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Recent advances on visible light bodipys and related difluoroborane structures-based photoinitiating systems

Introduction

During the past decades, visible light photopolymerization has been identified as a possible alternative with regards to the traditional UV photopolymerization. [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][START_REF] Bao | Recent Trends in Advanced Photoinitiators for Vat Photopolymerization 3D Printing[END_REF][START_REF] Lalevée | Dyes and Chromophores in Polymer Science[END_REF][START_REF] Fouassier | Three-component photoinitiating systems: towards innovative tailor made high performance combinations[END_REF][START_REF] Zhang | Radical photoinitiation with LEDs and applications in the 3D printing of composites[END_REF][START_REF] Lalevée | Tris(trimethylsilyl)silane (TTMSS)-Derived Radical Reactivity toward Alkenes: A Combined Quantum Mechanical and Laser Flash Photolysis Study[END_REF][START_REF] Chatgilialoglu | Recent Applications of the (TMS)3SiH Radical-Based Reagent[END_REF][START_REF] Garra | Redox two-component initiated free radical and cationic polymerizations: Concepts, reactions and applications[END_REF][START_REF] Dumur | The future of visible light photoinitiators of polymerization for photocrosslinking applications[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] El-Roz | Mechanistic Investigation of the Silane, Germane, and Stannane Behavior When Incorporated in Type I and Type II Photoinitiators of Polymerization in Aerated Media[END_REF] At present, this historical approach is facing numerous criticisms, directly related to the range of wavelengths used to initiate the polymerization process. Indeed, UV light is known to cause skin cancers and eye damage. During polymerization, ozone is also produced, requiring specific safety conditions so that UV photopolymerization is now discarded in favor of visible light processes. [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] Intense research activity is supported by the numerous applications of photopolymerization, ranging from coatings and varnishes, solvent-free paints, dental restoration materials, adhesives, 3D and 4D printing or microelectronics. [START_REF] Lalevée | Dyes and Chromophores in Polymer Science[END_REF][START_REF] Fouassier | Three-component photoinitiating systems: towards innovative tailor made high performance combinations[END_REF][START_REF] Jasinski | Photopolymerization in dispersed systems[END_REF][START_REF] Noè | Cationic UV-Curing of Epoxidized Biobased Resins[END_REF][START_REF] Yuan | Low volume shrinkage photopolymerization system using hydrogen-bond-based monomers[END_REF][START_REF] Khudyakov | Kinetics of Photopolymerization of Acrylates with Functionality of 1-6[END_REF][START_REF] Dickens | Photopolymerization Kinetics of Methacrylate Dental Resins[END_REF][START_REF] Maffezzoli | Photopolymerization of dental composite matrices[END_REF][START_REF] Dikova | Optimization of Photopolymerization Process of Dental Composites[END_REF][START_REF] Andreu | 4D printing materials for vat photopolymerization[END_REF][START_REF] Chen | Photopolymerization and 3D/4D applications using newly developed dyes: Search around the natural chalcone scaffold in photoinitiating systems[END_REF][START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF][START_REF] Lalevée | Metal and metal-free photocatalysts: mechanistic approach and application as photoinitiators of photopolymerization[END_REF][START_REF] Tomal | Visible Light Induced High Resolution and Swift 3D Printing System by Halogen Atom Transfer[END_REF] Interest for visible light photoinitiators is also supported by the higher light penetration that can be achieved in the visible range than in the UV range. [START_REF] Bonardi | High Performance Near-Infrared (NIR) Photoinitiating Systems Operating under Low Light Intensity and in the Presence of Oxygen[END_REF] Notably, if the light penetration is limited to only a few hundreds of micrometres, this value can reach a few centimetres in the near-infrared range (See Figure 1), enabling to polymerize thick and filled samples. [START_REF] Garra | Photopolymerization processes of thick films and in shadow areas: a review for the access to composites[END_REF] If visible light photopolymerization constitutes an interesting approach, several drawbacks can be however mentioned. As the main drawback, visible light photoinitiators are strongly coloured compounds that often impose an undesired colour to the final polymers, what constitutes a severe limitation for industrial applications. Parallel to this, visible light photoinitiating systems are less reactive than the UV ones, and this lack of reactivity is directly related to the fact that visible light photons are less energetic than UV photons. Reprinted with permission from Ref. [START_REF] Bonardi | High Performance Near-Infrared (NIR) Photoinitiating Systems Operating under Low Light Intensity and in the Presence of Oxygen[END_REF] In this context of lack of reactivity of visible light photoinitiators, a significant effort has been done to investigate a maximum of structures and pyrenes, [START_REF] Tehfe | New insights into radical and cationic polymerizations upon visible light exposure: role of novel photoinitiator systems based on the pyrene chromophore[END_REF][START_REF] Telitel | New core-pyrene π structure organophotocatalysts usable as highly efficient photoinitiators[END_REF][START_REF] Uchida | Nonsalt 1-(arylmethyloxy)pyrene photoinitiators capable of initiating cationic polymerization[END_REF][START_REF] Mishra | 1-(Bromoacetyl)pyrene, a novel photoinitiator for the copolymerization of styrene and methylmethacrylate[END_REF][START_REF] Tehfe | Design of new Type I and Type II photoinitiators possessing highly coupled pyreneketone moieties[END_REF][START_REF] Dumur | Recent advances on pyrene-based photoinitiators of polymerization[END_REF][START_REF] Tehfe | A Multicolor Photoinitiator for Cationic Polymerization and Interpenetrated Polymer Network Synthesis: 2,7-Di-tert-butyldimethyldihydropyrene[END_REF][START_REF] Telitel | New functionalized aromatic ketones as photoinitiating systems for near visible and visible light induced polymerizations[END_REF][START_REF] Tehfe | Polyaromatic Structures as Organo-Photoinitiator Catalysts for Efficient Visible Light Induced Dual Radical/Cationic Photopolymerization and Interpenetrated Polymer Networks Synthesis[END_REF] cyanines, [START_REF] Mokbel | On demand NIR activated photopolyaddition reactions[END_REF][START_REF] Mokbel | NIR Sensitizer Operating under Long Wavelength (1064 nm) for Free Radical Photopolymerization Processes[END_REF][START_REF] Launay | Near-infrared light for polymer re-shaping and re-processing applications[END_REF][START_REF] Caron | Near-Infrared PhotoInitiating Systems: Photothermal versus Triplet-Triplet Annihilation-Based Upconversion Polymerization[END_REF][START_REF] Bonardi | Photoinduced Thermal Polymerization Reactions[END_REF][START_REF] Launay | Safe near infrared light for fast polymers surface sterilization using organic heaters[END_REF][START_REF] Launay | Photothermal activation in the near infrared range for 4-dimensional printing using relevant organic dyes[END_REF][START_REF] Bonardi | Freeradical polymerization upon near-infrared light irradiation, merging photochemical and photothermal initiating methods[END_REF][START_REF] Mokbel | Towards new NIR dyes for free radical photopolymerization processes[END_REF] anthracenes, [START_REF] Dumur | Recent Advances on Anthracene-based Photoinitiators of Polymerization[END_REF] naphthalimides, [START_REF] Zivic | A novel naphthalimide scaffold based iodonium salt as a one-component photoacid/photoinitiator for cationic and radical polymerization under LED exposure[END_REF][START_REF] Bonardi | New 1,8-Naphthalimide Derivatives as Photoinitiators for Free-Radical Polymerization Upon Visible Light[END_REF][START_REF] Zhang | Naphthalimide-Tertiary Amine Derivatives as Blue-Light-Sensitive Photoinitiators[END_REF][START_REF] Xiao | Naphthalimide Derivatives: Substituent Effects on the Photoinitiating Ability in Polymerizations under Near UV, Purple, White and Blue LEDs[END_REF][START_REF] Xiao | Naphthalimide-phthalimide derivative based photoinitiating systems for polymerization reactions under blue lights[END_REF][START_REF] Zhang | A benzophenone-naphthalimide derivative as versatile photoinitiator of polymerization under near UV and visible lights[END_REF][START_REF] Zhang | N-[2-(Dimethylamino)ethyl]-1,8-naphthalimide derivatives as photoinitiators under LEDs[END_REF][START_REF] Zhang | Structure Design of Naphthalimide Derivatives: Toward Versatile Photoinitiators for Near-UV/Visible LEDs, 3D Printing, and Water-Soluble Photoinitiating Systems[END_REF][START_REF] Zhang | UVviolet-blue LED induced polymerizations: Specific photoinitiating systems at 365, 385, 395 and 405 nm[END_REF][START_REF] Xiao | Blue Light Sensitive Dyes for Various Photopolymerization Reactions: Naphthalimide and Naphthalic Anhydride Derivatives[END_REF][START_REF] Xiao | Naphthalimide based methacrylated photoinitiators in radical and cationic photopolymerization under visible light[END_REF][START_REF] Noirbent | Recent advances on naphthalic anhydrides and 1,8naphthalimide-based photoinitiators of polymerization[END_REF][START_REF] Rahal | Naphthalimide-Based Dyes as Photoinitiators under Visible Light Irradiation and their Applications: Photocomposite Synthesis, 3D printing and Polymerization in Water[END_REF][START_REF] Rahal | Naphthyl-Naphthalimides as High-Performance Visible Light Photoinitiators for 3D Printing and Photocomposites Synthesis[END_REF][START_REF] Zivic | Novel naphthalimideamine based photoinitiators operating under violet and blue LEDs and usable for various polymerization reactions and synthesis of hydrogels[END_REF][START_REF] Xiao | Design of High Performance Photoinitiators at 385-405 nm: Search around the Naphthalene Scaffold[END_REF][START_REF] Xiao | Amino and nitro substituted 2-amino-1H-benzo[de]isoquinoline-1,3(2H)-diones: as versatile photoinitiators of polymerization from violet-blue LED absorption to a panchromatic behavior[END_REF][START_REF] Chen | Water-soluble/visible-light-sensitive naphthalimide derivative-based photoinitiating systems: 3D printing of antibacterial hydrogels[END_REF][START_REF] Liu | N-naphthalimide ester derivatives as Type Ⅰ photoinitiators for LED photopolymerization[END_REF] 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] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][START_REF] Mokbel | Specific cationic photoinitiators for near UV and visible LEDs: Iodonium versus ferrocenium structures[END_REF][START_REF] Villotte | Design of Iodonium Salts for UV or Near-UV LEDs for Photoacid Generator and Polymerization Purposes[END_REF][START_REF] Tasdelen | Photoacid Generation by Stepwise Two-Photon Absorption: Photoinitiated Cationic Polymerization of Cyclohexene Oxide by Using Benzodioxinone in the Presence of Iodonium Salt[END_REF][START_REF] Crivello | Diaryliodonium Salts. A New Class of Photoinitiators for Cationic Polymerization[END_REF][START_REF] He | Photoreaction and photopolymerization studies on squaraine dyes/iodonium salts combination[END_REF][START_REF] Jun | Photopolymerization Initiated by Dimethylaminochalcone/Diphenyliodonium Salt Combination System Sensitive to Visible Light[END_REF][START_REF] Zivic | Recent Advances and Challenges in the Design of Organic Photoacid and Photobase Generators for Polymerizations[END_REF][START_REF] Petko | Symmetric Iodonium Salts Based on Benzylidene as One-Component Photoinitiators for Applications in 3D Printing[END_REF][START_REF] Petko | One-Component Cationic Photoinitiators from Tunable Benzylidene Scaffolds for 3D Printing Applications[END_REF] bodipy, [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][START_REF] Xu | Utilizing Intramolecular Photoinduced Electron Transfer to Enhance Photothermal Tumor Treatment of Aza-BODIPY-Based Near-Infrared Nanoparticles[END_REF][START_REF] Skotnicka | New BODIPY Dyes Based on Benzoxazole as Photosensitizers in Radical Polymerization of Acrylate Monomers[END_REF][START_REF] Lu | Boron dipyrromethene (BODIPY) in polymer chemistry[END_REF][START_REF] Telitel | BODIPY derivatives and boranil as new photoinitiating systems of cationic polymerization exhibiting a tunable absorption in the 400-600 nm spectral range[END_REF][START_REF] Telitel | Photopolymerization of Cationic Monomers and Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes[END_REF] camphorquinones, [START_REF] Kamoun | Carboxylated camphorquinone as visible-light photoinitiator for biomedical application: Synthesis, characterization, and application[END_REF][START_REF] Santini | Photoinitiators in Dentistry: A Review[END_REF] phenothiazines, [START_REF] Abdallah | Phenothiazine derivatives as photoredox catalysts for cationic and radical photosensitive resins for 3D printing technology and photocomposite synthesis[END_REF][START_REF] Dumur | Recent advances on visible light Phenothiazine-based photoinitiators of polymerization[END_REF][START_REF] Zhang | Photoinitiation behavior of phenothiazines containing two oxime ester functionalities (OXEs) in free radical photopolymerization and 3D printing application[END_REF][START_REF] Noon | Photoinitiation Mechanisms of Novel Phenothiazine-Based Oxime and Oxime Esters Acting as Visible Light Sensitive Type I and Multicomponent Photoinitiators[END_REF] benzylidene ketones, [START_REF] Bao | Double benzylidene ketones as photoinitiators for visible light photopolymerization[END_REF][START_REF] Fu | Photopolymerization of acrylate resin and ceramic suspensions with benzylidene ketones under blue/green LED[END_REF][START_REF] Dumur | Recent advances on benzylidene ketones as photoinitiators of polymerization[END_REF][START_REF] Zhao | Polyethylene glycol-functionalized benzylidene cyclopentanone dyes for two-photon excited photodynamic therapy[END_REF][START_REF] Fang | Cationic benzylidene cyclopentanone photosensitizers for selective photodynamic inactivation of bacteria over mammalian cells[END_REF][START_REF] Xue | Effect of Bridging Position on the Two-Photon Polymerization Initiating Efficiencies of Novel Coumarin/Benzylidene Cyclopentanone Dyes[END_REF][START_REF] Dumur | Recent advances on benzylidene cyclopentanones as visible light photoinitiators of polymerization[END_REF][START_REF] Egorov | Benzylidene Cyclopentanone Derivative Photoinitiator for Two-Photon Photopolymerization-Photochemistry and 3D Structures Fabrication for X-ray Application[END_REF] curcumin, [START_REF] Zhao | A new role of curcumin: as a multicolor photoinitiator for polymer fabrication under household UV to red LED bulbs[END_REF][START_REF] Crivello | Curcumin: A naturally occurring long-wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Han | Facilely prepared blue-green light sensitive curcuminoids with excellent bleaching properties as high performance photosensitizers in cationic and free radical photopolymerization[END_REF][START_REF] Mishra | Curcumin, A Novel Natural Photoinitiator for the Copolymerization of Styrene and Methylmethacrylate[END_REF] cyclohexanones, [START_REF] Li | The effect of polyethylene glycoldiacrylate complexation on type II photoinitiator and promotion for visible light initiation system[END_REF][START_REF] Li | In situ monitoring of photopolymerization by photoinitiator with luminescence characteristics[END_REF][START_REF] Li | Synthesis of furan derivative as LED light photoinitiator: One-pot, low usage, photobleaching for light color 3D printing[END_REF][START_REF] Xu | Novel ketone derivative-based photoinitiating systems for free radical polymerization under mild conditions and 3D printing[END_REF] carbazoles, [START_REF] Zhang | The carbazole-bound ferrocenium salt as a specific cationic photoinitiator upon near-UV and visible LEDs (365-405 nm)[END_REF][START_REF] Al Mousawi | Carbazole Scaffold Based Photoinitiator/Photoredox Catalysts: Toward New High Performance Photoinitiating Systems and Application in LED Projector 3D Printing Resins[END_REF][START_REF] Al Mousawi | Carbazole Derivatives with Thermally Activated Delayed Fluorescence Property as Photoinitiators/Photoredox Catalysts for LED 3D Printing Technology[END_REF][START_REF] Al Mousawi | Novel Carbazole Skeleton-Based Photoinitiators for LED Polymerization and LED Projector 3D Printing[END_REF][START_REF] Mousawi | Carbazole-based compounds as photoinitiators for free radical and cationic polymerization upon near visible light illumination[END_REF][START_REF] Abdallah | Development of new high-performance visible light photoinitiators based 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] Liu | Effect of Decarboxylation on the Photoinitiation Behavior of Nitrocarbazole-Based Oxime Esters[END_REF][START_REF] Hammoud | Chemical engineering around the 5,12-dihydroindolo[3,2-a]carbazole scaffold : Fine tuning of the optical properties of visible light photoinitiators of polymerization[END_REF][START_REF] Xu | High-efficient carbazole-based photo-bleachable dyes as free radical initiators for visible light polymerization[END_REF][START_REF] Dumur | Recent advances on carbazole-based oxime esters as photoinitiators of polymerization[END_REF][START_REF] Hammoud | 5,12-Dialkyl-5,12-dihydroindolo[3,2-a]carbazole-Based Oxime-Esters for LED Photoinitiating Systems and Application on 3D Printing[END_REF][START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[END_REF][START_REF] Bin | Carbazole-based Anion Ionic Water-Soluble Two-Photon Initiator for Achieving 3D Hydrogel Structures[END_REF] furan derivatives, [START_REF] Dumur | Recent Advances on Furan-Based Visible Light Photoinitiators of Polymerization[END_REF] perylenes, [START_REF] Xiao | Perylene derivatives as photoinitiators in blue light sensitive cationic or radical curable films and panchromatic thiol-ene polymerizable films[END_REF][START_REF] Xiao | Red-Light-Induced Cationic Photopolymerization: Perylene Derivatives as Efficient Photoinitiators[END_REF][START_REF] Dumur | Recent advances on perylene-based photoinitiators of polymerization[END_REF][START_REF] Tehfe | Green-Light-Induced Cationic Ring Opening Polymerization Reactions: Perylene-3,4:9,10bis(Dicarboximide) as Efficient Photosensitizers[END_REF] push-pull dyes, [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][START_REF] Pigot | Recent advances on push-pull organic dyes as visible light photoinitiators of polymerization[END_REF][START_REF] Xiao | Panchromatic Photopolymerizable Cationic Films Using Indoline and Squaraine Dye Based Photoinitiating Systems[END_REF] benzophenones, [START_REF] Liu | Monocomponent Photoinitiators based on Benzophenone-Carbazole Structure for LED Photoinitiating Systems and Application on 3D Printing[END_REF][START_REF] Xiao | Variations on the Benzophenone Skeleton: Novel High Performance Blue Light Sensitive Photoinitiating Systems[END_REF][START_REF] Zhang | Design of Novel Photoinitiators for Radical and Cationic Photopolymerizations under Near UV and Visible LEDs (385, 395, and 405 nm)[END_REF][START_REF] Liu | New multifunctional benzophenone-based photoinitiators with high migration stability and their applications in 3D printing[END_REF][START_REF] Liu | Novel Photoinitiators Based on Benzophenone-Triphenylamine Hybrid Structure for LED Photopolymerization[END_REF][START_REF] Liu | A monocomponent bifunctional benzophenone-carbazole type II photoinitiator for LED photoinitiating systems[END_REF][START_REF] Tehfe | Trifunctional Photoinitiators Based on a Triazine Skeleton for Visible Light Source and UV LED Induced Polymerizations[END_REF][START_REF] Lin | Efficacy Modeling of New Multi-Functional Benzophenone-Based System for Free-Radical/Cationic Hybrid Photopolymerization Using 405 nm LED[END_REF] triphenylamines, [START_REF] Ladika | Synthesis and application of triphenylamine-based aldehydes as photoinitiators for multi-photon lithography[END_REF][START_REF] Dumur | Recent advances on visible light Triphenylamine-based photoinitiators of polymerization[END_REF] quinoxalines, [START_REF] Corakci | Long wavelength photosensitizers in photoinitiated cationic polymerization: The effect of quinoxaline derivatives on photopolymerization[END_REF][START_REF] Pyszka | Study on New Dental Materials Containing Quinoxaline-Based Photoinitiators in Terms of Exothermicity of the Photopolymerization Process[END_REF][START_REF] Pyszka | Photoinitiation abilities of indeno-and indoloquinoxaline derivatives and mechanical properties of dental fillings based on multifunctional acrylic monomers and glass ionomer[END_REF][START_REF] Arsu | Photoinduced free radical polymerization initiated with quinoxalines[END_REF][START_REF] Aydın | Photoinitiated free radical polymerization of methylmethacrylate by using of quinoxalines in the presence of aldehydes[END_REF][START_REF] Bulut | A quinoxaline