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Recent advances on pyrene-based photoinitiators of polymerization

Introduction

During the past decades, photoinitiating systems that can be activated under low light intensity and in the visible region have been the focus of numerous research efforts. Face to the traditional UV photoinitiators which are at the origin of numerous safety concerns with regards to the use of UV light and the different drawbacks that are classically listed such as the necessity to use high intensity light sources, the use of expensive setups also at the origin of an excessive electricity consumption, [START_REF] Mendes-Felipe | Stateof-the-Art and Future Challenges of UV Curable Polymer-Based Smart Materials for Printing Technologies[END_REF][START_REF] Yagci | Photoinitiated Polymerization: Advances, Challenges, and Opportunities[END_REF] alternatives to these traditional photoinitiators are thus actively researched. [START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF] Thanks to the recent development of energy-efficient and affordable lighting technologies such as Light-Emitting Diodes (LEDs) and fluorescence bulbs, a new generation of photoinitiators adapted to these new light sources of low light intensity is currently under development. Considering that the absorption spectra of the benchmark UV photoinitiators are too difficult to redshift towards the visible range as it would require a hard synthetic work (a shift of approximately 100-150 nm is required to get a sufficient absorption in the near visible range), the traditional UV photoinitiators can't thus be used as a basis for the elaboration of visible light photoinitiators. Consequently, chemical structures never studied in the context of photopolymerization have recently emerged as potential candidates for visible-light photoinitiation. Indeed, it clearly appeared that the development of visible light photoinitiators activable under low light intensity could only proceed through the search of new structures, ensuring an increase of their photochemical reactivity in the visible range. Considering the novelty of the approach as visible light photoinitiators activable under low light intensity are only developed since a decade, this is a research field which is at present almost devoid of any investigation. Besides, in this decade, a wide range of structures have nonetheless been examined, as exemplified with chalcones 1, [START_REF] Tehfe | Chalcone derivatives as highly versatile photoinitiators for radical, cationic, thiol-ene and IPN polymerization reactions upon visible lights[END_REF] (See Figure 1).

Photoinitiators of polymerization are actively researched due to the different advantages photopolymerization exhibits over the traditional thermal polymerization. Among the main advantages of this technology, a spatial and a temporal control can be obtained so that this old polymerization technique initially developed for coating applications in the 60's has known a revival of interest for 3D and 4D printing applications. [START_REF] Bagheri | Photopolymerization in 3D Printing[END_REF][START_REF] Zhang | 3D printing of photopolymers[END_REF][START_REF] Zhang | A versatile 3D and 4D printing system through photocontrolled raft polymerization[END_REF] High polymerization speeds and high final monomer conversions can also be achieved with short reaction times, enabling to produce tack-free polymers. [START_REF] Tomal | Development of new highperformance biphenyl and terphenyl derivatives as versatile photoredox photoinitiating systems and their applications in 3D printing photopolymerization processes[END_REF] As other appealing feature, photopolymerization can be carried out at room temperature, what is of crucial importance, especially for dental applications. [START_REF] Eick | Photopolymerization of developmental monomers for dental cationically initiated matrix resins[END_REF][START_REF] Tehfe | N-vinylcarbazole: as an additive for thermal polymerization at room temperature with in situ formation of Ag(0) nanoparticules[END_REF] Sunlight can also be used as a cheap and inexhaustible energy source, making photopolymerization a green approach to generate polymers. [START_REF] Tehfe | Photopolymerization reactions: On the way to a green and sustainable chemistry[END_REF] Especially, the possibility to polymerize with sunlight is of prime importance for outdoor applications such as paints drying, etc…. As other appealing feature, photopolymerization can also be carried out without solvents, enabling to drastically reduce the amount of released volatile organic compounds (VOC). [START_REF] Sangermano | Cationic UV-curing: Technology and applications[END_REF][START_REF] Sangermano | UV-cured functional coatings[END_REF][START_REF] Sangermano | New Horizons in Cationic Photopolymerization[END_REF][START_REF] Noè | Cationic photopolymerization of bio-renewable epoxidized monomers[END_REF][START_REF] Stansbury | Curing dental resins and composites by photopolymerization[END_REF][START_REF] Dickens | Photopolymerization Kinetics of Methacrylate Dental Resins[END_REF] If visible light photoinitiators are presently so popular, this is also related to the cure depth which is directly correlated to the wavelength of irradiation. [START_REF] Bonardi | High performance near infrared (NIR) photoinitiating systems operating under low light intensity and in presence of oxygen[END_REF] O OH As evidenced in the Figure 2 for a polystyrene latex with an average diameter of 112 nm, the light penetration can range between 600 µm in the UV range to 5 cm in the nearinfrared region, revolutionizing the scope of applications of photopolymerization. Notably, under long wavelength irradiation, the access to thick and filled samples is rendered possible. [START_REF] Garra | Photopolymerization of thick films and in shadow areas: A review for the access to composites[END_REF][START_REF] Garra | Copper (photo)redox catalyst for radical photopolymerization in shadowed areas and access to thick and filled samples[END_REF] In understanding the light penetration dependence in photocurable resins, different parameters have been identified such as the photoinitiator concentration (internal filter effects), the refractive index of monomers or the light scattering by heterogeneous mixtures. [START_REF] Soppera | Photopolymerization with microscale resolution: Influence of the physico-chemical and photonic parameters[END_REF][START_REF] Xu | Effect of Zeolite Fillers on the Photopolymerization Kinetics forPhotocomposites and Lithography[END_REF] Parallel to the performances obtained with these different dyes, a new approach recently applied to photopolymerization has notably motivated the development of new photoinitiators, namely the photoredox catalysis. Indeed, photoredox catalysis initially developed for organic chemistry [START_REF] Nicewicz | Merging Photoredox Catalysis with Organocatalysis[END_REF][START_REF] Nagib | Enantioselective α-Trifluoromethylation of Aldehydes via Photoredox Organocatalysis[END_REF][START_REF] Shih | Enantioselective α-Benzylation of Aldehydes via Photoredox Organocatalysis[END_REF][START_REF] Ischay | 2+2] Cycloadditions by Oxidative Visible Light Photocatalysis[END_REF][START_REF] Du | Crossed Intermolecular [2+2] Cycloadditions of Acyclic Enones via Visible Light Photocatalysis[END_REF][START_REF] Yoon | Visible light photocatalysis as a greener approach to photochemical synthesis[END_REF][START_REF] Narayanam | Visible light photoredox catalysis[END_REF][START_REF] Dai | Visible-light-mediated conversion of alcohols to halides[END_REF][START_REF] Nguyen | Intermolecular Atom Transfer Radical Addition to Olefins Mediated by Oxidative Quenching of Photoredox Catalysts[END_REF][START_REF] Larraufie | Visible-light-induced photoreductive generation of radicals from epoxides and aziridines[END_REF][START_REF] Courant | Photoredox-initiated α-alkylation of imines through a three-component radical/cationic reaction[END_REF] has rapidly been extended to the photopolymerization area, so that the photoinitiator could behave as a photocatalyst, when combined with the suitable additives. [START_REF] Lalevée | Green bulb light source induced epoxy cationic polymerization under air using tris(2,2′-bipyridine) ruthenium (II) and silyl radicals[END_REF][START_REF] Zhang | Free radical polymerization initiated and controlled by visible light photocatalysis at ambient temperature[END_REF][START_REF] Lalevée | Subtle ligand effects in oxidative photocatalysis with iridium complexes: application to photopolymerization[END_REF] As a consequence of this, a drastic reduction of the photoinitiator content can be obtained, addressing the extractability issue. [START_REF] Matsushima | Non-extractable photoinitiators based on thiol-functionalized benzophenones and thioxanthones[END_REF][START_REF] Fouassier | On the structure/properties relationships in photoinitiators of polymerization[END_REF][START_REF] Wu | Silicone-Thioxanthone: A Multifunctionalized Visible Light Photoinitiator with an Ability to Modify the Cured Polymers[END_REF][START_REF] Dai | Synthesis and photopolymerization kinetics of a photoinitiator containing in-chain benzophenone and amine structure[END_REF][START_REF] Burrows | Multifunctional photoinitiators (MFPIs): A new concept[END_REF][START_REF] Chen | Novel multifunctional hyperbranched polymeric photoinitiators with built-in amine coinitiators for UV curing[END_REF][START_REF] Cokbaglan | 2-Mercaptothioxanthone as a Novel Photoinitiator for Free Radical Polymerization[END_REF] Among polyaromatic structures, pyrene which is composed of four aromatic rings fused together belongs to the family of Polycyclic Aromatic Hydrocarbons (PAHs) which is the subject of interdisciplinary research in the fields of chemistry, physics, materials science, and biology. [START_REF] Wang | Polycyclic aromatic hydrocarbons in the graphene era[END_REF][START_REF] Figueira-Duarte | Pyrene-Based Materials for Organic Electronics[END_REF][START_REF] Aumaitre | Polycyclic Aromatic Hydrocarbons as Potential Building Blocks for Organic Solar Cells[END_REF][START_REF] Delaunay | Synthesis and electronic properties of polycyclic aromatic hydrocarbons doped with phosphorus and sulfur[END_REF] Concerning more specifically pyrene, this compound has notably been extensively studied for the design of photoluminescent materials, [START_REF] Figueira-Duarte | Pyrene-Based Materials for Organic Electronics[END_REF][START_REF] Feng | Functionalization of Pyrene To Prepare Luminescent Materials-Typical Examples of Synthetic Methodology[END_REF] pyrene exhibiting a photoluminescence quantum yield of 0.68 in the solid state. [START_REF] Niko | Fundamental photoluminescence properties of pyrene carbonyl compounds through absolute fluorescence quantum yield measurement and density functional theory[END_REF][START_REF] Katoh | Fluorescence Quantum Yield of Aromatic Hydrocarbon Crystals[END_REF] However, as commonly observed for planar polyaromatic structures, pyrene exhibits a strong tendency to dimerize at high concentration, adversely affecting its solubility in most of the common organic compounds. [START_REF] Mercier | Dimers of polycyclic aromatic hydrocarbons: the missing pieces in the soot formation process[END_REF][START_REF] Benniston | Intramolecular Excimer Formation and Delayed Fluorescence in Sterically Constrained Pyrene Dimers[END_REF][START_REF] Hernandez | Solubility of pyrene in binary (alkane + 2-butanol) solvent mixtures[END_REF][START_REF] Mchale | Solubility of pyrene in binary alcohol+ 2-methyl-2-butanol solvent mixtures at 299.2 K[END_REF][START_REF] Zvaigzne | Solubility of pyrene in binary alkane+ 1-octanol solvent mixtures[END_REF][START_REF] Powell | Solubility of pyrene in organic nonelectrolyte solvents. Comparison of observed versus predicted values based upon mobile order theory[END_REF][START_REF] Wallach | Solubility of pyrene in binary solvent mixtures containing dibutyl ether[END_REF][START_REF] Judy | Solubility of pyrene in binary solvent mixtures containing cyclohexane[END_REF][START_REF] Ali | Solubility of pyrene in simple and mixed solvent systems[END_REF] To rationalize this, several empirical and semi-empirical models have been proposed in the literature. [START_REF] Yousefinejad | New relationship models for solvent-pyrene solubility based on molecular structure and empirical properties[END_REF] Parallel to this, the fluorescence of pyrene is often admixed with that of excimers, resulting from the dimerization of pyrene. [START_REF] Hoche | The mechanism of excimer formation: an experimental and theoretical study on the pyrene dimer[END_REF][START_REF] Bains | The Extent of Pyrene Excimer Fluorescence Emission Is a Reflector of Distance and Flexibility: Analysis of the Segment Linking the LDL Receptor-Binding and Tetramerization Domains of Apolipoprotein E3[END_REF][START_REF] Aparin | Fine Tuning of Pyrene Excimer Fluorescence in Molecular Beacons by Alteration of the Monomer Structure[END_REF] To overcome this drawback, tert-butyl groups are often introduced at the 2,7-positions of pyrene but this compound remains relatively expensive so that the search of simple substitution method of the pyrene is still an active research field. [START_REF] Rodenburg | Synthesis and properties of nitro derivatives of 2-tert-butyl-and 2,7-di-tert-butylpyrene[END_REF] Nonetheless, pyrene remains an interesting building block for the design of photoinitiators due to its long excited state lifetime (50-90 ns), [START_REF] Kalyanasundaram | Environmental effects on vibronic band intensities in pyrene monomer fluorescence and their application in studies of micellar systems[END_REF][START_REF] Somerharju | Pyrene-labeled lipids as tools in membrane biophysics and cell biology[END_REF] its easiness of functionalization with simple reactions such as bromination, Vilsmeier-Haak or Friedel and Crafts acylation reactions (See Figure 3). [START_REF] Feng | Functionalization of Pyrene To Prepare Luminescent Materials-Typical Examples of Synthetic Methodology[END_REF] Photophysical properties of pyrenes have been extensively in the literature, with numerous studies reported in the 70's so that it constitutes a solid background for the design of visible light photoinitiators. [START_REF] Thomas | Formation of ions and excited states in the laser photolysis of solutions of pyrene[END_REF] Access to azapolyacenes is also possible with pyrene, by oxidation of the adjacent aromatic rings, enabling to prepare pyrene-diones or pyrene-tetraones. Historically, 1-(bromoacetyl)pyrene (Pyr_2) which is a derivative of pyrene (Pyr_1) has been extensively studied by Daswal and coworkers as a UV-photoinitiator for the copolymerization of styrene with n-butyl acrylate, [START_REF] Mishra | Copolymerization of n-Butylacrylate with Styrene by a Novel Photoinitiator, 1-(Bromoacetyl)pyrene[END_REF] methyl methacrylate [START_REF] Mishra | 1-(Bromoacetyl)pyrene, a novel photoinitiator for the copolymerization of styrene and methylmethacrylate[END_REF] or acrylonitrile in solution (See Figure 4). [START_REF] Mishra | 1-(Bromoacetyl)pyrene, a novel photoinitiator for the copolymerization of styrene and acrylonitrile[END_REF] In these different studies, modification of the substitution pattern of pyrene was determined as strongly influencing the reactivity of the pyrene. [START_REF] Mishra | Polymerization of n-Butyl Acrylate Photoinitiated by 1-(bromoacetyl)pyrene and its Arsonium Salt[END_REF] Thus, during the free radical polymerization (FRP) of n-butyl acrylate, if Pyr_1

