based on the spiroxanthene scaffold[END_REF] or a pyrene-substituted triazine C69. [START_REF] Tehfe | Trifunctional Photoinitiators Based on a Triazine Skeleton for Visible Light Source and UV LED Induced Polymerizations[END_REF] Figure 51. Chemical structures of C67-C69.

Conclusion

The design of photobleachable photoinitiators has been an active research field during the last decade due to the different strategies that had to be developed in order to address the color issue of visible light photoinitiators. Photobleaching of the photocurable resins is an important property which is highly researched in industry, elaboration of colorless coating being required in applications such as food packaging or dentistry. Noticeably, the different investigated systems could generally photobleach more efficiently in radical photopolymerizations than in cationic ones. These results therefore provide useful informations for designing photobleachable photoinitiators. Notably, color of push-pull dyes can be efficiently suppressed by generating benzyl radicals on the central double bond, isolating the donor from the acceptor. In the case of chalcones, reduction of the central ketone as an alcohol group enabled to suppress the electron acceptor so that the electronic delocalization existing within these structures could be drastically reduced. In the case of Type I photoinitiators, the fragmentation of the molecules constitutes another efficient strategy to suppress the color of oxime esters. Chalcone-based oxime esters were notably reported as versatile structures. Indeed, by the simultaneous presence of a dialkylamino group, an oxime ester group and a ketone group, these structures could concomitantly act as Type I and Type II photoinitiators. In the case of zinc complexes, an interesting approach consisted in reducing in-situ Zn(II) as Zn(0), enabling to decompose the Schiff base complex and to generate Zn nanoparticles. A summary of the different strategies developed to get an efficient photobleaching of the resins during photopolymerization is given in Table 2. Considering that Type I photoinitiators are now more desired than Type II photoinitiating systems for elaborating photocurable resins as these structures can be used as monocomponent systems, future works will consist in investigating more in details these families of photocleavable photoinitiators that will become the workhorse of photopolymerists in the coming years. Indeed, homolytic cleavage of a selected bond in Type I photoinitiators enables to efficiently fragment the molecules, and thus to suppress the internal conjugation responsible of the color. Parallel to this, radicals issued from the homolytic cleavage can be covalently linked to the polymer network, additionally addressing the extractability issue.
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 5 Figure 5. Normalized UV-visible absorption spectra of C1-C8 in dichloromethane.Reproduced with permission of Ref.[START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF] 
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 6 Figure 6. Photochemical mechanism supporting the efficient monomer conversion obtained with the three-component dye/Iod1/EDB system.
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 7 Figure 7. Chemical structures of C9-C12.As shown in the Figure8, C9 and C10 displayed absorption maxima peaking at 442 and 455 nm, perfectly fitting the emission spectra of a LED at 455 nm. Especially, the redshift
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 8 Figure 8. UV-visible absorption spectra of C9 and C10 in acetonitrile. Reproduced with permission of Ref.[141]
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 9 Figure 9. Steady state photolysis experiments done in acetonitrile upon irradiation at 455 nm with a LED. a) C10 alone b) C10/MDEA and c) C10/Iod2. Reproduced with permission of Ref.[START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF] 
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 1516 Figure15. Monomer conversion obtained with C13-C16 in different photoinitiating systems upon irradiation at 455 nm and by using HDDA as the monomer. Reproduced with permission of Ref.[START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF] 
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 17 Figure 17. Chemical structure of C17 and the monomer.
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 4 Scheme 4. Photochemistry mechanism occurring with C17 and C18.
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 21 Figure 21. Chemical structures of C18, acrylamide (AM) and TEOA.

Figure 22 .

 22 Figure 22. Photochemical mechanism involved in the photoisomerization of C18 and the FRP of PEGDA. Reproduced with permission of Ref.[182]
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 23 Figure 23. Chemical structures of C19 and C20.
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 24 Figure 24.Photobleaching observed during the FRP of Ebecryl 40 at 405 nm for resins containing C19 (a) and C20 (b) as photosensitizers for the three-component dye/Iod1/TEOA (0.1%/2%/2% w/w/w) system. Reproduced with permission of 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] 
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 26 Figure 26. Chemical structure of C24 and monomer conversion obtained for different concentrations of C24/TEOA CTC during the FRP of PEGDA (50% in water) upon irradiation at 405 nm. Reproduced with permission of Ref.[START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF] 
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 27 Figure 27. Chemical structures of iodonium-based coumarins C25 and C26.
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 28 Figure 28. Monomer conversions obtained during the CP of EPOX upon irradiation at 405 nm (I = 500 mW/cm²) using C25 (1) and C26[START_REF] Tehfe | Photopolymerization Reactions: On the Way to a Green and Sustainable Chemistry[END_REF]. Reproduced with permission of Ref.[START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus ferrocenium structures[END_REF] 
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 29 Figure 29. Chemical structures of C27-C30 and monomers used during thiol-ene polymerization.