derivative as a long wavelength photosensitizer for diaryliodonium salts[END_REF][START_REF] Bulut | Quinoxaline derivatives as long wavelength photosensitizers in photoinitiated cationic polymerization of diaryliodonium salts[END_REF][START_REF] Cao | Triphenylaminemodified quinoxaline derivatives as two-photon photoinitiators[END_REF][START_REF] Balta | Quinoxaline derivatives as photoinitiators in UV-cured coatings[END_REF][START_REF] Kucybała | Development of new dyeing photoinitiators for free radical polymerization based on the 1H-pyrazolo[3,4-b]quinoxaline skeleton. Part 2[END_REF][START_REF] Podsiadły | The synthesis of novel, visiblewavelength, oxidizable polymerization sensitizers based on the 8-halogeno-5,12dihydroquinoxalino[2,3-b]quinoxaline skeleton[END_REF][START_REF] Yao | Combining photo-cleavable and hydrogen-abstracting groups in quinoxaline with thioether bond as hybrid photoinitiator[END_REF][START_REF] Sun | Study of methoxyphenylquinoxalines (MOPQs) as photoinitiators in the negative photo-resist[END_REF][START_REF] Ercan | Highly conjugated isoindigo and quinoxaline dyes as sunlight photosensitizers for onium saltphotoinitiated cationic polymerization of epoxy resins[END_REF][START_REF] Dumur | Recent Advances on Quinoxaline-Based Photoinitiators of Polymerization[END_REF] coumarins, [START_REF] Abdallah | Coumarin derivatives as versatile photoinitiators for 3D printing, polymerization in water and photocomposite synthesis[END_REF][START_REF] Abdallah | Keto-coumarin scaffold for photoinitiators for 3D printing and photocomposites[END_REF][START_REF] Abdallah | Coumarins as Powerful Photosensitizers for the Cationic Polymerization of Epoxy-Silicones under Near-UV and Visible Light and Applications for 3D Printing Technology[END_REF][START_REF] Abdallah | Boron Compounds as Additives for the Cationic Polymerization Using Coumarin Derivatives in Epoxy Silicones[END_REF][START_REF] Chen | Photopolymerization of Coumarin-Containing Reversible Photoresponsive Materials Based on Wavelength Selectivity[END_REF][START_REF] Li | Coumarin-Based Oxime Esters: Photobleachable and Versatile Unimolecular Initiators for Acrylate and Thiol-Based Click Photopolymerization under Visible Light-Emitting Diode Light Irradiation[END_REF][START_REF] Rahal | Mono vs. Difunctional Coumarin as Photoinitiators in Photocomposite Synthesis and 3D Printing[END_REF][START_REF] Rajeshirke | Enhancement of NLO Properties in OBO Fluorophores Derived from Carbazole-Coumarin Chalcones Containing Carboxylic Acid at the N-Alykl Terminal End[END_REF][START_REF] Rahal | Design of ketocoumarin based photoinitiator for Free Radical Photopolymerization: Towards 3D printing and photocomposites applications[END_REF][START_REF] Rahal | 3-Carboxylic Acid and Formyl-Derived Coumarins as Photoinitiators in Photo-Oxidation or Photo-Reduction Processes for Photopolymerization upon Visible Light: Photocomposite Synthesis and 3D Printing Applications[END_REF][START_REF] Hammoud | Substituent effects on the photoinitiation ability of coumarin-based oxime-ester photoinitiators for free radical photopolymerization[END_REF][START_REF] Dumur | Recent advances on coumarin-based photoinitiators of polymerization[END_REF][START_REF] Liu | Recent advances on visible light Coumarin-based oxime esters as initiators of polymerization[END_REF][START_REF] Zhu | Broad wavelength sensitive coumarin sulfonium salts as photoinitiators for cationic, free radical and hybrid photopolymerizations[END_REF] thiophenes, [START_REF] Xiao | Multicolor Photoinitiators for Radical and Cationic Polymerization: Monofunctional vs Polyfunctional Thiophene Derivatives[END_REF][START_REF] Dumur | Recent Advances on Visible Light Thiophene-based Photoinitiators of Polymerization[END_REF] thioxanthones, [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF][START_REF] Karaca | Thioxanthone-benzothiophenes as photoinitiator for free radical polymerization[END_REF][START_REF] Balta | An annelated thioxanthone as a new Type II initiator[END_REF][START_REF] Balta | Thioxanthone-Diphenyl Anthracene: Visible Light Photoinitiator[END_REF][START_REF] Dadashi-Silab | Shining a light on an adaptable photoinitiator: advances in photopolymerizations initiated by thioxanthones[END_REF][START_REF] Eren | Photophysical and Photochemical Studies of Novel Thioxanthone-Functionalized Methacrylates through LED Excitation[END_REF][START_REF] Qiu | Thioxanthone photoinitiator containing polymerizable N-aromatic maleimide for photopolymerization[END_REF][START_REF] Tar | Panchromatic Type II Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative[END_REF][START_REF] Wu | Thioxanthone based one-component polymerizable visible light photoinitiator for free radical polymerization[END_REF][START_REF] Wu | High-Performance and Low Migration One-Component Thioxanthone Visible Light Photoinitiators[END_REF][START_REF] Wu | Visible light-emitting diode-sensitive thioxanthone derivatives used in versatile photoinitiating systems for photopolymerizations[END_REF][START_REF] Lalevée | Light-Harvesting Organic Photoinitiators of Polymerization[END_REF][START_REF] Esen | The investigation of photoinitiated polymerization of multifunctional acrylates with TX-BT by Photo-DSC and RT-FTIR[END_REF][START_REF] Lalevée | New thioxanthone and xanthone photoinitiators based on silyl radical chemistry[END_REF][START_REF] Gencoglu | A Water Soluble, Low Migration, and Visible Light Photoinitiator by Thioxanthone-Functionalization of Poly(ethylene glycol)-Containing Poly(β-amino ester)[END_REF][START_REF] Wang | New functionalized thioxanthone derivatives as type I photoinitiators for polymerization under UV-Vis LEDs[END_REF] chalcones, [START_REF] Chen | Photopolymerization and 3D/4D applications using newly developed dyes: Search around the natural chalcone scaffold in photoinitiating systems[END_REF][START_REF] Chen | Photoinitiators derived from natural product scaffolds: monochalcones in three-component photoinitiating systems and their applications in 3D printing[END_REF][START_REF] Tang | A high performance phenyl-free LED photoinitiator for cationic or hybrid photopolymerization and its application in LED cationic 3D printing[END_REF][START_REF] Xu | Allyloxy ketones as efficient photoinitiators with high migration stability in free radical polymerization and 3D printing[END_REF][START_REF] Xu | Design of ketone derivatives as highly efficient photoinitiators for free radical and cationic photopolymerizations and application in 3D printing of composites[END_REF][START_REF] Chen | Bis-chalcone derivatives derived from natural products as near-UV/visible light sensitive photoinitiators for 3D/4D printing[END_REF][START_REF] Liu | Design of photoinitiating systems based on the chalcone-anthracene scaffold for LED cationic photopolymerization and application in 3D printing[END_REF][START_REF] Giacoletto | Recent Advances in bis-Chalcone-Based Photoinitiators of Polymerization: From Mechanistic Investigations to Applications[END_REF][START_REF] Ibrahim-Ouali | Recent Advances on Chalcone-based Photoinitiators of Polymerization[END_REF][START_REF] Chen | In situ generation of Ag nanoparticles during photopolymerization by using newly developed dyes-based three-component photoinitiating systems and the related 3D printing applications and their shape change behavior[END_REF][START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF][START_REF] Tehfe | Chalcone derivatives as highly versatile photoinitiators for radical, cationic, thiol-ene and IPN polymerization reactions upon exposure to visible light[END_REF][START_REF] Sun | In silico rational design by molecular modeling of new ketones as photoinitiators in three-component photoinitiating systems: application in 3D printing[END_REF][START_REF] Chen | Interpenetrating polymer network hydrogels using natural based dyes initiating systems: antibacterial activity and 3D/4D performance[END_REF][START_REF] Yen | Triphenylamine-functionalized chalcones as onecomponent type II visible-light-absorbing photoinitiators for free radical photopolymerization[END_REF][START_REF] Gao | New long-wavelength D-π-A-π-D chalcone photoinitiator for visible light polymerization with photobleaching and biocompatibility properties[END_REF][START_REF] Deng | Synthesis and properties of novel bis-chalcone-based photoinitiators for LED polymerization with photobleaching and low migration[END_REF] 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] glyoxylates, [START_REF] Dumur | Recent Advances on Glyoxylates and Related Structures as Photoinitiators of Polymerization[END_REF] photochroms, [START_REF] Noirbent | New Donor-Acceptor Stenhouse Adducts as Visible and Near Infrared Light Polymerization Photoinitiators[END_REF] diketopyrrolopyrroles [START_REF] Xiao | Green light sensitive diketopyrrolopyrrole derivatives used in versatile photoinitiating systems for photopolymerizations[END_REF][START_REF] Xiao | Diketopyrrolopyrrole dyes: Structure/reactivity/efficiency relationship in photoinitiating systems upon visible lights[END_REF] dithienophosphole derivatives, [START_REF] Al Mousawi | π-Conjugated Dithienophosphole Derivatives as High Performance Photoinitiators for 3D Printing Resins[END_REF] acridine-1,8-diones, [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] 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] NIR dyes, [START_REF] Mokbel | NIR Sensitizer Operating under Long Wavelength (1064 nm) for Free Radical Photopolymerization Processes[END_REF][START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF] naphthoquinones [START_REF] Dumur | Recent advances on naphthoquinone-based photoinitiators of polymerization[END_REF] and anthraquinones [START_REF] Dumur | Recent advances on Anthraquinone-based photoinitiators of polymerization[END_REF][START_REF] Zhang | Dihydroxyanthraquinone derivatives: natural dyes as blue-light-sensitive versatile photoinitiators of photopolymerization[END_REF] have been examined to identify the most reactive structures. Search for efficient photoinitiating systems was not limited to purely organic compounds and metal complexes were also studied such as gold complexes [START_REF] Nzulu | A dinuclear gold(i) complex as a novel photoredox catalyst for light-induced atom transfer radical polymerization[END_REF] iridium complexes, [START_REF] Lalevée | Subtle Ligand Effects in Oxidative Photocatalysis with Iridium Complexes: Application to Photopolymerization[END_REF][START_REF] Lalevée | Iridium Photocatalysts in Free Radical Photopolymerization under Visible Lights[END_REF][START_REF] Lalevée | Photopolymerization of N-Vinylcarbazole Using Visible-Light Harvesting Iridium Complexes as Photoinitiators[END_REF][START_REF] Tehfe | Structural Effects in the Iridium Complex Series: Photoredox Catalysis and Photoinitiation of Polymerization Reactions under Visible Lights[END_REF][START_REF] Telitel | Photoredox catalysis using a new iridium complex as an efficient toolbox for radical, cationic and controlled polymerizations under soft blue to green lights[END_REF][START_REF] Telitel | Photoredox process induced polymerization reactions: Iridium complexes for panchromatic photoinitiating systems[END_REF][START_REF] Dumur | Iridium (III) complexes as promising emitters for solid-state Light-Emitting Electrochemical Cells (LECs)[END_REF][START_REF] Dumur | Cationic iridium complex for the design of soft salt-based phosphorescent OLEDs and color-tunable light-emitting electrochemical cells[END_REF][START_REF] Tehfe | Cationic photosensitive formulations based on silyl radical chemistry for green and red diode laser exposure[END_REF] zinc complexes, [START_REF] Tehfe | Zinc-based metal complexes as new photocatalysts in polymerization initiating systems[END_REF] copper complexes, [START_REF] Xiao | Copper Complexes in Radical Photoinitiating Systems: Applications to Free Radical and Cationic Polymerization upon Visible LEDs[END_REF][START_REF] Xiao | Copper complexes: the effect of ligands on their photoinitiation efficiencies in radical polymerization reactions under visible light[END_REF][START_REF] Xiao | Copper and iron complexes as visible-light-sensitive photoinitiators of polymerization[END_REF][START_REF] Garra | Copper-Based (Photo)redox Initiating Systems as Highly Efficient Systems for Interpenetrating Polymer Network Preparation[END_REF][START_REF] Garra | Mechanosynthesis of a Copper complex for redox initiating systems with a unique near infrared light activation[END_REF][START_REF] Garra | Mechanosynthesized copper(I) complex based initiating systems for redox polymerization: towards upgraded oxidizing and reducing agents[END_REF][START_REF] Mokbel | Copper photoredox catalyst "G1": a new high performance photoinitiator for near-UV and visible LEDs[END_REF][START_REF] Mokbel | Simultaneous initiation of radical and cationic polymerization reactions using the "G1" copper complex as photoredox catalyst: Applications of free radical/cationic hybrid photopolymerization in the composites and 3D printing fields[END_REF][START_REF] Mousawi | Copper photoredox catalysts for polymerization upon near UV or visible light: structure/reactivity/efficiency relationships and use in LED projector 3D printing resins[END_REF][START_REF] Mau | Panchromatic Copper Complexes for Visible Light Photopolymerization[END_REF][START_REF] Mau | Concomitant initiation of radical and cationic polymerisations using new copper complexes as photoinitiators: Synthesis and characterisation of acrylate/epoxy interpenetrated polymer networks[END_REF][START_REF] Garra | Copper (Photo)redox Catalyst for Radical Photopolymerization in Shadowed Areas and Access to Thick and Filled Samples[END_REF][START_REF] Garra | A New Highly Efficient Amine-Free and Peroxide-Free Redox System for Free Radical Polymerization under Air with Possible Light Activation[END_REF][START_REF] Garra | New copper(I) complex based initiating systems in redox polymerization and comparison with the amine/benzoyl peroxide reference[END_REF][START_REF] Noirbent | Recent Advances on Copper Complexes as Visible Light Photoinitiators and (Photo) Redox Initiators of Polymerization[END_REF][START_REF] Borjigin | The new LED-Sensitive photoinitiators of Polymerization: Copper complexes in free radical and cationic photoinitiating systems and application in 3D printing[END_REF][START_REF] Rahal | Novel Copper Complexes as Visible Light Photoinitiators for the Synthesis of Interpenetrating Polymer Networks (IPNs)[END_REF][START_REF] Lin | Efficacy analysis of new copper complex for visible light (455, 530 nm) radical/cationic photopolymerization: The synergic effects and catalytic cycle[END_REF][START_REF] Bouzrati-Zerelli | A novel class of photoinitiators with a thermally activated delayed fluorescence (TADF) property[END_REF] gold complexes [START_REF] Nzulu | A dinuclear gold(i) complex as a novel photoredox catalyst for light-induced atom transfer radical polymerization[END_REF] or iron complexes. [START_REF] Xiao | Copper and iron complexes as visible-light-sensitive photoinitiators of polymerization[END_REF][START_REF] Dumur | Recent advances on iron-based photoinitiators of polymerization[END_REF][START_REF] Fouassier | The role of the dye/iron arene complex/amine system as a photoinitiator for photopolymerization reactions[END_REF] Various structures have been examined as solar photoinitiators, [START_REF] Allegrezza | Visible and sunlight driven RAFT photopolymerization accelerated by amines: kinetics and mechanism[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] Sun | N-ethyl carbazole-1-allylidene-based push-pull dyes as efficient light harvesting photoinitiators for sunlight induced polymerization[END_REF][START_REF] Ercan | Highly conjugated isoindigo and quinoxaline dyes as sunlight photosensitizers for onium saltphotoinitiated cationic polymerization of epoxy resins[END_REF][START_REF] Dumur | Recent Advances on Photoinitiating Systems Designed for Solar Photocrosslinking Polymerization Reactions[END_REF][START_REF] Bella | Photoinduced polymerization: An innovative, powerful and environmentally friendly technique for the preparation of polymer electrolytes for dyesensitized solar cells[END_REF][START_REF] Lalevée | Recent advances in sunlight induced polymerization: role of new photoinitiating systems based on the silyl radical chemistry[END_REF] as water-soluble structures, [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] Chen | Water-soluble/visible-light-sensitive naphthalimide derivative-based photoinitiating systems: 3D printing of antibacterial hydrogels[END_REF][START_REF] Bin | Carbazole-based Anion Ionic Water-Soluble Two-Photon Initiator for Achieving 3D Hydrogel Structures[END_REF][START_REF] Gencoglu | A Water Soluble, Low Migration, and Visible Light Photoinitiator by Thioxanthone-Functionalization of Poly(ethylene glycol)-Containing Poly(β-amino ester)[END_REF][START_REF] Chen | Water-Soluble Visible Light Sensitive Photoinitiating System Based on Charge Transfer Complexes for the 3D Printing of Hydrogels[END_REF][START_REF] Dumur | Recent advances on water-soluble photoinitiators of polymerization[END_REF][START_REF] Tomal | Water-Soluble Photoinitiators in Biomedical Applications[END_REF][START_REF] Eren | A water soluble and highly reactive bisphosphonate functionalized thioxanthone-based photoinitiator[END_REF][START_REF] Eren | Bisphosphonic Acid-Functionalized Water-Soluble Photoinitiators[END_REF] or as photobleachable photoinitiators. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[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] Gao | New long-wavelength D-π-A-π-D chalcone photoinitiator for visible light polymerization with photobleaching and biocompatibility properties[END_REF][START_REF] Dumur | Recent advances on photobleachable visible light photoinitiators of polymerization[END_REF] With aim at generating initiating species, two main mechanisms of photoinitiation exists. The first one relies on dyes capable to homolytically cleave upon photoexcitation. Such photoinitiators are named Type I photoinitiators. In this field, benzoin derivatives, acyloximino esters, trichloromethyl-Striazine glyoxylates, oxime esters, benzylketals, hexaaryl biimidazoles (HABIs), phosphine oxides, α-haloacetophenones, α-aminoalkylacetophenones, hydroxyacetophenones, or oacyl-α-oximino ketones were the most extensively studied. [START_REF] Lago | Photoinitiators: a food safety review[END_REF][START_REF] Hammoud | A review on recently proposed oxime ester photoinitiators[END_REF][START_REF] Sun | Organic dye-based photoinitiating systems for visible-light-induced photopolymerization[END_REF] Interest of this approach relies in the fact that Type I photoinitiators are monocomponent photoinitiating systems, greatly simplifying the elaboration of the photocurable resins. However, due to an irreversible cleavage upon irradiation and the consumption of photoinitiators during the polymerization process, a decrease of the photoinitiators concentration is detected over time, adversely affecting the efficiency of the polymerization process (See Scheme 1). This issue can be addressed with Type II photoinitiators as these photoinitiators can be used in catalytic amount. As drawback, Type II photoinitiators are not capable to initiate any polymerization alone so that the presence of additives is required to generate initiating species. [START_REF] Xiao | Visible light sensitive photoinitiating systems: Recent progress in cationic and radical photopolymerization reactions under soft conditions[END_REF] These molecules can produce radicals by hydrogen abstraction from aromatic ketones in the presence of hydrogen donors or by photoinduced electron transfer with onium salts. [START_REF] Li | The effect of polyethylene glycoldiacrylate complexation on type II photoinitiator and promotion for visible light initiation system[END_REF][START_REF] Balta | An annelated thioxanthone as a new Type II initiator[END_REF][START_REF] Tar | Panchromatic Type II Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative[END_REF][START_REF] Allushi | Conventional Type II photoinitiators as activators for photoinduced metal-free atom transfer radical polymerization[END_REF][START_REF] Chen | Photocuring Kinetic Studies of TMPTMA Monomer by Type II Photoinitiators of Different Weight Ratios of 2-Chlorohexaaryl Biimidazole (o-Cl-HABI) and N-Phenylglycine (NPG)[END_REF][START_REF] Kirschner | 1-Aryl-2-(triisopropylsilyl)ethane-1,2-diones: Toward a New Class of Visible Type I Photoinitiators for Free Radical Polymerization of Methacrylates[END_REF][START_REF] Christmann | Triazine-Based Type-II Photoinitiating System for Free Radical Photopolymerization: Mechanism, Efficiency, and Modeling[END_REF][START_REF] Kreutzer | Poly(propylene oxide)-thioxanthone as one-component Type II polymeric photoinitiator for free radical polymerization with low migration behavior[END_REF] Scheme 1. Radical generation with Type I and Type II photoinitiators.