proved to be ineffective in initiating the FRP of acrylates, incorporation of an acetyl group in Pyr_3 and then of a bromoacetyl group in Pyr_2 markedly accelerated the polymerization rate of n-butyl acrylate. However, the arsonium salt of Pyr_3 i.e. Pyr_4 proved to be a less efficient photoinitiator than Pyr_3, evidencing the crucial role of the substitution pattern on the photoreactivity. Besides, in earlier works, the possibility to initiate the FRP of acrylonitrile, styrene or methyl methacrylate was demonstrated by mixing Pyr_1 with different Lewis acids such as ZnCl 2 , Zn(OAc) 2 or Zn(NO 3 ) 2 . [START_REF] Capek | Photoinitiation. IV. The Effect of Lewis Acid on the Vinyl Monomer Polymerization Photoinitiated by Aromatic Hydrocarbons[END_REF] In this last case, the formation of a complex between the monomer, Pyr_1 and the Lewis acid was postulated as being at the origin of the radicals responsible of the photoinitiation process (See r1). However, the nature of the radicals formed by mean of the charge transfer was not discussed in this work.

Pyr_1* + {monomer . . . ZnCl 2 }  { Pyr_1 . . . monomer . . . ZnCl 2 }* initiating radicals (r1)
In other studies, the photopolymerization of different monomers with UV light was obtained by formation of charge transfer complexes between Pyr_1 and triethylamine (TEA) (See r2). [START_REF] Encinas | Methyl Methacrylate Polymerization Photoinitiated by Pyrene in the Presence of Triethylamine[END_REF] Considering that Pyr_1 was not consumed during the polymerization process, two plausible mechanisms were proposed to support the high polymerization efficiency while regenerating Pyr_1 (see r3 and r4). It was notably suggested that the initiating radicals could be produced from the interaction of methyl methacrylate (MMA) with the (Pyr_1⁻,TEA + ) ion pair and/or the hydropyrenyl radicals. Besides, the experimental data were insufficient to allow a discrimination between the two possible processes.

Pyr_1* + TEA  Pyr_1⁻ + TEA +  Pyr_1-H• + TEA• (r2) Pyr_1-H• + MMA  MMA(H)• + Pyr_1 (r3) (Pyr_1⁻,TEA + ) + MMA  Pyr_1 + R• (r4) 
A few years later, time-resolved absorption spectroscopy experiments revealed the interaction of the pyrene anion Pyr_1⁻ with the monomer to be responsible of the generation of radicals, according to equations (r5 and r6). [START_REF] Encinas | Polymerization Photoinitiated by Pyrene in the Presence of Triethylamine; Interaction betweenvMonomers and Pyrene-Derived Reaction Intermediates[END_REF] Pyr_1⁻

+ MMA  Pyr_1 + MMA⁻ (r5) MMA⁻ + TEA +  MMA(H)• + TEA• (r6)
In 2002, a new approach consisting in using pyrene as a photosensitizer for onium salts was proposed. [START_REF] Crivello | Development of Pyrene Photosensitizers for Cationic Photopolymerizations[END_REF] Cationic polymerization initiated with onium salts is a well-established procedure in industry but this process still suffers from a slower polymerization rate compared to that of the free radical polymerization. Additionally, absorption of onium salts is strongly centered in the UV region so that no polymerization can be initiated with a visible light. This drawback could be overcome by photosensitization with electron-rich polyaromatic compounds even if these polyaromatic structures often exhibit a low solubility in monomers of interest for cationic photopolymerizations. [START_REF] Toba | Cationic Photopolymerization of Epoxides by Direct and Sensitized Photolysis of Onium Tetrakis(pentafluorophenyl)borate Initiators[END_REF][START_REF] Crivello | Dye-Sensitized Photoinitiated Cationic Polymerization. The System: Perylene-Triarylsulfonium Salts[END_REF] If several mechanisms exist, the most efficient one consists in the photosensitization of the onium salts by electron transfer (See r7-r10). [START_REF] Crivello | Ring-Opening Polymerization[END_REF][START_REF] Sahyun | Radiation Curing in Polymer Science and Technology[END_REF] dye → 1 dye (hν) (r7)