Figure 30 .

 30 Figure 30. Steady state photolysis experiments of C27 and C28 in acetonitrile upon irradiation at 450 nm.Reproduced with permission of 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] 

Figure 32 .

 32 Figure 32. Photobleaching of C28 (5.5 × 10 -5 mol/g resin) during the thiol-ene polymerization. (a) coating and (b) in bulk upon irradiation at 450 nm with a LED (I = 200 mW/cm 2 ).
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 33 Figure 33. Chemical structures of C31 and different monomers.

Figure 35 .

 35 Figure 35. Mechanism of photoinitiation also enabling an efficient photobleaching of the polymers.Reproduced with permission of Ref.[START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF] 
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 36 Figure 36. Depth of cure determined during the FRP of TMPTA, TPGDA and HDDA upon irradiation at 405 and 455 nm after 200 s of irradiation, and for resins containing 10% ZrO2 fillers. Reproduced with permission of Ref.[START_REF] Guo | Fused carbazole-coumarin-ketone dyes: high performance and photobleachable photoinitiators in free radical photopolymerization for deep photocuring under visible LED light irradiation[END_REF] 
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 376 Figure 37. Chemical structures of germanium-based photoinitiators.

Figure 38 .

 38 Figure 38. UV-visible absorption spectra of C35-C42 in acetonitrile. Reproduced with permission of Ref. [221]
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 22239 Figure 39. Steady state photolysis of C35-C42 in a mixture of acetonitrile/MMA (v/v) at 385 nm (a) and 470 nm (b).Reproduced with permission of Ref.[START_REF] Eibel | From mono-to tetraacylgermanes: extending the scope of visible light photoinitiators[END_REF] 
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 40 Figure 40. Chemical structures of C43, C44, DMPA and DVE-3.

Figure 41 .Scheme 8 .

 418 Figure 41. Chemical structures of C45-C46.

Figure 42 .

 42 Figure 42. Photobleaching detected during the FRP of TPGDA using the two-component dye/Iod3 (0.1%/3% w/w) systems upon irradiation with a blue LED using C49 (a), C50 (b), C51(c) and C52 (d) as the chromophores. Reproduced with permission of 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] 
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 45 Figure 45). Based on EPR experiments, formation of α-aminoalkyl radicals on EDB could be

Figure 44 .Figure 45 .Scheme 9 .

 44459 Figure 44. UV-visible absorption spectra of C53-C56 and the reference compound ITX in acetonitrile. Reproduced with permission of Ref. [230]
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 46 Figure 46. UV-visible absorption spectra of C57-C60 in acetonitrile. Reproduced with permission of Ref.[231]
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 47 Figure 47. Photoinitiating and photobleaching mechanisms proposed for C57-C59 and C60.Reproduced with permission of Ref.[START_REF] Liao | Photobleachable cinnamoyl dyes for radical visible photoinitiators[END_REF] 
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 48 Figure 48. Chemical structures of C61 and C62.

Figure 49 .Scheme 10 .

 4910 Figure 49. UV-visible absorption spectra of C61 and C62 in acetonitrile. Reproduced with permission of Ref. [232].
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 5011 Figure 50. Chemical structures of C63-C66.

  

  

Table 1 .

 1 Summary of the monomer conversions obtained after 400s of irradiation at 405 nm for Ebecryl 40 using the three-component photoinitiating systems: dye/Iod1/EDB (0.1%, 2%, 2%, w/w/w).

	Dye	C1	C2	C3	C4
	FCs	65%	93%	82%	84%
	Dye	C5	C6	C7	C8
	FCs	57%	95%	85%	91%

Table 2 .

 2 The different strategies to get an efficient photobleaching of the polymers during photopolymerization.

	Type of dyes	Initial structures	Mechanism of	Strategy
			photobleaching	
	Push-push			Suppression
	dyes			of the π-
				conjugated
				system
				between the
				donor and the
				acceptor
	Push-push			Suppression
	dyes			of the π-
				conjugated
				system
				between the
				donor and the
				acceptor
	Chalcones			Suppression
				of the electron
				acceptor
	Coumarins			Suppression
				of the π-
				conjugated
				system
	Acylgermane			Fragmentatio
	s			n
	Zinc		Zn nanoparticles	Reduction of
	complexes			the metal
				center and
				formation of
				metal
				nanoparticles
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