In the search for new structures, bopidy i.e. boron dipyrromethene or 4,4-difluoro-4bora-3a,4a-diaza-s-indecene) have been identified as soon as 2000 as potential photoinitiators of polymerization. [START_REF] Urano | Effect of Ethyl group in Sensitization Mechanisms of Pyrromethene Dyes in Photopolymer Coating Layer[END_REF] These compounds are characterized by the presence of a BF2 group connected to the dipyrromethene core. Bodipys are extensively used as fluorescent dyes for bioimaging, chemosensing and photodynamic therapy. [START_REF] Kaur | Recent advances in the application of BODIPY in bioimaging and chemosensing[END_REF][START_REF] Cetindere | BODIPY Dyes for Biomedical Applications: Recent Advances[END_REF] Bodipys are also used in organic electronics such as light-absorbing materials for dye-sensitized solar cells, [START_REF] Klfout | BODIPYs for Dye-Sensitized Solar Cells[END_REF][START_REF] Madrid-Úsuga | Photophysical Properties of BODIPY Derivatives for the Implementation of Organic Solar Cells: A Computational Approach[END_REF][START_REF] Xie | Novel A-π-D-π-A-type BODIPY dyads as smallmolecule donors for solution-processed organic solar cells[END_REF] chromophores for nonlinear optical applications, [START_REF] Ulrich | BODIPY-Bridged Push-Pull Chromophores for Nonlinear Optical Applications[END_REF][START_REF] Purayil | Coupling of the Tamm Plasmon to the BODIPY Fluorophore in Photonic Crystals for Nonlinear Optical Applications[END_REF] or as light-emitting materials for organic light-emitting diodes [START_REF] Chapran | An Ambipolar BODIPY Derivative for a White Exciplex OLED and Cholesteric Liquid Crystal Laser toward Multifunctional Devices[END_REF][START_REF] Ma | Creation of BODIPYs-based red OLEDs with high color purity via modulating the energy gap and restricting rotation of substituents[END_REF][START_REF] Nakamura | Highly efficient and stable green fluorescent OLEDs with high color purity using a BODIPY derivative[END_REF][START_REF] Liu | Bodipy dyes bearing oligo(ethylene glycol) groups on the meso-phenyl ring: tuneable solid-state photoluminescence and highly efficient OLEDs[END_REF] [START_REF] Lu | Boron dipyrromethene (BODIPY) in polymer chemistry[END_REF][START_REF] Kaga | Photopatternable "Clickable" Hydrogels: "Orthogonal" Control over Fabrication and Functionalization[END_REF][START_REF] Raffy | 2D and 3D surface photopatterning via laser-promoted homopolymerization of a perfluorophenyl azide-substituted BODIPY[END_REF] More recently, bodipys were also used as molecular rotors enabling to monitor two-photon polymerization using fluorescence lifetime measurements. [START_REF] Wu | Investigation of two-photon polymerized microstructures using fluorescence lifetime measurements[END_REF] These points will not be discussed in this review. Parallel to bopidys which are the most recognized boron difluoride complexes, other difluoroborane derivatives were also examined as photoinitiators of polymerization such as 2-phenacylbenzoxazole difluoroboranes, boranils and squaraine-derived structures, evidencing the intense research activity existing around difluoroborane derivatives.