1 dye + Ph 2 I + → dye •+ + Ph 2 I  (r8) Ph 2 I  → Ph  + Ph-I (r9) dye •+ + monomer → polymer (r10)
Face to the solubility issue, Crivello and coworkers developed a series of pyrene-based photosensitizers exhibiting a higher compatibility with monomers and alkyl chains than the previous ones and polymerizable groups were also attached to Pyr_5-Pyr-7 for the covalent linkage to the polymer networks (See Figure 4). If the control experiments without photosensitizers Pyr_5-Pyr-7 revealed the higher reactivity of the photosensitized resins for the cationic polymerization of epoxides even under UV light irradiation, polymerization with direct exposure to sunlight was rendered possible for the photosensitized resins, evidencing the benefits of the two-component systems (dyes/iodonium salt). In 2014, the concept of charge transfer used to generate initiating species was extended to intramolecular charge transfer and in this aim, two derivatives Pyr_8 and Pyr_9 were designed and synthesized. [START_REF] Uchida | Nonsalt 1-(Arylmethyloxy)pyrene Photoinitiators Capable of Initiating Cationic Polymerization[END_REF] Analysis of the photoproducts obtained by photolysis of Pyr_8 and Pyr_9 in different solvents revealed the photodecomposition to preferentially afford a methoxynaphthalen-1-ylmethyl carbocation/pyrenyloxyanion pair instead of an methoxynaphthalen-1-ylmethyloxy radical/pyrenyl radical pair (see r11-r13).

Especially, the methoxynaphthalen-1-ylmethyl carbocation was determined as being the initiating species for both the polymerization of styrene and cyclohexene oxide. Control experiments carried out in the presence of 2,2,6,6-tetramethylpiperidinyl-1-oxy (TEMPO) revealed the monomer conversion to remain unaffected, demonstrating that the polymerization of styrene was occurring according to an ionic mechanism and not by a radical process. Despite the substitution of Pyr_8 and Pyr_9 with naphthalene groups, the two compounds only presented intense absorption bands close to the visible region so that the different polymerization experiments could only be carried out with a 500 W high-pressure Hg lamp.

Pyr_8/9  1 Pyr_8/9 (hν) (r11)

Pyr_8/9 O MeO + h O MeO MeO + h O (r12) (r13) 
In this review, an overview of the different photoinitiators comprising a pyrene unit and used as photoinitiators/photosensitizers under visible light and low-light intensity is presented. In a general way, the questions which have been solved with the development of these pyrene-based photoinitiators were first getting high polymerization efficiencies while adapting their structures to the currently available light sources. To evidence the remarkable photoinitiating abilities of the newly developed pyrene-based photoinitiators/ photosensitizers, comparisons with reference compounds will be established.

Pyrenes as photoinitiators of polymerization

Trifunctional photoinitiators

As evidenced in the introduction section, absorption of Pyr_1 is strongly centered in the UV region and the different chemical modifications done in Pyr_2-Pyr_9 were insufficient to redshift their absorptions towards the visible range. These photoinitiators are also small molecules so that their migratability inside the polymer network can be a major issue for numerous applications. [START_REF] Fouassier | Photopolymerization reactions under visible lights: principle, mechanisms and examples of applications[END_REF][START_REF] Davidson | Type II polymeric photoinitiators (polyetherimides) with built-in amine synergist[END_REF][START_REF] Steindl | Silane-Acrylate Chemistry for Regulating Network Formation in Radical Photopolymerization[END_REF] In 2012, Lalevée and coworkers developed an original strategy to increase the molar extinction coefficient of Pyr_10 while addressing the migratability issue by attaching three pyrene units to the truxene core while creating an oligomeric structure. [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] By summing up the contributions of both the pyrenes units and truxene, [START_REF] Goubard | Truxene: a promising scaffold for future materials[END_REF] a broad absorption band ranging from 330 nm to 415 nm could be determined in acetonitrile, with a long tail extending until 500 nm. This absorption spectrum drastically differs from that of Pyr_1 which is severely limited, not extending beyond 380 nm.

Enhancement of the light absorption properties of Pyr_10 relative to that of Pyr_1 relies on an efficient coupling of the molecular orbitals of the peripheral pyrene units with that of the truxene core, resulting in a higher delocalization of the molecular orbitals and a redshifted absorption. By using the appropriate spacer in Pyr_10, a compound worthwhile for both the cationic polymerization (CP) of epoxides and the free radical polymerization (FRP) of acrylates was obtained. (0.2%/3%/2% w/w) could furnish a final monomer conversion of 70% within 100s upon irradiation with a halogen lamp under air whereas a monomer conversion of only 45% was obtained with the two-component system Pyr_10/Ph 2 I + (0.2%/2% w/w) in the same conditions. Conversely, no polymerization could be obtained with the three component system Pyr_1/(TMS) 3 Si-H/Ph 2 I + (0.2%/3%/2% w/w), consistent with previous results reported in the literature. [START_REF] Tehfe | Tunable organophotocatalysts for polymerization reactions under visible lights[END_REF] While using a reference photocatalyst i.e. Ir(piq) 3 for the three component system Ir(piq) 3 /(TMS) 3 Si-H/Ph 2 I + (0.2%/3%/2% w/w), a final monomer of 35% was obtained after 800 s of irradiation under air, far from the 70% obtained with Pyr_10. The high reactivity of the three component systems comprising silanes is largely related to the unique ability of silanes to convert the different peroxyls formed in the reaction medium by addition of oxygen onto the propagating radicals into new reactive silyl radicals. [150][151][START_REF] Tehfe | Long wavelength cationic photopolymerization in aerated media: a remarkable titanocene/tris (trimethylsilyl) silane/onium salt photoinitiating system[END_REF][START_REF] Souane | New initiating systems for thermal cationic polymerization at ambient temperature with in-situ formation of Ag (0) nanoparticles: A silane/silver salt combination[END_REF][START_REF] Maillard | Rate constants for the reactions of free radicals with oxygen in solution[END_REF][START_REF] Chatgilialoglu | Autoxidation of tris (trimethylsilyl) silane[END_REF][START_REF] Lalevée | Tris(trimethylsilyl)silyl versus tris(trimethylsilyl) germyl: Radical reactivity and oxidation ability[END_REF] High efficiencies could be maintained upon irradiation of the resins with a blue LED bulb or a laser diode at 405 nm, conversions of 57 and 37% were respectively obtained for the CP of EPOX.

Similarly, the remarkable efficiencies of the two and three-component systems were also demonstrated during the FRP of trimethylolpropane triacrylate (TMPTA), conversions of 25 and 55% being obtained after 300s of irradiation with a halogen lamp. Finally, the hybrid cure of a TMPTA/EPOX blend (50/50 w/w) could provide a tack-free polymer within a few minutes, with acrylate and epoxy conversions of 75% and 55% respectively.

In the search for new architectures aiming at optimizing the electronic coupling between the central core and the peripheral pyrenes, several strategies were developed to prepare trifunctional photoinitiators, as exemplified with Pyr_11 possessing a triazine central core (See Figure 6). [START_REF] Tehfe | Trifunctional Photoinitiators Based on a Triazine Skeleton for Visible Light Source and UV LED Induced Polymerizations[END_REF] N Here again, a high rate constant of interaction (1.2 × 10 10 M -1 .s -1 ) between Pyr_11 and Ph 2 I + was found, evidencing the efficiency of the electron transfer from Pyr_11 to the iodonium salt. If the absorption of Pyr_11 was more limited than that of Pyr_10 as the absorption spectrum was not extending beyond 400 nm, the three-component system Pyr_11/(TMS) [START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF] Si-H/Ph 2 I + (1%/3%/2% w/w) could efficiently promote the FRPCP of EPOX (80% after 200s of irradiation with a Xe-Hg lamp (λ > 300 nm)) or the FRP of TMPTA (80% after 400s of irradiation with the same light source). The same holds true when using N-methyl diethanolamine (MDEA) as the co-initiator for Pyr_11. Thanks to the high rate constant of interaction of 2 × 10 8 M -1 .s -1 , the triazine derivative/MDEA (1%/5% w/w) combination was also a good initiating system, enabling to reach a final conversion higher than 70% after 400s

for TMPTA, upon exposure of the resin to a Xe-Hg lamp (λ > 300 nm) in laminate. In this last case, efficiency of the photoinitiating system was assigned to the generation of α-aminoalkyl radicals according to the equation r14. These radicals are well known to be very efficient structures for the addition on acrylates. [START_REF] Lalevée | Aminoalkyl radicals: direct observation and reactivity toward oxygen, 2,2,6,6-tetramethylpiperidine-n-oxyl, and methyl acrylate[END_REF] 1

Pyr_11 + MDEA → (Pyr_11) -+ MDEA + → (Pyr_11)  + MDEA  (-H) (r14)
Pyr_11 could also initiate alone the FRP of TMPTA even if the polymerization process was less efficient (55% of conversion after 400s) (See Figure 7). In this last case, photoinitiation was ascribed to a hydrogen abstraction reaction between *Pyr_11 and TPMTA, producing an initiating radical TMPTA(-H)•, according to the following equation r15. Reproduced with permission from Tehfe et al. [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]. Copyright 2012 American Chemical Society.