Bodipys as visible light photoinitiators of polymerization

Bodipys in multicomponent photoinitiating systems

The first reports mentioning the use of bodipys as photoinitiators of polymerization were concomitantly reported in 2000 by Yamaoka [START_REF] Urano | Effect of Ethyl group in Sensitization Mechanisms of Pyrromethene Dyes in Photopolymer Coating Layer[END_REF] and Kitamura. [START_REF] Urano | Substituent Effect in Sensitization Mechanisms of Pyrromethene Dyes in Solution[END_REF] Additional studies were subsequently carried out in 2003 by Sastre and coworkers on the same bodipys in order to get a deeper insight into the photophysical properties. [START_REF] García | Pyrromethene 567 Dye as Visible Light Photoinitiator for Free Radical Polymerization[END_REF] In combination with a radical generating reagent i.e. 3,3',4,4'-tetrakis(tert-butylperoxycarbonyl)benzophenone (BTTB), two bodipys were used as photosensitizers, namely 2,8-diethyl-1,3,5,7,9pentamethylbipyrromethene difluoroborate (EBP) and 1,3,5,7,9-pentamethylbipyrromethene difluoroborate (HBP) for the free radical polymerization of acrylates (See Figure 2). Using a laser emitting at 532 nm, photoresists polymers could be prepared. Interestingly, by replacing the peripheral hydrogens of HBP by ethyl groups in EBP, photosensitivity of the resins could be greatly improved. Comparison with benchmark photoinitiators also revealed the sensitivity of the two bodipys to be higher than that of 3,3'-carbonylbis(7,7'diethylaminocoumarin) (KCD) and 3-(2-benzimidazolyl)-7-(diethylamino)coumarin (C7) (See Figure 2), evidencing the interest to investigate such structures. [START_REF] Noppakundilograt | Vis-sensitive photopolymer containing vinyl ether compound and pyrromethene dye[END_REF] In 2003, Fimia and coworkers developed an interesting approach for the photopolymerization of dry polymeric films using EBP as the radical initiator. [START_REF] Blaya | Pyrromethene-HEMA-based photopolymerizable holographic recording material[END_REF] Holographic recording materials could be prepared in a simple way using a laser as the light source, poly(methyl methacrylate) (PMMA) as the binder, 2-hydroxyethylmethacrylate (HEMA) as the monomer and EBP as the photoinitiator. In 2006, EBP and HBP were revisited with a new bodipy i.e. EPP and used as photosensitizers for another photoacid generator namely N-hydroxynaphthalimide (NIOTf) (See Figure 2). [START_REF] Suzuki | Interaction mechanism in pyrromethene dye/photoacid generator photosensitive system for highspeed photopolymer[END_REF] In this work, evidence of an electron transfer occurring from the singlet excited state of bodipys towards NIOTf was demonstrated. By electron spin resonance (ESR), formation of the radical cations of bodipys was also detected, providing an additional proof of a photoinduced electron transfer occurring from the photosensitizer to NIOTf. By using the appropriate binder polymer, the two-component EPP/NIOTf system proved to be efficient for printing technology using an argon ion laser as the light source. In 2022, a new bodipy ABA exhibiting a long-living triplet excited state by mean of a spin-orbit charge transfer intersystem crossing (SOCT-ISC) was proposed for the design of holographic recording materials (See Figure 3). [START_REF] Mikulchyk | Charge transfer mediated triplet excited state formation in donor-acceptor-donor BODIPY: Application for recording of holographic structures in photopolymerizable glass[END_REF] Figure 3. Chemical structures of ABA and I2BDP.

From the photophysical mechanism viewpoint, a photoinduced electron transfer can be promoted between the peripheral electron-donating anthracenyl groups of ABA towards the central electron-deficient bodipy core, leading to the formation of a charge-transfer state ( 1 CT) which can be subsequently converted as a triplet excited state (T1) by charge recombination. [START_REF] Filatov | Heavy-atom-free BODIPY photosensitizers with intersystem crossing mediated by intramolecular photoinduced electron transfer[END_REF][START_REF] Bassan | Design of BODIPY dyes as triplet photosensitizers: electronic properties tailored for solar energy conversion, photoredox catalysis and photodynamic therapy[END_REF] Considering that bodipys interact both with TA and EDB, two possible mechanisms were proposed by the authors (See Figure 4). This is only in 2012 that Fouassier and coworkers investigated the first bodipy-based photoinitiating system activated under low light intensity for the polymerization of cationic monomers and acrylate/divinyl ether blends (See Figure 5). [START_REF] Telitel | Photopolymerization of Cationic Monomers and Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes[END_REF] In that work, a laser diode emitting at 473 nm and displaying an intensity of 100 mW/cm² was used. The bodipy (PM) used in this study exhibited a broad absorption extending between 400 and 550 nm, with an absorption maximum peaking at 495 nm. When tested as a photosensitizer in combination with Iod1 and Iod2 for the cationic polymerization (CP) of (3,4-epoxycyclohexane)methyl 3,4-epoxycyclohexyl-carboxylate (EPOX), excellent polymerization profiles could be obtained with the two-component systems whereas no polymerization could be obtained with PM, Iod1 or Iod2 alone, evidencing the crucial role of the photosensitizer in the mechanism of radical generation. Using the two-component PM/Iod1 (0.2%/3.5% w/w) system, a conversion of 40% could be obtained after 400 s of irradiation. By using the PM/Iod2 (0.2%/3% w/w) system, a conversion of 55% could be determined. Interestingly, higher EPOX conversions could be obtained with Iod2 compared to Iod1 and this improvement of monomer conversions was assigned to the lower nucleophilicity of tetrakis(pentafluorophenyl)borate ((C6F5)4B -) compared to hexafluorophosphate (PF6 -), enabling a faster propagation of the polymerization reaction. This trend of reactivity was confirmed with another monomer, namely (epoxycyclohexylethyl)methylsiloxane-dimethylsiloxane copolymer (EPOX-Si). Finally, a breakthrough could be obtained in terms of monomer conversion by adding tris(trimethylsilyl)silane ((TMS)3SiH) as a second additive. In the case of the PM/Iod2 (0.2%/3% w/w) system, addition of 3 wt% of (TMS)3SiH enabled to increase the EPOX conversion from 55% up to 90% (See Figure 6). This improvement of monomer conversion was assigned to the presence of an additional source of cationic species i.e. the silylium cations (in addition to the PM• + radical cation formed by the two-component system) in the case of the three-component systems that can be produced according to the mechanism depicted below. PM/Iod2/(TMS)3SiH (0.2%/3%/3% w/w). Reproduced with permission of Ref. [START_REF] Telitel | Photopolymerization of Cationic Monomers and Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes[END_REF] By using triethyleneglycol divinyl ether (DVE-3) as the monomer, high monomer conversions could be obtained with the two-component PM/Iod1 (0.2%/2% w/w) system. In this case, a conversion as high as 95% could be determined within 25 s upon irradiation with a laser diode at 473 nm in laminate. Among the most interesting results and considering that radicals and cations are concomitantly produced by the photoinitiating system, the formation of interpenetrated polymer networks resulting from both the FRP of trimethylolpropane triacrylate (TMPTA) and the CP of DVE-3 was examined. Interestingly, crosslinked TMPTA/DVE-3 polymer networks could be produced while maintaining a remarkable DVE-3 conversion (around 85% vs. 100% when polymerized alone) (See Figure 7). In the case of TMPTA, an improvement of the monomer conversion was even detected (55% vs 30% alone) during the formation of interpenetrated polymer networks (IPNs). To support the enhancement of the TMPTA conversion during the formation of the TMPTA/DVE-3 polymer networks, formation of a vinyl ether/acrylate copolymer resulting from the electrophilic character of the acrylate radicals that can add on the electron rich vinyl ether was suggested. By this dual polymerization mode and this additional consumption of TMPTA by copolymerization with DVE-3, a higher TMPTA conversion could thus be observed.

PM → *PM(hν) (1) 
*PM + Ar2I + → PM• + + ArI +Ar• (2) Ar• + (TMS)3Si-H → Ar-H + (TMS)3Si• (3) (TMS)3Si• + Ar2I + → (TMS)3Si + + ArI + Ar• (4)
Figure 7. Photopolymerization profiles of a TMPTA/DVE-3 blend (50%/50%) using the PM/Iod1 initiating system (0.2%/3% w/w): (1) conversion of TMPTA and (2) conversion of DVE-3. Laser diode at 473 nm in laminate. Reproduced with permission of Ref. [START_REF] Telitel | Photopolymerization of Cationic Monomers and Acrylate/Divinylether Blends under Visible Light Using Pyrromethene Dyes[END_REF] In 2013, an interesting structure/performance relationship was proposed for a series of seven bodipys (BDP-1-BDP-7) differing by the substitution pattern of the aromatic ring but also by the substituents introduced on the pyrromethene sides (See Figure 8). [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] By varying the substitution, dyes displaying absorption maxima located at 496 nm in acetonitrile for BDP-2 and BDP-4 up to 532 nm for BDP-6 could be determined (See Table 2). Considering that all dyes absorb in the 400-600 nm range, these bodipys were thus ideal candidates for the CP of epoxy, vinyl ether and epoxy-silicone monomers upon irradiation at 457, 473 and 532 nm. Influence of the substitution pattern was notably evidenced during the determination of the free energy changes ΔG. Indeed, if negative values of ΔG were determined for the dye/Iod2 systems, highly favorable electron transfers were determined for BDP-2 (-1.07 eV) whereas the ΔG values were reduced to only -0.5 eV for BDP-1 and BDP-6. By modifying the substitution pattern, structures of bodipys were determined as having a higher influence on the oxidation potentials than on the absorption properties.

Using the dye/Iod2 systems at 473 nm, excellent DVE-3 conversions of 90, 80 and 65% were respectively obtained with BDP-2, BDP-1 and BDP-6. Conversely, low conversions were determined with BDP-3 and BDP-4, the conversions not exceeding 25% after 200 s of irradiation with the laser diode. These trends were confirmed during the photopolymerization experiments done at 457 and 532 nm. Here again, no polymerization processes could be initiated with the dyes alone or Iod2. Considering that no polymerization process could be initiated with the dyes alone, the formation of Ar-VE + (with VE standing for vinyl ether group) as the initiating species with the two-component dye/Iod2 system was proposed and formed according to the mechanism depicted below (see equations 5-8, for clarity acronym of DVE-3 has been reduced to vinyl ether (VE) in the mechanism).

dye → *dye(hν)

*dye + Ar2I + → dye• + + ArI +Ar• (6) Ar• + VE → Ar-VE• (7) Ar-VE• + Ar2I + → Ar-VE + + ArI + Ar• (8) (5) 
Especially, the participation of a radical pathway in equations 6-8 is in agreement with the higher monomer conversions obtained in laminate than under air. Indeed, oxygen can contribute to convert carbon-centered radicals as inactive peroxyls radicals, adversely affecting the polymerization process. 

Ar-NVK• + Ar2I + → Ar-NVK + + ArI + Ar• [START_REF] Lalevée | Dyes and Chromophores in Polymer Science[END_REF] As interesting properties of these photoinitiating systems, a good photobleaching could be evidenced with these systems, demonstrating the interest of this family of bodipys to produce colorless coatings. Indeed, from the industrial viewpoint, the possibility to produce colorless coatings is determinant for numerous applications. [START_REF] Liao | Design, synthesis and properties of carbazole-indenedione based photobleachable photoinitiators for photopolymerization[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] Dumur | Recent advances on photobleachable visible light photoinitiators of polymerization[END_REF] Finally, the cationic polymerization of EPOX was also examined under air, still upon irradiation at 473 nm with a laser diode. Using BDP-2 in the two-component BDP-2/Iod2 (0.2%/2% w/w) system, a conversion of 65% was determined after 200 s of irradiation.

The bodipy/iodonium salt combination was extensively studied in the literature and different monomers were used. For instance, by using BODIPY-1 and BODIPY-2, the cationic polymerization of bisphenol-A epoxy resin (diglycidyl ether of bisphenol A (DGEBA)) could be efficiently promoted upon irradiation with a halogen lamp (25 mW/cm²) but also upon irradiation at 460 and 540 nm using filters (See Figure 9). [START_REF] Li | A Visible-Light Curing system of Diphenyliodonium Salt/BODIPY dyes/Bisphenol-A Epoxy Resin Under Halogen Lamp[END_REF] Indeed, despites different substitutions, BODIPY-1 and BODIPY-2 showed similar absorption maxima located at 504 and 511 nm in dichloromethane respectively, with an absorption spectrum extending up to 550 nm. Using the two-component dye/Iod1 (1%/2% w/w) systems for the CP of DGEBA, higher monomer conversions were obtained with BODIPY-1 than with BODIPY-2. Indeed, after 700 s of irradiation with a halogen lamp, a conversion of ca 65% could be obtained with BODIPY-1 whereas this value decreased to only 50% for BODIPY-2. Upon irradiation at 460 nm (I = 17.5 mW/cm²) and 540 nm (I = 15 mW/cm²), lower monomer conversions were obtained than with the halogen lamp and conversions around 20% were determined after 700 s of irradiation with the two-component BODIPY-1/Iod1 (1%/2% w/w) system.

In 2022, Ortyl and coworkers revisited HBP as an additive for a photocurable resin dedicated to 3D printing and already containing a photosensitizer i.e. diphenyl(2,4,6trimethyl-benzoyl)phosphine oxide (TPO) (See Figure 10). Notably, the authors examined the influence of HBP on the polymerization rate, the polymerization shrinkage as well as the resolution of the final 3D-printed objects. [START_REF] Topa-Skwarczyńska | Novel Formulations Containing Fluorescent Sensors to Improve the Resolution of 3D Prints[END_REF] For the photopolymerization experiments done at 405 nm, a mixture of monomers was used, namely, trimethylolpropane triacrylate (TMPTA), ethoxylated bisphenol A diacrylate (EBPDA) and isobornyl acrylate (IBOA) in a weight ratio of 1:2:7 (See Figure 10). Interestingly, in thin films (25 µm), an increase of the acrylate conversions was obtained upon addition of HBP. The conversions increased from 55% for the reference photoinitiating system up to 61.5% upon addition of HBP (0.1 wt%).

An opposite situation was found for thick films (0.5 mm), attributable to an inner filter effect adversely affecting the light penetration within the photocurable resin. In this case, a conversion of 74.5% was obtained for the resin containing HBP contrarily to 82% for the reference system. As a result of this slower polymerization rate combined with a lower monomer conversion, a severe reduction of the polymerization shrinkage was also evidenced for the sample containing HBP (4.6% vs 5.4% shrinkage for the reference resin).

Considering that the volumetric shrinkage is responsible of a decrease in the precision of the printed models, all 3D printed objects prepared with the resin containing HBP as an additive exhibited lower deformations than the objects prepared with the reference resin. Among the most interesting results of these last few years, the possibility to initiate a polymerization in the near infrared range with bodipys was examined. This point was notably examined in 2019 by Lalevée and coworkers with two different bodipys i.e.

Bodipy_1 and Bodipy_2 (See Figure 11). [START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF] In order to reach a sufficient monomer conversion, a four-component photoinitiating system was used, namely dye/iodonium salt/phosphine/thermal initiator (0.1%/3%/2%/2% w/w/w/w). In that work, Blockbuilder® MA was selected as the thermal initiator, bis(4-tert-butylphenyl)iodonium hexafluorophosphate (Iod3) as the iodonium salt and 4-(diphenylphosphino)benzoic acid (dppba) as the phosphine. Indeed, the FRP of acrylate being exothermic, addition of a thermal initiator in the resin enabled to take advantage of the exothermicity of the polymerization process, inducing the thermal decomposition of Blocbuilder® MA and introducing an additional source of initiating radicals within the resin. By the concomitant occurrence of the photochemical and the thermal modes, high monomer conversions could be achieved. From the absorption viewpoint, the two dyes exhibited similar absorption maxima, located at 500 and 492 nm respectively in acetonitrile (See Table 3 and Figure 12).