*Pyr_11 + M → (Pyr_11-H)  + TMPTA  (-H) (r15) 
In 2013, a more extended study was carried out on five trifunctional organophotocatalysts Pyr_12-Pyr_16 varying by the nature of the central core (See Figure 6). [START_REF] Telitel | New core-pyrene π structure organophotocatalysts usable as highly efficient photoinitiators[END_REF] To determine the influence of the central core on the photoinitiating abilities, four different co-initiators were examined, namely, iodonium salts, sulfonium salts, alkyl halides and amines (See Figure 7). As the first finding, except for Pyr_12 and Pyr_13 for which absorption maxima located at 350 nm were determined for the two compounds due to the lack of conjugation between the pyrene end-groups with the central benzene ring for Pyr_12

and the twisted structure of Pyr_13 interrupting the π-conjugation, Pyr_14-Pyr-16 showed broader absorption spectra extending until 450 nm. The highest molar extinction coefficient was found for Pyr_14 (13 × 10 4 M -1 .cm -1 at 353 nm) (See Table 1). All trifunctional organophotocatalysts showed high rate constants of interaction with the four co-initiators, ensuring an efficient production of initiating radicals. To illustrate this, rate constants of 1.5 × 10 10 , 9 × 10 9 , 1 × 10 10 and 3.7 × 10 

1 Pyr_x + TH (R 2 S + Ar') → Pyr_x •+ + R 2 S + Ar' • (r17)
Besides, a structure-performance relationship could not be established with this series, three parameters being concomitantly involved in the photoinitiation process: 1) the light absorption properties, 2) the rate constants of interaction between the dyes and the co- 

Bifunctional photoinitiators

Parallel to the trifunctional photoinitiators Pyr_10-Pyr_16, the design of bifunctional photoinitiators was also examined as the reduction of the polyaromaticity can potentially address the solubility issue in the photocurable resins. If this last point was not especially addressed with the series of organophotocatalysts Pyr_17-Pyr_21, comparison of the photoinitiating ability of Pyr_17-Pyr_21 revealed these properties to be similar to that of the previous series Pyr_12-Pyr_16 (See Figure 9). [START_REF] Telitel | New core-pyrene π structure organophotocatalysts usable as highly efficient photoinitiators[END_REF] Besides, stabilities of the epoxide resins prepared with Pyr_17-Pyr_21 were far behind that of the previous series since a thermal polymerization was observed with most of the two-component systems Pyr_x (x = 19-21)/Iod (1%/2% w/w). In the Pyr_17-Pyr_21 series, carbon-carbon bonds between aromatic rings have been used to connect the pyrene groups to the central aromatic rings. By the formation of a biaryl structure, a strong torsion is automatically introduced into the molecule due to the steric hindrance generated by the presence of consecutive aromatic rings. [START_REF] Wei | torsional energy barriers of biaryls could be predicted by electronrichness/deficiency of aromatic rings; advancement of molecular mechanics toward atom-type independence[END_REF][START_REF] Lou | A Twist on Nonlinear Optics: Understanding the Unique Response ofπ-Twisted Chromophores[END_REF][START_REF] Dahlgren | Characterization of biaryl torsional energetics and its treatment inopls all-atom force fields[END_REF] To overcome this drawback, a spacer can be introduced and the connection of pyrenes by mean of flexible linkages was examined for this purpose (see Figure 9). [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] Benefits of this strategy were immediate since the absorption spectra of Pyr_22 and Pyr_24 which possess conjugated spacers could extend until 480 nm for Pyr_24 and 540 nm for Pyr_22, with molar extinction coefficients of 28 000 and 44 000 M -1 .cm -1 for Pyr_24 and Pyr_22 respectively. By separating the two pyrene units with a spacer, the π-conjugation between pyrene could be restored, redshifting the absorption. Conversely, the lack of electronic communication in Pyr_23 and Pyr_25 furnished two dyes of more limited absorptions (not extending beyond 450 nm) and with smaller molar extinction coefficients (10 000 and 4 000 M -1 .cm -1 for Pyr_22 and Pyr_25 was evidenced as occurring within a few seconds. Instability of Pyr_22 in resins can be confidently assigned to the imine group introduced between the two pyrene groups, giving rise to hydrolysis processes. Notably, imines are well-known in organic chemistry to be highly sensitive to the protic character of the reaction media. [START_REF] Ciaccia | Mechanisms of imine exchange reactions in organic solvents[END_REF] Pyr_22 and Pyr_23 proved to be versatile photoinitiators since hybrid cure experiments involving both a CP and a FRP process could be successfully carried out under air. Thus, the photopolymerization of a TMPTA/EPOX blend, TMPTA/DVE-3 blend (where DVE-3 stands for triethyleneglycol divinyl ether) or DVE-3/EPOX blends could furnish tack-free coatings within ten minutes upon irradiation with a laser diode at 457 nm (See Figure 10). Adapted from ref. [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] with permission from The Royal Society of Chemistry.

In 2014, Lalevée and coworkers tried to develop a series of photoinitiators based on the naphthalene scaffold. [START_REF] Xiao | Design of High Performance Photoinitiators at 385-405 nm: Search around the Naphthalene Scaffold[END_REF] Unfortunately, solubility of the photoinitiators in resins was the major issue of this series as exemplified with Pyr_26 (see Figure 9). No polymerization processes could be initiated with this compound due to its poor solubility in monomers.

Push-pull dyes

Push-pull dyes which are composed of electron donors connected to electron acceptors by mean of a conjugated or a none-conjugated spacer is an easy way to design dyes strongly absorption in the visible range but also exhibiting high molar extinction coefficients. [START_REF] Li | Design and characterization of red fluorogenic push-pullchromophores holding great potential for bioimaging and biosensing[END_REF][START_REF] Pigot | Push-Pull Chromophores Based on the Naphthalene Scaffold: Potential Candidates for Optoelectronic Applications[END_REF][START_REF] Guerlin | Tunable optical properties of chromophores derived from oligo(para-phenylene vinylene)[END_REF][START_REF] Dumur | New chelating stilbazonium like dyes from Michler's ketone[END_REF][START_REF] Pigot | New push-pull dyes based on 2-(3-oxo-2,3-dihydro-1H-cyclopenta[b]naphthalen-1-ylidene)malononitrile: An amine-directed synthesis[END_REF][START_REF] Pigot | Unprecedented nucleophilic attack of piperidine on the electron acceptor during the synthesis of push-pull dyes by a Knoevenagel reaction[END_REF] Considering that pyrene-1-carboxaldehyde is commercially available and that pyrene is an electron-rich group, pyrene therefore constitutes an excellent candidate for the design of push-pull chromophores. [START_REF] Niko | Bright and photostable pushpull pyrene dye visualizes lipid order variation between plasma and intracellular membranes[END_REF][START_REF] Niko | Design of Weak-Donor Alkyl-Functionalized Push-Pull Pyrene Dyes Exhibiting Enhanced Fluorescence Quantum Yields and Unique On/Off Switching Properties[END_REF][START_REF] Kachwal | Strategic design and synthesis of AIEE (Aggregation Induced Enhanced Emission) active push-pull type pyrene derivatives for the ultrasensitive detection of explosives[END_REF][START_REF] Abeywickrama | Bright red-emitting pyrene derivatives with a large Stokes shift for nucleus staining[END_REF][176][START_REF] Klymchenko | Solvatochromic and Fluorogenic Dyes as Environment-Sensitive Probes: Design and Biological Applications[END_REF] Interest for push-pull dyes is also sustained by the easiness of synthesis, most of these compounds being obtained by a Knoevenagel reaction. It has to be noticed that this condensation reaction is an old reaction as this procedure was developed as soon as 1896 by Knoevenagel for the synthesis of the first push-pull dyes based on benzaldehyde as the electron donor. [START_REF] Knoevenagel | Über eine Darstellungsweise des Benzylidenacetessigesters[END_REF] Besides, the different studies done by Lalevée and coworkers have rapidly revealed that the molar extinction coefficient was not the only parameter governing the photoinitiating ability. To illustrate this, Pyr_27 and Pyr_28 are two dyes characterized by broad absorption bands extending until 470 nm (See Figure 11). [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] However, all polymerization tests (CP and FRP) failed albeit excellent light absorption in the visible range. Attempt to rationalize this unexpected behavior was carried out with another dye i.e. Pyr_29. [START_REF] Tehfe | Blue-to-red light sensitive push-pull structured photoinitiators: indanedione derivatives for radical and cationic photopolymerization reactions[END_REF] The absorption of Pyr_29 was relatively broad, with a charge transfer band extending from 300 to 550 nm. An absorption maximum located at 464 nm and a molar extinction coefficient of 21 000 M -1 .cm -1 could also be determined for Pyr_29, allowing an efficient matching of its absorption with the light source emission spectra (halogen lamp and laser diodes emitting at 405, 457, 473, 532 nm). To get a deeper insight into the optical properties of Pyr_29, the solvatochromism was examined with different empirical polarity scales such as the Dimroth-Reichardt's, [START_REF] Reichardt | Solvatochromic dyes as solvent polarity indicators[END_REF] Kamlet-Taft's, [START_REF] Kamlet | Linear solvation energy relationships. 23. A comprehensive collection of the solvatochromic parameters[END_REF] Catalan's, [START_REF] Catalan | On the ET (30), π*, Py, S', and SPP Empirical Scales as Descriptors of Nonspecific Solvent Effects[END_REF] Lippert-Mataga's, [START_REF] Lippert | Dipolmoment und elektronenstruktur von angeregten molekülen[END_REF] Bakhshiev's, [START_REF] Bakshiev | Universal intermolecular interactions and their effect on the position of the electronic spectra of molecules in two component solutions[END_REF] Kawski-Chamma-Viallet's, [START_REF] Kawski | Zur Iösungsmittelabhängigkeit der Wellenzahl von Elecktronenbanden lumineszierender Moleküle and über die Bestimmung der elektrischen Dipolomente im Anregungszustand[END_REF] McRae's, [START_REF] Mcrae | Theory of solvent effects on molecular electronic spectra. Frequency shifts[END_REF] and Suppan's scales. [START_REF] Suppan | Solvent effects on the energy of electronic transitions: experimental observations and applications to structural problems of excited molecules[END_REF] Interestingly, linear correlations could be obtained with the Bakhshiev's, Kawski-Chamma-Viallet's, Lippert-Mataga, McRae's and Suppan's polarity scales, with strong negative slopes. species to superimpose that of the thioxanthone triplet states. [START_REF] Fouassier | Photoinitiators for polymer synthesis: scope, reactivity and efficiency[END_REF] Consequently, photoinitiating ability of Pyr_32 was assigned to the contribution of the thioxanthone moiety and not to originate from the push-pull part attached to it. Finally, push-pull dyes that could really initiate a polymerization process were reported in 2013. As specificity, Pyr_33-Pyr_35

are not neutral dyes by cationic structures (see Figure 12). [START_REF] Tehfe | New pyridinium salts as versatile compounds for dye sensitized photo-polymerization[END_REF] In this last case, photolysis process of the Pyr_x (x = 33-35)/Ph 2 I + solution was extremely fast since a complete bleaching of the solution was observed within 40s. However, photoinitiating abilities of Pyr_33-Pyr_35 cannot be assigned to the presence of the pyridinium groups. Indeed, numerous neutral pushpull dyes have been reported as efficient photoinitiators subsequently to this work. [START_REF] Kabatc | Two-cationic 2-methylbenzothiazole derivatives as green light absorbed sensitizers in initiation of free radical polymerization[END_REF][START_REF] Perevoznik | High-speed two-photon polymerization 3D printing with a microchip laser at its fundamental wavelength[END_REF] Considering the minor structural modifications existing between Pyr_27 and Pyr_33, Pyr_32

and Pyr_34/Pyr_35 and the difference of photoinitiating abilities evidenced between these different structures, the extensive works done by several research groups concerning the structural modifications of a selected structure (push-pull dyes, benzophenones, thioxanthones, porphyrins, metal complexes, etc…) is totally justified. 

Benzophenone and thioxanthone derivatives

Benzophenone is a well-known UV photoinitiator of polymerization and various strategies have been developed to redshift its absorption towards the visible range. In this aim, substitution of the benzophenone core with various chromophores, [START_REF] Wang | Benzophenone-di-1, 3-dioxane as a novel initiator for free radical photopolymerization[END_REF][START_REF] Cui | Photopolymerization characteristics of bisbenzo [1, 3] dioxol-5-ylmethanone as an initiator[END_REF] its incorporation in high molecular weight arrangements such as difunctional [START_REF] Rosspeintner | Toward the photoinduced reactivity of 1, 5-diphenylpenta-1, 4-diyn-3-one (DPD): Real-time investigations by Magnetic resonance[END_REF][START_REF] Dietlin | Reactivity and efficiency of difunctional radical photoinitiators[END_REF] and trifunctional [START_REF] Lalevée | Light-Harvesting Organic Photoinitiators of Polymerization[END_REF] structures, oligomers, [START_REF] Fouassier | Reactivity and excited state processes in a polymeric photoinitiator[END_REF] dendrimers [START_REF] Chen | Novel multifunctional hyperbranched polymeric photoinitiators with built-in amine coinitiators for UV curing[END_REF] and even polymers [START_REF] Luo | Thioxanthone-containing renewable vegetable oil as photoinitiators[END_REF][START_REF] Hu | UV-cured organic-inorganic hybrid nanocomposite initiated by trimethoxysilane-modified fragmental photoinitiator[END_REF][START_REF] Jiang | A novel amphipathic polymeric thioxanthone photoinitiator[END_REF][START_REF] Wen | Amphipathic hyperbranched polymeric thioxanthone photoinitiators (AHPTXs): Synthesis, characterization and photoinitiated polymerization[END_REF] have been examined. By mean of a strong coupling of the molecular orbitals within the compounds, new chromophores that no longer resembles that of benzophenone were obtained. To modify the absorption properties of benzophenone, several strategies were developed.

As the first approach, the covalent linkage of pyrene introduced as substituents of benzophenone was proposed, as exemplified with Pyr_36 [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] or Pyr_37 [START_REF] Tehfe | Design of new Type I & Type II photoinitiators possessing highly coupled pyrene-ketone moieties[END_REF]. But the same strategy was also used to prepare thioxanthone derivatives such as Pyr_38 (See Figure 13). By mean of the strong coupling between benzophenone and pyrene, a 170-fold enhancement of the molar extinction coefficient of Pyr_37 compared to that of benzophenone could be obtained (λ max = 348 nm (26 000 M -1 .cm -1 ) for Pyr_37 vs. λ max = 335 nm (150 M -1 .cm -1 for benzophenone)). Conversely, a 7-fold enhancement of the molar extinction coefficient was only observed for Pyr_38 compared to isopropylthioxanthone (λ max = 357 nm (32 000 M -1 .cm -1 )

for Pyr_38 vs. λ max = 383 nm (4 700 M -1 .cm -1 for isopropylthioxanthone)) Considering that the enhancement of the monomer conversion remains low (a few percent), going from Pyr_37 to Pyr_10, easiness of synthesis is another parameter that should also be considered, especially for industrial applications.

As a second approach, a series of benzophenone derivatives in which one of the benzene rings has been replaced by a pyrene group has been proposed (See Figure 14). [START_REF] Telitel | New functionalized aromatic ketones as photoinitiating systems for near visible and visible light induced polymerizations[END_REF] By mean of this strategy, the molar extinction coefficients of Pyr_39-Pyr_44 could be greatly improved compared to that of benzophenone but remained in the same order than that of pyrene. To illustrate this, compared to benzophenone which exhibits an absorption coefficient of 120 M -1 .cm -1 at 340 nm (its absorption maximum), absorption coefficients of 8 × 10 3 , 5 × 10 3 , 1.8 × 10 3 , 1.1 × 10 3 , 4.4 × 10 3 and 25 × 10 3 M -1 .cm -1 were determined for Pyr_39-Pyr_44, corresponding to an enhancement of the absorption by a factor 67, 42, 15, 9, 27 and 208 respectively. Huge enhancement of the molar extinction coefficient of Pyr_44 can be assigned to the push-pull effect existing in this dye and resulting from the dimethylamino group.

Conversely, if the dimethoxy group in Pyr_41 is also an electron-donating group, its lower electron-donating ability than that of the dimethylamino group is clearly evidenced, a 15-fold enhancement of the molar extinction coefficient being only obtained. These dyes proved also to be versatile photoinitiators as it could produce radicals in oxidative processes (see equation r19) but also in reductive processes when combined with MDEA (see equation r20).

1 dye (or 3 dye)

+ MDEA → dye •-+ MDEA •+ → (dye)-H • + MDEA • (-H) (r20) 
Radical polymerization of TMPTA using the two-component systems Pyr_x (x = 39-44)/MDEA (1%/2% w/w) upon irradiation with a Xe-Hg lamp in laminate was efficient since final conversions ranging from 54% for Pyr_40 to 73% for Pyr_41 were obtained. The following efficiency order of Pyr_42 > Pyr_44 > Pyr_43 > Pyr_42 > Pyr_40 > Pyr_39 was determined, demonstrating that the benzophenone derivatives benefiting from a push-pull effect could outperform the others. Considering that an excess of amine used as additive is introduced in the resin, photopolymerization of TMPTA could also be carried out under air, even if lower final monomer conversions were obtained as a result of the oxygen inhibition. Upon a halogen lamp irradiation under air, excellent polymerization profiles could be obtained for the FRPCP of EPOX with the two-component system Pyr_x (x = 39-44)/Iod (1%/2% w/w). However, the order of reactivity was greatly modified compared to that observed during the FRP of TMPTA.

Thus, the highest monomer conversions were obtained with Pyr_43 and Pyr_39 (> 70% conversion) whereas the lowest ones were determined with Pyr_41 (40% conversion) and Pyr_44 (20% conversion after 400 s). In fact, during the CP of EPOX, the worse candidates were Pyr_41 and Pyr_44 whereas these latter were the best photoinitiators for the FRP of TMPTA.

In fact, counter-performances determined for Pyr_41 and Pyr_44 during the CP of EPOX can be assigned to the low photoinitiating ability of their corresponding radical cations Pyr_41 •+ and Pyr_44 •+ .