Once again, it demonstrates that the group introduced at the bridgehead position of bodipys has only a slight influence on the position of the absorption maxima. Despites the low molar extinction coefficients both at 785 and 940 nm, this absorption was however sufficient to initiate a polymerization and the two dyes could promote the FRP of Mix-MA (a mixture composed of 33.3 wt% of (hydroxypropyl)methacrylate (HPMA), 33.3 wt% of 1,4-butanediol dimethacrylate (1,4-BDMA) and 33.3 wt% of a urethane dimethacrylate monomer (UDMA)). As shown in the Table 4, higher monomer conversions were determined at 785 nm than at 940 nm, consistent with a reduction of the molar extinction coefficients for the two dyes at longer wavelength. Interestingly, if the two bodipys could be used as photosensitizers for initiating the FRP of Mix-MA, the .cm -1
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photothermic effect that can produce NIR dyes was also beneficial for inducing the cleavage of a thermal initiator. Considering that the polymerization of acrylates is exothermic, the decomposition of Blocbuilder® MA could be induced. Parallel to this, phosphines are wellknown to exhibit excellent properties to overcome oxygen inhibition. [START_REF] Bouzrati-Zerelli | A low migration phosphine to overcome the oxygen inhibition in new high performance photoinitiating systems for photocurable dental type resins[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] Kirschner | A New Phosphine for Efficient Free Radical Polymerization under Air[END_REF] In the present case, dppba can convert the unreactive peroxyl radicals ROO • as alkoxyl radicals RO Recently, Page and coworkers examined different bodipys as photocatalysts of polymerization and this approach is relatively unusual for this family of compounds. [START_REF] Stafford | Catalyst Halogenation Enables Rapid and Efficient Polymerizations with Visible to Far-Red Light[END_REF] A structure/performance relationship could be established with a series of four bodipys bearing a mesitylene group at the bridgehead position and different halogens on the dipyrromethene sides (See Figure 13). It has to be noticed that BDP-4 and BDP-6 were previously examined in photopolymerization but not in the context of catalytic photoinitiating systems. Notably, the authors focused on halogens as the substituents for bodipys due to the well-known "heavy atom effect" attributed to halogen atoms that enables to enhance the spin-orbit coupling and thus favor the intersystem crossing (ISC) between the singlet and triplet excited state, resulting in long-lived triplet excited states. [START_REF] Koziar | Photochemical heavy-atom effects[END_REF] In fact, triplet lifetimes of 370 ns could be determined for all halogenated bodipys. Parallel to this, halogens were also used as substituents enabling to efficiently tune the absorption properties of the dyes.

Thus, a redshift of the absorption could be evidenced for all halogenated bodipys compared to the reference compound and absorption maxima located at 497, 523, 523 and 529 nm could elucidate the mechanism and the different bodipys showed a higher ability to accept an electron from a donor than to donate an electron to an acceptor. It was thus concluded that the reductive pathway was the main mechanism producing initiating radicals, namely a radical anion of the bodipy and a butyl radical issued from the oxidization of the triphenylalkylborate salt. [START_REF] Polykarpov | Tetramethylammonium phenyltrialkylborates in the photoinduced electron transfer reaction with benzophenone. Generation of alkyl radicals and their addition to activated alkenes[END_REF] The mechanism depicted in the Figure 14 was proposed by the authors.

Figure 14.

Photocatalytic system occurring with the three-component photoinitiating system.

Two aza-bodipys were also designed and synthesized, namely Aza-H and Aza-Br, in which the mesityl group at the meso bridgehead position of the Mes-X series was replaced by a nitrogen atom and electron donating groups were also introduced as peripheral groups (See Figure 15). [START_REF] Stafford | Catalyst Halogenation Enables Rapid and Efficient Polymerizations with Visible to Far-Red Light[END_REF] By applying this structural modification, a redshift of the absorption maxima by ca 135 nm could be achieved compared to the previous series. Thus, an absorption maximum at 660 nm was determined for Aza-Br, redshifted compared to that of the analogue BDP-6 (525 nm). Consequently, polymerization tests could be carried out at 656 and 740 nm. Here again, the benefits of the heavy atom effect in Aza-Br were confirmed.

Impressively, the polymerization rate of IBOA was eight times faster at 740 nm compared to that obtained with Aza-H (0.66 ± 0.03 M/s with Aza-Br vs 0.08 ± 0.02 M/s for Aza-H), by using the three-component dye/BTEAB/Iod4 system at 740 nm. Halogenation thus constitutes a simple approach to increase the polymerization rate without requiring extensive synthetic work. Indeed, halogens can be introduced in good yields in a one-step synthesis starting from Aza-H. The remarkable reactivity of Mes-I and Aza-Br in three-component systems were confirmed with the low light intensity that could be used to initiate the FRP of IBOA (0.01 mW/cm² and 1 mW/cm² respectively). Considering that the system is catalytic, low photosensitizer contents could also be used and efficient polymerization processes could be Finally, interest of these resins was demonstrated by mean of 3D printing experiments. As shown in the Figure 16, 3D objects displaying a remarkable spatial resolution could be prepared. 

Bodipys in monocomponent systems.

In all the abovementioned examples, efficient photoinitiating systems could be prepared by using multicomponent systems. If the efficiency can't be denied, the use of three or even four-component systems can complexify the elaboration of the resin. Ideally, the use of monocomponent photoinitiators is preferred and this goal can be achieved with Type I photoinitiators. [START_REF] Liu | Nitro-Carbazole Based Oxime Esters as Dual Photo/Thermal Initiators for 3D Printing and Composite Preparation[END_REF][START_REF] Dumur | Recent advances on carbazole-based oxime esters as 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] Dumur | Recent Advances on Glyoxylates and Related Structures as Photoinitiators of Polymerization[END_REF][START_REF] Hammoud | A review on recently proposed oxime ester photoinitiators[END_REF][START_REF] Jin | D-π-a-type oxime sulfonate photoacid generators for cationic polymerization under UV-visible LED irradiation[END_REF][START_REF] Sun | Bis-substituted thiophene-containing oxime sulfonates photoacid generators for cationic polymerization under UV-visible LED irradiation[END_REF][START_REF] Allonasxavier | Triplet State of O-Acyloximes Studied by Time-Resolved Absorption Spectroscopy[END_REF][START_REF] Chen | Substituted stilbene-based oxime esters used as highly reactive wavelength-dependent photoinitiators for LED photopolymerization[END_REF][START_REF] Delzenne | Photopolymerization initiated by Oacyloximes[END_REF][START_REF] Kura | New oxime ester photoinitiators for color filter resists[END_REF][START_REF] Bouzrati-Zerelli | Silyl Glyoxylates as a New Class of High Performance Photoinitiators: Blue LED Induced Polymerization of Methacrylates in Thin and Thick Films[END_REF][START_REF] Hu | Methyl Phenylglyoxylate as a Photoinitiator[END_REF][START_REF] Kirschner | Silyl Glyoximides: Toward a New Class of Visible Light Photoinitiators[END_REF][START_REF] Kirschner | Silyl glyoxylates as high-performance photoinitiators for cationic and hybrid polymerizations: Towards better polymer mechanical properties[END_REF][START_REF] Dumur | Recent Advances on Diaryliodonium-Based Monocomponent Photoinitiating Systems[END_REF] Concerning Type II photoinitiators, this issue can be addressed by designing multifunctional compounds. This point was notably investigated by Ortyl and coworkers who developed a series of bodipy-substituted iodonium salts differing by the counteranions that could act as one-component systems and exhibited panchromatic properties (See Figure 17). [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF] Figure 17. Chemical structures of BOPIDY-based iodonium salts.

Absorption properties of these iodonium salts were remarkable by the broadness of the absorption spectra as well as the molar extinction coefficients at absorption maxima.

Indeed, all BODIPYs exhibited an absorption extending between 250 and 600 nm so that photopolymerization experiments could be performed at 365, 405, 420, 450, 455, 470, 490, 505 and 530 nm (See Figure 18 and Table 5). Molar extinction coefficients as high as 28 076 M - 1 .cm -1 for HBP-IOD-TsO up to 31 620 M -1 .cm -1 for HBP-IOD-PF6 could be determined in acetonitrile. Photolysis experiments revealed several important trends. First, the photolysis rates were determined as being directly related to the molar extinction coefficients of the salts at the irradiation wavelengths. Thus, at 530 nm, no photolysis could be detected at 530 nm for the different salts due to their low molar extinction coefficients at this wavelength (See Figure 19). Secondly, photolysis rates were strongly influenced by the counter-anions used to prepare the iodonium salts. Notably, by increasing the anion size, nucleophilicity of the Reproduced with permission of Ref. [START_REF] Topa-Skwarczyńska | Development of the first panchromatic BODIPY-based onecomponent iodonium salts for initiating the photopolymerization processes[END_REF] Considering that the iodonium salts are asymmetrically substituted, the and molar extinction coefficients at the irradiation wavelengths was determined. In the case of EPOX, the highest conversions were obtained at 405 and 450 nm, with conversions of 79 and 70% respectively after 900 s of irradiation using HBP-Iod-PF6 (3 wt%) as the photoinitiator. As interesting feature, a dark polymerization process could be detected and 7.5% of additional conversion could be determined 700 s after the irradiation was interrupted using HBP-IOD-PF6 (3 wt%) and upon irradiation at 505 nm for only 200 s. While examining the CP of TEGDVE, monomer conversions higher than 90% could be obtained at 365 and 455 nm (See Table 6). Influence of the anions on the polymerization process and the final monomer conversions has been extensively reported in the literature. From these different works, a scale of reactivity has been proposed for the iodonium salts : BF4 -< PF6 -< AsF6 -< SbF6 -< B(C6F5)4 -< Ga(C6F5)4 - [START_REF] Gu | Characterization of Iodonium Salts Differing in the Anion[END_REF], and the monomer conversions obtained with the bodipy-based iodonium salts were consistent with this scale. As shown in the Figure 21 during the CP of TEGDVE, the highest conversion was obtained with HBP-IOD-SbF6 whereas the lowest one was determined for HBP-IOD-TsO possessing the most nucleophilic anion of the series. 

Bodipy-based photoacid generators

The cationic polymerization of epoxides can be promoted by the generation of cations or protons. Molecules that are capable to produce protons upon irradiation are named photoacid generators (PAGs) and this family of compounds has been extensively studied in the literature. [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] Villotte | Design of Iodonium Salts for UV or Near-UV LEDs for Photoacid Generator and Polymerization Purposes[END_REF][START_REF] Tasdelen | Photoacid Generation by Stepwise Two-Photon Absorption: Photoinitiated Cationic Polymerization of Cyclohexene Oxide by Using Benzodioxinone in the Presence of Iodonium Salt[END_REF][START_REF] Zivic | Recent Advances and Challenges in the Design of Organic Photoacid and Photobase Generators for Polymerizations[END_REF][START_REF] Suzuki | Interaction mechanism in pyrromethene dye/photoacid generator photosensitive system for highspeed photopolymer[END_REF][START_REF] Jin | D-π-a-type oxime sulfonate photoacid generators for cationic polymerization under UV-visible LED irradiation[END_REF][START_REF] Sun | Bis-substituted thiophene-containing oxime sulfonates photoacid generators for cationic polymerization under UV-visible LED irradiation[END_REF][START_REF] Iwaki | Sensitization Mechanism of the Anthracene Derivatives/Photoacid Generator Photoinitiating System[END_REF][START_REF] Jin | Design of Dπ-A type photoacid generators for high efficiency excitation at 405 nm and 800 nm[END_REF][START_REF] Jin | π-conjugated sulfonium-based photoacid generators: an integrated molecular approach for efficient one and two-photon polymerization[END_REF][START_REF] Klikovits | Novel photoacid generators for cationic photopolymerization[END_REF][START_REF] Kura | Initial step of anthracene-sensitized photoacid generation from diphenyliodonium hexafluorophosphate in an epoxy matrix studied by steady-state and laser-flash photolyses[END_REF][START_REF] Kuznetsova | Photoacid generators. Application and current state of development[END_REF][START_REF] Plater | Potential photoacid generators based on oxime sulfonates[END_REF][START_REF] Zhou | An Efficient Two-Photon-Generated Photoacid Applied to Positive-Tone 3D Microfabrication[END_REF] The first bodipy-based photoacid generators (PAG-1 and PAG-2) were proposed in 2020 by Zhang and coworkers (See Figure 22). [START_REF] Sambath | BODIPY-Based Photoacid Generators for Light-Induced Cationic Polymerization[END_REF] To achieve this goal, sulfonium salts were covalently linked to the bodipy scaffolds. The two PAGs showed absorption maxima at 509 and 566 nm in methanol. Due to the extended conjugation of PAG-2 compared to PAG-1, a redshift of the absorption maximum was logically detected. As drawback, a severe reduction of the photoluminescence quantum yields was determined for PAG-2 (ϕ = 0.02), far from that obtained for PAG-1 (ϕ = 0.11).