Acridinediones and chromones

Acridinediones are structures well-known in the literature to absorb in the near UV and the visible range. Consequently, these compounds have notably been reported as photoinitiators operating in the UV range, [START_REF] Timpe | Photoinitiated polymerization of acrylates and methacrylates with decahydroacridine-1, 8-dione/onium salt initiator systems[END_REF][START_REF] Timpe | Acridinium salt mediated photopolymerization of acrylates and methacrylates with dihydropyridine-iodonium salt combinations[END_REF] or as fluorescent probes for the monitoring of free radical polymerization processes. [START_REF] Popielarz | Applicability of decahydroacridine-1, 8-dione derivatives as fluorescent probes for monitoring of polymerization processes[END_REF] Acridinediones are also extremely stable structures, these compounds being used as laser dyes. [START_REF] Timpe | Spin-trapping as a tool for quantum yield determinations in radical forming processes[END_REF][START_REF] Timpe | Photochemistry and use of decahydroacridine-1, 8-diones as photosensitizers for onium salt decomposition[END_REF][START_REF] Ulrich | Photoreduction of decahydroacridine-1,8-diones by amines[END_REF][START_REF] Srividya | Synthesis, Characterization, and Electrochemistry of Some Acridine-1,8-dione Dyes[END_REF][START_REF] Srividya | Photophysical studies of acridine (1, 8) dione dyes: a new class of laser dyes[END_REF][START_REF] Mohan | Electron-transfer and excited-state properties of radiolytically generated transients of acridine (1, 8) dione dyes in an organic matrix[END_REF] In 2013, the unique pyrene-based acridinedione Pyr_45 was reported (See Figure 16). [START_REF] Xiao | Difunctional acridinediones as photoinitiators of polymerization under UV and visible lights: structural effects[END_REF] From a photophysical point of view, replacement of the phenyl ring in 23 by a pyrene in Pyr_45 resulted in a 2-fold enhancement of the molar extinction coefficient (15 404 M -1 .cm -1 at 348 nm vs. 6 900 M -1 .cm -1 at 355 nm for 23). However, the shape of the absorption spectrum of Pyr_45 drastically differs from that of 23, resembling that of pyrene. Upon the Xe-Hg lamp exposure (56 mW/cm²), a high final monomer conversion was obtained for the polymerization of EPOX (around 59% after 800 s) with the two-component system Pyr_45/Iod (3%/2%, w/w). These performances remained unchanged with the three-component system Pyr_45/Iod/NVK (3%/2%/3%, w/w/w), the conversion peaking at 60%. These results are remarkable considering that no polymerization was detected with 23 irrespective of the conditions used and once again highlights the crucial role of the substituent on the photoinitiating ability. Finally, irradiation with a LED at 405 nm (12 mW/cm²) furnished the honorable conversion of 28% with the two-component system Pyr_45/Iod (3%/2%, w/w), demonstrating the high reactivity of the photoinitiating system. The rate constant of interaction of the 1 Pyr_45/Ph 2 I + system determined by fluorescence quenching experiments revealed the interaction to be diffusioncontrolled (3 × 10 9 M -1 .s -1 ). By transient absorption spectroscopy, the interaction rate constants of the 3 Pyr_45/Ph 2 I + system was determined as being 6.6 × 10 6 M -1 .s -1 so that only the singlet states pathway was operative to produce radicals. In fact, the decisive role of pyrene in the photoinitiating efficiency of Pyr_45 for the CP of EPOX was determined as originating from the location of the radical cation onto the pyrene moiety and not on the acridinedione moiety. This point was clearly evidenced while comparing the performance of Pyr_45 with that of the other acridinediones examined in this work. As other structure that slightly differ from benzophenone and which is also encountered in the photopolymerization field is chromones. Indeed, interaction of chromones with amines is capable to generate α-aminoalkyl radicals upon UV light exposure and this point is well-documented in the literature. [START_REF] Avila | Triplet state properties of flavone in homogeneous and micellar solutions. A laser flash photolysis study[END_REF][START_REF] Sakaguchi | CIDEP studies of the formation of benzyltype radicals in the photoreduction of flavones[END_REF][START_REF] Tokumaru | Two-step laser-induced-fluorescence study of 2′,3′,4′,5′,6′-pentamethyl-3-hydroxyflavone in solution at room temperature: Contribution of triplet states and confirmation of ground-state tautomer[END_REF][START_REF] Tokumaru | Phototautomerization of 3hydroxyflavone in the lowest triplet state[END_REF][START_REF] Delzenne | Advances in Photochemistry[END_REF][START_REF] Mauguière-Guyonnet | The role of the photoinitiating systems towards the inhibiting effect of phenolic compounds in the photopolymerization of acrylates[END_REF] Comparison of the absorption properties of Pyr_46 with that of the 24-27 series designed for comparison revealed Pyr_46 to exhibit the most redshifted absorption of the series. To illustrate this, absorption maxima located at 394, 377, 325 and 385 nm were respectively determined for the 24-27 series, far from the absorption maximum of Pyr_46 (431 nm). By theoretical calculations, a location of the HOMO and the LUMO energy levels onto the pyrene and the carbonyl group of the chromone was determined and supports the red-shifted absorption of Pyr_46. On the opposite, a bigger HOMO-LUMO gap was determined for 27, resulting from a less efficient charge transfer between the anthracenyl and the ketone groups as a result of the twisted structure of 27.

Here again, photolysis experiments revealed the S 1 pathway to be the main route for the r22).

1 Pyr_46 + MDEA → Pyr_46 •-+ MDEA •+ (r21) Pyr_46 •-+ P-Br → Pyr_46 + P • + Br - (r22) 
However, photopolymerization of TMPTA with the three component system Pyr_46/MDEA/R-Br (0.5%/4%/3% w/w) furnished a moderate monomer conversion, lower than 30% after 300 s of irradiation with an halogen lamp and far behind that obtained with 24 (60% of conversion). A similar behavior was observed during the FRPCP of EPOX wit anoher three-component system Pyr_46/Ph 2 I + /NVK (0.5%/3%/3% w/w). Here again, upon irradiation with a laser diode at 457 nm, 24 could outperform Pyr_46, furnishing final conversions of 65 and 45% respectively. If the 25/Ph 2 I + /NVK system exhibited an efficiency better than the reference system BAPO/Ph 2 I + /NVK system, a lower efficiency was found for Pyr_46.

Phenazine derivatives

Phenazines are at the basis of numerous dyes used as light-absorbing materials for photovoltaic applications. [223] This family of compounds is also used in the photopolymerization area. Notably, phenazines have been used as additives for FRP processes, [224,[START_REF] Usacheva | Mechanism of photopolymerization of butyl methacrylate in presence of mixture of phenazines with benzophenones[END_REF] as photosensitizers for onium salts in CP processes. [START_REF] Timpe | Photoinduced electron transfer polymerization[END_REF][START_REF] Crivello | Photoinitiators for free radical cationic and anionic photopolymerization[END_REF][START_REF] Crivello | Radiation curing in polymer science and technology[END_REF] Recently, benzo [2,3-b]ephenazines have also been reported as photosensitizers for FRP and CP while using high intensity irradiation sources. [START_REF] Szymczak | Dyes derived from 1,4-naphthoquinone as initiators for radical and cationic photopolymerization[END_REF] In 2014, a pyrene-based phenazine Pyr_47 that can be activated under low-light intensity and in the visible range was reported (See Figure 17). By extending the π-conjugation with two phenazine moieties, absorption of Pyr_47 could extend until 440 nm. Photoreactivity of the three-component system Pyr_47/MDEA/P-Br was good since a final conversion of 60% within 400s could be obtained under low light intensity while using a LED at 405 nm. Similarly, a good monomer conversion was obtained during the ring opening polymerization of EPOX, peaking at 50% Pyr_47/Ph 2 I + /NVK (0.5%/3%/3% w/w) upon irradiation with a halogen lamp.

Photochrome-based photoinitiators

Dyes which are used as photoinitiators of polymerization are most of the time only used to initiate the polymerization process and their behaviors in the photopolymerized film subsequent to the polymerization process are rarely examined. When photocatalytic systems are employed, dyes are regenerated so that their inherent properties (photoluminescence, photochromism, thermochromism, etc…) can be maintained. At present, only few photoinitiators have been used to bring additional properties to the polymer films. One of the most obvious property that can be furnished by photoinitiators is undoubtedly photoluminescence, most of the photoinitiators being photoluminescent. But other specific properties can be provided by the photoinitiators such as antibacterial properties [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] Lalevée | Decatungstate (W10O324-)/Silane: A New and Promising Radical Source Under Soft Light Irradiation[END_REF] or modification of the mechanical properties of polymers. In this last field, polyoxometalates are candidates of choice by their fully inorganic structures and their behavior when introduced in polymers is comparable to that to fillers. [START_REF] Xiao | Keggintype polyoxometalate ([PMo 12 O 40 ] 3-) in radical initiating systems: application to radical and cationic photopolymerization reactions[END_REF][START_REF] Mokbel | Iodonium-polyoxometalate and thianthreniumpolyoxometalate as new one-component UV photoinitiators for radical and cationic polymerization[END_REF] To the best of our knowledge, no photochromes have been reported before 2013 as photoinitiators. But use of such structures as photoinitiators is counterintuitive considering that light can induce a photoisomerization of the dye, totally modifying its absorption spectrum. In this case, the discoloration of the dye or shift of its absorption in a completely different part of the visible range can render these structures totally ineffective for photoinitiation. In fact, to be usable in photopolymerization, the photochrome which is selected as the photoinitiators should be capable to photoisomerize slowly so that its absorption remains almost unchanged during the polymerization time. This challenge was addressed in 2013 with a pyrene derivative, namely 2,7-di-tert-butyldimethyldihydropyrene Pyr_48. More specifically, Pyr_48 was examined as a panchromatic photoinitiator, its absorption extending from 200 to 700 nm (See Figure 18). [START_REF] Tehfe | A Multicolor Photoinitiator for Cationic Polymerization and Interpenetrated Polymer Network Synthesis: 2,7-Di-tert-butyl-dimethyldihydropyrene[END_REF] Panchromatic photoinitiators are actively researched in photopolymerization as these compounds exhibit an almost constant sensitivity to light over a wide range of absorption and thus do not require a specific wavelength for photoinitiation. [START_REF] Zhang | Panchromatic photoinitiators for radical, cationic and thiol-ene polymerization reactions: A search in the diketopyrrolopyrrole or indigo dye series[END_REF][START_REF] Tar | Panchromatic Type II Photoinitiator for Free Radical Polymerization Based on Thioxanthone Derivative[END_REF][START_REF] Zhang | Plasmon enhanced upconverting core@tripleshell nanoparticles as recyclable panchromatic initiators (blue to infrared) for radical polymerization[END_REF][START_REF] Jedrzejewska | Difluoroboranyl derivatives as efficient panchromaticphotoinitiators in radical polymerization reactions[END_REF] While coming back to Pyr_48, this photocchrom can be converted to its open form by irradiation with visible light whereas the closed form can be obtained upon irradiation in the UV range. [START_REF] Blattmann | Über die phototropie des trans-15,16dimethyldihydropyrens und seiner derivate[END_REF][START_REF] Mitchell | Pi-Switches: Synthesis of Three-Way Molecular Switches Based on the Dimethyldihydropyrene-Metacyclophanediene Valence Isomerization[END_REF][START_REF] Murphy | Photophysical studies on the photochromism of trans-10b,10c-dimethyldihydropyrene[END_REF][START_REF] Sheepwash | Mechanistic Insights into the Photochromism of trans-10b,10c-Dimethyl-10b,10c-dihydropyrene Derivatives[END_REF][START_REF] Mitchell | Annelated Dimethyldihydropyrenes. Electrophilic Substitution and Valence Isomerization to Metacyclophanedienes[END_REF][START_REF] Vilà | Photochromic and Redox Properties of Bisterpyridine Ruthenium Complexes Based on Dimethyldihydropyrene Units as Bridging Ligands[END_REF] Considering that Pyr_48 is panchromatic, polymerization processes could be initiated with seven different LEDs (365, 395, 405, 457, 473, 532 and 635 nm). While using the threecomponent system Pyr_48/Iod/NVK (1%/2%/3%, w/w), final conversions ranging between 60 % (LED at 532 nm) to 95% (LED at 365 nm) could be determined (See Figure 19), demonstrating the versatility of this photochrome. 

Pyr_49 → Pyr-Ph-C(OMe) 2 • + Ph-C(=O) • (hν) (r23) Pyr-Ph-C(OMe) 2 • + Ph 2 I + → Pyr-Ph-C(OMe) 2 + + Ph-I + Ph • (r24) Ph • + NVK → Ph-NVK • (r25) Ph-NVK • + Ph 2 I + → Ph-NVK + + Ph-I + Ph • (r26) Ph-NVK + + Monomer → Ph-NVK-Monomer + (r27)
Finally, comparison of Pyr_49 with Pyr_37 and Pyr_38 revealed the photoinitiating performances of Pyr_49 to be on par this that of Pyr_37 and Pyr_38. Considering that Pyr_49 requires more synthetic steps than Pyr_37 and Pyr_38 to be obtained and that the performances are similar, Pyr_49 is from this point of view a less interesting candidate than Pyr_37 and Pyr_38.

Ferrocenium derivatives.

Ferrocenium are well-known cationic photoinitiators of polymerization [START_REF] Bowser | Iron-arene complexes as free radical and cationic photoinitiators[END_REF][START_REF] Li | A novel ferrocenium salt as visible light photoinitiator for cationic and radical photopolymerization[END_REF][START_REF] Wang | A study of the photoactivities and thermomechanical properties of epoxy resins using novel [cyclopentadien-Fearene]+PF6-photoinitiators[END_REF][START_REF] Wang | Cationic photopolymerization of epoxy systems initiated by cyclopentadien-iron-biphenyl hexafluorophosphate ([Cp-Fe-biphenyl] + PF 6 -)[END_REF][START_REF] Wang | η6-N-alkylcarbazole)(η5-cyclopentadienyl) iron hexafluorophosphate salts in photoinitiated and thermal epoxy polymerization[END_REF][START_REF] Wang | Several ferrocenium salts as efficient photoinitiators and thermal initiators for cationic epoxy polymerization[END_REF] and these structures have attracted a great deal of interest by their facile access from cheap precursors. [START_REF] Meier | Imaging with iron arene photoinitiators[END_REF][START_REF] Lohse | Photocrosslinking of epoxy resins[END_REF][START_REF] Wang | Studies on the photosensitivity of cationic polymerization photoinitiator [Cp-Fe-arene]BF 4[END_REF][START_REF] Wang | A study of the photoactivities and thermomechanical properties of epoxy resins using novel [cyclopentadien-Fe-arene] + PF 6photoinitiators[END_REF] Especially, ferrocenium can be prepared from ferrocene by ligand exchange following the procedure reported by Nesmeyanov and co-workers. [START_REF] Nesmeyanov | The interaction of ferrocene and its derivatives with aromatic compounds[END_REF][START_REF] Helling | π-cyclohexadienyliron complexes bearing exocyclic double bonds[END_REF] The high efficiency of these cationic photoinitiators for the CP of EPOX is directly related to the mechanism involved in the polymerization process. Notably, the first step consisting in a ligand release, generating a strong Lewis acid (See Scheme 2). [ Subsequently, three epoxide units can coordinate to the Lewis acid, activating the ringopening of epoxides. Parallel to this, dissociation of the cyclopentadienyl-Fe bond can also produce a radical that can act as a free radical photoinitiator. In 2016, an interesting ferrocenium comprising a pyrene ligand (Pyr_50) was reported. [START_REF] Zhang | Cationic photoinitiators for near uv and visible LEDs: A particular insight into one-component systems[END_REF] The absorption of this compound was relatively broad and the molar extinction coefficients of Pyr_50 at 385, 405, 455 and 520 nm are respectively of 2300, 860, 770 and 180 M -1 .cm -1 . Considering that 405 nm constitutes an interesting irradiation wavelength notably for dental and 3D-printing applications, photoinitiating ability of Pyr_50 was examined at this wavelength and monocomponent, two-component Pyr_50/iod (0.2%/2% w/w) and three-component systems Pyr_50/iod/NVK (0.2%/2%/3% w/w) were studied. Logically, an improvement of the monomer conversions was observed going from the mono to the three-component systems at 405 nm, the conversion increasing from 25 to 31 and 56% respectively after 800s of irradiation. The mechanism sustaining the efficiency improvement by going from the mono to the three component systems are identical to those previously reported in this review. In addition to the initiation of a CP, Pyr_50 was also examined as a free radical photoinitiator for TMPTA.

Still while using the same three-component system Pyr_50/iod/NVK (0.2%/2%/3% w/w) and upon irradiation with the LED at 405 nm for 800s, a final monomer of 60% was obtained, comparable to the conversion obtained with Pyr_45 or Pyr_48. (1) in acetonitrile, (2) in toluene, (3) in acetone, (4) in acetonitrile/toluene (50/50).

Conclusion

During the past decades, pyrene derivatives have been the focus of numerous researches and fifty pyrene-based photoinitiators have been developed. If difunctional and trifunctional photoinitiators proved to be the best candidates for FRP and CP, mitigate results have been obtained while developing push-pull dyes based on pyrene as the electron donor.

By chemical engineering, a few examples for pyridinium salts (Pyr_34 and Pyr_35) were however capable to initiate a CP, FRPCP or FRP. This approach i.e. the design of push-pull dyes is however the most straightforward route to produce pyrene derivatives with strong absorptions in the visible range. Finally, structures such as chromones or acridinediones have only been scarcely studied, despites promising results. Clearly, Type I photoinitiators based on pyrene have been the less studied than their Type II analogues, only one example based on DMPA being reported to date. Even if the design of such Type I photoinitiators required an extensive synthetic work as it consists in the chemical modification of benchmark structures, it opens the way towards the recycling of efficient UV-photoinitiators, updated to become activable under visible light.
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 221 Figure 1. Different families of compounds (1-22) recently examined as visible light photoinitiators of polymerization activable under low light intensity.
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 2 Figure 2. Light penetration inside a polystyrene latex with an average diameter of 112 nm. Inset: examples of polymerized resins containing fillers. Reproduced with permission from Bonardi et al. [78]. Copyright 2018 American Chemical Society.
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 3 Figure 3. The different possible chemical modifications of the pyrene core.
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 4 Figure 4. Chemical structures of Pyr_1-Pyr_9.
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 5 Figure 5. The catalytic cycle involved in the generation of radical and cationic initiating species with Pyr_10.
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 66 Figure 6. Chemical structures of organophotocatalysts Pyr_10-Pyr_16 and co-initiators.
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 7 Figure 7. Photopolymerization profiles of TMPTA upon irradiation with a Xe-Hg lamp (λ > 300 nm; I = 66 mW/cm²) in laminate (1) Pyr_11 (1% w/w) and (2) Pyr_11/MDEA (1%/5% w/w). Reproduced with permission from Tehfe et al.[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]. Copyright 2012 American Chemical Society.

initiators 3 )Figure 8 .