Investigations of the photoacid generation quantum yield revealed PAG-1 to be a better candidate for photoinitiation since a yield of 7 and 4% were respectively determined. Examination of the photoinitiating ability of PAG-2 during the CP of cyclohexene oxide revealed the polymerization process to be slow. Indeed, after 30 min. of irradiation at 595 nm (I = 80 mW/cm²), a conversion of only 21% was determined. However, PAG-1 and PAG-2 can be cited as the PAGs exhibiting the most redshifted absorption ever reported in the literature, what is remarkable. The proof of concept was done.

Difluoroborane structures other than bodipys

Boranils as visible light photoinitiators of polymerization

Boranils belongs to the family of borate complexes based on an aniline-imine or a salicylaldimine ligand and these compounds have been identified as a promising alternative to the traditional bodipys owing to their facile multi-gram scale syntheses and the facile tunability of their optical properties. [START_REF] Massue | Boranils: Versatile Multifunctional Organic Fluorophores for Innovative Applications[END_REF][START_REF] Balcerak | Latest Advances in Highly Efficient Dye-Based Photoinitiating Systems for Radical Polymerization[END_REF] The first boranil derivative to be published as photoinitiator of polymerization was proposed by Lalevée and coworkers (See Figure 23). [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] A comparison of its photoinitiating ability with that of BDP-1-BDP-7 was established. Compared to BDP-1-BDP-7 that exhibit absorption maxima between 496 and 532 nm, BRN-1 showed an absorption spectra blueshifted compared to the previous dyes and an absorption maximum located at 400 nm was determined. Polymerization tests revealed BRN-1 to be more reactive than BDP-1-BDP-7 during the photopolymerization of DVE-3. Indeed, if the best conversion was obtained with BDP-2 (90% conversion upon excitation at 473 nm for 200 s), a conversion of 100% could be obtained within 10 s at 405 nm with BRN-1 using the two-component dye/Iod2 system (See Figure 24). This remarkable photoinitiating ability can be put in parallel with the highly favorable free energy change determined for BRN-1 (-1.15 eV) compared to BDP-2 (-1.07 eV). As observed for BDP-1-BDP-7, a good photobleaching could be detected during the polymerization process. This trend was confirmed during the CP of EPOX and a conversion of 80% was obtained within the twocomponent BRN-1/Iod2 (0.2%/2% w/w) system at 405 nm, higher than that obtained with BDP-2 (65% after 200 s of irradiation at 473 nm under air). 

2-Phenacylbenzoxazole difluoroboranes

Boranils were not the only difluoroborane derivatives to be studied as photoinitiators.

In 2022, a series of eight boron coordination compounds derived from benzoxazole bidentate ligands was proposed by Kabatc and coworkers for the free radical polymerization of acrylate monomers (See Figure 25). [START_REF] Skotnicka | New BODIPY Dyes Based on Benzoxazole as Photosensitizers in Radical Polymerization of Acrylate Monomers[END_REF] Figure 25. Chemical structures of PBX-1-PBX-8 and different additives.

2-Phenacylbenzoxazole difluoroboranes are a class of fluorescent dyes that are extensively used for biomedical applications such as biolabeling [START_REF] Gonçalves | Fluorescent Labeling of Biomolecules with Organic Probes[END_REF][START_REF] Boens | Fluorescent indicators based on BODIPY[END_REF][START_REF] Duret | Boron chemistry in a new light[END_REF] and chemodosimetry. [START_REF] Skotnicka | Substituted 2-Phenacylbenzoxazole Difluoroboranes: Synthesis, Structure and Properties[END_REF] From the absorption viewpoint, the absorption range of 2phenacylbenzoxazole difluoroboranes is comparable to that of boranils, with absorption maxima ranging between 349 nm for PBX-5 up to 415 nm for PBX-1 comprising the most electron donating group of the series (See Table 7 and Figure 26). Comparison with the reference camphorquinone/N-phenylglycine system [START_REF] Kamoun | Carboxylated camphorquinone as visible-light photoinitiator for biomedical application: Synthesis, characterization, and application[END_REF][START_REF] Wang | Efficient Photoinitiating System Based on Diaminoanthraquinone for 3D Printing of Polymer/Carbon Nanotube Nanocomposites under Visible Light[END_REF][START_REF] Balcerak | Recent progress in the development of highly active dyeing photoinitiators based on 1,3-bis(p-substituted phenylamino)squaraines for radical polymerization of acrylates[END_REF][START_REF] Wang | Effect of coinitiator and water on the photoreactivity and photopolymerization of HEMA/camphoquinone-based reactant mixtures[END_REF] revealed the different PBX/Pyr systems to furnish slower polymerization rates.

However, higher monomer conversions could be obtained with the PBX/Pyr systems. Thus, a conversion of ca 20% could be obtained with the reference camphorquinone/N-phenylglycine system contrarily to 50% of the PBX-1/Pyr system.

Squaraine-based difluoroborate complexes as visible light photoinitiators of polymerization

Squaraines have been extensively studied by Kabatc and coworkers as visible light photoinitiators of polymerization. [START_REF] Xiao | Panchromatic Photopolymerizable Cationic Films Using Indoline and Squaraine Dye Based Photoinitiating Systems[END_REF][START_REF] Kabatc | Visible light photoinitiating systems based on squaraine dye: kinetic, mechanistic and laser flash photolysis studies[END_REF][START_REF] Balcerak | Novel 1,3-bis(p-substituted phenylamino)squaraine dyes. The synthesis and spectroscopic studies[END_REF][START_REF] Kabatc | New Squarainebased two-component initiation systems for UV-blue light induced radical polymerization: Kinetic and time-resolved laser spectroscopy studies[END_REF] In 2022, they proposed for the first time two squaraine-based difluoroborate complexes (BPSQ1 and BPSQ2) and compared their photoinitiating abilities to that of their corresponding squaraines (PSQ1 and PSQ2) (See Figure 27). [START_REF] Balcerak | Novel photoinitiators based on difluoroborate complexes of squaraine dyes for radical polymerization of acrylates upon visible light[END_REF] Three different co-initiators were used, namely Bor, Iod1 and Pyr. Upon formation of the difluoroborate complexes, no significant modification of the absorption properties was found since absorption maxima at 560, 569, 560 and 569 nm were respectively determined for PSQ1, PSQ2, BPSQ1 and BPSQ2 in THF. Noticeably, examination of their solvatochromic properties revealed all dyes to exhibit a negative solvatochromism meaning that the excited state is less polar than the ground state due to transfer of electron density from donor to acceptor after excitation. Due to this unusual behavior, it was concluded that more energy would be required for the excitation of the dyes. This unexpected behavior was confirmed during the FRP of TMPTA. Using PSQ1 and PSQ2 as the photosensitizers in combination with the different additives, the highest monomer conversions were obtained with the PSQ1/Iod1 and PSQ2/Iod1 combinations.

However, the conversion was extremely low, around 12% after 20 min. of irradiation with a high-pressure mercury lamp. By using the difluoroborate complexes, worse results were obtained and the best monomer conversion of 10% was obtained with the BPSQ2/Iod1 system. Squaraine-based difluoroborate complexes were thus identified as poor candidates for photoinitiation, consistent with their unusual negative solvatochromism detected in solution.

Conclusion

To conclude, bodipys have been identified as candidates for photopolymerization processes done at long wavelengths. Over the years, several strategies have been established

to design photoinitiating systems. Notably, mono-component systems have been prepared by combining within a unique molecule the chromophore and the iodonium moiety. By connecting sulfonium groups, photoacid generators could be prepared. The design of photobleachable photoinitiating systems could also be obtained, constituting a major achievement in the design of visible light photoinitiating systems. However, all difluoroborane derivatives are not excellent candidates for photoinitiation. Notably, squaraine derivatives and 2-phenacylbenzoxazole difluoroboranes only proved to be poor candidates for photoinitiation. Future works will consist in the simplification of the photocurable resins. Notably, no Type I photoinitiators have been reported to date with bodipys. However, several photocleavable groups can be easily introduced such as oxime esters that can be prepared in two steps after introduction of the aldehyde group. In the same spirit, glyoxylates can be introduced in one step by a Friedel-Craft reaction while offering a high photochemical reactivity. No water-soluble bodipys have been reported yet. In this field, several groups can be envisioned for providing water solubility such as sulfonates [START_REF] Abdallah | Coumarin derivatives as versatile photoinitiators for 3D printing, polymerization in water and photocomposite synthesis[END_REF][START_REF] Dumur | Recent advances on coumarin-based photoinitiators of polymerization[END_REF][START_REF] Tomal | Water-Soluble Photoinitiators in Biomedical Applications[END_REF][START_REF] Benedikt | Highly efficient water-soluble visible light photoinitiators[END_REF] or phosphonic acids. [START_REF] Eren | A water soluble and highly reactive bisphosphonate functionalized thioxanthone-based photoinitiator[END_REF][START_REF] Eren | Bisphosphonic Acid-Functionalized Water-Soluble Photoinitiators[END_REF] Indeed, recent works have evidenced these two groups to be the best candidates for water-solubility and to outperform other groups such as carboxylates or ammonium groups. By rendering the photoinitiators water-soluble, it could pave the way towards greener polymerization conditions. Such structures will certainly be proposed in the coming years.
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 1 Figure 1. Light penetration in a polystyrene latex with an average diameter of 112 nm.
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 2 Figure 2. Chemical structures of different EPP, different benchmark photoinitiators used as reference compounds and different additives.

  photoexcitation to the formation of the dye• + radical cation and TA• -radical anion (mechanism A). After cleavage of the TA• -radical anion, TA(-Cl)• radicals are formed, capable to initiate the FRP. In the presence of an amine (EDB), the dye• + radical cation can be reduced to its initial redox state, regenerating the photosensitizer and enabling to introduce it in catalytic amount. Finally, EDB• + can decompose, producing EDB(-H)• radicals. Parallel to this first mechanism, a second one was also proposed, consisting in a reductive pathway (mechanism B). If the radical anion of the dye (dye• -) is produced in first step, the same initiating radicals (EDB(-H)• and TA(-Cl)•) than that proposed in the mechanism A are in turn formed.

Figure 4 .

 4 Figure 4. The two possible three-component photoinitiating systems occurring with the dye/EDB/TA systems. Reproduced with permission of Ref.[START_REF] Tarzi | Pyrromethene derivatives in threecomponent photoinitiating systems for free radical photopolymerization[END_REF] 

Figure 5 .

 5 Figure 5. Chemical structures of PM, different monomers and additives.

Figure 6 .

 6 Figure 6. Photopolymerization profiles of EPOX using a laser diode emitting at 473 nm with different photoinitiating systems: (1) PM (0.2% w/w); (2) Iod1 (2% w/w); (3) PM/Iod1 (0.2%/2% w/w); (4) PM/Iod1 (0.2%/3.5% w/w); (5) PM/Iod2 (0.2%/3% w/w); and[START_REF] Tehfe | Green Chemistry: Sunlight-Induced Cationic Polymerization of Renewable Epoxy Monomers Under Air[END_REF] 

[308- 311 ]Figure 8 .

 3118 Figure 8. Chemical structures of dyes BDP-1-BDP-7.

Figure 9 .