 38 Figure 8. The oxidative and the reductive cycles coexisting in the three-component system Pyr_x (x = 12-16)/MDEA/PBr.

Figure 9 .

 9 Figure 9. Chemical structures of pyrene-based photoinitiators Pyr_17-Pyr_26.

  photopolymerization processes whereas Pyr_1 was inefficient in these conditions, this compound not absorbing beyond 380 nm. In the presence of the three-component Pyr_x/Ph 2 I + /(TMS)[START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF] Si-H or Pyr_x/TH/(TMS)[START_REF] Shao | Visible light initiating systems for photopolymerization: status, development and challenges[END_REF] Si-H systems, excellent polymerization profiles of EPOX could be obtained with Pyr_23 and Pyr-24, tack-free polymers being obtained in 540 s with a laser diode at 457 nm or an halogen lamp under air. Conversely, no FRPCP of EPOX could be initiated with Pyr_25 and a thermal degradation of the formulation based on Pyr_22

Figure 10 .

 10 Figure10. Photopolymerization profiles of different monomer blends (50%/50%) using the three-component system Pyr_24/Ph 2 I + /(TMS) 3 Si-H (0.2%/3%/2% w/w) upon irradiation with a laser diode at 457 nm a) polymerization of a TMPTA/EPOX blend under air; b) polymerization of a TMPTA-DVE-3 blend in laminate; c)polymerization of an EPOX/DVE-3 blend in laminate. Adapted from ref.[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] with permission from The Royal Society of Chemistry.
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 11 Figure 11. Chemical structures of push-pull dyes Pyr_27-Pyr_35.

Figure 12 .

 12 Figure 12. Chemical structures of push-pull dyes Pyr_33-Pyr_35.
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 13 Figure 13. Chemical structure of pyrene-based photoinitiators Pyr_36-Pyr_38.
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 1415 Figure 14. Chemical structure of pyrene-based photoinitiators Pyr_39-Pyr_44.
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 241716 Figure 16. Chemical structures of Pyr_45 and Pyr_46 and 23-27.

Pyr_46/Ph 2 I

 2 + interaction. ESR spin trapping (ESR-ST) experiments carried out with the threecomponent system Pyr_46/MDEA/PBr showed the phenacyl radical to be the only species detected upon irradiation of the solution. It thus confirmed the 1 Pyr_46/MDEA interaction to produce a highly reactive Pyr_46 •-immediately reacting with phenacyl bromide (See r21 and

Pyr_47Figure 17 .

 17 Figure 17. Chemical structure of Pyr_47.

Figure 18 .

 18 Figure 18. Chemical structure of Pyr_48 and UV-visible absorption spectrum of Pyr_48 in acetonitrile. Reprinted with permission from Ref. [236]. Copyright © 2013 John Wiley & Sons, Inc.

Figure 19 .

 19 Figure[START_REF] Xiao | Naphthalimide-phthalimide derivative based photoinitiating systems for polymerization reactions under blue lights[END_REF]. Polymerization profiles of EPOX under air using the three-component system Pyr_48/Iod/NVK (1%/2%/3%, w/w) upon irradiation with a) a laser diode at 473 nm (70 mW/cm²), b) a laser diode at 457 nm (60 mW/cm²), c) a halogen lamp, d) a laser diode at 635 nm (10 mW/cm²), e) a laser diode at 405 nm (4.2 mW/cm²), f) a laser diode at 532 nm (5 mW/cm²) Reprinted with permission from Ref.[START_REF] Tehfe | A Multicolor Photoinitiator for Cationic Polymerization and Interpenetrated Polymer Network Synthesis: 2,7-Di-tert-butyl-dimethyldihydropyrene[END_REF]. Copyright © 2013 John Wiley & Sons, Inc.Differences of final monomer conversions are directly related to the molar extinction coefficients of Pyr_48 at the considered LED emission but also to the intensity of the light absorbed at these different wavelengths, which drastically differs from a wavelength to another one (See Figure caption of Figure19). Among the most interesting findings, photochromic behavior of Pyr_48 could be maintained in the polymer film, evidencing that this property well-known for Pyr_48 in solution could still exist in the solid state (See Figure20). If a partial consumption of Pyr_48 during the photopolymerization process could nevertheless be evidenced (see curves a) and b)), irradiation of the polymer film with a Xe-Hg lamp could regenerate Pyr_48 in the closed form.

Figure 20 . 2 . 8 .Figure 21 .Scheme 1 .

 2028211 Figure 20. UV-visible spectra of a Pyr_48-containing EPOX film: (a) before irradiation; (b) after 1000 s of irradiation with a diode laser at 635 nm; (c) after a subsequent UV irradiation (Xe-

  

chromones 2,[5-7] perylenes 3,[8-10] diketopyrrolopyrroles 4,[11-13] acridine

  -1,8-diones 5

,[14,15] naphthalimides 6,[16-26] iodonium salts 7,[27-29] squaraines 8, bodipys 9 and porphyrins 10,[30,31] benzophenones 11,[32-35] push-pull dyes 12,[36-43] coumarines 13,[44-45]

  

	pyridinium	derivatives	14,[46]	2,3-diphenylquinoxaline	derivatives	15,[47]

dihydroxyanthraquinones 16,[48] carbazoles 17,[51-53] helicenes 18,[54,55] thioxanthones 19,[56,57] camphorquinones 20,[58,59] acridones 21[60,61] and cyclohexan-1-one 22[62-64]

  9 M -1 .s -1 were respectively determined for the Pyr_13/PBr,

	Pyr_13/MDEA, Pyr_13/Iod and Pyr_13/TH combinations, (where PBr, Iod and TH stands for
	phenacyl	bromide,	[methyl-4-phenyl(methyl-1-ethyl)-4-phenyl]iodonium
	tetrakis(pentafluorophenyl)borate	and	(4-hydroxyethoxyphenyl)thianthrenium

hexafluorophosphate) demonstrating that the electron transfer between Pyr_13 and the coinitiators was under diffusion control. Comparison of the polymerization profiles obtained for the polymerization of EPOX using the two-component system Pyr_x (x = 12-16)/Iod (0.2%/2% w/w) under air revealed the fastest polymerization rate and the highest final monomer conversion to be obtained with the Pyr_13/Iod couple. Final conversions of 80% were obtained upon irradiation with a Xe-Hg lamp after 200s, far from the 50% conversion obtained with the Pyr_1/Iod couple. Good conversions were also obtained with the two-component systems Pyr_x (x = 12-16)/TH (0.2%/2% w/w), furnishing similar monomer conversions. Based on the equations r16 and r17, reactions of the photosensitizer Pyr_x with co-initiators furnished in both case radical cations Pyr_x •+ that can initiate the CP of epoxides.

1 Pyr_x + Iod (Ar 2 I + ) → Pyr_x •+ + ArI + Ar • (r16)

  [START_REF] Lohse | Photocrosslinking of epoxy resins[END_REF] 
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Scheme 2. Mechanism suggested to support the photoinitiating ability of pyrene-based ferrocenium salt Pyr_50.

Table 1 .

 1 Summary of the photophysical properties of Pyr_1-Pyr_50.

	Compound	λ max (1)	ϵ max (1)	λ em (1)	E ox (1)	Reference
		(nm)	(L.mol -1 . cm -1 )	(nm)	(V/SCE)	
	Pyr_1	240	8.4 × 10 4	-		132
	Pyr_3	288, 366	-	-		131
	Pyr_4	278, 348	-	-		134
	Pyr_5	264	25 560	-		138
		275	49 430			
		312	11 990			
		325	29 670			
		341	46 010			
	Pyr_6	264	27 780	-		138
		297	4 890			
		312	13 180			
		325	31 070			
		341	46 160			
	Pyr_10	360	-	-		147
	Pyr_11	348	38 000	-		157
	Pyr_12	344	-	380	0.8	159
	Pyr_13	351	-	393	0.9	159
	Pyr_14	353	-	404	0.7	159
	Pyr_15	365	-	441	0.9	159
	Pyr_16	367	-	440	-	159
	Pyr_17	351	-	423	0.6	159
	Pyr_18	344	-	530	0.7	159
	Pyr_19	346	-	428	0.8	159
	Pyr_20	347	-	425	0.9	159
	Pyr_21	346	-	409	-	159
	Pyr_22	420 (2)	40 000	-	-	163
	Pyr_23	325 (2)	8 000	-	-	163
		350 (2)	11 000			
	Pyr_24	420 (2)	28 000	-	-	163
	Pyr_25	360 (2)	4 000	-	-	163
	Pyr_26	360 (3)	-	-	-	165
		380 (3)				
	Pyr_27	460 (2)	6 000	-	-	163
	Pyr_28	340 (2)	11 000	-	-	163
	Pyr_29	464	21 000	-	1.34	179
	Pyr_30	434	20 130	518	1.5	188
	Pyr_31	366	21 700	443	1.4	188
	Pyr_32	452 (2)	-	600	-	189
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