 9 Figure 9. Chemical structures of BODIPY-1, BODIPY-2 and DGEBA.

Figure 10 .

 10 Figure 10. Chemical structures of different monomers and TPO.

Figure 11 .

 11 Figure 11. Chemical structures of Bodipy_1, Bodipy_2, 4-dppba, Iod3, Blocbuilder® MA and the mixture of monomers Mix-MA.

Figure 12 .Table 3 .

 123 Figure 12. UV-visible absorption spectra of Bodipy_1 (1) and Bodipy_2 (2) in acetonitrile.Reproduced with permission of Ref.[START_REF] Bonardi | Different NIR dye scaffolds for polymerization reactions under NIR light[END_REF] Table3. Maximum absorption wavelengths in acetonitrile and molar extinction coefficients at different wavelengths in acetonitrile or in Mix-MA in the presence of the different additives.

Figure 13 .

 13 Figure 13. Chemical structures of different bodipys used as photocatalysts of polymerization.

  be respectively determined for BDP-4, Mes-Cl, BDP-6 and Mes-I. To evidence the interest of these structures, isobornyl acrylate (IBOA), 2-hydroxyethyl acrylate and N,Ndimethylacrylamide were used as the monomers. The different dyes were mixed with 2-(butyryloxy)-N,N,N-trimethylethan-1-aminium butyltriphenylborate (BTEAB) as a donor initiator and[4-(octyloxy)phenyl](phenyl)iodonium hexafluoroantimonate (Iod4) as the acceptor initiator (See Figure13). Noticeably, by using the three-component system for the FRP of IBOA upon irradiation at 530 nm with a LED (I = 16 mW/cm²), a two-fold enhancement of the polymerization rate was detected with the halogenated bodipys compared to the none-halogenated one. Additionally, a good correlation was established between the atomic number of the heavy atom and the polymerization rate. Thus, polymerization rates of 0.43, 0.91 and 0.95 M/s were determined for the three-component systems comprising Mes-Cl, BDP-6 and Mes-I. With the four tested photoinitiating systems, final monomer conversions of 80% were determined with IBOA, corresponding to the maximum conversion for this monomer. Fluorescence quenching experiments enabled to

Figure 15 .

 15 Figure 15. Chemical structures of Aza-H and Aza-Br.

FRP

  maintained for catalyst loadings as low as 0.001 mol% and 0.004 mol% for Mes-I and Aza-Br respectively. Such low photocatalyst loadings are exceptional in photopolymerization.

Figure 16 .

 16 Figure 16. 3D objects prepared upon irradiation at 530 nm with a LED using BDP-6 as the photosensitizer for the three-component system BDP-6/BTEAB/Iod4 (0.1%/0.2%/2% w/w/w) and a mixture of N,N-dimethylacrylamide (DMA)/ trimethylolpropane triacrylate (TMPTA) (4/1 w/w) as the resin. (a) photo under room light (b) photo under UV light. Reproducedwith permission of Ref.[START_REF] Stafford | Catalyst Halogenation Enables Rapid and Efficient Polymerizations with Visible to Far-Red Light[END_REF] 

Figure 18 .Table 5 .

 185 Figure 18. UV-visible absorption spectra of mono-component iodonium salts recorded in acetonitrile. Reproduced with permission of Ref. [73] Table 5. Optical characteristics of a series of monocomponent iodonium salts at the absorption maximum and at different irradiation wavelengths. λmax (nm)

  photolysis experiments was confirmed during the polymerization experiments.

Figure 19 .

 19 Figure 19. Dependence A/A0 at 476 nm during the photolysis of HBP-IOD-PF6 upon irradiation with different diodes emitting at 365, 405, 420, 455, 470, 490, 505 and 530 nm.

  fragmentation mechanism was investigated by theoretical calculations. These calculations revealed the photodissociation of the different iodonium salts to occur on the phenyl side as a result of a lower bond dissociation energy (BDE) (32.44 kcal/mol on the phenyl side vs. 69.25 kcal/mol on the BODIPY side) (See Figure20).

Figure 20 .

 20 Figure 20. Dissociation mechanism of the BODIPY-based iodonium salts. Reproduced with permission of Ref. [73] During the photopolymerization experiments, the cationic polymerization (CP) of 3,4epoxycyclohexylmethyl-3',4'-epoxycyclohexanecarboxylate (EPOX) and triethylene glycol divinyl ether (TEGDVE) was examined. A good correlation between monomer conversions

Finally, the

  one-component bodipy-based iodonium salts have been obtained at the cost of extensive synthetic works. For this reason, a comparison of the photoinitiating abilities of the one-component iodonium salts with the reference two-component HBP/Iod1 system was carried out. Comparison of the monomer conversions obtained for HBP-IOD-PF6 at different wavelengths with that of the HBP/Iod1 system revealed the monomer conversion to be improved by ca 5% for the monocomponent system, therefore justifying the synthetic effort done in this work. By the concomitant presence of both the photosensitizer and the iodonium salt on a unique molecule, photoinduced electron transfer was facilitated by mean of intramolecular interactions.

Figure 21 .

 21 Figure 21. Polymerization profiles of: (A) TEGDVE and (B) EPOX upon irradiation at 470 nm using BODIPY-based iodonium salts differing by the counter-anions. Reproduced with permission of Ref. [73]

Figure 22 .

 22 Figure 22. Chemical structures of bodipy-based photoacid generators.

Figure 23 .

 23 Figure 23. Chemical structure of BRN-1.

Figure 24 .

 24 Figure 24. Polymerization profiles obtained with (1) Iod2 (2 wt%) and (2) BRN-1/Iod2(0.2%/2% w/w) upon irradiation at 473 nm. Reproduced with permission of 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] 

Figure 26 .

 26 Figure 26. UV-visible absorption spectra of PBX-1-PBX-8 in acetonitrile. Reproduced with permission of Ref.[84] Examination of the photoinitiating ability of PBX-1-PBX-8 with different co-initiators (tetramethylammonium n-butyltriphenylborate (Bor), Iod1 and N-methoxy-4phenylpyridinium tetrafluoroborate (Pyr)) revealed the two-component dye/Pyr to furnish the highest monomer conversions, irrespective of the dyes during the FRP of TMPTA upon irradiation in the UV-visible range (300-500 nm). The highest monomer conversions (around 47%) were obtained with PBX-2, PBX-3 and PBX-4 as the photosensitizers.

Figure 27 .

 27 Figure 27. A series of squaraine derivatives used as visible light photoinitiators.
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	HBP 4 0.1	1.1	2.3	1/1	4.0	50.1
	HBP 5 0.1	0.4	5.5	1/5	1.5	76.5
	Table 1. Composition of the resins using different photoinitiators and two-component
	photoinitiating systems, final monomer conversions obtained after 15 min of irradiation and
	inhibition time during the polymerization experiments.	
	Run	Dye (%)	EDB (%)	TA (%)	Molar Ratio EDB/TA	Inhibition Time (s)	Final Conversion (%)
	EPP 1 0.1	2.5	-	-	n.m. a	28.6
	EPP 2 0.1	-	1	-	10.7	42.1
	EPP 3 0.1	2.5	1	5/1	8.4	50.3
	EPP 4 0.1	1.1	2.3	1/1	4.0	56.6
	EPP 5 0.1	0.4	5.5	1/5	2.4	74.1
	HBP 1 0.1	2.5	-	-	n.m. a	18.2
	HBP 2 0.1	-	1	-	15.1	29.3
	HBP 3 0.1	2.5	1	5/1	6.3	58.6

a n.m.: not measurable.

Table 2 .

 2 Absorption maxima of dyes 1-7 in acetonitrile.

	Dye	BDP-1	BDP-2	BDP-3	BDP-4	BDP-5	BDP-6	BDP-7
	λmax (nm)	504	496	498	496	512	532	508

Upon addition of N-vinylcarbazole (NVK), an improvement of the monomer conversion was detected for the different three-component dye/Iod2/NVK systems and assigned to the formation of an additional source of cations. As shown in equations 9 and 10, aryl radicals can react with NVK, producing Ar-NVK• radicals that can be subsequently oxidized by the iodonium salt, producing Ar-NVK + cations. The concomitant presence of Ar-NVK + and Ar-VE + both contribute to improve the monomer conversion. Ar• + NVK → Ar-NVK•

Table 4 .

 4 • , enabling in turn to regenerate initiating species (See equations[START_REF] Fouassier | Three-component photoinitiating systems: towards innovative tailor made high performance combinations[END_REF][START_REF] Zhang | Radical photoinitiation with LEDs and applications in the 3D printing of composites[END_REF][START_REF] Lalevée | Tris(trimethylsilyl)silane (TTMSS)-Derived Radical Reactivity toward Alkenes: A Combined Quantum Mechanical and Laser Flash Photolysis Study[END_REF][START_REF] Chatgilialoglu | Recent Applications of the (TMS)3SiH Radical-Based Reagent[END_REF][START_REF] Garra | Redox two-component initiated free radical and cationic polymerizations: Concepts, reactions and applications[END_REF][START_REF] Dumur | The future of visible light photoinitiators of polymerization for photocrosslinking applications[END_REF]. Final monomer conversions obtained during the FRP of Mix-MA under air in the

		dye → *dye (hν)	(11)	
		*dye + Ar2I + → dye •+ + Ar • + ArI	(12)	
		Ar • + monomer → polymer + Δ	(13)	
		Blocbuilder + Δ → free radicals	(14)	
		ROO • + PAr3 → ROO-P • Ar3 (r4)	(15)	
		ROO-P • Ar3 → RO • + O=PAr3 (r5)	(16)	
	presence of dye/Iod3/4-dppba/BlocBuilder® MA (0.1%/3%/2%/2% w/w/w/w) upon
	irradiation with a Laser Diode at 785 nm or 940 nm; thickness = 1.4 mm.	
			785 nm	940 nm	
		Final	Time to reach the	Final conversion Time to reach the
		conversion	final conversion	final conversion
	Bodipy_1	86%	196 s	84%	85 s
	Bodipy_2	92%	356 s	60%	405 s

Table 6 .

 6 Monomer conversions obtained during the CP of EPOX and TEGDVE using HBP-

	Iod-PF6 (3 wt%) with different light sources.		
	monomer	ε	Light sources	Intensity of	Conversion (%)
		(M -1 .cm -1 )		LEDs (mW/cm²)	
	EPOX	4204	365 nm HP	22.8	64.6
	EPOX	4657	405 nm HP	22.8	79.0
	EPOX	20412	450 nm HP	22.8	70.0
	EPOX	30047	470 nm	12.9	57.2
	EPOX	11454	505 nm	7.9	63.0
	TEGDVE	30047	470 nm	12.9	83.4
	TEGDVE	22442	455 nm	12.9	90.8
	TEGDVE	7699	420 nm	12.9	92.8
	TEGDVE	4657	405 nm	12.9	88.7
	TEGDVE	4204	365 nm HP	12.9	90.8
	TEGDVE	21650	490 nm	5.1	90.5
	TEGDVE	5536	530 nm	6.9	81.6
	TEGDVE	22454	505 nm	7.9	69.3

Table 7 .

 7 Absorption maxima of dyes PBX-1-PBX-8 in acetonitrile.

	Dyes	PBX-1	PBX-2 PBX-3 PBX-4	PBX-5	PBX-6	PBX-7	PBX-8
	Substituents 4-NMe2 4-OMe 4-Me	3-Me	H	3-OMe	4-Cl	3-Cl
	λmax (nm)	415	359	351	350	349	351	352	350

Table 8 .

 8 Monomer conversions determined with different two-component dye/co-

	initiator photoinitiating systems.		
	Dyes	Bor	Iod1	Pyr
	PBX-1	28.2	35.6	39.2
	PBX-2	34.4	25.9	47.7
	PBX-3	38.2	23.3	47.1
	PBX-4	38.3	24.5	47.4
	PBX-5	27.8	25.5	41.4
	PBX-6	35.2	22.6	45.1
	PBX-7	32.3	22.5	36.7
	PBX-8	37.1	21.3	39.2
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